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INTRODUCTION

The construction of a coastal road along the‘beach in the

north is}proposed invthe Project of the Quter Ring Road.

Three‘alternative plans,.Route L, Route M and Route N are
proposed as indicated'in Fig: 1.1. 1In the cases of Route L and
Route M, a new road miil be constructed by reclaiming the coastal
area, or the road.width'ofiGurney Drive will be extended. It will
be necessary to protect the embankment of .,the roads from the effects
of marine phenomenon“ The present report a study of the means
to protect the embankment from the effects of marine phenomenon

for a distance of Skm

In determiningfthehform'of revetment, it will be desirable
to select a type of structure thCh wlll -depend as far as posslble
on local materlals whlch w111 be ea511y avallable and will therefore
be an advantage in constructlon cost.- It is also de51rable to

con51der the fact: that" the 1ocat10n 15 a famous tourlst attractlon.

Hydrographic Study

Wave Estimation

‘General

As wave'condltlons are’ the main factor ‘in determlnlng the

crown elevatlon of the revetment, the ana1y51s of waves 15 the most

'-1mportant problem.' As observatlon data of waves in the past are not
"avallable, waves whlch w111 p0551b1y be generated in the water

'area w111 be estlmated from data of winds recorded 1n the area.

Waves generated off shore will be deformed upon arr1va1 at the

',proposed 51te of " the proJect due to the effects of defractlon and-

refractlon from the topography of the seabed, and the effect of

ffrlctlon agalnst the seabed Therefore, the varlous effects w111 be

lcalculated and. the waves reach1ng the coast w111 be estlmated

In the proposed water area, except for a part of the southern area,

'the sea is shoaly to a dlstance of ]000m from the coast witha =
- shallow water depth (A C. D :— 0 3m to+0 3m) Wavesﬁare;strongly;\“:Jt_J

affected by the bottom frlctlon
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Wind Conditions

' The proposed coast faces the northeast and winds from the
west and south direction do not affect the area. It will be
sufficient to study winds from the north and east directions.
Judging from the average wind speed (Table 2.3), the winds are
not violent in general, However, as a phenomenon of the tropics,
sudden guéts due to thunder storms occur at a frequency of 170 - 190

times a year. The wind duration is about 1 - 2 hours in the afternoon.

As tropical cyclones from both hemispheres hardly invade the
area, it will be sufficient to consider gusts due to thunder storms

as violent winds in the proposed site.

Records of winds observed at the Bayan Lepas Airport have been

collected as given in Tables 2.1 - 2.5 and Figs. 2.1 - 2.4.

From the wind rose of Table 2.1 and Fig. 2.1, the prevailing
winds are from the north, with winds from the south-west following

in order.

Table 2.3 is the record of the mean wind speed. The average
speed is under 2.0m/sec., indicating that weather conditions in the

proposed site are generally mild.

Table 2,2 gives the record of the maximum wind speed for each
month. The winds are mostly gust winds caused by thunder storms.
The maximum wind speeds recorded in the past 11 years from 1968 to
1978 are NW 22.4m/sec. and SW 22.9m/sec. In the final report, Vol. 4,
on the Penang Island Traffic Dispe;sal Study, August 1977, a graph
of the maximum wind speed for each return period has been drawn on
the basis of the records of the maximum wind speed of winds from the
easterly direction in the past 30 years (Fig. 2.3)., According to the
graph, the maximum wind speed in the 30 year return period is

approximately 51 MPH (23m/sec.).



It will be sufficient to take the value for the 30 year 
return period as the design condition for the proposed revetment.
‘Therefore, from the above records, the maximum wind speed for the
design condition will be 23m/sec. However, as the figure is the speed
of gust winds, it will be necessary to modify the speed for winds
of norﬁal duration by applying the wind duration factor. The wind
duration factor for the proposed site given in the above report is

indicated in Fig. 2.4.

Records of the duration of winds with speeds of 5.5m/s - 10.9m/s

considered to cause the generation of waves are indicated in Table 2.4,

The maximum duration is a total of 30 hours - 46 hours per month,
while the average monthly maximum is 18.4 hours (July). The occurrence
of thunder storms is quite frequent at an average of 5 - 22 times
per month. Assuming that winds with speeds of over 5.5m/s are
generated by thunder storms, it will be quite reasonable to consider

the wind duration to be 1 - 2 hours.

Therefore, from Fig. 2.4, with 0,75 as the wind duration factor,
the design wind speed will be 23m/sec x 0.75 = 17.3m/sec, and the
wind duration will be 2 hours.

N - E directions will be considered as the wind directions.
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Fig. 2.1 WIND ROSE AT BAYAN LEPAS

Distribution of wind direction = - ' Average wind speed

1. The figure in the center circle is the '
‘percentage of ‘calm wind.
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Fig. 2.2 RECORD OF MONTHLY MAXIMUM SPEED
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2.1.2 ‘Wave Conditions:

2.1.2.1 . wétér Lévtl 5t‘Penang L . N
' o B ‘T_ - o A.C.D. _éurvey.dept. level
“Highest high water = "~ HHW + 3.05m - .63m
Mean high water sprlngs MHWS' T+ 2.35m 4+ 0.93m
Mean sea level "~ MSL 4il.42m " Datum level :
Mean low water springs M.L.W.S. + 0.40m ' - 1.02m

Lowest low water LLW 0.15m - 1.57m

-~

2.1.2.2 Deep Water Waves

Deep water waves generated by winds with a speed of 17.3m/sec,
and a duration of 2 hours from the N - E directions, proposed as the
design wind conditions in the previous chapter 2.1.1, will be estimated.
The estimation will be carried out according to the S.M.B. method..

The results are given .in Table.2.6.

Table 2.6 ESTIMATION OF DEEP WATER WAVES
Wind Direct ' : ' B M ' T
Description—ion .'NNW . N* NNE ~ NE b ENE
Fm) | 100 e | i3 | 9.6 | 8.4
HF (m) 1. 3.2 2.7 | 1.4 1.2 ' 1.15
TF (sec) * | 6.6 6.0 | 3.9 3.6 | 34
HE@m | 1.5 | 1. 1.5 1.5 LS
Tt (sec) 4,1 : 4.1 | - K;I;A 1. 4.} 4.1

Abbreviations:
F : Fetch (Km)
HF : Significant wave height acqulred by fetch (m)
TF : Per1od1c time acquxred by fetch (sec.) a
He Slgnlflcant wave helght acqu1red by wind duratlon (m)

Tt : Periodic’ tlme acqu1red by wlnd duratlon (sec.)'

Of the_51gn1f1cant wave helght acqulred by fetch and the sxgnlflcant__,,:
wave helght acqu1red by wmnd durat1on, the lower helght w111 be

taken as the design wave helght.

...'12 -



2.1.2.3

Wave Calculation

The equlvalent deep water wave height in front of the revetment
w111 be’ calculated to determine the design of the crown elevatlon
and the slope protection of the revetment. The equxvalent deep water
waoe height will be calculated from the deep water. wave height with due

consideration for the effects of refraction, defraction and bottom

friction.
‘Ho' = H1/3 x Kr x Kd x Kf
Ho' = Equivaient deep water wave height
H1/3 = Deep water wave height
Kr = Refraction coefficient
Kd = Defraction coefficient . _
Kf = Reduction coefficient of wave height by friction of seabed.

Figs. 2.5 - 2.8 are wave refraction diagrams prepared by the
wave-front method for typical wave directions of NNW, NNE and ENE.
In regard to the effect of refraction, only part of the waves from

the NNW direction are affected by the cape TanjongoTokong.°

The reduction coefficient of wave height by friction of seabed
will be obtained by the Pretshneider - Reid formola;' Generally, 0. 01;
is considered to be the adequate value for the seabed frlctlon '
coefficient (£f). The reductlon coeff1c1ent of wave helght Kf when
waves travel over a distance 4X in a water of flxed depth h_may

be obtained by the following formula. C oy

. 2
) o4 x3 fHAX “ho2 K~
Keg= 1+ 3xgx—g x (3 %
g b’ T (Sinh ('2=._h/h)

When Hl ¢+ original wave helght, f frlctlon coefflclent,
K : shoaling coefficient ‘

. LI
A

The refraction coefficient and the reductlon coefflclent of wave :5f .
height by friction of seabed for waves from varlous dlrectlons. and TN
the results of calculation of the equzvalent deep water wave he1ght

at the sea coast are given in Tables 2.7 - 2, 9. The results of

calculation reveal that, of waves from the three,dlrectlons, the proposed

revetment will be affected by waves from ‘the NNE dlrectlon.g
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Table 2.7 TABLE OF WAVE CALCULATION (1) (Direction NNW)

o

Deep water Kf B!

Sec— wave )
tion Kr 7 Remarks

X (HoxerKf)
H01/3 T1/3 h AX £

m sec. . m Km m

| 1.5 4.1 1.42 2,75 2.7 | 0.56 1.19

) " " 0.64 " {:2.6 | 0.58 0.56

3 " " 0.68 v 2.2 0.64 0.65

4 " " 0.70 3.35 1.6 0.79 0.83

5 " " 0.51 3.35 | 1.4 0.82 0.63

6 " " 0.52 3.65 0.9 0.87 0.68

7 " " 0.63 4.85 - - 0.95

8 " " 0.54 4.55 - - 0.81

9 " n 0.55 5.05 | - - 0.83

10 " " 0.56 5.05 - - | o.8

Abbreviations: H01/3

TI/3
K

T
h

Ax

Siénificant wave heigﬁt at deep water
Wave period at deep water

Refraction coéfficient

Water depth to be considered.on f;ictioﬁ.'
Distance to:be considered_oﬁ‘fricfion

Reduction coefficient of wave heighﬁ by .

friction of seabed

Equivalent deep water wave height. - '
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Table 2.8 Table of wave caleulation (20

( Dipection NNE D

o

Deap water k
Section wF;vﬁ J Ho”
. Kr . Reman'.‘_.s
Ho % Tk AX K ioxkexks)
m .Sc‘c m K ooy )
! P2 Y /18 225 | 45 0.48 /72 \ T
'
2 ) ) .32 228 /8 Q&7 229
3 “ * 403 a5 2é 047 8.77
4 ’ ' 7,70 27| 17 .70 t08 \©5‘=‘=t’°n
. Tan} Tokon
5 . r 400 ez | 26 0.72 200 [ w( | J
, : sta 14|
4 ’ v 1048 275 £S5 73 768
7 ” ” 2/ 228t 1S 0,73 /.24
8 = - 7.04 2725 | A¥E 0.2 217
R * o a?? 275 14 o785 £04
16 ! " /.00 275 | 42 o.77 /.08 ) B) Section
Sta./g/
i ’ ' 404 225 | nl 0.79 717 >
12 : ” 0.9 | sasl| o7 0.91 221 j
- \
1.3 ’ ” a7/ 3.85 _ rL27
(4 ” - 0.9/ o 55 —~ - 227
15 ? i 0.94 2851 e /. 34
. . - o Sta. /54
17 z -~ a.%26 | Sos "" L3 L
8 | - o096 | | T T asg | TR
19 1 . o6 | — -“ 139
20 " ’ a 97 4 - - 4
2t | » ” 2,98 g - -~ 197
22 ° y 097 v - — | 236 |]
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Table 2.9 Table of wave calculation (30 ( Divection ENE)>

| Deep water Kg y
Section wave | He Remarks
Ho ) Ty K h ax Ke  Hoxkexkg) |
! /.,/HS J’? 0,96 2.?45‘ /'.55 0.8/ 0.79?
2 ” ” . 403 2451 »/ 0.8/ o. 96
3 > 't /43 2485 12 a78 rol
4 “ 7 /.00 2485 12 0.78 Q90
$ ” Y 0.92 275 | «2 0.83 0.58
4 i " 0.2 z7s) 214 | asz 0.87
7 ! 7 .97 2725| /1% 0.82 0.93
8 " . 077 27251 48 0.80 0.9/
9 i o 705 27| +28 0.80 a7
/0 " ” 107 | 2725 44 0.82 203
2/ . . /.73 275 »r2 0383 1,08
72 " ” r08 | 3385| 42 o }o 213
/3 " ” 0.95 | 35| 4/ 2.9/ 0.99
/% R 092 3351 0,9 0.92 0.97
75 ” i - 2.84 2385 | a7 Y /.0%
7 - 096 | 3.45| 0.7 2% | 108
7 | ” 0.9/ | 345\ — — 108
/8 S 0.99 | 25| — - | s08
g 7 L7 o0 | #ss| T — e
20 ” ” 099 | zs5| — — e
21 ” ” 0.9/ | a5 — - 1,08
22 * “ 1.00 $.05 T 775
2z | 75 | ;;c 097 | sas| — — .
24. ” ~ /.00 Jas| — - Ay
25 “ ” 7. OO Jwos| T -— YNAY




2.2

Tidal Currents

Observation of tidal currents has not been carried out in the
present feasibility study. The results of study on tidal currents
of the area contained in the Final Report Vol. 4 of the Penang Island
Traffic Dispersal Study, August 1977, prepared by the Malaysia
International Consultants Sdn. Bhd. may be used as reference material

for the present study.

According to the flow velocity pattern given in the above
mentioned report, in the center of the channel, relatively swift
currents of a maximum of approximately Im/sec. occur in both the up
and down streams. However, the drawings reveal that the current
velocity is extremely slow in the shallow area along the ¥orth Beach
Coast line. Therefore, scouring at the foot of the revetment will
be caused largely by waves rather than tidal currents. Though the
coastline will be moved about 80m shoreward by the reclamation of
the area for the coastal road, the effect on the flow pattern of
tidal currents will be of a maximum degree as the width of the channel
to the apposite coast is 4km — 8km. The construction of the coastal

road will not bring any great changes in the hydraulic conditions

of the area.

DESIGN OF REVETMENT

Soil Conditicn

The soil investigation of the coastal area is discussed in detail
in the Geotechnical Investigation Repbrt of May, 1980. Boring sites
are indicated in Fig. 3.1, Bore holes drilled along the sea coast
are BH-}, BH~1', BH-2, BH-3 and BH-4. Bore hole BH-1 is about 1200m,
BH-1' abput 700m and BH-3 about 400m off-shore from the coast, while
bore hole BH~4 is drilled on land. As the boring was not carried out
aiong the normal line of the revetment, the soil properties must be

estimated from soil data obtained from the boring.

- 21 -



The longitudinal SQCtion'df the soil along the revetment.is
"given in Fig. 3:3, and the cross-section of the soil around the
, middle_of_thercoastline iézgiven in Fig. 3.2, Accord{ng to the
'longitudinal.section, in the area between Sta. No. 141 to No. 174,
.tﬁe surfacé layef of the ground foundation is a coarse sandy layer
with N vaiue over 10. In the area between Tanjong Tokong and
Sta. No. 141, the surfécé layer is a sandy clay layer with N value
-of 4-6. A layer of mud of abéut 1.0m thickness is accumulated
on3the-sandy clay layer, (not indicated in the longitudinal section).
As the sandy clay layer is assumed to extend to a thickness of
2m-$m,.the stability_of the revetment along the layer will call

for particular attention.

+
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" Fig. 3.3  GEOLOGICAL LONGITUDINAL SECTION
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3.2

3.2-1

Alternative Types of Reveiment _ -

General

Revetments constructed in coastal areas may be rourhly divided

into the following three types of structure.

1. Sloping faced type revetment
2. Vert;éalffaced=type revetment
3. Composite type revetment .

The three types of structure may be described as follows:

1. Sloping faced type revetment (Fig,3.4)

The ‘sloping faced type révetment is often coustricied on soft
ground as the surcharge per unit ares is small on account of the
wide base of the structure. Iowever, a large volume of filling
sand is required. It is a favourable structure.wheﬁ sufficienf
filling sand is easily available. 4 sufficiént space is also
required for the wide base of the structure. The structure is
stable against wave pressure. The construction cost is relatively
low.

Lad

2. Vertical faced type revetment (Fig;3;5) '

The vertical faced type revetment is z favourable structure
for a strong foundation as the surcharge is concentrated on the
narrow base width. It is z2lso suitable in cases where sufficient

F

space is not available,

3. Composite type revetment (Fig.d.6)

7

The composite type revetment is adopted when it ig desirable

to take advantage of both the sloping faced type atructure and the

vertical faced type structure. It is partlcularly a favourable
type of structure to be constructed in locations of deep Watera.

- 26 -



Fig. 3.4 (1) SLOPING FACED TYPE REVETMENT
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3.2.2

(1)

(2)

(3)

Structure of Revetment':‘ |
. The type of revetment to be congtructed will be determined on

the basis of the follow;ng conditions.

'_(1).;Hydrologlca1 condltlons :
(2) Topography and soil conditions of the ground foundation
(3} Construction material

~ (4) Construction period
(5) Construction cost

(6) Utilization of:fhe‘Sea—shore

Site Conditions

Witk favourable hydrolomlcal condlﬁlons as mentloaeu in sectlow 2
the water area is relatlvely calm. The structure mlll not. oe
subgect to the attack of V1olent Wave forces and it will not be
ﬁeceqsar} to use stones of large dimensions as armour stolnes. The
location of the'strucuﬁré‘ﬁillybe largel& in shallow ﬁ tefé. g3
the 1ocatlon w111 be around the 5reak1ng p01nt at low tlue, it
will be necessary to provzde agalnst acourxns at the legs of the
revetmeqt. ”

Sxcert for the area in front of Fort Cornwallis, the slope of the
ssa botion is a gradual slope (of roughly the same water depth of
~J.3m to +0. 3m.to e distznce of 500-1000m off-shore). As. rentioned
in Chapter 3.1, on the Tanjong Toknng s;te from Sta.150, the surface
layer is a clay layer (C=2. 5t/m thickness 4.5m). 4 layer of ooze
is accumulated io a2 thickness of approximately im-on the surface. .
layer'along fhe Tanjong Tokong.side from.Sta. 140.

Grarite of ~ood quality w111 be produced from road oonutructzon
works in the nountaln area. A larse volume of sand sultaole for 7
reclamation f1111ng w111 be avallable at sites of bore holes no.

6,7 and 8. It will be of advantage to use the available material.

In case concrete is used, fine‘aggregate is not easily available.
Mountain sand mixed with clay is refined for the purpose. The
present daily production is 1700 /day. The demand will increasae
with further construetion works in the future, bringing about greater
shortage of supply.

.28 -



(4)

(53

(6)

As the structure will be constructed in a location of slightly
greater depth from théféhoreline, foundation works will be
carried out as submarine works. It will be desirable to select

a type of structure with advantage in submarine works.

Construction Cost

As mentioned above, a large volume of reclamation filling will
be available from road construction in the mountain area. A
plan to make full use of the available material will be most

desirable from the economic point of view.

Utilization of the sea-shore

The present sand beach is limited to a distance of approximately
1700m between'Sté._ISOIand 167. The remaining shore-line is
covered with mud. The sand beach will disappear with the cons-,
truction of the proposed coastal road. Even with a revetment
of a narrow base width, it will be impossible to preserve the
present sand beach.

The proposed site adjacent to the center of the town serves as
a popular spot for the recreation of the citizens. The cons-
truction of the coastal road will depriye the citizens of the
opportunity to enjoy the sand_ﬁeach. It will be desirable to
consider a structure with a low crown elevation and some access

to the sea-shore.

Recommendation -

From the above various conditions of the proposed site, a stone
pitching type élbping'féded revetment is recommended as the
most favourable type of structure. It'wiyl-be possible to make
use of the large volume of soil produced in'the course of road
construction in the mountain-area, and provide against. the soft

surface layer of clay. The volume of concrete required will be

small, the cost of which is relatively high. A structure with

a gradual slope will give the citizens some contact with the
sea—shore,

_(29 -



3.3 ~ Crown Blevation of Revetment
3.3.1 Gcneral

The crown elevatlon of e revetment is generally determined as
follows,
Crowun elevation = design hlﬁh water level + nocessary height

to provide against invading waves + margin.

Trhe lesign hish water level will be J.H.U Ae¢TWD 4 3.05m

7 Tre nccessary‘height'to prdvide ageinst inveding wavas may be
f:termined from the point of the safety of ihe ravetment ageinst
overtopring, or the allowabdle volume of overtopring in zccordarce
with tho situation in uhe near area of the roveiment.

Ui.e safety of the re«etment may be securcd ty tre Zesiz of the
structure. Therefore, the hel ht will be cetermined with reference

tc the volime of overtonpln&.

Tha *91Jht of uprush and volume of overtorpln of waves zgainst

he siructure is affected oy the botiom =1ope and wzter depth in

cf

frout of tre structure. The entire coastal rozd zrea will Gte
divided inte three sections as indicated in Fig. 3.7 according to
the bottom topo~raphy of tbe locgtlon and the 51ze o? 1nvad1no

waves. The crogs—sectlons of each lelSlon w111 be studled.

3.3.2 Allowable Volume of Overtopping-r o

It is extremely difficult. to give a‘fixedihunérical value for
the alIOWable volume of overtOpplng as 1t depends on tne damages
in the near arez and the drainage capaclty. The results of site
observation on the effects of overtopping in the near zrea of the
revetment carried out by the First Harbour Construction Bureau of

the Ministry of Transport -of Japan W111 serve as reference mzterial
(Fig. 3+5).
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“Fig. 3.8 _Revetment of “coastal road
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Fig. 3.9 EFFECTS OF OVERTOPPING IN THE REAR OF REVETMENT
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The overtopping was recorded by a Bmm cine—camera, and the
effects of overtopping were judged by leading enginéers in the field
of investigation and research of harbour engineering., The diagonal

lines of 50% and 905 indicate that for a certain volume of overtopping
(an average of 3 hours), 507 of the persons judged that it was safe
and 505 judged that it was dangerous, and 90% of +he porscius judged
that it was safe, anl the remaining 10: judged that it was on the

dangercus side,

From the results of the above investigation, it mzy be judmed
that it will be necessary to maintain the volume of ocvertorring nelow
the following values.

(1) For people to walk immediately in the reas of the revetmen® without
denser,

with a2 safety rate of 507,

Y ‘
2 x 10 ”n3/m.sec-or less

with 2 =xfety rate of 90,

3x 10_3m3/m.sec.or less

(2) For notor~cars to pass immediately in the rezr of the revetment at
hish speed,
Witk a safety rate of 50%,

2 x 10-5m3/m.sec. or less
With a safety rate of 90¢, .
1 x 10—6m3/m.sec; or less
(3) For houses to be safe imaediately in the rear of the reveiment,
Hith a safety rate of 5¢%, '

7 x 10-5m3/m.sec. or less
With a safety rate of 907,

1x 10_6m3/m.sec. or less
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3.3.3

At a location about 10m from the revetment, the allowable

" volume of overtopping may bé about 10 times the above volume. In

the present study, as waves are considered in a 30 year return

'perlod, the figures for ‘the safety rate of 90ﬁ seem to go too far

on the safe side. Therefore, a figure in between the 507% safety
rate and the '903'.‘3 safety rate will be taken as the allowable volume
of overtopping. '

Furthermore, in the case of the proposed coastal road, it will
not be necessary for people to walk immediately in the rear of the
revetment in times of strong winds. Therefore, the allowable volume
will be determined considering the effects on motor~car traffic.

As a green belt of 10m in width will be constructed in the rear of .
the revetment of the proposed road, the allowable volume of over—
topping will be Qa =1 x 10 4m3/m.sec.

As the volume of overtopplng Pcncrally allowed on roads is in
the order of 1077 y the above flrure mhy be considered to be a

reasonable volune.

Desimn Crown Elevation of Revetment :

In determining the crown éievation of the revetment, the graph
of (oda of expected values for overtopping volume of irregular
Wwaves on vertical walls may be used.

As the proposed revetment w111 be. of a sloplng faced type,
with a slope grade of around 1 2-1.3, “the volume of overtopping
will be greater than the case of vertical walls. However, in
case recurved parapets are provided, the volums is eaid to be of
a slmllar Value as in the case of vert1ca1 walls,

In regard to the effects of recurved parapets, the results of
investigation carried out by the research laboratory of the Ministry
of Construction are given in Fig.3.10.
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In case recurved para.pcts are prov:.d.ed the overtopping ‘volume
| of a sloping faced type siructure is roughly similar to the over—
topping volume on-a vertical walle Therefore, the graph of Goda
of expected. values for overtoppmg volumes of irregular waves over

vertical walls will be used.

o With recurved
-parapets :

—-—--—W1thout' recuntred :

" Mitta 04 -parapets ' :

h/ta * 0.04
¢ Vertical wall

Fig. 3.10 LFFECIS OF RECURVED PARAPETS .
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F1g 3 ll glves the expected values of overtopplng volumes per
unit tlme obtalned by Goda. '
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Fig. 3.11 EXPECTED VALUES OF OVERTOPPING VOLUME .OVER VERTICAL:
. WALLS PER UNIT TIME.

The volume of overtoppzng over the revetment w111 be calculated
from Fig. 3 ll. From the wave calculatlon Table 2, 8 the equlvalent
deep water wave helght w111 be (Hl/3)o = l 39m for Sectlon A '
(Sta.7154 - 174), and (H1/3)o = 1.24m for Sectlons B and C 5
(Tan;ong Tokong - Sta. 154). The crown elevat1on will be + 4, OOm
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Table 3.1 CALCULATION OF OVERTOFPPING VOLUME

Depth at Crown " lerom Equivalent Over-
Legs of Elevation Elevation |Deep Water (Hl/3)o He/ qexp topping
Revetment | of Revetment|From Still |Wave Height o (HI/B)o Eg(Hl/3)3 Volume
_ Water Level (m) o 3
h(m) H{m) h He(m) - (H1/3)0 : : - q(m m.sec)
3.80 4.0 | 2.37 1.39 0.37 | 1.7 [1.6x107° |1.ix107
2.65 4.0 2,37 1.24 0.47 | 1.9 [1.9x107 1.1x107"

In all sections, when the crown elevation is + 4.0m, the
allowable overtopplng volume Wlll be approxlmately equivalent to -

q=1x1.0 /m sec.

Therefore, 1t w111 be qulte reasonable to determlne the crown
elevation to be + 4 OOm in a11 sectlons. The maximum wave height
in each section was taken as the equrvalent deep water wave height.
In section A there is not a great difference in the wave heights
within the . section.. In section G, the height will be 1argé1y.on
the safe side. .However, considering the consolidation during the
construction per1od as the ground foundation contains a thick
clayey soil layer, a sllght re51dual settling may occur. Allowing
for tho settling, it will be necessory to secure a crown elevation
of 4.00m. ' |

For reference, the crown elevotion required for a revetment
with a slope grade of 1.2 without recurved parapets, obtained
from the relation between the bottom slope and. the orown'elevation.
used conventionally, will be as given in Table 3.2. ‘
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Therefore, in case recurved parapets are not provided, the
necessary crown elevation will be 60cm higher in qection A and

33cm higher in section B.

3.4 Slope Protection

The dimensions of armour stonas'willrbe determined by the Hudson
formula. T .
Hudson'fonnula
SRy @ o
W r HY : C
KD_(Sr - 1) Cota

When, W Minimum weight of rubblestones

.

(t)

or concrete blocks
Br : Weight of stones or blocks
per unit volume in air (t/m3)‘=;2.6t/m3
Sr : S8pecific gravity of s:trohes §e (2.6/1.03 = 2.52)
or blocks in ratioc to sea-water
d : Angle between the slope
and the water level (degree)
Wave height used in. =
design calculation “(m)

mo

Constant dete;minéd'$3i,
armour stones and damage rate.

X,

-

The wave height used in the désign calowlation will be the |
significant wave height of progressive waves at the location of the
slope. a

The significant wave height at the location will be,

H1/3 = K_o H 0!
KS ¢ Shoaling cbfefficient

H o': Egquivalent deep water wave height



H,; Equivalent Deep Water Wave Height
---; Range of Necessary Crown Height
indicated in Criteria

Fig. 3,12 BOTTOM SLOPE AND CROWN ELEVATION

‘Table 3.2 CROWN ELEVATION

Equivalent Deep Water Crown Elevation | _
Section Water Wave Depth from Still Crown Elevation
Height Water Level
Ho (m) h He (m) H (5.D)
‘ | 2.2He), ..
A 1.39m 3.80m 3.0m 4.,63m
B C 1.24 2,65 2.7

4.33
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The shoaling co-efficient Ks will be the shoaling co-efficient
in the water depth of the location of the slope. The water depth

is the depth at the time of the design high water level.

The shoaling co-effici_ent__l(s will be obtained from the following

graph.
Fig. 3.13 WAVE CHARACTERISTIC IN SHALLOW WATERS
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Table 3.3 " K_ VALUE FOR THE NORTH BEACH AREA

s Water Depth Off-shore
Section h(m) Wave Length h/L o Ks
A 3.80 25 0.152 0.9
B, C 2.65 " 0.106 0.92




For %he valne.of'Kb, generally, the values given in the following

table are used.

Table3.4 Value of KD of Coarse Stones

Stones No. of Layers KD

2 layers or less 2,1-2.6
Round Stones

3 layers or more 2.6-3.2
Square Stones | 2 layers or less 2.8-3.5

3 layers or more 3.4~4.3

With square stones in two layers, KD = 3.2.

Table 5.5 Calculation of weight of armour stones

Section | Weter | Bquivalent |Shoaling Design ' Veight
- -Depth | Deep Water |[Co—efficient|{Height |[Cotd | Required
h{m) | Wave Height K, H1/3 (m) ()
" Ho(m)
A 3.80 1.39 0.9 1.25 2 0.23
B,C 2.65 1.24 0.92 1.14 2 0.17
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Stability of Revetment

As a clayey layer is found in the surface layer of the ground
foundation from Sta.i41 to Tanjong Tokong, a study on the circular
failure of the revetment was carried out for the particular section.

A gross—section of section C was studied.

So0il produced from road construction in the mouniain area will
be used for filling in the reclamation of the rear erea of the
revetment. As the soil is clayey sand, and will be compacted during
construction works the soil constanis will ve, C=2.Ot/m2 and ¢ = 150.
For replacement sand, the angle of internal friction will be assumed
to be ﬁ = 30. For the surface layer clayey soil, though the accurate
value is not clear as undisturbed samples have not been collected
a2t bore hole 3H-3, As N values of the layer is 5-€, tre constent
nay be estimated to be cohesion = 3.0t/m? (¢ = q¥2, qu = Y/q).
However, according to the resulis of the triaxial compression test
of the undisturbed sample UWD-1 collected around -1.50m at BH=-4,

C= 2.0t/m2. In this cage the il value was 4. In the present
calculation C = 2.5t/m2 will be used as a figure in between the

two values.

Trhe allowable safety factor for circular failure is F‘B = 1e3.
The water level in front of the revetment in this calculation will
be MuL.WeS. {~1.02m). The results of calculation are indicated
in Fige3e14e '
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”jConstructiohﬂSchedule

B Constructlon Methods -

bl

Working Area and Acceee Roadff

: Before the commencement of'the reclamatlon work, accees road 1o

. =1.0m Acn._
. equlpments for thls p_

_accondlng to requzred elze.-

slte and. about 5,000m2 worklng area must be prov1ded for etocklng
the selected rcok materiala

Sectlon of Rock

From the borrow plt_as ehown 1n Flg.4.1, we can obtaln 750, OOOm3

reclaimed materlals. .
The reclamet1on materlels consxet of 75p 501l and 25p rock.
Therefcre, su;table rock ehall be eelected from these’ materlele.
Rock Beparator w:ll be made_ax the reclamatlon gite.

The selected rock w111}

een be etocke_

L

at-the stock—plle area

Graded Stone

The sea bed‘-evel of requ;red reclamatlon eree 15 not deeper than

i ," not economical to use f10at1ng :‘

Heavy duty and;long boom crandhw111

“be used;fro_‘fhe ahcre—lzne. At the eame tlme underwater p1a01ng

o materlal Wlll be'dumped_nearby the trench heceuse no hopper barges
- will be poeeible o’ enter'euch a” o

s

.Excavate unsu;table matermal yaf"

‘é_m_mi_r‘_ﬁ‘;tgrﬁ

;ﬁzﬁfend trimmihg W111 be-carrzed ou$ by dlvers._; Selected rock will
“ﬁéibe transported and 1oaded beezde the crane by lorry and shovel.

R i‘There is unsuitable clayey materzal ax the eurface of exlstlng
' sea bed, from Tanjong Tokcng tc Sta.141.~ ‘This " unsulteble meterlal
L w111 be dredged by small grab dredger. The dredged uhsu;table

hallow area.
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