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I. GENERAL

This is the design calculation report of the sabo facilities to be
constructed in the Pawa-Buraboed river, a tributary of the Yawa river

which is located in south-eastern slope of the Mayon Volcano.

This report is an appendix to be attached to the main report of
"Design Report on Sabo Facilities in the Pawa-Burabod River, A Tributary
of the Yawa River, February 1980".

The report deals with the design calculations of Sabo facilities
invelving the Sabo dam, spur dikes, and river canalization works including

river channel, levees, cribworks and groundsills.



ITI. SABO DAM
2,1 General
The proposed Sabo dam is located in the upstream reaches of the

Pawa-Burabod river at about EL.400 m.

The topographic condition of the basin and the principal features of

the dam are sSummarized below:

Topography
Location About EL.400 m
Drainage area 2.5 km?
River length upstream of 4.4 km
the dam site
Average river bed slope 1/ 2.3
for the above
River bed slope at the 1/ 11,1
dam site
Main Dam
Type Concrete gravity type
Crest elevation
Overflow sectiaon EL.398.55 m
Non-overflow section EL.402,05 m
Height
Overflow section 10.0 m
Non-overflow section 13.5 m
Crest length
Total 79.5 m
Overflow section 30,0 m
Crest width 3.0 m
Upstream slope of dam body 1:0.4
Downstream slope of dam body 1: 0.2
Design flood 103.1 m3/s
(100-year flood)
Trap capacity 13,000 m3
Concrete volume of dam body 5,220 m3
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Sub-dam

Type Concrete gravity type
Height

Overflow section 5.0 m

Non-overflow section T.5m
Crest length

Total 57.5 m

Overflow section 30.0m
Crest width 2.0m
Upstream slope of dam body l1: 0.4
Downstream slope of dam body 1 0.2
Concrete wvolume 1,170 m3

Hereunder, calculation of design flood, design of overflow section,
stability of dam body, and protection works for the dam apron are

presented.

2.2 Design Flood

The design flood for Sabo dams is generally taken as either 100~year
probable flood or the recorded maximum flood, whichever is the larger,

according to the Japanese standard.

Since flood data are not available in this project area, 100-year
probable flood is applied for the design of the Saho dam and the design
flood is estimated from rainfall data by applying the Rational Formula.

The estimation of design flood is proceeded by the following

procedure:



Probable Daily Rainfall

Time of Flood Concentration

Rainfall Intensity

Probable Peak Runoff

Mudflow Concentration

Probable Peak Runoff of Mudflow
(Design Flood)

1) Probable Daily Rainfall

No rainfall record is available in this project basin. Legaspi
rain-gage station has a long-term daily rainfall record and also is
nearest to the project basin, Therefore, Legaspi is selected as a

representative station for the said basin.

The probable daily rainfall is computed by three methods of Iwai's,
Hazen's and Gumbel's one and shown in Table 2.1 and Fig. 2,1 using the
recorded annual maximum daily rainfalls mentioned in the report of
"Bicol River Basin Comprehensive Water Resources Development Study",

which cover 27 years from 1949 to 1975.

The 100-year probable daily rainfall for design flood is estimated
at 595 mm/24-hr by Hazen's method which indicates the largest values
among three methods.
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Table 2.1

Probable Daily Rainfall at Legaspi

Return Probable Daily
Period Probability Rainfall (mm)
(year) T WAL HAZEN GUMBEL
1.01 0.9901 59 71 B4
1.5 0.6667 149 140 144
2 0.5000 180 170 184
4 0.2500 240 235 258
5 0.2000 257 256 280
8 0.1250 291 301 324
10 0.1000 307 323 344
20 0.0500 355 356 405
25 0.0400 371 421 424
40 0.0250 403 476 465
50 0.0200 418 504 484
80 0.0125 450 565 524
100 0.0100 465 595 543
200 0.0050 513 697 602
250 0.0040 528 732 621
400 0.0025 561 809 661
500 0.0020 577 848 680
1000 0.0010 626 97T 739
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2} Time of Flood Concentration

Time of flood concentration is given by the following formula after

Kraven,
T s L/W  evrennreonncsnenneasnsareassansinseenns (2.1)

where, T : +time of flood concentration (sec.)

river length upstream from the dam site {(m)

-

flood velocity which is empirically
given as shown in Table 2.2 below (m/sec)

Table 2.2 Flood Velocity

River bed slope  >1/100 1/100-1/200 < 1/200

w (m/sec) 3.5 3.0 2.1

Since average river bed slope is 1/2.3 which is steeper than 1/100,
w is taken at 3.5 m/sec from the above table. Thus, T is calculated

below:

p _ A4k x 1,000
T 3.5 m/sec

= 1,257 sec = 21 min,

3) Rainfall intensity

Dr. Ito's formula expressed below is used for the calculation of

rainfall intensity.

34,710
_ R24 24 | ? )
Rt =35 " o5 ° (g1.35 4 1,500 ~ ~(2:2)
vhere, Rt : mean rainfall intensity in a period of

time, T (mm/hr)
R24 : rainfall in a 24-hr duration (mm)

T : +time of flood concentration (min)



According'to Table 2.1, the 100-year probable rainfall in a 24-hr

duration is taken as 595 mm at Legaspi station.

But, Legaspi is located at the low elevation, so that the above values
should be used after being increased in an appropriate rate, because it is
known that the rainfall generally increases with the elevation and the
project area is located at an elevation of more than 400 m while the

elevation at Legaspi station is 19 m.

In this study, the above probable rainfall, 595 mm, is increased 10
per cent referring to the empirical standard in Japan, in which the annual

rainfall amount increases at 5 to 10 per cent per 500 m in elevation,

Tinally, the probable rainfall for design flood comes to 660 mm/24-hr
and the rainfall intensity for the time of flood concentration (= 21 min. )

iz calculated by equation {2.2) as,

Rt = 144.9 mm/hr

4} Peak run-off

The Rational Formula expressed below is used for calculation of

peak run-off.

0p = 3%3 xfx AxRt ........... irreriieranees (2.3)

where, Qp : peak run-off (m>/sec)
f run-off coefficient (= 0.80)
A

: drainage area (km2)

Rt : mean rainfall intensity during the time of
flood concentration (mm/hr)

AdoPting £=0.80, A=2.5 km? and Rt=144.9 mm/hr, the peak run-off of
100-year probable flood is calculated at Qp 160—year = 80.5 m3/sec.

5} Mud concentration in mudflow

Mud concentration in mudflow is given by Takahashi's formula which

is expressed in the following form:
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P -tan 0

C o= = o) (tan F = Tam §) “rerrrerreriien (2.4)
vhere, € : mud concentration
A density of water (gram/cm’)
tan @ : gradient of river bed slope
g-: density of river bed materials
(gram/cm3)

# : internal friction angle of river bed materials (%}

It has been generally recognized that Sabo dam construction will
change its upstream river bed slope to about 1/2 to 2/3 of the original
river bed slope according to the flow condition. Generally said, in case
of flow dominant to mudflow, the river bed will be changed to about 2/3

of the original river bed slope.

In the proposed dam site, the flow regime would be assumed to be mud
flow since the river bed slope is so steep as 1/11.1. Therefore, the
planned river bed slope in the upstream of the Sabo dam is assumed to be
1/17 (= 1/11.1 x 2/3).

Assuming the other constants in equation (2.4) as

P=1.0 g/em®  tan & = 1/17
r=2.5 g/cm>
8 = 20°

Mud concentration is calculated as follows.

Table 2.3 Mud Concentration (C)

River Bed Mud
Slope Concentration
Original river 1/11.1 0.219
After construction 1/17.0 0.129

of Sabo dam




6) Peak run-off in mud flow

Peak run-off in mud flow is calculated by the following formula.

1
Op' = Qp X Too crrreerrrtrrrassessieuseiiecene. (2.5)

vhere, Qp : peak run—off (m3/sec)

¢ : mud concentration

Peak run-off in mud flow for 100-year probable flood is thus cal-

culated as follows:

Table 2.4 Peak Run-off in Mud Flow
(100-year probable flood}

Peak Run-off Mud Peak Run-off
{(water) Concentration {mud flow)
Original river 80.5 m3 103.1 3
condition .5 m?/sec 0.219 3.1 m’/sec
After construction
80. " ] n
of Sabo dam 2 0.129 92.4

2,3 Design of Overflow Section

Overflow section of the Sabo dam should be designed to keep safety
of dam against flood flow. Firstly, the width of overflow section (crest
length of overflow section) will be decided and then the height of over-

flow opening will be decided hereunder.

1) Width of overflow section (crest length of overflow section}

Study will firstly be made of the practicable river width, which
is preferable to be adopted as the width of overflow section of the Sabo

dam.

The practicable river width in case of rivers without levees or

dikes is empirically given by the following formula.
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B oo o002 e (206)

where, B : river width (m)
Q : mud flow peak run—off (m3/sec)

X : coefficient shown in Fig. 2.2

Fig. 2.2 Relation between (X and Drainage Area

10}

1 L

0 02 05 1 2 5 10 20 50 100 200 500
Draincge  Area {km?2)

In case of Mayon Projects, it may be taken at 4, since the drainege
area at the proposed dam site is 2.5 km2. Therefore, the river width is

calculated as follows by adopting 100-year probable flood.

B=4x103.1%% = 40.6 m

From the topographic features at the dam site, the river width in

the downstream of the dam will be about 50 m,

Based upon the above studies, the width of overflow section is
decided at 30 m taking some allowance to prevent scouring in the dam

abutment.

2) Overflow depth

Overflow depth is calculated by the following formula.
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Q = T% x Cxhox /2 xgxhox (3 bo+2Dbl) --(2.7)

vhere, discharge (m3/sec)

Q
C : coefficient of contraction (= 0.6)
g

acceleration of gravity (9.8 m/sec?)

ho : overflow depth (m)
bo : base width of overflow section {30 m)

bl : flow width in water surface (m)

Fig. 2.3 Overflow Section

ho

—

b -
L i
Freebourd //
¥
'10 /F
bo |

Adopting m = 0.5
bl = bo + 0.9 ho + 0.9 ho = 30 + ho
substituting the above to eq. (2.7),

0= I% x 0.60 x hox/2 x 9.8 x ho x {3 x 30 + 2 x (30 + ho)}

0.708 h02/2 x (75 + ho) vrrrvvvevnernnnneen. (2.8)

]

The above equation is graphically shown in Fig. 2.4.
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Fig. 2.4 Relation between Overflow Depth and Discharge

200

bo=30m
m=0.5

[
o
—

100

Discharge, Q (m3/s)

i 2 3 4 ]
Overflow Depth, ho (m)

From Fig. 2.5, the overflow depth corresponding to the design flood

is obtained below.

Table 2.5 Overflow Depth

Condition Peak Run-off Overflow

(mud flow) Depth
Orig%ngl river 103.1 m3/sec 1.53 m
condition
After constructien 92.4 " 1,43 "

of Sabo dam

(Overflow crest length = 30 m)
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As the results of the above calculation, overflow depth is assumed at

1.6 m taking some allowance and rounded up the calculated figures.

Fig. 2.5 Designed Overflow Section

30.00 = 125
/l:_l‘_‘i’-——

v HWL 0.20 ©
—— 0.
1.60 )
{Unit : m)

2.4 Design of Dam Body

The mechanism of mudflow has not . been made clear so far. The height
of Sabo dam is empirically decided so as to be effective to reduce the
energy of mudflow referring to the past engineering experiences, struc-

tures actually constructed and economical conditions.

In general, the height of more than 7 m is proposed to be effective
to control the mudflow.

In case of Mayon Project, the main Sabo dam is designed with a
total height of 10.0 m at overflow section based upon the topographic
conditions as well as the considerations of the erosion control effect

especially for side erosion.

The other structural features such as crest width, down and upstream

slopes of dam body, etc. are designed below.

1) Width of crest

Width of dam crest in overflow section is decided at 3.00 m so that

the dam crest will not be destroyed by mud flow.
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2) Downstream slope

The downstream slope of Sabo dams are generally designed to avoid
destruction due to heavy materials {cobbles and boulders)} falling down

over the crest, Therefore, a slope of 1:0.2 is adopted.

3) Upstream slope

Considering the safety of dam body against overturning, for which
stability will be checked in the next paragraph, the upstream slope of
dam is decided at 1:0.4.

The upstream slope of Sabo dams can be decided by the following

formula in general.

(L+o)m2 +{2x (n+f) + n(4+7) + 208 }m + &G (4m +&)
+(Ong + 62+ 10%) - (L +36) =0 .vvveinnnnnnne. (2.9)

vhere, H : height of dam at overflow section (m)
width of crest (m)
ho : overflow depth (m)

'

upstream slope

n : downstream slope

=

density of water including earth
(= 1.1 ton/m3)

W, : density of concrete (2.5 ton/m3)

with W, = 1.1 ton/m? and W, = 2.4 ton/m3, other variables of eq.

2.9 are tabulgted for convenience in Table 2.6.
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Dam Slope

Table 2.6
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By adopting the following values, the upstream slope of Sabo dam

can be calculated;

b=23.00m

1.60 m

ho

H=10.0m

2.4 ton/m3

Wo =

W, = 1.1 ton/m3

&
. ~
(=] .
n «
il

3|8
o] - i Ll
™ 3 s
S d~

Taking some

From Table 2.5, "m" is obtained at about 0.36.

0.40 is adopted.

allowance, m

2.5 Stability Calculation

For the designed dam body in the previous chapter, stability analysis

The stability of gravity type dams should be checked

is made hereunder.

the following terms.

in

*
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on overturning, summation of causing and restraining moments will be taken

at the toe with the former considered negative (-) and latter positive (+).

a.
b.

C.

Stability against sliding
Stability against bearing

Stability against overturning

The typical section of dem body is shown in Fig. 2.6.

The results of calculation are shown in Tab.e 2.7.

For calculation

Table 2.7 Moment Calculation

Forces {(Tons) Lever Arm (m) Moment (t.m)
Cl =% x2x10x 2.4 = 24,00 2x2=1.33 + 32.00
C = 3 x 10 x 2.4 = 72.00 2 x 2 = 3.50 + 252.00
C3=%x4x10x2.4=48.00 5+-:1),-x4=6.33 + 304.00
W o= 1.6 x 3x 1.1 = 5,28 2 +2 =35 + 18.48
Wo = 1.6 x 4 x 1.1 = 7.40 5 +2 x4 =7.00 + 51.80
V3 =3 x 10 x 4 x 1.1 = 22.00 5+ 2 x4 =7.67 + 168.67
w4=%x10x (1.6 + 11.6) x 'l"jqx(10+3xl.6)-§- - 271.52

1.1 = 72.60 (10 + 2 x 1.6) = 3.74

PIMEE + 555.43

R, =C + Ca + C3 + W) + Wa + d - 178.68d

W3 =178.68
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Fig. 2.6 Typical Section of Dam Body

200 3.00 400 “‘) {Unit: m)
[~ g HWL

H=10.00 oy

rojm

24,50 —
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The point where the base reaction falls can now be readily calculated
by taking summation of moments at the toe congidering the total amount of
external forces against that caused by the vertical component of reaction,

that is R,

555,43 - 178.68a4 = 0

d=1311>8/3 (= 2—'50—0 = 3.00 m)

This means that the reaction fell within the middle third of base.

Internal stresses will be calculated based upon the following

formula:

= + 88 e . (2.10)
B - B
internal stress (ton/mz)

0-
R, : total base pressure (ton)
e : eccentricity (= g - d) (m)
B

: width of dam base (m)

From PFig. 2.6

e='%—d=—"——3.11= 1.39

Taking stress at the toe as

GT= 192.8688 (1 + 6 x 1.32)

2
3.00 38,25 ton/m

Teking stress at the heel as

178,68 6 x 1.29
L =t g _2 X~y L 1.46 2
&~ 75.00 (1 5.00 } = 1.46 ton/m

From the above computations it is concluded that no tension will
occur anywhere on the dam foundation. Safety factor against sliding

taking £ = 0.70

f xRy 0.70 x 178.68
a3, = me— = = 2. .
F.S8.8 = 72.6 46 > 1.2



This Sabo dam site's foundation is judged as compacted gravel and
sand. The allowable bearing capacity is therefore assumed to be 70-110
ton/m? from the Table 2.8. As preceeding computation, the stress at the

toe of dam is 38,25 ton/m2, so it's pressure is allowable.

Table 2.8 Types of Foundation and
Allowable Bearing Capacity

Bearing Capacity

Type of Foundu‘bion (ton/mz)
Hard rock 160 - 270
Soft rock 70 - 160
Compacted gravel, 70 - 110

earth and sand

Coarse sand and 30 - 70
cobble stone

Sand and clay 20

From the preceeding computations, it can be concluded that the

design is satisfactory.

2.5 Apron Protection

For preventing the erosion just downstream of the main dam and
thus for keeping stability of the main dam, a sub-dam is to be con-

structed in the downstream of the main dam to form apron.
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Fig. 2.7

Arrangement of Sub-dam

Mailn Dam

ho

1)

Overflow depth

The water depth at overflow section of main dam is calculated by

Manning's formula assuming that the main dam is filled with debris and

sediment load

and the flow becomes uniform.

0= AV' ..., et rbeeeeabeneranseeseearess f(2.11)
V' o=V x ,a+cfog~-,p) s (2.12)
vz r2/3 /2 i e (2013)
where, Q : discharge including earth (m?/sec)
A: flow area (m%)
V : wvelocity (m/sec)
V! velocity ineluding earth (m/sec)
R : hydraulic radius (m)
assumed future river bed slope upstream
from Sabo dam (about 1/17)
P density of water (ton/m3)
C : mud concentration
¢: density of river bed materials (ton/m3)
n : Manning's roughness coefficient
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Substituting the following values to eq. (2.11}, (2.12) and (2.13),
the overflow depth (ho) is obtained as

ho = Q.77 m

2} Distance between mein dam and sub-dam

The distance between main dam and sub-dam (L) is given by the

following equation.

L > [ +X+Db3 ciieiiiineriinninrneensenannenes. (2.14)
- 1/2
2 (H1 + 0.5 ha)
=V°'{ g }

Vi =2 g (Hy + ho)

Py

X=4£. hj A 4.5 -5.0
V, = go/ho
hy = a1/Vy
hj =3t (/I BR - 1)
Fp =Vy / Jeg - by
where, f : distance between point A and B (m)

X : distance of hydraulic jump {m)
bs : sub-dam crest width (m)
Vo : overflow velocity at main dam {m/sec)
g : gravity acceleration (m/sec?)
hj : depth of hydraulic jump (m)
Vy : flow velocity at point B (m/sec)
hy : super critical flow depth before hydraulic jump (m)
dp ¢ discharge per unit width at main dam crest (m?/sec/m)
q) : discharge per unit width at point B (m3/sec/m)

F : Froude number before hydraulic jump



The calculation is made by the following procedure,.

(i) overflow velocity at main dam (V)

v - 103.1
© = 0.5 x (30 + 30 + 0.7) x 0.77

= 4,40 m

(ii) distance of water fall reach (f)
1/2
2 x (7.0 x 0.5 x 0.77)}
938

X=4.40x{

it

5.40 m

(iii) wvelocity of water falling at point B (V)

1

\3] V2 x 9.8 x (7 + 0.77)

!

12.34 m/sec

(iv) super critical flow depth before hydraulic jump (h)

h1 = (103.1/30)/12.34

0.28 m

{v) Froude number before hydraulic jump (Fl)
P = 12.34/ /9.8 x 0.28

7.45

t

(vi) depth of hydraulic jump (hj)

___oéza x (V1 + 8 x 7.45¢ - 1)

2.81 m

hj

(vii) distance of hydraulic jump (X)

X

4.5 x 2.81 (0 = 4.5)

12.66 m

(viii) distance between main dam and sub-dam (L)
L>5.40 + 12.66 + 2.00

20.06 m
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From the result of above calculation, the distance between main dam

and sub-dam is determined as 22 m taking some allowance.

3) Height of sub-dam

The height df sub-dam is empirically given by the equation helow.
Hy = XH ittt iiniiienieneaa. (2.15)

where, Hs : overlap height shown in Fig. 2.7 (m)
o : coefficient (1/3 - 1/4)
H : main dem height (m)

Substituting H=10 to above euqation, the overlap height is calculated
at 2.5 m to 3.0 m. Taking sub-dam height as 5.0 m and foundation depth
as 3.0 m, the overlap height is estimated at 2.75 m at the sub-dam site
and it satisfies the above conditions, Therefore, the height of 5.0 m
is adopted.
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IIT. SPUR DIKE
3.1 General

Sand retarding basin is proposed to be constructed in the middle

reaches with spur dikes, cross dikes, training dikes, etc.

Such retarding basin seems not practical to be constructed at once
because of very wide areas to cover, and further it may be dangerous to
construct it at once because there are many unknown factors involved in
retarding basin., From such considerations, two dikes (spur dikes) only

are proposed bto be constructed for the first.

These dikes aim at preventing mud flow from entering into the
villages of Pawa, Bonga, Burabod, etc. so that mud flow can be sustained

in the middle reaches.

The topographic condition of the basin and the principal features of

the spur dikes are summarized below.

Topography
Drainage area 7.3 km?
River length upstream of river 7.8 km
canalization
Average river bed slope 1/3.8
River bed slope around the 1/16

spur dikes

3.2 Design Flood

The design flood is calculated by the same method applied for the
Sabo dam design. The l.5-year probable flood and 50-year probable flood
are estimated herein. The former flood is used for estimating the
practicable river width and the latter for designing of structures of

the spur dikes.
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1) Probable daily rainfall

From Fig. 2.1 and Table 2,1, the probable daily rainfalls for the
return periods of 1l.5-year and 50-year are 140 mm and 504 mm respectively

by Bazen's method.

The above values are used by adding 10 per cent according to the

reason mentioned in previous chapter.

Ry, l.5-year = 160 mm/24-hr

Ryy 50-year = 560 mm/24-hr

I

2) Time of flood concentration

Using Kraven's Formula

T — Iézgg = 2,229 sec = 37 min.

3) Rainfall intensity

Dr. Ito's Formula will be used for this calculation from eq. 2.2

previously presented.

Rt 1.5-year = 33.6 mm/hr
Rt 50-year = 117.7 mm/hr
4) Peak run-off
Using Rational Formula
Op 1.5-year = 47.4 m3 /sec

Qp 50-year = 165.9 m3/sec

5) Mud fiow concentration
Using Takahashi's Formula

C =0.138

From eq. 2.5 the peak run-off in mud flow is otabined a= follows.

I

Qp l.5-year = 55.0 m3/sec

Op 50-year = 192.5 m3/sec

it
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3.3 Height of Spur Dike

1) Practicable river width

In the proposed area for retarding basin, streams form no definite
channel section. Therefore, practicable river width is estimated by eq.
2.6 and Fig. 2.2 as previously presented. In this case, assuming that
river width is formed by dominant flow, it is calculated by applying
1.5-year probable flood.

B=4x55.00/2 2 29,7

30 m

2) Design high water level

Assuming the river width of 30 m calculated above and rectangular
section of river channel, the approximate water depth at the time of

design flood will be calculated by applying Manning's formula.

.m0 \3/5
h = { 5 11/2 ) A < 7 B

where, water depth (m)
: Manning's roughness coefficient
run-off (m3/sec)

river width (m)

H oD o B T

t river bed slope

Substituting the values previously calculated, water depth is

obtained as:

0.045 x 192.5 )3/5

h=(
30 x 0.06251/2

=1.09m

3) Height of spur dike

In the proposed area, the stream has no definite flow direction.
Besides, severe river bed veriation is anticipated by scouring and
deposition. Therefore, the height of spur dikes is taken at 3.0 m above
ground surface taking enough allowance. Foundation of spur dikes will
be designed to reach 1 m depth or more below ground surface. Thus the

height of spur dike will be 4,0 m at lowest,
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3.4 Foot Protection

As mentioned above, the river bed is anticipated to be scoured severely
by flood, To prevent damage from scouring, a foot protection concrete

block will be provided close to the base of the dike.

In this case, the volume of concrete block will be calculated based

on the tractive force of the sfream and thrust force.

1) Tractive force

The tractive force of stream is calculated using the following

equation:

T = 8" BT tiiviiiennnncncnnassneess (3.2)

where, 7 : tractive force {ton-m/sec2)

P+ density of water (ton/m3)

g : acceleration of gravity (m/sec?2)
R : hydraulic radius {m)

I

: slope of river bed

The density of water will be calculated coensidering mud flow, using
concentration of mud flow. From preceeding calculations, mud flow con-

centration, C = 0.138. This gives, 0= 1.0958 < 1.1.

Assuming the channel cross section is rectangle, hydraulic radius
is assumed to be equal to the water depth. Substituting the above values

in eq. (3.2), A= 1.1 x 9.8 x 1.09 x 0.0625 = 0.7344 ton.m/sec?

2) Critical tractive force

By Iwagaki's Formula, the relation between diameter of river bed
materials and critical tractive force is shown in the following

expression.
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U.% = 80.9 . d d >0.303

*
- 134.6 - a>>/? 0.118< 4 < 0.303
= 55.0 + d 0.0565 £d4 £0.118 } ......... (3.3)
11/32
= 8.41 * a 0.0065 < d < 0.0565
= 226 - a d < 0.0065

U*= \/r//a s et e s et e ete st e a ettt s A d b st b sea (3.3!)

where, U,e : critical friction velocity (cm/sec)
d : diameter of material {cm)

U, :+ friction velocity (cm/sec)

The eritical diameter of river bed material corresponding to the
above tractive force is calculated by the following equation;

2

4
0.7344 x 10" x 11

= 80.9 - d

d=83cm=0.83m

(0.83)3 x

in terms of weight, this diameter is equivalent to 4/3 x 7L X >

2.5 = 0.748 tons,

3) Thrust force

The thrust force for block is expressed in the form.

v
_ . . £ . .2
F=20C, W B T g e (3.4)
vhere, F : thrust force (ton)
Cy : coefficient of drag (= 1.0)

Wo : density of water (= 1.1) (ton/m3)

coefficient of correction (= 1.0)

..

velocity of flow {(m/sec)

€
S : surface area of block against flow (m3)
v
24

acceleration of gravity (= 9.8 m/sec?}
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The velocity of flow is calculated by using Manning's Formula

expressed below.

2/
V = %'R ‘3‘11/2

/3 /2

= —L _ ¢ 1.09%"2 x 0.0625%

0,045

= 5.88 m/SEC

The surface areea against the flow is taken as 2 m2 assuming the

shape of concrete block shown in Fig. 3.1.

Fig. 3.1 Concrete Block for Foot Protection

-
SRR 10m

1.0m 10m

Substituting above values to eq. {(3.4), the thrust force is cal-

culated as

5.882
2 x 9.8

=]
i

1.0x 1.1 x1.0 x2 x

3.881 tons

On the other hand, the resisting force of concrete block is cal-

culated by the following equation.
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wo
R=tan @ (1 -g7)W oiniineiieniienen, {3.6)
c

where, R : resisting force of block

h~1

friction angle between block and river bed

Wy : density of water (= 1.1)

W, : density of concrete (= 2.4)
W : weight of concrete block

Letting @ be 35°, eq. (3.6) is changed as below.

B = tan 35°(1 - 2=L)¥ = 0.379W
2.4
Therefore, the weight of concrete block is given as follows assuming

that the resisting force of block is equal to the thrust force of flow.

3.881
10.24 tons

0.379¥
W

1l

Now, taking {=3.0m and e=0.3m in Fig. 3.1, the weight of concrete
block comes to 27.36 tons as calculated below and it is enough to resist

the thrust force of flow.

W={2x3+2x1.35 x2}x 2.4 = 27.36 tons
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IV, RIVER CANALIZATION

4.1 General

The river canalization will be adopted for the lower reaches of the
Pawa-Burabod river. The topographic condition of the basin and the

principal features of the river canalization are summarized below.

Topography
Drainage area 10.5 km?
River length 11.0 lkm for total length of the
Pawa-Burabod river
Average river bed slope 1 : 15 for whole river length
River bed slope 1/43 to 1/17 for the reaches

subject to canalization

River channel

Length 2,800 m
Channel width 60 m
River bed slope . 1/28.1 - 1/17.5
Levee
Type Sand and gravel fillwwith slope
protection by wet masonry wall
Length
Left bank ~ Total 2,799 m
- Existing 1,447 m
- New 1,352 m
Right bank - Total 2,808 m
- Existing 204 m
— New 2,604 m
Embankment volume 62,800 m3
Wet masonry wall 3,956 m
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Cribworks

Type

Size and arrangement

Total no. of cribs

Groundsills
Type Type A
Type B

Number of groundsill
Type A
Type B
Number of blocks
Type A {crib)
Type B

{concrete blaock)

4.2 Flood Analysis

1) General

Since no run-off data are available in the lower Pawa-Burabod river,

probable flood is estimated from rainfall data.

Log crib filled by cobble stone

Three lines with crib of
2,0m long x 2.0m wide x O0.8m depth

6,993 nos.

Log crib, 2.0m long x 2.0m wide x
0.8m depth filled by cobble sione

Cross concrete block, 2.0m long x
2.0m wide x 0.8m depth

9 nos.

2 nos.

970 nos.
305 nos.

The calculation method

is the same as applied in the previous chapters.

The probable flood is estimated herein about 1.0l-yr., 1l.5-yr.,

5-yr., 10-yr., 30-yr. and 50-yr. flood respectively.

These floods are

utilized for the analysis of sediment load and practicable river width

and the 50-yr. flood will be applied as the design flood of river

canalization and the related structures,

The Tlood calculation will be made hereunder at the selected three

base points as shown in Fig. 4.1, i.e.

No. 1 B,P

At the junction of the Yawa river and the

Pawa-Burabod river for the drainage area
of the main Yawa



No. 2 B.P At the junction of the Yawa river and the
Pawa-Burabod river for the drainage area
of the Pawa-Burabod river

Ne. 3 B.P River mouth of the main Yawa river
2) Drainage area
Drainage area at each base point is estimated as shown in Table 4.1.

Table 4.1 Drainage Area

Base Drainage Drainage

Point Basin Area (km2)

No. 1 No. I 33.5

No. 2 No, II 10.5

No, 3 No. III 6.0 (Sub-basin)
No. 3 No. I,II,IIT 70.0 (Total)

3) Run-off coefficient

Run-off coefficient in each divided sub-basin is estimated below

considering topography, geology and land use.

Table 4.2 Run-~off Coefficient

Drainage Basin Run-off Remarks
Basin Area Coefficient

No. I 53.5 0.6 Farm land

No, II 10.5 0.7 Mountaneous ares

No. III 6.0 0.6 Farm land

Total 70.0 0.62 Weighted

4) Time of flood concentration

Time of flood concentration is calculated by Kraven's formula as
previously presented. The results of calculation are summarily shown

below,



Table 4.3 Time of Flood Concentration

Base L I vV t

Point {m) {m/s) {min.)

No. 1 15,500 1/40 3.5 75

No. 2 11,000 1/15 3.5 50

No. 3 18,000 1/50 3.5 85 (Total)

5) Average rainfall intensity in a period of "Time of Flood
Concentration"
By using Ito's formula previously presented, rainfall intensity is
calculated for each return period at every site. The results of calcula-

tion are shown below.

Table 4.4  Average Rainfall Intensity in a Period
of "Time of Flood Concentration"

Return 24 r (mm/hr)
Period Point No. 1 Point No, 2 Point No. 3 (Total)
(vear) { mm) (+=7% min.) ~ (t=50 min.) (t=85 min.)

1.01 80 15 16 14

1.5 160 30 32 29

5 290 54 59 52

10 360 67 73 65

30 490 ol 99 a8

50 560 104 113 101

6) Peak run-off

Peak run-off is calculated by Rational formula by applying the values

ocbtained above., The results are as summarized below.
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Table 4.5 Calculation of Peak Discharge

Peak Discharge : 0 (m3/sec)
Ret Specific Discharge : q (m3/sec/km?2)
Pe 9§§ Point No. 1 Point No. 2 Point No. 3(Total)
(eglr) (£=0.60) (£=0.70) (£=0.62)
yea (A=53.5 km?) (A=10.5 km?) (A=70.0 km?)
(t=75 min.) {t=50 min.) (=85 min,)
1.01 140 { 2.62) 40 ( 3.81) 170 ( 2.43)
1.5 270 { 5.05) 70 ( 6.67) 350 ( 5.00)
5 490 ( 9.16) 130 (12.38) 630 { 9.00)
10 600 (11.21) 150 {14.29) 790 (11.29)
30 820 (15.33) 210 (20.00} 1,070 (15.29)
50 930 (17.38) 240 (22.86) 1,220 (17.43)

The 50-year probable flood is used as the design flood for the Pawa-
Burabed river. The calculated value will be appropriate comparing with
the Japanese standard which are represented by the relation between the

drainage area and specific discharge shown in Table 4.6.

Table 4.6 Relation between Drainage Area
and Specific Discharge

Drainage Area

(kkm2) 0-5 5-10 10-20 20-40  40-60 60-80 80-100

Specific Discharge

(m3/sec/km2) 28 25 20 15 12 10 8

The 1.5-year probable flood is used for the study of sediment dis- |
charge capacity in the Yawa river and the Pawa-Burabod river assuming
that such scale of flood is dominant to form a river channel or to he
approximately such average run-off as to give average sediment discharge
during a hydrolegical year, so called dominant flow, which is shown in

the figures from Fig. 4.39 to Fig. 4.47.

I-36



4.3 Sediment Study

1} Sediment in the Yawa River

Aiming at grasping the sediment balance in the main Yawa river and
the Pawa-Burabod river, sediment discharge in the Yawa river will firstly
be estimated at the point of junction of the Yawa river and the Pawa—

Burabod river.

The sediment discharge is calculated by using Brown's formula below.

U 2 2
_Bs *
U*'dm_T—-K (q"/P—l)'g'dm A R (4.1)
where, Qs : sediment discharge (m3/sec)
U, : friction velecity (m/sec)
Usx =\/gRI

acceleration of gravity (9.8 m/sec?)

=]

R : hydraulic radius (m}
I :+ river bed slope

dm : mean diameter of river bed materials
(d65 = 0,001 m)

T : river width {m)
constant (=1.0)

density of river bed materials
(2.5 g/em?)

p: density of water (1.0 g/cm3)

G\'

-

Eq. 4.1 can be rewritten by substituting the above figures as

follows:
gs = 1,390 (R1)2?.T ..... et reeee e (4.2)

By using eq. (4.2}, the sediment discharge was calculated as
shown in Table 4.7 and 4.20.
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Table 4.7  Sediment Discharge in the Yawa River

1.5-year Sediment Discharge
Probable at 1.5=year Probable
Flood Flood (average)
Yawa river upstream 270 ms/sec 0.40 - 0.49 {0.45)
Yawn river downstream 340 " 0.65 - 1.20 (0.92)
Difference (0.47)

*Figures in ( ) show the average.

2) Sediment discharge in the Pawa-Burabod river

By applying the same calculation methed and equation, the sediment
discharge is also calculated at several points along the Pawa-Burabod

river. The results of calculation is as follows:

Table 4.8 Sediment Discharge in the Pawa-Burabod River
{1.5-year probable flood 70 m3/sec)

S,
Sta. O + 100 1.5 m3/sec

0 + 200 1.9

0 + 300 1.7

0 + 400 1.7

0 + 500 1.3

0 + 600 1.6

0 + 700 1.6

0 + 900 1.7

1 + 000 1.5

1 + 100 1.4

1 + 300 1.6

1 + 500 2.4

1 + 600 7.2

1 + 700 3.0

1 + 800 6.6

1 + 900 5.7

2 + 000 7.2
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Sediment

Station Discharge
Sta. 2 + 100 3.1 m3/sec

2 + 200 2.9

.2 4+ 400 5.4
2 + 500 5.8
2 + 600 5.4
2 4+ 700 5.1
2 + 800 5.0
Average 3.42
Range 1.2 - 7.3

3) Consideration

Sediment discharge at 1,5-year probable flood at the Yawa river and

the Pawa-Burabod river are summarized below,

Table 4.9 Summary of Sediment Discharge

Rivers Sediment Discharge
Pawa—Burabod river 1.2 - 7.3 (3.42)
Yawa river

Downstream from 0.65 - 1.20 {0.92)
junction
Upstream from 0.40 - 0,49 (0.45)
junction

From the above, the following can be supposed:

1. The difference of sediment discharges between the upstream

Yava and downstream Yawa is about 0.47.

2. Sediment discharge in the Pawa-Burabod is comsiderably

larger than that in the Yawa river.
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3. Therefore, theoretically, the allowable sediment discharge
to the Yawa river is 0.47 while the present sediment discharge
there is 3.42,

4, Therefore, the upper Sabo works in the Yawa river is needed.

The above calculation gives only suggestive figures or qualitative
characteristics, since sediment problems are very much complicated and

difficult to be clarified in quantitative.

4,4 Discharge Capacity of the Present Pawa-~Burabod River

Discharge capacity of the Pawa-Burabod river under the present con-
dition is estimated at several points along the river course. The discharge

capacity is calculated by non-uniform flow calculation method.

20412 2 AZR 43T AR 473 2gA,2 2
where, :+ discharge (m?/sec)

gravity acceleration (9.8 m/sec?)
2)

: water level (m)

2

0

g

A: flow area (m
H

n coefficient of roughness (= 0.045)
{

distance (m)

s

R : hydrauliec radius (m)
Suffix 1 : downstream section

Suffix 2 : wupstream section

Based on the surveyed cross section, and profiles, the discharge

capacity is calculated as shown below.

I-40



Table 4,10 Discharge Capacity of Present River Condition

Critical Discharge Capacity
Station Discharge at Water Level with
Capacity 1l m Allowance
Sta. 0 + 100 more than 500 m?/sec more than 500 m3/sec

0 + 200 " 410

0 + 300 " 190

0 + 400 " more than 500

0 + 500 360 80

0 + 600 290 30

0 + 700 250 50

O + 900 320 100

1 + 000 400 g0

1 100 170 40

1 + 300 250 30

1 + 500 0 0

1 + 600 130 10

1 4+ 700 120 10

1 + 800 400 100

1 + 900 320 160

2 + 000 320 100

2 + 100 220 30

2 + 200 200 10

2 + 400 210 30

2 + 500 more than 500 more than 500

2 + 600 " "

2 + 700 " "

2 + 800 " "

more upstream inundated inundated

Since 50-year probable flocd is 240 m3/sec, the river reach between
Sta. 1 + 100 and Sta. 2 + 400 has less capacity, and the more upstream
reaches from S8ta. 2 + B00 has no any discharge capacity because of no
definite river channel there, and inundation has been frequently

occurred.
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4.9 Design of River Channel

The river channel will be canalized between Sta. 1 + 100 and
Sta. 3 + 900.

1} Channel width

The practicable river channel width is calculated by the following

empirical formula.
B=3.5~T7.0/0 iiiiiiiniiiiiiniininennns (4.4)

where, B : practicable river width {(m)

Q : run-off (m3/sec)

Assuming that dominant flow to form a river bed is 1l.5-year flood
(70 m3/sec), the practicable river channel width is calculated at 29-59 m.
If the designed flood, 50-year probable flood (240 m3/sec) is applied,
the practicable river width is calculated at 54 m to 108 m.

The present river width veries from about 30 m to 100 m, 60 m on
an average. From the above considerations, the designed river width is

taken at 60 m,

2) Equilibrium bed slope

If allowable sediment discharge, which may be discharged out into
the Yawe river from the Pawa-Burabod river, is taken for the design
sediment discharge for the Pawa-Burabod river, the equilibrium bed slope
is calculated by the following formula.

22 43/5

H = (~/§ . i (4.3)

and

Ps = 1,390 (HI)E‘ST U -3
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From the above two equations, Qs is rewritten as follows:

QS = 1,390 nl.5 Q].-S II-TS/TO-S

where, n=0.045 T=50 m to be assumed
0s = 1.88 Ql.S x 1175
Is = 0.7 0s0-37/g0.86 . ..., (4.7

By using equation (4.7) the equilibrium river bed slope is calculated

as follows.

Table 4,11 Equilibrium River Bed Slope

Peak Allowable Equilibrium
Flood Runiiff Sediment River Bed
Load Slope
1.5~year 70 m3/sec 0.5 m3/sec 1/82
50-year 240 " 1.8 " 1/114

From the mbove calculation results, the equilibrium river bed slope
will be about 1/80.

3) River cross section

For the design discharge of 240 m3/sec, and river width designed
60 m, the cross section is calculated by Manning's formula assuming the
slope of revetment is 1:2,5. The results of calculativn are summarily

shown in Fig. 4.2 and Table 4,12,

4.6 Design of Levee

Existing levee has the following principal dimensions,

Crest width 5«7 m
Slope 1:0.6 - 1:1.§&
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According to the check calculation of stability such steep slope
levee seems dangerous in case that heavy rain occurs and the embankment
materials are saturated by rainwater. Therefore, the levee with more

gentle slope is applied. Typical levee section is assumed as lollows:

Crest width 3m
Slope I : 2.5

Stability calculation of the typical design above is made by the cir-
cular arc method under the following conditions,

Density of embankment material 2.0 ton/m?

Internal friction angle # = 35°

The calculation results are shown in Table 4.13.

Table 4.13  Stability Calculation of Levee

5,250 ) 3,000

I_ 2,100

7.‘35
Saturated
_ L W'cos@ tan@
Fs = TS inG P 93
where, Y= Ysat = 2.0 (ton/m3)
¥ = Ysat — 1.0 = 1.0 (ton/m3)
d = 35°
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r
wsing 1 cose

No. A © W=7-4 W=7Y'-4 tan @ x tan@
(m2) (o) {ton/m) {(ton/m) (ton/m) (ton/m)

1 0.45 43 0.90 0.45 0.70 0.61 0.23
2 1.21 33 2.42 1.21 0.70 1.32 0.71
3 1,50 22 3.00 1.50 0.70 1.12 0.97
4 1.45 13 2.90 1.45 0.70 0.65 0.99
5 1.15 6 2.30 1.15 0.70 0.24 0.80
6 0.78 -4 1.56 0.78 0.70 -0.11 0.54
7 0.28 =10 0.56 0.28 0.70 -0.10 0.19
Total 3.74 4.44

Fs = —g-;;—j— =1.19
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Fig. 1.1 General Plan of Pawa - Burabod River
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Profile of Pawa - Burabod River

Fig.1.2
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Fig.4.10 Profile of Main Yawa River Vs = 1: 200
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Fig.4.11 Cross Section of Main Yawa River S=1: 200
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Fig.4.12 Cross Section of Main Yawa River s = 1: 200
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Fig.4.13 H~Q,R.T Curve of Maln Yawa River
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Fig.4.14 H~Q,R,T Curve of Main Yawa River
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Slope of Levee

Fig. 4. 48 Standard Relation between Levee Slope and
Levee Height due to Soil Classification
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&e*“‘e\
|.4'” 53“6
) Clay e
|.3’ /“
Sand ST =
D2 A ;-77,;:#”/
— =77 Loo®
1
| 2 3 4 5 6 7 8
Helght of Levee {(m)
Fig. 4.49 Example of Foot Protection in Japan
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Table. 4.14 Standard Weight of Foot Protection in Japan

Flow Velocity (m/sec) ~2

2~4

4~

Welght of Block{tons/unit) 0.5~

|~4

2~6
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Fig 4. 50 Example of Foundation width in Japan

1.3
E Aowa~ Burtbpd River
- . 9
10 i2 205 2B
£
=]
° ®
= B19 | 23
- é g 7
® @
2 6 § 10 15 16
2
2 an
© o0
123 .J 1514
4
0.5 ®
7
1x 1073 1x10-2 tx10~"
Depth % River Bed Slope (m)
Legend
1 ..., Ibi River (LR) 13 ... Ohoi River
2 ... Nagara River {1IR) 14 ,.. Abe River
3 .., Kiso River (LR) 15 ... Joganji River (LR)
4 .,. Shonai River 16 ... Ida River
5 ... Yahagi River 17 ... Kumano River
6 ... Tenryu River (IR) 18 ... Sho River (MR)
7 ... Kiku River - 19 .., Jintsu River {MR)
8 ... Kano River 20 ... Sho River (UR)
9 ... Koyabe River 21 ... Jintsu River (UR)
10 .., Jintsu River (LR) 22 ... Joganji River (MR)
11 ... Sho River (LR) 23 .,. Joganji River (UR)

12 ... Toyo River

* — Depth at design
UR - Upper Reach
MR - Middle Reach
IR Lower Reach
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Fig 4.51 Example of Weight of Concrete Block for
Ground - Sill in Japan
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Table 4.20 Calculation of Sediment Load

Main Yawa River Downstream Main Yawa River upstream
from Confluence with from Confluence with
Pawa-Burabod River ) Pawa—-Burabod River
Return Ttem
Period $ta.14+000 Sta.2+000 Average Sta.34000 Sta,.44000 Average
0 (m3/s) 170 170 140 140
R _(m) 1.7 1.8 1.3 1.3
1.01 1 1/280 1/210 1/210 1/210
U*{m/s) 0.24 0.29 0.25 0.25
Year T (m) 48 38 40 52
0s{m3/s) 0.29 0.36 0.3 0.17 0,22 0.2
0s/3x100 0.17 0.21 0.2 0.12 0.16 0.1
0 350 350 270 270
R 2.7 2.8 1.8 1.8
1.5 I ~1/280 1/210 1/210 1/210
U* 0.31 0.36 0.29 0.29
Year T 51 42 42 52
Os 0.65 1.20 0.9 0.40 0.49 0.4
0s/0x100 0.19 0.35 0.3 0.15 0.18 0.2
0 630 630 490 490
R 3.8 3.8 2.7 2.5
5 I 1/280 1/210 ' 1/210 1/210
U 0.36 0.42 . 0.35 0.34
Year T 53 43 45 53
0s 1.58 2.63 2.1 1.17 1.14 1.2
0s/0x100 0.25 0.42 0.3 0.24 0.23 0.2
0 790 790 600 600
R 4.0 4.3 2.9 2.7
10 I 1/280 1/210 1/210 1/210
U* 0.37 0.45 0.37 0.35
Year T 53 43 46 53
0s 1.80 3.59 2.7 1.43 1.38 1.4
0s/Qx100 0.23 0.46 0.3 0.24 0.23 0.2
0 1,070 1,070 820 820
R 4,9 5.0 3.3 3.5
30 I 1/280 1/210 1/210 1/210
U* 0.41 0,48 0.39 0.40
Year T 53 43 48 53
Os 2,98 5.23 4,1 2.07 2.64 2.4
0s/0x100 0.28 0.48 0.4 0.25 0.32 0.3
0 1,220 1,220 930 930
R 5.3 5.3 3.6 3.8
50 1 1/280 1/210 ‘ 1/210 1/210
U* 0.43 0.50 0.41 0.42
Year T 53 43 50 53
Os 3.63 6.05 4.8 2.49 3.24 2.9
0s/0x100 0.30 0.49 0.4 0.27 0.35 0.3
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PREAMBLE

This is a report on construction planning and sche-
dule for the Sabe facilities to be constructed in the Pawa~
Burabod river, a tributary of the Yawa river which is
located in a south-eastern slope of the Mayon Volcano near
Legaspi City. The Pawa-Burabod river is taken up as a site
{river) subject to the detailed design for the Mayon Vol-
cano Sabo and Flood Control Project in accordance with the
mutual agreement between TFFCRA and the STUDY TEAM.

The Sabo facilities herein subject to the formulation
of planning and schedule comprise a Sabe dam, two spur
dikes and channel works involving levee, cribwork ground-

sill, and irrigation intake,

All the above structures construction is herein

referred to as the Project all inclusive.

PRINEIFAL FEATURES OF STRUCTURES

The construction works include a Sabo dam with sub-
dam, two spur dikes, levees, groundsills and an irrigation
intake. The Sabo dam is located at El. 400.00 meters and
the two spur dikes are at El. 190.00 meters approximately.
The levees are located in the reaches from El. 100.00
meters near the Bonga village to the confluence of the

Yawa river.

2.1 The Kind of Works and Main Structures

The kind of works and main structures are summa-

rized below:

Sabo Dam-No. 1

(1) Main Dam

Type Concrete gravity

d
Height of .overflow section: 10.00 ™ am
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(2)

Crest length of dam

Crest elevation of
overflow section

Dam volume

Sub-Dam

Type

Height of é4verflow sectien

Crest length of dam

Crest elevation of ovegflow
section

Dam volume

Spur Dike

(1)

(2)

Spur Dike No. 1

Type

Length

Embankment volume
Slope

Wet masonry

Spur Dike No. 2

Type

Length
Embankment volume
Slope

Wet masonry

Levees

Type

Levee length
Embankment volume

Wet masonry

I1 - 2

I

79.50 m
398.55 m

5,750 cu.m,

Concrete gravity
dam

3.00 m
57.50 m
391.80 m
1,420 eu.m.

Embankment protected
by wet masonry

200 m

1,720 cu.m.

1:0.7

2,290 sq.m.

Embankment protected
by wet masonry

162 m

1,130 cu.m.

1:0.7

1,720 sq.ma

Embankment protected
by wet masonry on
the river side

3,956 m

62,800 cu.m.

32,380 sq.m.



Crib work 6,993 nos.

Groundsill
(1) Type-A
Type Timber log crib
Crib work 970 nos.
(2) Type-B
Type Cross type concrete
block
Crid work 305 nos,
Irrigation Intake L.S.

CONSTRUCTION TIME SCHEDULE

All the construction works are assumed to be commenced from
August 1980, and will be completed by July 1985 through a period
of five years. The date of commencement is assumed to be required
four months for preparation of tendering and evaluation after

detail design completed.

Construction works will be commenced at first from the con-
struction of the access road which will be completed within the

period of two months from the beginning of August 1980.

Earthwork of the Sabo dam and levee is to be commenced from
the beginning of November 1980, after providing construction

facilities.

Concrete works of the Sabo dam including main dam and sub-
dam are to be started immediately after the excavation is
completed, and are to be completed by late February 1982 within

the period of fourteen months.

Since the spur dikes are located near the levee work site,
the construction thereof is to be performed in parallel work
each other, considering convenience of the seasonable period

during the levee construction peried.
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The levee works are to be started from the beginning
of Novemher 1980 and will be completed by late July 1985

through approximately five years.

The ground-sills and the irrigation intake are to be
constructed at the seasonable period in the parallel work

with levee.

More detailed information on the construction time

schedule is shown in Fig. 3.1.

BASIC CONDITIONS

In working out the construction method and time schedule,
basic conditions for construction planning are assumed as

follows:
4.1 Construction Time Target

All the construction works will be completed by the
end of July 1985 and construction period is to be five

Years.

Tender preparations for the construction works are

assumed to be finished up by the end of July 1980.
4.2 Workable Days and Hours for the Construction Works

L.2.1 Workable Days

Generally, civil works will be affected by
weather conditions, especially by rainfall. Workable

days for the construction works are estimated as follaws:

Calendar days 365 days per year
Unworkable days caused by rain- 57 i

fall more than 15mm/days
National holidays 12 "
Unworkable days caused by 104 "

Labor Law
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Unworkable days caused by rainfall are assumed to
duplicate 50 percent of national holidays and unwork-
able days caused by Labor Law. Therefore workable

days are estimated as follows:
Workable days
365 = 57 x 0.5 = 12 = 104 = 221 days per year
Average workable days per‘month

221 days = 12 month = 18 days per month

4.2.2 Daily Working Hours

Working hours a day are estimated 8 hours
taking consideration of standard working hours in the
Philippines. In this construction planning, working
hours are estimated without considering overtime and

2-shift system.

4.3 Coefficient of Earth Volume Conversion

Coefficient of earth velume conversion is assumed
in consideration of soil mechanical properties. Con-
vertible coefficient is estimated as shown in Annex.

L.4 Hourly Production Rate of Construction Equipment

Hourly production rate of main construction

equipments is estimated as shown in Annex.

5. PREPARATORY WORKS

5.1 Access Road

Existing road f{rom Legaspi City reaches near

the Bonga village.

Access roads to the site of levee, ground-sills,

irrigation intake and spur dikes are planned in the
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river bed. Construction cost of this road is to be

considered to include in excavation of river bed.

After completion of levee, the crest can be used

for the access road.

For the construction of the Sabo dam, access road is

required to lead into the site of Sabo dam from the
Bonga village. Route alignment of access road is to

be located on the right side of Pawa-Burabod.

The feature of access road is shown as follows:

Distance 4,000 m
Road width 5.5 m
Road gradient 7.0 %

The access road is to be constructed by dozing of
bulldozer and the pavement is not necessary for it.
Temporary Buildings

Buildings are classified into two groups; 1)
construction buildings and 2) residential buildings.

Both groups require the area as shown below:
Description Area of Buildings

Construction buildings

Office 100 sq.m.
Repair shop 50 sq.m.
Warehouse 30 sq.m.
Cement store LO sq.m.
Magazine 10 sqe.m.

Residential buildings

Staff quarter 100 sq.m.
Labor camp 600 sqg.m.

Residential buildings and office are to be

tentatively located in the area near the Bonga village.
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5.3

S.d

The land ares required is estimated at 2,000 sq.m.
Power Supply System

All construction equipment anid plants are
planned to be of diesel engine and/or gasoline aengine
driven type extept portable batching plart for sabo

dam construction.

Electric supply is to be limited to the temporary
building, ‘and batching plant.

In whole construction period, portable generators

will be required for the execution of the works.

Power requirement: The total required capacity
of construction plant and facilities including those
for the government and contractor's guarter is to be

decided ag follows:

i} Portable batching plant 15 KW
ii) Repair shop 30 KW
iii)} Quarter camp 30 KW

Water Supply System

Water supply is required for concrete works and
life water. Life water for the office and residential
quarter is required to deliver from Legaspi City.
Construction water is available from the water seeping

from riverbed near Bonga village.

Water required in the construction is as shown
A

below:

Residential : Life water is assumed to be supplied

from Legaspi City (15 cu.m./day)

Canstruction:
Concrete mixing 10 cu.m./day
Curing the concrete 6 cu.m./day

and others
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5+5

5-6

5.7

Construction water is pumped up by centrifugal
pumps, transported by water tanker and stored in a

water tank with a capacity for one day consumption.

Cement Supply

Cement is delivered from Legaspi City to the
work site and is stocked in a cement store which has
a capacity of about 3 to 7 days consumption. Consi-
dering concrete placing schedule, it is required to

stock more than 1300 bags of cement.

Aggregate Supply

Aggregates both fine and coarse are supplied and
purchased from river deposit. It is not necessary to

provide crushing and screening plant.

Aggregates are stocked in the field close to

batching and mixing plant.

Batching and Mixing Plant

Batching and mixing plant of Sabec dam is to he
installed near the dam site area. Concrete placing

schedule is planned, as follows:

Concrete volume 5,750 cu.m.
Average placing concrete a day 50 cu.m./day"
Maximum placing concrete a day 75 cu.m./day

Therefore, considering the required output (75
cu.m./day) of the construction mixers and batching
time (around 15 times) ), it is necessary to provide

the mixer with 0.75 cu.m. one component drum.

Placing concrete except for Sabo dam uses

0.2 cu.m. class light mixer. The light mixer is to

be transfered to the other work site to meet the
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requirements of works.

Area of batching and mixing plant including aggregates

stocl piles is to be required 500 sq.m.

CONSTRUCTION METHCD

Taking the construction time schedule and local circumstances

into consideration, the construction method is worked out together

with the selection of equipments. Especially, the construction

method is planned in consideration of available materials and

equipments in the Philippines.

6.1

Sabo Dam
6.1.1 General

The concrete gravity type Sabo dam is constructed
across the Pawe-Burabod river. The dam consists of a main

dam and a sub-dam.

The main dam is 10.00 m in height, the sub-dam is
5.00 m in height,

The main dem will be completed at the end of December
1981, through the concrete placing period of twelve months
from early January 1981, The sub-dam will be carried out
in the period of two months before the completion of the
main dam for preventing the scouring at the downstream

portion of the main dam.

Through the rainy season is the peried from July to
December, considering the rainfall data, it is possible to
work in rainy season. Annual workable days for constructioen

is estimated 221 days.

The dam foundation consists of deposit of sand

and gravel, rubble and boulder. Right abutment com-
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prises rock and left abutment comprises deposit.

Constructing the Sabo dam, special river diver-

sion and care of river are not required and flood

discharge in rainy season will be overflowed at the

dam during construction.

Therefore, no work item of river diversion and

care of river is involved in work quantity.

6.1.2 Major Work Quantity

Major work quantities for the dam works are as

follows:

Works Work Quantity

Earthwork (Dam Foundation)

Excavation, common 11,600 cu.m

Excavation, rock 380 cu.m

Backfill 840 cu.m
Concrete

Main dam 5,220 cu.m

Sub dam 1,170 cu.m

Backfill concrete 780 cu.m

6-1.3 Main Da.m
(1) Earthwork

Prior to placing concrete, the excavation works
of dam foundation will be started from the beginning
of November 1980.

Common materials of abutment and riverbed are
excavated by 21 ton class bulldozer and are loaded by
1.4 cu.m class tractor shovel into 6 ton dump truck
to haul them to the spoil bank within the distance of
500 m.
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Since rock excavation of right abutment amounts
small quantity, it is performed drilling and blasting

by hand with jaktkhammer.

Boulders are gathered by bulldozer. They are
crushed by drilling and blasting if necessary and are

removed to the deppsit area out of riverbed.

Main construction egquipments to be used for the

works are listed as follows:

Egquipment Type and Size Numbers
Bulldozer with ripper 21 ton 1
Bulldozer 11 ton 1
Tractor shovel 1.4 cu.m 2
Dump truck 6 ton L
Air compressor 106 ps 1
Jackhammer 24 kg 3
Pickhammer 7 kg 6

(2) Concrete Works

Main dam includes four transverse joints and
max. monolith {concrete block unit) width is 25.00 m.
Considering the batching and mixing plant capacity,
placing concrete in monolith is estimated at max.
75 tu.m/day. Therefore, main dam concrete requires
onc longitudinal joint in the early placing period

for the construction. Joint grouting there is not necessary.

Placing height is planned to be 0.50 m/lift
in considering capacity of batching and mixing plant,
temperature control of concrete without cooling pipe,
and suitability of construction method.

Concrete is placed into unit of monolith under layer

method.

Prior to place the concrete on rock and previous

concrete, clearing of surface is to be required.
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Concrete is to be mixed by portable batching
and mixing plant, complete, with 0.75 cu.m one compo-
nent drum. Concrete is to be placed into agitator
truck of 1.7 cu.m and is transported to the spot of
placing concrete of dam. Concrete is placed into
concrete bucket with 0.80 to 1.00 cu.m and concrete
bucket is to be handled into monolith by 20 ton

truck crane.

Puring placing concrete, concrete is to be

compacted by flexible internal wibrator of more than

60 mm diameter.

After placing concrete, curing concrete is to ~

be required until placing fresh concrete. Curing is

to be made by water and hemp clothes.

Main construction equipment to be used for the

works are listed below:

Equipment Type and Size No.
Portable batching and mixing 0.75 cu.m x 1 1 set
plant completed unit

excluding belt
conveyor

Agitator truck 1.7 cu.m. 3

Truck crane 20 ton 1

Concrete bucket 0.8 - 1.0 cu.m 4

Concrete vibrator 60 mm. dia. 5

6.1-11' Sub Dam

The construction of sub dam is to be performed

on the same process and method of main dam works.

Spur Dikes
6.2.1 General

Spur dikes are to be constructed as embankment

protected by wet masonry and are formed to a gradient
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of riverbed accompaniment. As shown on the Drawings,
the crest elevation varies from upstream downwards.
As shown on the construction time schedule, gpur dike

works are lapped with levee works.

6.2.2 Major Work Quantity

Major work quantities for the spur dikes are

as follows:
Work Quantity

Work Spur Dike Spur Dike
No. 1 No. 2

Excavation,in common 3590 cu.m 4310 cu.m
Embankment 1720 cu.m 1130 cu.m
Backfilling cobble of masonry 1280 cu.m 790 cu.m
Riprap bedding 470 cu.m 380 cu.m
Backfill 1990 cu.m 1600 cu.m
Concrete 560 cu.m 690 cu.m
Wet masonry 2290 sg.m 1720 sge.m.

6.2.3 Construction Method

Excavation under ground surface is to be per-
formed by 21 ton class bulldozer and 0.6 cu.m class
bhackhoe and is loaded by l.&k cu.m class tractor shovel

into 6 ton dump truck.

Embankment materials are to be the selected
materials less than 20 cm dia. gathered from river
deﬁosit. The selected materials are transported at
the work site and spreaded by 11 ton class bulldozer
over the sruface by 20 cm. thick compacted layer, and
compacted by 3 to & ton vibratory roller with passing
more than & times on material. At the embankment spot
of adjacent cobhble stone behind masonry, materials are

compacted by rammer and tamper.

Then there seems not to have effect in compac-

tion of the materials because of its dry condition vyet,
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the moisture content is to be again adjusted to secure
the required content by spraying water through hose or

water tanker over the materials.

Embankment is performed in parallel wet masonry
works, because of slope is steep as shown drawings. .
Embankment and wet masonry are to be limited approxi-
mately 1.00 m high for construction speed and after
finishing one layer, next embankment and wet masonry are

to be started.

All works except excavation and eﬁbankment are
per formed by hand. Concrete is to be mixed by light
mixer at work site, is transported by one-wheel concrete
trucks and compacted by internal vibrator of 40 to 45

mm dia.

Rubble stones of wet masonry are to be supplied

from river deposit in the Pawa-Burabod.

Main construction equipments to be used for the

works are listed below:

Equipment Type and Size Numbers
Bulldozer 21 ton 1
"Bulldozer 11 ton 1
Tractor shovel l.4 cu.m 1
Dump truck 6 ton 1
Vibratory roller 1 to 4 ton 1
Rammer and tamper BO to 100 kg 2
Light mixer 0.2 cu.m 2
Internal vibrator 40 to 45 mm L
6.3 Levee

6.3-1 General

Levees are constructed on the both banks along

the Pawa-Burabud river. The length of levees are
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approximately 4 km from the confluence of the Yawa river
toward sabo dam site. Levee height is about 2.0 to
2.1 m above the original riverbed and both slope

gradient is 1 : 2.5.

Embankment surface is protected by wet masonry
along the whole length of levee and at toe of embank-
ment, three raw cribs are to be required along the

levee to protect scouring caused by flood flow.

Levee is to be commenced from the beginning
of November 1980 and will be completed at the end of
June 1985. Levee, 'wet masonry and crib works are lapped

with each others.

Geological conditions of riverbed in the area of
construction of levee consists mainly of sand and

gravel.

6.3.2 Major Work Quantity

Major work quantities for the levee and wet masonry

are as follows:

Vork Work Quantity

Earthwork

Excavation, common 87,900 cu.m

Embankment 62,800 cu.m

Backfill cobble stone 13,280 cu.m

Filling rubble in crib 14,150 cu.m

Backfill in crib 10,560 cu.m
Concrete 9,140 cu.m
Wet masonry 32,380 sq.m
Crib work 6,993 nos.

6.3.3 Construction Method
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(1) Earthwork

Excavation and embankment of levee are to be
ahead of wet masonry and crib works. Excavation
underground surface and in the riverbed is to be
performed by 21 ton class bulldozer and 0.6 cu.m
class backhoe. Excavated materials are loaded by 1.4
cu.m class tractor shovel into 6t dump truck and are
transported to the deﬁosit area within 500 m. Bolders
to be impossible to transport by dump trucks are
gathered, removed and fi;led under proposed ground

level of riverbed.

Embankment materials are to be the selected
materials less than 20 cm dia. from river deposit.
The method of embankment is similar with the cons-

truction of spur dike.

(2) Related Structures and Wet Masonry

After the excavation and embankment are completed
for some ten meters long, gravel base is placed directly
on the embankment slope by hand and foundation concrete
and wet masonry works are conducted continuously.

After the part of masonry works is completed, crib
work will be commenced. All these works are cons-

tructed by hand.

Rubbles of wet masonry are to be supplied and
transported by tractor shovel as selected materials

from river deposit.

Concrete is to be mixed by light mixer at work
site, is transported by one-wheel concrete trucks and

compacted by internal vibrator of 40 to 45 mm dia.

(3) Crib Vork

Crib work is to be commenced continuously after

finished wet masonry portions. The cribs to be
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6.4k

furnished and installed in work site and rubbles are
transported by tractor shovel and filled in the crib

by hand. Crib materials are used coconut trunk
supplied from coconut plants and equivalent to materials

timber logs.

Main construction equipments to be used for the

work are listed below:

Equipment ije and Size Numbers
Bulldozer 21 ton 1
Bulldozer 11 ton 1
Tractor shovel 1.4 ton 2
Duﬁp truck 6 ton &
Vibrating roller 3 to & ton 1
Rammer and tamper 80 to 100 kg 4
Light mixer 0.2 cu.m 3
Concrete vibrator Lo to 45 mm 10

Groundsill

6.4.1 General

Oroundsills ane to be provided in the riverbed
at right angles to the levee. Groundsills involve
two type ones, one is the timber log crib and the other
is the cross type concrete block groundsill as shown

on the Drawing, as type-A and type-B respectively.

The space of groundsills are to be classified
approximately 100 m, 150 m and 300 m towards the
upstream of Pawa Burabod from the confluence of Yawa
river. The numbers of groundsill are elaven

including two cross type concrete block groundsills,

6.4.2 Major Quantity

Major work quantities for the groundsills are
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as follows:

Work Work Quantity
Type - A

Excavation, in common 3,180 cu.m

Backfill for groundsill 440 cu.m

Filling rubble in crib 1,960 cu.m

Crib work 970 nos.
Type - B

Excavation, in common 1,170 cu.m

Backfill for groundsill 160 cu.m

Filling rubble in the

space of concrete block 860 cu.m
Concrete (365 nos. block) 430 cu.m

6.4.3 Construction Method

The construction of groundsill is to be per-
formed on the same process and method of levee and
pavement works and it is to be planned as a part of
levee and pavement works. All construction equipments

are transported from other works.

6.5 Irrigation Intake

Irrigation intake is to be constructed near No.
7 groundsill. Earthwork for irrigation intake is
included in the construction of levee and after
completing the structure, embankment and backfilling
are to be cbmmenced by the same method of levee.
Quantities of irrigation intake are shown in the

Bill of Quantity.

7. MAIN CONSTRUCTION EQUIPMENTS

Main construction equipments to be used on this
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project are summarized as follows:

=
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Equipment Type and Size
Bulldozer 21 ton
Bulldozer 11 ton
Tractor shovel 1.4 cu.m
Backhoe 0.6 cu.m
Dump truck 6 ton
Track crane 20 ton
Vibratory roller 3 ton
Rammer and tamper 60 to 100 kg
Jackhammer 20 kg
Pick hammer 7 kg 10
Air compressor 10 cu.m/min. 1
Portable butching and 0.75 cu.m 1

mixing plant

Light mixer 0.2 cu. m

Agitator +truck 1.7 cuem 3
Concrete Vibrator 60 mm dia. 5
Concrete Vibrator 40 mm. dia. 20
Generator 15 KW 1
Generator 30 KW 2
Water pump 3.5 ps L
Ordinary truck 6 ton 1
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ANNEX

HOURLY PRODUCTION RATE OF CONSTRUCTION EQUIPMENT

The Foundation on the Calculation of OQutput

1.1 Formula of Output is shown below for each equipment,

considering with the works and job-management factor.

1.2 Coefficient of Earth Volume Conversion

In the result of investigation of the site, excavating
and embankment materials are classified into common and
rock. Common material is defined to contain sand, gravel,
stone and boulder. Rock material is defined to be the
materials which requires drilling and blasting. Convertible

coefficient is estimated as follows:

Coefficient Bank Loose Compacted
Material Yolume Yolume yolume
, 1.00 1.15 0.95
Common Material {1.05) (1.21) (1.00)
. 1.00 1.60 1.30
Rock Material (0.77) {1.23) (1.00)

1.3 Job-management Factor

Job-management factor is to be affected by weather
conditions, working sites, materials, available equipments,

skill of operators and so forth.

Bulldozer

2.1 Excavating and Gathering (Dozing)

60 x Q1 x Ex F
Cm

Q =

where; Q : Output per hour {cu.m/hr)
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Q1

]

Cm

D

Cy
Cm
t Ha

Mouldboard capacity (cu.m.)

Job-management factor

cle time (min.)
= 0.038 x D + 0.33

uling Distance (m)

(1) Common Material, Bank Volume

Coefficient of Earth Volume Conversion

D Cm Ql E F Q
' 20  1.09  2.89 0.6 1/1.15 83
Bulldozer, 21t 30 1.47 2.89 0.6 1/1.15 62
50 2.23 2.89 0.5 1/1.15 3h
(2) Rock Material, Bank Volume

D Cm Ql E F Q
Bulldozer, 2HRP 20 1.09 2.89 0.5 1/1.60 50

(3) Common Material, Compacted Volume
D Cm Q1 B F Q
Bulldozer, 21t 20 1.09 2.89 0.6 1/1.21 78

2.2 Spreading

WxVxDxExTF

Q =

where;

H o < = 0

L

N1

N1

(1]

Working speed (m/hr)
Spreading depth (m)

Job-management factor

Conversion

Number of spreading

IT - 21
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(1)

Common Material,

Compacted Volume

W v D E F N1 Q
Bulldozer 11t 3.0 2000 0.3 0.7 1.0 6 210
2.3 Compacting
VxB2 xExDxF
Q = N
where; Q : Output per hour (cu.m/hr)
B2 : Effective Compaction width (m)
: Job-management factor
: Compacted depth (m)
: Coefficient of earth volume
conversion
: Number of compaction
: Working speed (m/hr)
(1) Common Material, Compacted Volume
v B2 E D F N Q
Bulldozer 11t 3000 .32 0.7 0.3 1.0 6 4
3. Backhoe
Q 3600 x Q2 x E x F
B Cm
where; Q : Output per hour (cu.m/hr)
Q2 : Handling volume per cycle (cu.m)
Q2 = Ql x B
Ql : Bucket capacity (struck)
B : Coefficient of bucket
E : Job-management factor
I : Coefficient of earth volume conversion
Cm : Cycle Time (sec.)
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Q2 E F Cm Q

3

Backhoe 0.2m 0.16 0.6 1/1.15 36 8

Backhoe O.lim3 0.32 0.6 1/1.15 36 17

Backhoe O.Gm3 0.48 0.6 1/1.15 36 25

4. Tractor Shovel

60 x Q2 x E x F
Cm

Q =

where; Q Output per hour (cu.m/hr)

Q2 Handling volume per cycle {cu.m.)
Q2 Q1 x B
Q1 : Bucket capacity (heaped)

B : Coefficient of bucket

It

E : Job-management factor

F Coefficient of earth volume conversion

Cm : Cycle time, loading and spotting (min.)

(1} Tractor Shovel, 1.km? Class

Q2 E F Cm Q
Common, Bank 1.05 0.75 1/1.15 0.93 L4
Common, Compacted 1.05 0.75 1/1.24 0.93 L2
Rock, Bank 0.91 0.6 1/1.60 0.93 22
Rock, Compacted 0.91 0.6 1/1.23 0.93 29

(2) - Tractor Shove, 1.8m3 Class

Q2 E B Cm Q
Common, Bank 1.35 0.75 1/1.15 0.93 57
Common, Compacted 1.35 ©.75 1/1.21 0.93 54
Rock, Bank 1.17 0.6 1/1.60 0.93 28
Rock, Compacted 1.17 0.6 1/1.23 0.93 37

5. Dump Truck
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Q= 60xQ2 xExTF

Cm
Where, Q : Output per hour (cu.m/hr)
Q2 : Loading volume per cycle (cu.m)
:  Job-management Factor
t Coefficient of Earth Volume
Conversion
Cm : Cycle Time (min)
(1) Cycle Time
Cmt = Cms x n .D D
60 x Es Vi~ T vz
Where, Cmt : Cycle time of dump truck
Cms ¢ Cycle time of loading equipment
n : Number of cycle of loading - equip-
ment for one unit dump truck
Es : Job-management factor of loading equip-
ment
D : Hauling Distance {m)
Vi : Hauling Speed (m/min)
V2 : Returning Speed {(m/min)
t : Dumping and spotting time (min)
Distance Vi va o/71 D/v2 %g%é% t Cmt
200 166 166 1.2 1.2 L.8 1.7 8.9
300 166 250 1.8 1.2 4.8 1.7 9.5
Loo 250 250 1.6 1.6 4.8 1.7 9.7
500 250 250 2.0 2.0 4.8 1.7 10.5
1000 333 417 3.0 2.4 L.8 1.7 11.9
2000 333 500 6.0 4.0 L.8 1.7 16.5
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(2}

Output per hour

Q2 L.oading volume per cyrle
Dump Truck 6t 4.0 cu. m
" 8¢ 5.3 cu. m
" 10t 6.7 cu. m

E : Job-Management Factor, E = 0.85
1) Dump Truck, 6t

200 300 400 500 1000 2000 F
Common, Bank 19.9 18.7 18.3 16.9 14.9 1c .8 1/1.15
Common, Compacted 18.9 17.7 17.4 16.1 1.2 10.2 1/1.21
Rock, Bank 14.3 13.4 13.1  12.1 10.7 7.7 1/1.6
Rock, Compacted 18.6 17.5 17.1 15.8 13.9 10.4 1/1.23
ii) Dump Truck, 8t

200 300 Loo 500 1000 2000
Common, Bank 26.4 24.7 ah,2 22.4 19.7 14.3
Common, Compacted 25.0 23.4 23.1 2i.3 18.8 13.5
Rock, Bank 18.9 17.7 17.4 16.0 14,2 10.2
Rock, Compacted 2hk.6 23.2 22.7 20.9 18.4 13.4
iii) Dump Truck 10t

200 300 Loo 500 1000 2000
Common, Bank 33.3 31.3 30.7 28.3 25.0 18.1
Common, Compacted 31.7 29.6 29.1 27.0 23.8 17.1
Rock, Bank 2.0 22.4 21.9 20.3 17.9 12.9
Rock, Compacted 31.2 29.3 28.6 26.5 23.3 16.9
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6. Vibrating Roller

Q= VxB2xExDSXx P

Where, Q

B o<

Z2 = o

.

N

Compacted Volume per hour {cu.m/Hr)
Working Speed (m/Hr)

Job-management Factor

Compacted depth (m)

Coefficient of earth volume conversion

Number of Compaction

Vv B2 E D F N Q

Vibrating 3-4t 2000 0.90 0.6 0.30 1.0 6 54
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1. GENERAL

Construction cost of the construction of Sabo facilities of the
Pawa-Burabod river, & tributary of Yawa river, under the MAYON VOLCANO
SABO AND FLOOD CONTROL PROJECT is estimated in considering local condi-
tions of the Philippines, as available equipments and materials, suit-

ability of construction method, working rules, etec.

Construction cost comprises Contract Cost and Indirect Cost.
Contract Cost includes direct cost of material, labor, PD#390 and
equipment, and contingencies, Contractor's profit and surcharges.
Indirect cost includes Engineering cost, Administration cost and

contingencies of phisical and price escalation.

Contract cost and indirect cost are estimated on the basis of the
Government estimate procedure and all unit price and summary cost are

in local currency, pesos and centavos.

2. CONTRACT COST (DIRECT COST)

2.1 Material Cost

Mein material cost is presented in the table below. It is based on
the price in Albay on November 1979. The material which is not available

in Albay is estimated on the basis of the price in Manila.

Moterial cost estimated is to be purchase price at the Project Site,
including transportation cost.

Material Cost

Material Unit Local Currency (PESQ)
Gasoline liter 2.82
Light 0il liter 2.68
Lubricant liter 10.04
Grease kg 19.82
Cement, Portland ton 700.00
Aggregate, Fine cu.m 25.00
Aggregate, Coarse cu.m 35.00
Reinforcement bar ton 4,300.00
Timber cu.m 1,101.70
Plywood cu.m 2,648.00
Dymamite kg 50.00
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2.2 Labor Cost

Direct daily wages of local labor applied to the construction cost
estimates are presented in the table below. Labor wages estimated are

based on the price in Albay on November 1979.

The labor cost estimated does not include any daily oevertime and
overtime for Sunday and Holiday. Working days a week and working hours
& day are assumed five days and eight hours respectively according to

Labor Law in the Philippines.

Daily Wages of Lacal ILabor

Classification Wage Rate (PESO)
Foreman 24.84
Mechanic 17.55
Blectrician 17.25
Operator, heavy equipment 23.65
Operator, light equipment 19.36
Assistant operator 17.55
Driver, dump truck 19,36
Carpenter 17.55
Mason 17.55
Concrete worker 16.25
Reinforcement worker 16.25
Skilled labor 17.55
Common labor 16.25

2.3 Equipment Cost

Equipment cost is estimated on the basis of depreciation cost,
repair cost and administrative cost in considering daily rental rate
in the Philippines. Equipment cost is not included in the material cost

and labor cost respectively.

Major equipment cqst is estimated as hourly cost and daily cost,
and is listed in the table below.
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2.4

of ANNEX IT Breakdown of Unit Price, and the Unit Price comprises total
cost of materials (a), labor (b), PD#390 (c) and equipment expense {d).

cost of Leaves, Medical and Insurance of Social Security System for

employed labor, and is the cost of 4.5 percent of labor cost (b) as

Construction Equipment Cost

Description

Bulldozer, 21 ton

Bulldozer, 11 ton

Backhoe, ©.6 cu.m

Tractor Shovel, 1.4 cu.m

Dump Truck, 6 ton

Track Crane, 15 to 20 ton
Portable Batcher Plant, 0.75 cu.m
Concrete Mixer, 0.2 cu.m

Hand Hammer, 20 kg

Pick Hammer, 7 kg

Air Compressor, 7 cu.m/min
Vibratory Roller, 3 ton to 4 ton
Truck Mixer, 1.7 cu.m

Tamper and Rammer, 60 to 100 kg

Breakdown and Unit Price

Unit price is estimated as the direct cost as shown in the report

The cost of PD#390 in the Breakdown of Unit Price includes the

Hourly Cost
(PESO/Hr. or Day)

350
160
190
110
80
230
210
200
30
10
320
80
60
50

specified Presidential Decrease in the Philippines.

Quantities is estimated in accordance with the said composition, condi-

tion and the proposed construction method presented in the report of

Unit price of each item for civil works presented in the Bill of

Appendix IT.
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2.5 Contract Cost (Direct Cost)

Contract Cost (Direct cost) in the Proposed Schedule is presented

below:

1) Direct Cost (Estimated Cost)

Section - 1 General

Section = 2 Sabo Dam

Section - 3 Spur Dike No.l
Section -~ 4 Spur Dike No.2
Section - 5 Levee

Section - 6 Groundsill, Type A
Section - 7 Groundsill, Type B

2) Contingency
3} Contractor's Profit

4) Surcharges

Estimated contract cost is shown in the table of Estimated Con-
struction Cost and it is estimated on the basis of the Government

estimate procedure as follows:
Contingency is the cost of five percent (5 %) of the direct cost

Contractor's profit is the cost of ten percent (10 %) of the sum

of direct cost plus contingencies.

This percentage is based on the Memorandum on the 1lst of April,

1973, as allowable Percentage of Contractor's Profit.

Surcharges are the cost of five percent (5 %) of the sum of

direct cost and contingencies.
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3. INDIRECT COST

Indirect cost for the Government comprises Engineering Cost,
Mministration Cost and Contingencies. These indirect costs are shown
in the table of Estimated Construction Cost.

3.1 Engineering Cost

Engineering cost is the cost of 353,000 2 plus two percent of the
contract cost. This engineering cost is estimated on the basis of the
Memorandum on the 1lst of April, 1973 of a new schedule of engineering

surcharges for all Public Works Project.

3.2 Administration Cost

AMministration cost is the cost of five percent (5 %) of the

contract cost.

3.3 Contingency

The contingency is provided to cope with unforeseen physical con-

ditions and price escalation due to inflation.

The rate of physical contingency varies with conditions of con-
struction and the physical contingency is influenced by the following

factors:

1) Physical conditions of construction site

2) Technically unknown difficulty

3) Exactness of investigation and study undertaken

4) Exactness and base of cost estimate

5) Exactness of work quantity calculation

6) Variation in design

7} Occurence of unforeseen condition due to natural phenomena

8) Exactness of estimate of construction period

In view of the above conditions, the physical contingency is

estimated to be ten percent (10 %) of the contract cost.
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The rate of price escalation contingency varies with inflation in
the Philippines. On the assumption that the annual escalation rate is
seven percent and the cost of price escalation is basis of disbursement
gschedule, the price contingency is estimated jin the table of Disbursement
Schedule.

4. CONSTRUCTION COST

The summary of the estimated construction cost is presented below.
The priced bill of quantities is as shown ANNEX I.

Estimated Construection Cost

Description Cost (PESO)
1. Contract Cost

1) Cirect Cost (Estimated Cost)

Section-1l  General 2,088,000.00
Section-2 Sabo dam 2,222,000.00
Section-3 Spur dike No.l 857,000.00
Section-4  Spur dike No.2 734,000.,00
Section-5 Levee 9,221,000.00
Section-6  Groundsill, Type A 271,000.00
Section-7 Groundsill, Type B 269,000.00
Section-8 Irrigation intake . 18,000.00
Sub~total (1) 15,680,000.00
2) Contingency (5% of sub—total (1)) 784,000.00
Sub-total (2) 16,464,000.00

3} Contractor's Profit (10% of sub-total (2)) 1,646,000.00

4) Surcharges (5% of sub-total (2)) 823,000.00
Contract Cost 18,933,000.00

2. Engineering Cost 732,000.00
3. Administration Cost 947,000.00
4. Contingency {Physical and escalation) 6,688,000.00
Total Constructian Cost 27,300,000.00
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Engineering Cost and Contractor's Profit

December 15, 1976

MEMORANDUM For:

The Assistant Director

All Chiefs of Division

All Regional Supervisors

All Public Works District and
City Engineers

This Bureau

Effective April 1, 1973, a new schedule of engineering surcharges
for all Public Works projects will be adopted for the observance and
compliance of all concerned as follows:

Estimate Cost of Projects Engineering Surcharges
£50.00 and below 10 of Estimated Cost
Over B50,000.00 up to £100,000.00 B5,000 plus (0.08)
(Estimated Cost over B50,000)
Over £100,0006.00 up to #500,000.00 £9,000 plus {(0.06)

(Estimated Cost over 2£100,000)

Over B500,000.00 up to B1,000,000.00 233,000 plus (0.05)
(Estimated Cost over ®500,000)

Over P1.0 M, up to B2.0 M. B58,000 plus (0.04)
(Estimated Cost over £2.0 M.)
Over 22,0 M, up to B5.0 M. 898,000 plus (0.035)
(Estimated Cost over 2.0 M,)
Over ¥5.0 M. up to £10.0 M, 203,000 plus (0.03)
(Estimated Cost over 25,01 M,)
Over B10.0 M. B353,000 plus (0.02)

{Estimated Cost over R10.0 M.)

This supersedes the memorandum of this 0ffice dated
March 19, 1973

{SGD,) DESIDERIO ANOLIN
Director of Public Works

Allowvable Percentape of Contractor's Profit

Not exceeding P100,000.00 . ...viiiiiriretianvnanannnses 15%
Over 2100,000,00 but not exceeding B300,000.00 ....... 14%
Over £300,000.00 but not exceeding £500,000,00 ....... 13%
Over B500,000.00 but not exceeding B700,000.00 ....... 12%
Over B700,000.00 but not exceeding B900,000.00 .,...... 11%
Over BO00,000.00 ..iiiuvrerroroitsatnnteannsnenennnssss 106
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5. DISBURSEMENT SCHEDULE

The disbursement schedule is estimated as shown below based on the

construction cost and the construction time schedule previously presented.
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ANNEX I

Priced Bill of Quantities
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BILL OF QUANTITIES

SECTION - 1
GENERAL
Item . Amount
Description Quantity Unit Rate
No. PESO : CEN
1.01 Access road for Sabo Lump Sum 237,700.00
dam
1.02 Temporary Buildings Lump Sum 319,000.00
1.03 Electrie Supply Lump Sum 713,200.00
1.04 VWater Supply Lump Sum 647,800.00
1.05 Geological Investige- Lump Sum 170,000.0C0
tion, Check Survey
and Redesign
Grand Total to General 2,087,700.00
SECTION - 2
SABO DAM (Main and Sub Dam)
Ttem b i Quantity  Unit ot Amount
T 0
No. escription uantity ni ate PESO © CEN
Earthwork
2.01 Excavation, in com- 7,300 cu.m 16,57 120,961.00
mon, in .foundation
of main dam
2.02 Excavation, in com- 4,300 cu.,m 16.57 71,251.00
mon, in foundation
of sub dam
2.03 Excavation, in rock, 250 cu.m 70.14 17,535.00
in foundation of
sub-dam
2.04 Excavation, in rock, 130 cu.m T70.14 9,118.20
in foundation of
main dam
2.05 Backfill for main 840 cu.m 18.94 -15,909,60

dam and sub dam
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Item

Amount

Description uvantit Unit Rate

No. P Q J PESO : CEN
Concrete and Formwork

2.06 Conecrete, type A, in 320 cu.m 296.72 94,950.40
main dam

2.07 Concrete, type A, in 230 cu.m 296.72 68,245.60
sub dam

2.08 Rubble concrete, in 4,900 cu,m 237.96 1,166,004.00
main dam

2,09 Rubble concrete, in 940 cu.m 237.96 223,682.40
sub dam

2.10 Backfill concrete, 530 cu.m 258,35 136,925.50
type B, in main dam

2.11 Backfill concrete, 250 cu.m 258.35 64,587.50
type B, in sub dam

2,12 Form work, F2 finish, 1,400 sq.m 79.85 111,790.00
in main dam

2.13 PForm work, F2 finish, 420 sg.m 79.85 33,537.00
in sub dam

2.14 Form work, Fl1 finish, 1,400 s$q.m 36.76 51,464,00
in main dam

2.15 Form work, F1 finish, 350 sq.m 36.76 12,866.00
in sub dam
Miscellaneous

2.16 Furnishing and placing 11 lin.m  302.76 3,330.36
300 mm dia concrete
drain pipe in main dam

2.17 Furnishing and install- 40 lin.m 94.19 3,767.60

" .ing water stop in main

dam

2.18 Furnishing end placing 220 s¢.m 60.30 13,266.00
joint filler in main
dam

2.19 Furnishing and placing 40 sq.m 60.30 2,412.00
joint filler in sub
dam

Grand Total to Sabo Dam 2,221,603.16

ITI-12



SECTION - 3

SPUR _DIKE NO. 1

Item s s . . Amount
No. Description Quantity Unit Rate PESO . CEN
Earthwork

3.01 Excavation, in com- 3,590 cu.m 16.57 59,486.30
mon, at the toe of
embankment

3.02 Embanikment for spur 1,720 cu.m 21.80 37,496.00
dike

3.03 Backfilling cobble 1,280 cu.m 41,49 53,107.20
stone behind wet
masonry

3.04 Riprap bedding 470 cu.m 30.60 14,382.00

3.05 Backfill under ground 1,990 cu.m 18.94 37,690.60
surface
Concrete and Formwork

3.06 Concrete, type B, in 110 cu.m 235.05 25,855.50
foot protection block

3,07 Concrete, type B, at 260 cu.m 235.05 61,113.00
crest of embankment

3.08 Concrete, type B, in 150 cu.m 235.05 44,659.50
foundation of wet
masonry

3.09 Formwork Fl finish, 440 sq.m 36.76 16,174.40
in foot protection
block

3.10 PFormwork Fl1 finish, 670 sq.m 36,76 24,629.20
in foundation of wet
masonry

3.11 Formwork Fl1 finish 100 sgq.m 36.76 3,676.00
for concrete in joint

3.12 Formwork Fl1 finish for 2,290 sq.m 36.76 84,180.40
concrete in backfilling
¥Wet Masonry

3.13 Backfill Concrete, type 920 cu.m 235.05 216,246.00
B, behind wet masonry

3.14 V¥et-rubble masonry 2,290 sq.m 52.24 119,629.60

3.15 Inter locking mortar 120 cu.m 429,02 51,482.40
in wet masonry

3.16 Joint filler 100 sq.m 60.30 6,030.00

3.17 Reinforcing bar, 16mm, 0.21 5on  4,799.48 1,007.89
dia

Ground Total to Spur Dike No.l 856,845.99
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SECTION - 4
SPUR DIKE NO. 2

Ltem Description Quantity Unit Rate PE‘Q’;"“":“ —
Earthwork

4.01 Excavation, in com- 4,310 cu.m 16.57 71,416,770
mon, at the toe of
embankment

4.02  Embankment for spur 1,130 cu,.m 21.80 24,634.00
dike

4.03 Riprap bedding 380 cu.m 30.60 11,628.00

4,04 Backfill under ground 1,600 cu.m 18.94 30,304.00
surface

4,05 Backfill cobble stone 790 cu.m 41.49 32,777.10
behind wet masonry '
Concrete and Formwork

4,06 Concrete, type B, in 330 cu.m 235.05 77,566.50
foot protection block

4.07 Concrete, type B, at 200 cu.m 235.05 47,010.00
crest of embankment

4.08 Concrete, type B, in 160 cu.m 235.05 37,608.00
foundation of wet
masonry

4,09 Formwork F1 finish, 1,320 sq.m 36.76 48,523.20
in foot protection
block

4.10 Formwork Fl finish, 530 sq.m 36,76 19,482.80
in foundation of wet
masonry

4.11 Formwork Fl finish, 70 5q.m 36.76 2,573.20

for concrete joint
wet masonry

4.12. Formwork Fl finish for 1,720 s5q.m 36.76 63,227.20
concrete in bhackfilling

¥et Masonry

4.13 Backfill concrete, type 560 8q.m 235.05 131,628.00
B, behind wet masonry

4.14  Wet-rubble masonry 1,720 cu.m 52.24 89,852.80

4.15 Joint filler 70 sq.m 60.30 4,221.00

4.16 Inter locking mortar 90 cu.m 429,02 38,611.80
in wet masonry

4,17 Reinforeing bar 16 mm. 0.51 ton 4,799.48 2,447.73
dia

Grand Total to Spur Dike No.2 733,512.03
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SECTION - 5

LEVEE
Amount
Ttem Description Quantity Unit Rete
No. PESO : CEN
Earthwork
5.01 Execavation, in com- 87,900 cu.m 16.57 1,456,503.00
mon, in foundation
of levee and river
bed
5.02 Embankment for levee 62,800 cu.m 21.80 1,369,040,00
5.03 Backfill cobble stone 13,280 cu.m 41.49 550,987.20
behind wet masonry
and at toe of levee
5.04 Filling rubble, in 14,150 cu.m 30.60 432,990.00
eribwork
5.05 Backfill in cribwork 10,560 cu.,m 18.94 200,006,40
Concrete and Formwork
5.06 Concrete, type B, in 380 cu.m 235,05 89,319.00

top protection bklock

5.07 Backfill concrete, type 4,860 cu.m 235.05 1,142,343.00
B, behind wet masonry

5.08 Concrete, type B, in 3,900 cu,m 235.05 916,695.,00
foundation of wet
masonry
5.09 Formwork F1 finish, in 1,860 Sq.m 36.76 68,373.60
top protection block
5.10 Formwork F1 finish, in 1,680 sq.m 36.76 61,756.80
wel masonry
5.11 Formwork Fl finish, in 3,190 sq.m 36.76 301,064.40
foundation of wet
masonry
Cribwork
5.12 Coconut trunk 151,050 lin.m 5.43 820,201,50
5.13 Split bamboo 279,720 lin.m 0.50 139,860.00
5.14 Reinforcing bar, 23.4 ton 4799.48 112,307.83

1/2 mm. in. dia.
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Item

Amount

Description uantit: Unit Rate
No. P g Y PESO  : CEN
Miscellaneous
5.15 Joint filler, in top 19 8q.m 60.30 1,145.70
protection bloeck
5.16 Joint filler, in wet 489 sq.m 60.30 29,486,70
' masonry
5.17 Joint filler, in 156 sQ.m 60.30 11,818.80
foundation of wet
masonry
5.18 Weep hole, 5 cm. dia. 716 lin.m 30.69 21,974.04
¥et Masonry
5.19 Wet masonry 32,380 sq.m 46,18 1,495,308.40

Grand Total to Levee

9,221,181.37
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SECTION - 6

GROUNDSILL, TYFE - A

Item oo Amount
Descripticen Quantity Unit Rate
No. PESO : CEN
Earthwork
6.01 Excavation, in common 3,180 cu,m 16.57 52,692.60
6.02  Backfill, in 440 cu.m 18.94 8,333.60
groundsill
6.03 Filling rubble, in 1,960 cu.m 30.60 59,976.00
cribwork .
Cribwork
6.04 Coconut trunk 20,950 lin,m 5.43 113,758.50
6.05 Split bamboo 38,800 lin.m 0.50 19,400.00
6.06 Reinforcing bar, 3.5 ton 4799.48 16,798.18
12 mm. dia.
Grand Total to Groundsill, Type A 270,958.88
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SECTION ~ 7

GROUNDSILL, TYPE - B

A t
1tem Description Quantity Unit Rate mov?
No. PESO : CEN
Earthwork

7.01 Excavation, in common 1,170 cu.m 16.57 19,386.90
7.02 Backfill, in ground- 160 cu.m 18.94 3,030.40

sill
7.03 Filling rubble, in 860 cu.m 30.60 26,316.00

cross concrete block

Cross Concrete Block
7.04 Concrete, Type A 430 cu,.m 255.10 109,693.00
7.05 Formwork Fl finish 1,950 sQ.m 36.76 71,682.00
7.06 Reinforcing bar 8.0 ton 4799.48 38,395.84
Grand Total to Groundsill, Type B 268,504 .14
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SECTION - 8

IRRIGATION INTAKE

Item . Amount
Description Quantity Unit Rate

No. TESO : CEN
Concrete and Formwork

8§.01 Concrete, Type C, 9.4 cu.m 298.70 2,807.78
in intake

B.02 Concrete, Type C, 7.2 cu,m 298.70 2,150.64
in sedimentary tank

8.03 Formwork Fl finish, 37 sq.m 36.76 1,360.12
in intake

8.04 Formwork F2 finish, 12 sq.m 79.85 958.20
in intake

8.05 TFormwork F1 finish, 22 sq.m 36.76 808.72
in sedimentary tank

8.06 Formwork F2 finish, 15 sq.m 79.85 1,197.75
in sedimentary tank
Furnishing and Placing
bars

8.07 Reinforcing bar, in 0.61 ton 4799.48 2,927.68
intake

8.08 Reinforcing bar, in 0.63 ton 4799.48 3,023.67
sedimentary tank

Miscellaneous

8.09 TFinishing and placing 8.0 lin.m 378.19 3,033.52
600 mm. dia. concrete
drain pipe

Grand Total to Irrigation Intake 18,268.08
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ANNEX 1I

Breakdown of Unit Price
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Breakdown of Unit Price

Iiem No. - Work Site General
Work Access Road
Price 237,700 B
Remark : Width 5.50 m, Length 4,000 m
. C ,
Particular Descripiion Unit Qy urrene Currency
Unit Cost{ Amount | Unit Cost| Amount
a. Total cost of mpteriel
Light oil J{ 147.00 2.68 393.96
Lubricant £ 3.50 10.04 35.14
Grease kg 0.11 19.82 2.18
Sub total 431,28
b. Labor
Foreman M.D 0.500 24.84 12.42
Operator M.D 1,000 ! 23.65 23.65
Assistant operator M.D 1.000 17.55 17.55
Common labor M.D 2.000 16.25 32.50
Sub total 86.12
¢. PD #390 4,5% of b 3.88
d. Equipment expengse
Bulldozer 21 ton Hr 7.00 i 350.00 |2,450.00
|
!
Total | 2,971.28
l
Construction codt for Access Road |
i
(2,971.28 B/5Q m/day) @4,000 m i
= 237,700 |B :
|
i
I !
| j i
| |
! ! |
| i
| |
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Breakdown of Unit Price

Item No, Work Site General
Work Temporary Buildings
Price 319,000 B
Remark :
C C
Particular Description | Unit Qy b ki
Unit Cost|[ Amount | Unit Cost | Amount
Buildings
Office sg.m 100.00 400,00 40,000
Temporary Building 5g.m 130.00 300.00 39,000
(Repair shop, Yarehouss,
Cement store, Magazine,
etc.)
Staff Quarter sg.m 100,00 400.00 40,000
Laber Camp 5q.m 600,00 300,00 | 180,000
Sub total 299,000
Lend Reclamation
Reclamation sq.m | 2,000.00 10,00 20,000
Total 319,000
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Breakdown of Unit Price

Ttem No, Work Site General
Work Water Supply
Price 647,800 B
Remark :
Particular Description Unit Qy Currency Currency
Unit Cost{ Amount |Unit Cost] Amount
2. Total cost of mpterial
Gasolin £ 2.10 2.82 5.92
Light oil f 56.00 2.68 | 150.00
Lubricant f 1.60 10.04 16.06
Grease kg 0.08 19.82 1.59
Sub total 173.57
b. Labor
Driver M.D 1.00 19.36 19.36
Common labor M.D 1.00 16.25 16.25
Sub total 35.61
c. PD #390 4.5% of b 1.60
d. Equipment expense
Water pump 200 f/min | Day 2.00 20.00 40,00
Water tanker 1,750 [ Day 1.00 240,00 | 240.00
Sub total 280.00
Total 490.78
The cost of {Water (Supply
490.78 Bfday x {22 days X 12 months
x 5 years = 647,800 B
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Breakdown of Unit Price

Item No. _ Work Site General
Work Electric Supply
Price 713,200 8
Remark : Diesel generator for Temporary Buildings
Currenc Currenc
Particular Description Unit Qy - ey - i
Unit Cost| Amount | Unit Cost| Amount
a. Total cost of mTterial
Fuel For Buildings 123,500
20kW x 6Hr x 0.B x 30 days x 12 month
x 5 years = 172/,800 kWH
172,800kWH + 0.5 x 0.2f| x 2.68R
= 123,500 B
For Repair shop 34,700
15k¥W x 6Hr x 0.5 x 18 days x 12 month
x 5 years = 48,p00 kWH
b. Labor
Electrician M.D 1,800 17.55 31,600
Common labor M.D 3,600 16.25 58,500
c. PD #390 4,5% of b 4,100
1. Equipment expense
Diesel generator 25 kVA | Day 1,800 160.00 288,000
Diesel generator 20 kVA | Day 1,080 160.00 | 172,800
Total 713,200
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Breakdown of Unit Price

Item No, Work Site _Subo_dam, Spur dike, Groundsill
Work Excavation, in common
Price 16.57 P/cu.m
Remark : 300 cu.m/day
Particular Deseription | Unit Q'y Currency Currency
Unit Cost| Amount | Unit Cost| Amount
a. Material
Light eil f 362.40 2.68 971.23
Lubricant [ 10.20 10.04 102.41
Grease kg 0.532 i9.82 10.54
Sub total 1,084.18
b. Labor
Foreman M.D 1.000 24 .84 24.84
Operator M.D 1.49 23.65 35.24
Assistant operLtor M.D 1.49 17.55 26.15
Driver M.D 2.54 19.36 49.17
Common labor M.D 4.00 16.25| 65.00
Sub total 200.40
c. PD#390 4.5% of b 9.02
d. Equipment expense
Bulldozer 21 ton Hr 3.60 350.00 {1,260.00
Tractor shovel| 1.4 m3 Hr 6.80 110.00 | 748.00
Dump truck 6 ton Hr 17.80 80.00 (1,424.00
Sudb total 3,432.00
e. Spoil banking cu.m | 300.00 0,82 246.00
Total 4,971.60
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Breakdown of Unit Price

Item No. Work Site _Sabo dam
Work Excavation, in rock
Price 70.14 P/cu.m
Remark : 100 cu.m/day
Particular Descripuion Unit Qhy Currency Currency
Unit Cost| Amount | Unit Cost | Amount
a. Total cost of meterial
Light oil £ 244.80 2.68| 656.06
Lubricant [ 6.95 10.04 69.78
Grease kg 0.37 19.82 7.33
Sub total 733.17
b. Labor
Foreman M.D 0.50 24,84 12.42
Operator M.D 0.94 23.65 22.23
Assistant operator M.D 0.94 17.55 16.50
Driver M.D 1.86 19.36 36.01
Common labor M.D 2.00 16.25 32.50
Sub total 119.66
c¢. PD#390 4.5% of b 5.38
d. Equipment expense
Bulldozer 21 ton Hr 2.00 350.00 700.00
Tractor shovell 1.4 m3 Hr 4.55 110.00| 500.50
Dump truck 6 ton Hr 13.00 80.00|1,040.00
Sub total 2,240.50
e. Blasting cu.m| 100,00 38.19|3,819.00
f. Spoil banking cu.m| 100.00 0.96 96,00
Total 7,013.71
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Breakdown of Unit Price

Item No. Work Site __Sabo _dam, Spur dike, Levee
Work Backfill
Price 18.94 P/cu.m
Remark : _100 cu.m/day
Particular Deseription | Unit Qy ~ Currency Currency
Unit Cost | Amount | Unit Cost | Amount
a. Total cost of material
Light oil £ 117.86 2.68| 315.87
Lubricant { 3.30 10.04|  33.13
Grease kg 0.17 19.82 3.37
Sub total 352.37
b. Labor
Foreman M.D 0.50 24 .84 12.42
Operator M.D 0.52 23.65 12.30
Assistant operator M.D 0.52 17.55 9.13
Driver M.D 0.76 19,36 14.71
Common labor M.D 2.00 16.25 32.50
Sub total B1.,06
c. PD#390 4.5% of b 3.65
d. Equipment expense
Bulldozer 21 ten Hr 1.28 350,00 448.00
Tractor shovel] 1.4 m3 Hr 2.38 110.00| 261.80
Dump truck 6 ton Hr 5.29 80.00 423.20
Sub total 1,133.00(
e. Filling with hand cu.m| 100,00 3.24p 324.00
Total 1,894.08
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Breakdown of Unit Price

Item No. Work Site _Spur dike, Levee
Work Embankment
Price 21.80 P/cu.m
Remark : 100 cu.m/day
Particular Description | Unit Qy Currency Currency
Unit Cost| Amount |Unit Cost| Amount
a. Total cost of nmaterial
Light oil [ 130.10 2.68 348,67
Lubricant £ 4.61 10,04 46.28
Grease kg Q.19 19.82 3.77
’ Sub total 398.72
b. Labor
Foreman M.D 0.50 24.84 12.42
Operator M.D 0.85 23.65 20.10
Asgsistant operator M.D 0.85 17.55 14.92
Driver M.D 0.76 19.36 14.71
Common labor M.D 2.00 16.25 32.50
Sub total 94.65
c. PD#390 4.5% of b 4,26
d. Equipment expense
Bulldozer T 21 ton Hr 1.28 350.00| 448.00
Tractor shovell 1.4 m3 Hr 2.38 110.00| 261.80
Dump truck 6 ton Hr 5.29 80.00( 423.20
Bulldozer 11 ton Hr 0.48 160.00 76.80
Vibratory roller Hr 1.85 B0O.00( 148.00
Sub total 1,357.80
e, Filling with hand cu.m 100,00 3.24 324.00
Total 2,179.43
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Breakdown of Unit Price

Item No., Work Site _Spur dike, Levee
Work Backfilling cobble stone behind wet masonry
Price 41.49 P/cu.m
Remark ; 1 cu.m
Cur C
Particular Description Unit Qy - reney Hrreney
Unit Cost| Amount | Unit Cost] Amount
a. Total cost of material
Sand and gravell cu.m 1.100 35.00 38.50
Gasoline [ 0.060 2.82 0.17
Sub total 38.67
b. Labor
Foreman M.D 0.007 24,84 0.17
Skilled labor M.D 0.014 17.55 0.25
Common labor M.D 0.114 16.25 1.85
Sub total 2.27
c. PD#390 4.5% of b 0.10
d. Equipment expenpe
Rammer 80 - 100 kg | Day 0.009 50.00 0.45
Total 41.49
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Breakdown of Unit Price

Ttem No, Work Site __Spur dike,
Work Riprap bedding
Price 30.60 P/cu.m
Remark : 1 cu-m
Curr Curr
Particular Description Unit Qlty arenty - cney
Unit Cost{ Amount | Unit Cost|{ Amount
Supplying rubble [stone cu.m 1.000 25.16 25.16
Filling with hanj cu.m 1.000 5.44 5.44
Total 30.60
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Breakdown of Unit Price

Item No. Work Site _Levee, Groundsill
Work Filling rubble in_ecrib work
Price 30.60 P/cu.m
Remark : 1 cu.m
Currenc Currenc
Particular Description Unit Qy - 4 , ency
Unit Cost| Amount | Unit Cost| Amount
Supplying rubble [stone cu.m 1,000 25.16 25.16
Filling with handg cu.m 1.000 5.44 5.44
Total 30.60
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Breakdown of Unit Price

Tiem No. Work Site
Work Excavation with hand, sand and gravel
Price 10.60_P/cu.m
Remark : .1 cu.m
. C ' C
Particular Description | Unit Q'iy - urrenty - ey
Unit Cost| Amount | Unit Cost | Amount
g. Totel cost of mpterial
b. Labor
Foreman M.D 0.010 24 .84 0.25
Skilled labor M.D 0.100 17.55 1.76
Common labor M.D 0.500 16.25 8.13
Sub total 10.14
c. PD#390 4.5% of b 0.46
Total 10.60
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Breakdown of Unit Price

Item No. Work Site
Work Excavatien with hand, weathered rock
Price 49.12 P/cu.m
Remark ;: 1 Su.m
Particular Deseription Unit Qly Currency Currency
Unit Cost| Amount } Unit Cost| Amount
a. Total cost of material
Light oil [ 3.700 2.68 9.92
Lubricant f 0.150 10.04 1.51
Grease kg 0.010 19.82 0.20
Sub total 11.63
b. Labor
Foreman M.D 0.021 28.84 0.52
Driller M.D G.214 17.55 3.76
Skilled labor M.D 0.043 17.55 0.75
Common labor M.D 0.214 16.25 3.48
Sub total 8.51
c. PD#390 4.5% of b 0.38
d. Equipment expense
Air compressoy 3.5 m3/min| Day 0.143 190.00 27.17
Pickhammer 7 kg Day 0.143 10.00 1.43
Sub total 28.60
Total 49.12
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Breakdown of Unit Price

Item No. Work Site
Work Filling with hand, sand and gravel
Price 3.24 P/cu.m
Remark : _1 cu.m
Particular Description Unit Q'y Currency Currency
Unit Cost| Amount | Unit Cost| Amount
a. Total cost of material
b. Labor
Foreman M.D 0.014 24.84 0.35
Skilled labor M.D 0.027 17.55 0.47
Common labor M.D 0.140 16.2% 2.28
Sub total 3.10
¢. PD#390 4.5% of b 0.14
Total 3.24
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Ttem No.

Breakdown of Unit Price

Work Site

Work Filling with hand, rock and rubble
Price 5.44 P/cu.m
Remark ; -1 cu.m
Currenc Curren
Particular Description Unit Q'ty - Y - &y
Unit Cost{ Amount | Unit Cost] Amount
a. Total cost of nmaterial
b. Labor
Foreman M.D 0.024 24.84 0.60
Skilled labor M.D 0.046 17.55 0.81
Common labor M.D 0.234 16,25 3.80
Sub total 5.21
c. PD#390 4,.5% of b 0.23
Total 5,44
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Breakdown of Unit Price

Item No. Work Site
Work Spoil Banking, sand and gravel
Price 0.82 P/cu.m
Remark : 100 cu.m
C C
Particular Description | Unit Qy bk e
Unit Cost| Amount | Unit Cost| Amount
a. Total cost of material
Light oil f 4,723 2.68 12.66
Lubricant J ¢ 0.095 10.04 0.95
Grease kg 0.006 19,82 0.12
Sub total 13.73
b. Labor
Foreman M.D 0.005 24.84 0.15
Operator M.D 0.045 23.65 1.07
Assistant operptor M.D 0.045 17.55 0.79
Common labor M.D 0.900 16.25 14.63
Sub total 16.64
c. PD#390 4,5% of b 0.75
d. Equipment expense
Bulldozer 11 ton Hr 0.317 160.00 50.72
Total 81.84
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Breakdown of Unit Price

Item No. Work Site
Work Excavating rock with hand
Price 63.63 P/cu.m
Remark : L cu.m
Particular Description | Unit Qy Currency Currency
© | Unit Cost] Amount | Unit Cost|{ Amount
a. Totel cost of material
Light oil [ 4-.300 2.68] 11.52
Lubricant f 0.137 10.04 1.38
Grease kg 0.004 15.82 0.08
Sub total 12.98
b. Labor
Foreman M.D 0.080 24 .84 1.99
Driller M.D 0.850 17.55 14,92
Common Labor M.D 0.850 16.25 13.81
Sub total 20.72
c. PD#390 4.5% of b 1.38
d. Equipment expense '
Pickhammer 7.5 kg Day C.159 10,00 1.59
Air compressory 7 m3/min | Day 0.053 320.00 16.96
Sub total 18.55
Total 63.63
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Breakdown of Unit Price

Ttem No, Work Site
Work Spoil Banking, weathered rock and rock
Price 0.96 P/cu.m
Remark ; 100 cu.m
C Currer
Particular Description Unit Q'ty arrency - i
Unit Cost { Amount | Unit Cost| Amount
a. Total cost of material
Light oil [ 6.616 2.68 17.73
Lubricant I { 0.133 10.04 1.34
Grease kg 0.009 19.82 0.18
Sub total 19,25
b. Labor
Foreman M.D 0.006 24.84 0.15
Operator M.D 0.063 23.65 1.49
Assistant operptor M.D 0.063 17.55 1.11
Common labor M.D 0.127 16.25 2.06
Sub tetal 4,81
c. PD#390 4.5% of b 0.22
d. Equipment expense
Bulldozer 11 ton Hr 0.444 160.00 71.04
Total 95.32
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Breakdown of Unit Price

Item No. Work Site
Work Excavating rock with explosive
Price 38.19 P/cu.m
Remark : 1 SU.m
Particular Description | Unit Qiy Currency Currency
Unit Cost | Amount |Unit Cost| Amount
a. Total cost of naterial
Taper rod 22 mm. dia No 3.005 340.00 1.70
Cross bit 36 mm., guage No 0.005 900.00 4.50
Dinamite kg 0.010 50.00 0.50
Detonator No 1.000 6.00 6.00
Light oil F{ 2.440 2.68 6.54
Lubricant [ 0.080 10.04 0.80
Grease kg 0.002 19.82 0.04
Sub total 20.08
b. Labor
Foreman M.D 0.005 24.84 0.12
Driller M.D 0.300 17.55 5.27
Powderman M.D 0.100 17.55 1.76
Common labor M.D 0.200 16.25 3.25
Sub total 10.04
¢. PD#390 4.5% of b 0.47
d. Equipment expense
Jack hammer 20 kg Day 0.040 30.00 1.20
Air compressory 7 m°/min | Day 0.020 320.00 6.40
Sub total 7.60
Total 38.19
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Breakdown of Unit Price

Item No. Work Site __Sabe _dam
Work Concrete, type A
Price 296,72 p/cu.m
Remark : 1 _cu.m
Currenc Currenc
Particular Description Unit Qy Y Y
Unit Cost| Amount | Unit Cost| Amount
Concrete material cu.m| 1,000 198.15
Mixing concrete cu.m| 1,000 34,60
{Portable batcher)
Carrying concrete cu.m|{ 1,000 22.90
Placing concrete cu.m| 1,000 40,11
{concrete bucket)
Curing concrete cu.m| 1,000 0.96
Total ) 296.72
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Breakdown of Unit Price

Work Site Sabo dem

Total

Item No.
Work Concrete, rubble concrete
Price 237.96 B/cu.m
Remark : 1. CUeM
Curr C
Particular Description | Unit Qy - freney - urrency
Unit Cost| Amount | Unit Cost| Amount
Concrete, type A cu.m 0.75 206.72 | 222.54
Rubble aggregate cu.m 0.25 61.67 15.42
237.96
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Breakdown of Unit Price

Item No. _ Work Site __Sabo dam, Rubble concrete
Waork Rubble aggregate
Price 61.67 B/cu.m
Remark : 1 cu.m
Currenc Currenc
Particular Descripiion Unit Q'y y - Y
Unit Cost | Amount | Unit Cost: Amount
a, Total cost of pmaterial
Light oil 4 3.500 2.68 9.38
Lubricant f 0.245 10.04 2.46
Grease kg | 0©.035 19.82 0.69
Rubble aggregate cu.m 1.000 25.16 | 25.16
Sub total 37.69
b. Labor
Foreman M.D | 0,005 24.84 1 0.13
Concrete worker M.D 0.400 16,25 6.50
Common labor M.D 0.200 16.25 3.25
Operator M.D 0.050 23.65 1.18
Asgigtant operator M.D 0.050 17.55 0.88
Sub total 11.94
c. PD #390 4.5% of b 0.54
d. Equipment expense
Track crane 15 ton Hr 0.050 230.00 11.50
Total 61.67
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Breakdown of | Unit Price

Item No. Work Site Sabo dan
Work Backfill concrete, type B
Price —298.35 B/enu.m
Remark : 1 cu.m
. . . Currency Cutrency
Particular Description Uniu Qly

Unit Cost| Amount | Unit Cost| Amount

Concrete material ' cu.m| 1.000 178.10
Mixing concrete cu.m| 1,000 34,60
{Portable batcher|) _
Carrying concrete cu,m| 1,000 22,90
Placing concrete cu.m{ 1,000 22.75
(chute)
Curing concrete cu.m| 1.000 0.96
Total 258.35
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Breakdown of Unit Price

Item No. . Work Site ___Spur dike
Work Concrete, type B, in foot protection block,
at crest of embankment, in wet masonry
Price 235.05 B/eu.m
Remark : 1 cu.m
Currenc Currenc
Particular Description Unit Qhy Y - y
Unit Cost [ Amount | Unit Cost | Amount
Concrete material cu.mi 1.000 178.10
Mixing concrete cu.m| 1.000 33.24
{(Light mixer)
Placing concrete cu.m| 1.000 22.75
Curing concrete cu.m| 1.000 0.96
Total 235.05
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Breakdown of Unit Price

Item No. Work Site Levee
Work Concrete, type B, in top protection block,
in wet masonry
Price 235.05 B/cu.m
Remark ; ... cu-m
Currenc Currenc
Particular Description Unit Oty - i - y
Unit Cost | Amount | Unit Cost | Amount
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Breakdown of Unit Price

Item No. Work Site Cross concrete block
Work Concrete, type A
Price 255.10 Bfcu.m
Remark : 1 cu.m
Currenc Currenc
Particular Description Unit Q'y - Y - Y
Unit Cost| Amount | Unit Cost | Amount
(oncrete material cu.m 1.000 198.15
Mixing concrete cu.m 1.000 33.24
(Light mixer)
Placing concrete cu.m 1.000 22.75
Curing concrete cu.m | 1.000 0.96
Total 255,10
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Breakdown of Unit Price

Ttem No. Work Site Irrigation intake
Work Concrete, type C
Price _298.70 2/cu.m
Remark : 1 cu.m
Particul Descrinti Uni o Currency Currency
articular escription nit 1
P Y Unit Cost| Amount | Unit Cost| Amount
Concrete material cu.m 1.000 241.75
Mixing concrete cu.m 1.000 33,24
(Light mixer)
Placing concrete cu.m 1.000 22.75
Curing concrete cu.m | 1.000 0.96
Total 298.70
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Breakdown of Unit Price

Item No. ______ Work Site Spur dike, wet masonry
Work Mixing mortar with hand, 1:3
Price 429.02 B/cu.m
Remark : 1 cu.m
C . .
Particular Description | Unit Qhy reney Currency
Unit Cost | Amount | Unit Cost! Amount
a. Total cost of material
Portland cement ton 0.530 700.00 371.00
Aggregate Fine cu.m 1.050 25.00 26.25
Sub total 397.25
b. Labor
Foreman M.D 0.030 24 .84 0.75
Skilled labor M.D | 0.300 17.55 5.27
Common labor M.D ¥.500 16.25 24.38
Sub total 30.40
¢. PD #390 4.5 % of b 1.37
Total 429.02
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Breakdown of Unit Price

Item No. Work Site

‘Work Conerete material, type A

Price 198.15 B/cu.m

Remark : 1 cu.m

Currenc Cur
Particular Description Unit Qly oy ety
Unit Cost | Amount | Unit Cost| Amount
8, Total cost of material .

Portland cement ton 0.215 700.00 150.50
Agpregate Fine cu.m | 0,520 25.00 13.00
Aggrepate Coarse cu.m | 0.990 35.00 34,65
Sub total 198.15
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Breakdown of Unit Price

Item No. Work Site

Work Concrete material, type B

Price 178.10 E/CUom

Remark : 1 cu.m

Curr ' Curr
Particular Description Unit Q'y e b
Unit Cost| Amount | Unit Cost| Amount
a, Total cost of material

Portland cement ton 0.185 T700.00( 129.50
Aggregate Fine cu.m ; 0.530 25.00 13.25
Aggregate Coarse cu.m 1.010 35.00 35.35
Sub total 178.10
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Breakdown of Unit Price

Ttem No. Work Site

Work Concrete material, type C

Price 241.75 B/cu.m

Remark ; _1 cu.m

C C
Particular Description Unit Q'y urreney urreney
Unit Cost! Amount | Unit Cost| Amount
a. Total cost of material

Portiand cement ton 0.280 700,00 196.00
Aggregate cu.m | 0.500 25.00 12.50
Aggregate cu.m | 0.950 35.00 33.23
Sub total 241.75
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Trem No.

Work

Price

Remark :

Breakdown of Unit Price

Work Site

Mixing concrete with light mixer, 0.2 cu.m

33.24 B/cu.m

1 cu.m

Particular

a. Total
Light oil
Lubricant
Sub total

b. Lahor

Foreman

Concrete workefr

Common lahor

Sub total
c. PD #3190

Description

cost of mpterial

4.5 % of b

d. Equipment expense

Concrete mixer

Total

Unit

M.D
M.D
M.D

Day

Qy

0.556
0.010C

0.012
0.123
0.368

0.100

Currency Currency
Unit Cost | Amount | Unit Cost{ Amount
2.68 1.49

10.04 0.10

1.59

24,84 0.30

16.25 2.00

16.25 5.98

8.28

0.37

230.00 23.30

33.24
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Ttem No.

Work

Price

Remark :

Breakdown of Unit Price

Work Site

Mixing concrete with portable batcher, 0.75 cu.m

34.60 B/cu.m

1 cu.m/day

a.

b.

C.

Particular

Total cost of
Light oil
Lubricant
Grease
Sub total

Labor
Foreman
Operator
Mechanic
Electrician
Common labor
Sub total

PD #390

d. Equipment expen

Concrete mixer
Belt conveyor
Bulldozer
Generator

Sub total

Total

T3]

Description

mrteriul
£

4.

Unit

kg

M.D
M.D
M.D
M.D
M.D
5% of b
0.75 m°> | Hr
Day
3 ton Hr

20 kVA Day

, Currency Currency
Ly Unit Cost | Amount | Unit Cost{ Amount
0. 900 2.68 2.41
0.034 10.04 0.34
0.002 19.82 0.04
2,79

0.006 24,84 0,15
0.048 19,36 0.93
0.024 17.55 0.42
0.024 17.55 0.42
0.214 '16.25 3.48
5,40

0.24

0.067 214,00 14,07
0.032 90.00 2.88
0,111 60,00 6.66
0.016 160.00 2.56
26,17

34,60
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Breakdown of Unit Price

Item No. _ Work Site
Work Carrying concreie with agitator truck, 1.7 cu.m
Price 22.90 P/cu.m
Remark ; _1 ¢4
. .. . . Currency Currency
Particular Description Unit Q'ty -
Unit Cost | Amount | Unit Cost| Amount
a. Total cost of material
Light oil { 2.188 2.68 5.87
Lubricant ¢ 0.078 10.04 0.79
Grease kg 0.001 19.82 0.02
Sub total 6.68
b. Labor
Foreman M.D 0.005 24.84 0.13
Driver M.D 0.053 19.36 1.03
Sub total 1.16
¢. PD #390 4,5 % of b 0.06
d. Equipment expense
Agitator 1.7 m | Hr 0.250 60.00 | 15.00
Total 22.90
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Breakdown of Unit Price

Item No. Work Site
Work Placing concrete with hand
Price 22,75 B/cu.m
Remark : -1 . cu.m
Curren Curr
Particular Description | Unit Q'ty laicd - rreney
Unit Cost{ Amount | Unit Cost| Amount
p. Total cost of material N
Gasoline { 2,300 2.82 6.49
h. Labor
Foreman M.D 0.053 24 .84 1.32
Concrete workert M.D G.525 16.25 8.53
Common labor M.D 0.263 16,25 4.27
Sub total 14.12
. PD #390 4.5 % of b 0.64
l. Equipment expenge
Vibrator 45 mm.dia Day | 0.050 30.00 1.50
Total 22.75
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Breakdown of Unit Price

Ttem No. Work Site
Work Placing concrete with concrete bucket
Price 40,11 B/ecu.m .
Remark : 1 cu.m
Particular Description | Unit Qy Currency Currency
Unit Cost| Amount | Unit Cost|{ Amount
a. Total cost of mpterial
Gasoline { 2.000 2.82 5.64
Light oil L 0.460 2.68 1.23
Lubricant 4 0.015 10.04 0.15
Grease kg 0.003 19.82 0.06
Sub total 7.08
b. Labor
Foreman M.D 0.045 24,84 1.12
Operator M.D 0,023 23.65 0.54
Assistant operator M.D 0.023 17.55 0.40
Concrete workep M.D 0.450 16.25 7.31
Common labor M.D 0.225 16.25 3.66
Sub total 13.02
c. PD #390 4.5 % of b 0.59
d. Equipment expenge
Truck crane 16 ton Hr 0.077 230.00 17.71
Concrete bucketpt 0.6 m3 Day | 0,005 40,00 0.20
Vibrator 45 mm. dis Day 0.050 30,00 1.50
Sub total 15.41
Total 40,11
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Breakdown of Unit Price

Item No. Work Site
Work Curing concrete with mat
Price 0.96 B/cu.m
Remark : 1 cu.m
. . . , Currency Currency
Particular DPescription Unit Qy -
Unit Cost{ Amount | Unit Cost| Amount
a., Total cost of material
b. Labor
Foreman
Concrete works M.D 0.001 24 .84 0.03
Common labor M.D ! 0.005 16.25 0.08
Sub total M.D 0.050 16.25 0,81
0.92
c. P #390 of b 0.04
Total 0.96
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Breakdown of Unit Price

Item No. Work Site
Work Formwork Fl
Price 36,76 B/sq.m
Remark : 1 59.m
Currenc . Currenc
Particular Description Unit Q'ty - Y - Y
Unit Cost| Amount | Unit Cost| Amount
a. Total cost of material
Timber Plank cu.m ¢.010 1,101.7( 11.02
Timber Square cu.m| 0.008 1,101.7 8.82
Timber Log cu.m | 0,002 1,101.7¢ 2.21
Nail kg | 0.380 8.0( 3.04
Annealed iron wire kg 0,070 8. 50 0.60
Sub total 25.69
b. Labor
Foreman M.D 0.002 24 .84 0.05
Carpenter M.D 0.417 17.53 7.32
Common Labor M.D 0.198 16.25 3.22
Sub total 10.59
c. PD #390 4.5 % of b 0.48
Total 36.76
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Breakdown of Unit Price

Ttem No. _ Work Site
Work Formwork F2
Price 79.85 B/sq.m
Remark ; 1 sd.m
Currenc Cu
Particular Description Unit Q'ty o rreney
Unit Cost | Amount | Unit Cost] Amount
2. Total cost of material
Plywood cu.m | 0,011 2,648.00 29.13
Timber square cu.m | 0.016 1,101.70 17.63
Nail kg 0.470 8.00 3.76
Timber log cu.m 0.005 1,101.70 5.51
Annealed iron wire kg 0.100 8.50 0.85
Sub total 56.88
b, Labor
Foreman M.D 0.059 24.84 1.47
Carpenter M.D 0.3891 17.55 15.63
Common Labor M.D 0.300 16.25 4,88
Sub total _ 21.98
c. PD #390 4.5% of b 0.99
Total 79.85
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Breakdown of Unit Price

Item No. _______ Work Site

Work Reinforcing bar, deformed bar
Price 4,799.48 B/ton
Remark : _L.ton
Curre Curr
Particular Description { Unit Q'ty ney ency

Unit Cost| Amount | Unit Cost| Amount

h. Total cost of mgterial

Deformed bar ton 1,030 4,300,00| 4,429,00
Annealed iron yire kg 4,000 8,50 42,50
Sub total 4,471.50

. Labor
Foreman M.D 0.880 24,84 21.86
Reinforcement Worker M.D 8.800 16.25 143.00]
Common Labor M.D 9,200 16.25; 149.50
Sub totel 313.86
:. PD #390 4.5 % of b 14.12
Total 4,799.48
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Breakdown of Unit Price

Item No. Work Site
Work Waterstop, width 300 mm
Price 94,19 E/m
Remark : .1—Lin.m
. L. . , Currency Currency
Particular Description Unit Q'ty - _
Unit Cost|{ Amount | Unit Cost| Amount
a. Total cost of material
Water stop P.V.C Lin.m| 1.000 90.00 90,00
b. Labor
Foreman M.D 0.030 24 .84 0.75
Concrete workepr M.D 0.100 16.25 1.63
Common Labor M.D 0.100 16.25 1.63
Sub total 4.01
e. PD #390 4.5 % of b 0.13
Total 84,19
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Breakdown of Unit Price

Jtem No. Work Site
Work Joint filler, expansion joint
Price 60.30 B/sq.m
Remark : 1 sq.m
Currency Currency
Particular Description Unit Q'y
P Unit Cost| Amount | Unit Cost| Amount
jfa. Total cost of mpterial
Joint filler Elastite sq.m 1.050 55.00 57.7T5
b. Labor
Foreman M.D 0.030 24 .84 0.75
Carpenter M.D 0.050 17.55 0.88
Common labor M.D 0.050 16.25 0.81
Sub total 2.44
c. PD #390 4.,5% of b 0.11
Total 60.30
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Breakdown of Unit Price

Ttem No. Work Site
Work R.C pipe, 300 mm. dia.
Price —1302.76 P/m
Remark : 1 Lin.m
C C
Particular Description Unit Q'ty rreney urrency
Unit Cost] Amount | Unit Cost| Amount
h. Total cost of material
R.C. pipe 300 mm Lin.m|{ 1.000 290,00 290.00
Portland cement ton 0.006 700.00 4,20
Appregate Fine cu.m | 0.009 25.00 0.23
Sub total 294 .43
b. Labor
Foreman M.D 0.020 24 .84 0.50
Pipe fitter M.D | 0.165 16.25 2.68
Common labor M.D 0.295 16.25 4.79
Sub total T7.97
r . PD #390 4.5% of b 0.36
Total 302.76
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Breakdown of Unit Price

Total

Item No. _ Woark Site
Work R.C pipe, 600 mm. dia,
Price 378.19 £/m
Remark : % Lin,m
Currenc, Currenc
Particular Description | Unit | Qiy Yl Y
Unit Cost | Amount | Unit Cost| Amount
a. Total cost of material
R.C. pipe 600 mm. |Lin.m{ 1.000 355,00 | 355.00
Portland cement ton 0.010 T700.00 7.00
Aggregate Fine cu.m 0.013 25.00 0.33
Sub total 362.33
fb. Labor
Foreman M.D 0.050 24,84 1.24
Pipe fitter M.D 0.255 16.25 4.14
Common Labor M.D 0.603 16.25 9.80
Sub total 15.18
378.19
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Breakdown of Unit Price

Item No. Work Site
Work Wet rubble masonry, spur dike
Price 52.24 E/sq.m
Remark : 1 sq.m
Particul D L. Uni o Currency Currency
riplio nit 1
artieutar eseripion y Unit Cost{ Amount | Unit Cost | Amount
a. Total cost of material
Rubble cu.m | 0.300 25.16 7.55
Portland cement ton 0.028 700.00 19.60
Aggregate Fine cu.m | 0.080 25.00 2.00
Aggregate Coarse cu.m | 0.152 35.00 5.32
Light oil { 0.095 2.82 0.27
Sub total 34.74
b, Labor
Foreman M.D 0.030 24,84 0.75
Mason M.D 0.198 17.55 3.47
Concrete workel M.D 0.025 16.25 0.41
Common Labor M.D 0.610 16.25 .91
Sub total 14,54
L. PD #390 4.5 % of b 0,66
l. Equipment expensge
Concrete Mixer 0.2 m3 Day 0.010 230.00 2.30
Total 52.24
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Breakdown of Unit Price

Item No. Work Site
Work Wet-rubble masonry, Levee work
Price 46.18 B/sq.m
Remark : ..1.89.m
Currenc Cusrenc
Particular Description Unit Q'ty - Y - Y
Unit Cost{ Amount | Unit Cost! Amount
a. Total cost of material
Rubble cu.m | 0.150 25.16 3.77
Portland cement ton 0.028 700.00 159.60
Aggregate Fine cu.m | 0.080 25.00 2.00
Aggregate Coarse cu.m | 0.152 35.00 5.32
Light oil { | 0.095 2.82 0.27
Sub.total 30.96
b. Labor
Foreman M.D 0.025 24.84 0.62
Mason M.D 0.168 17.55 2.95
Concrete workelr M.D 0.021 16.25 0.34
Common Labor M.D 0.520 16.25 8.45
Sub total 12.36
c. PD #390 4.5 % of b 0.56
d. Equipment expense
Concrete mixerf 0.2 m3 Day | 0,010 230.00 2.30
Total 46.18
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Breakdown of Unit Price

Item No. Work Site
Work Weep hole, 5 cm. dia.
Price 30.69 2/m
Remark : 1 Lin.m
) L ) Currency Currency
Particular Description | Unit Quy -
Unit Cost{ Amount | Unit Cost| Amount
a. Total cost of $aterial
P.V.C pipe Lin.m{ 1.000 28.50 28,50
b. Labor
Foreman M.D 0.010 24 .84 0.25
Common labor M.D 0.113 16.25 1.84
Sub total 2.09
c. PD #390 4.5 % of b 0.10
Total 30.69
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Breakdown of Unit Price

Ttem No, Work Site
Work Orib work
Price 5.43 B/m
Remark : 1 No. timber length 21.6 m/No.
Curren C
Particular Description Unit Q'ty d - orfenty
Unit Cost| Amount | Unit Cost| Amount
a, Total cost of mLterial
Coconut trunk Lin.m 21.600 3,00 64,80
Tie wire kg 3.000 8.00 24.00
Sub total 88.80
bh. Labor
Foreman M.D 0.100 24,84 2.48
Common Labor M.D 0.730 16.25 11.86
Carpenter M.D 0.730 17.55 12.81
Sub total 27.15
c. PD #390 4.5 % of b 1.22
Total 117.17
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Breakdown of Unit Price

Item No. Work Site
Work Supplying rubble stone
from riverbed
Price 25.16 B/cu.m
Remark ; _1 cu.m
Curre Curr
Particular Description Unit Q'y 4 - eney
Unit Cost | Amount | Unit Cost Amount
a. Total cost of mri'beria.l )
Light oil { 1.600 2,68 4.29
Lubricant { 0.045 10.04 0.45
Grease kg 0,001 19.82 0.02
Sub total 4,76
b. Labor
Foreman M.D 0.005 24 .84 0.12
Common labor M.D 0.400 16.25 6.50
Operator M.D 0.100 23.65 2.37
Sub total 8.99
c. PD #390 4.5% of b 0.41
d. Equipment expen
Tractor shovel Hr 0.100 100.00 11.00
Total 25.16
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