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Kind of Grass

Samon
Cogon
Talahib
Cyperaceae
Barnyard

Turf (mountainous)

Turf (lowland)

Kentucky 31 Phenix

{Note) 0 : easy;

Germina-
tion Stub Divide
x o
x 0
X 0
0 -
0 0
- Sodding
(June to
September)
0 -
0 -
difficult

Time for Availa-

Seed Collection bility
June 0
June 0
Late September 0
Mid-June X
Mid-June X
- %
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EERY 2

Water Gauge Station #&E
Check dam

5.80 l1.09 3}

B

T ‘Jr
7

Volume

1

4,07

]

1%2 {2 x3.2+3.6) x1.3+ (2 x3.6+3.2)x1.11}
2 Qgi {(2%x3.6+8.0) x1.1+ (2x8.0+3.6)x1.0}=3.02
3 -935 {(2 x 8.0+ 8.4) x 1.0 + (2 x 8.4 + 8.0) x 0.92} = 3.01

4 ;él {(2 x 8.4 + 13.9) x 0.92 + (2 x 13.9 + 8.4) x 0.7}=7.95

5 ii%iﬁ % 0.7 % 1.0 = 4.41
6 iﬁ%ii % 0.7 x 1.0 = 2.31
Sub-Total =24.77 m°



1
Gauge dam Scale 100

| Concrete Volume

9 =10 li;i-g-'—@xo.7x1.ox2=1.82

11 lgg ((2x5.9+6.9) x 0.9+ (6.9%2+5.9)x0.7}=5.10

12 éﬁ;‘—Séx 1.8 x 0.5 = 5.04
Sub-Total 11.96 (n%)
Side View Scale L
100

} 8.00 —

R
7 =8 2.0
- }
} \ ~~
13 0.10
- 7.60 @ —— 3
_ 2.0 3
7=28 = {(2x7.6+8.0)%0.7+ (2x8.0+7.6)x0.3}x2 = 15.54 (n®)
13 7.6 x 4.7 x 0.1 = 3,57 (m%)
Sub-Total 19.11 (m*)
Grand Total 55.84 (m?)
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SEHY3 BUAMEREN

INTRODUCTION TO EROSION CONTROL

BACKGROUND TN NECESSITIES OF ERQSION CONTROL:

It is understood that it was more or less one million years before
that the birth of human beings had been identified on earth. The only
thing in which they differ from other animals in the progress of their
development was their complete know-how on the use of fire and tools.
With their inventions, fire and tools, they have been improving and
changing nature into better environment, while animals are always
afraid of nature.

This is the wisdom of human beings that they have always been
challenging against the nature's phenomena. However, controlling nature
to its extent 1s impossible, especially when the nature's reaction is
strong enough. Hence, the need for advanced techniques to control and
harmonize with nature,

Calamity caused by erosion is a~ example of natural phenomena
against which we protect life and property. However, due to recent
development of civilization and increased population, the action of
escape from such calamities can no longer protect our lives and accumu-
lated property. Thus, we should challenge actively and reform nature
in order to secure better life.

There is a very famous proverb in Japan and China that runs "one
who can control the flood is able to reign one's nation.'" This is
one of the signs that gives importance to erosion control.

Every country throughout the world has been giving importance to
erogsion contreol but is always suffering from flood resulting from un-
stable rivers, This shows that erosion control works have been done in
controliing floods in populated areas. Among those works, bank protec-
tion works and reforestation activities are now being conducted simul-

taneously in every country.,

* Erosion Control Exert of RP-Japan Technical Cocperation for the
Afforestation of the Pantabangan Area.



Once agriculture has been developed in a certain area, centraliza-
tion and accumulation of property are always accompanied. Incidentally,
it gradually becomes a serious area where they can't remove promptly and
that's the time they start the real erosion control work aiming at
protection of life and property from such calamity.

The law of gravitation ig alsc functioning on the earth. Due to
this gravitation, everything, on the earth is attracted toward the
center of the earth and the power exerted by gravitation is the same in
its degree. However, individual objects vary in weight with their
densities.

In the lower portion of the egg shell of the earth is the sea whose
surface 1s considered as the standard line in regulating erosion. Above,
this standard line, everything has the tendency to go down while the
accumuiation will take place below it. The application of this princi-
ple applies not only to the portion of standard line but also to every
area, where the point of tentative standard line is considered.

The higher portions get the functioning power to be slided down
and the lower portion gets the power to be risen up respectively., After
getting balance between these two different powers, erosion and accu-
mulation will be stopped to its stabilities. It's occurrence will be
not only in a limited area but also in large scale area.

However, if there'll be some difference between partially stabili-
zed area and the standard level said above, another erosion will be
repeated until reaching the standard level, Finally, thils standard
level of sea surface will be recognized as the ultimate stabilizing
foundation,

This is the mechanism of erosion. FErosion itself does not always
mean the necessity for erosicn control works. Even if the erosion is
quite large in its scale you don't need to take any measures for
erosion control unless it has any connection with our life directly or
indirectly.

In the region of southeast Asja, the increase of its population
or the settlement in lowland is now going on. Incidentally, the deve-
lop ment of agriculture in lowland has induced the so much investment
in different facilities and housing. They cannot allow the flood to

attack the lowland where already populated and property accumulated.



It is timely enough to recognize the importance of erosion control.

The erosion control measures in Japan have been highly advanced
comparing with other countries because its quite steep topographies and
centralization of population in lowland require the invention of tech-
nigques for erosion contrel to survive peacefully and safely. The
erosion control in Japan 1s classified into four (4) fields: that is,
the erosion control in mountainous areas, the sabo making check dams in
upper rivers, river improvement in lower rivers and port improvement at
the end of rivers.

The "erosion control" 1s connected with producing area of sand and
gravel, the sabo with passing area of sand and gravel with water, river
improvement with accumulating area of sand and gravel, and port improve-
ment with final accumulating area of sand and gravel. As to river im~
provement, bank protection works in small scale rivers are right now
baeing conducted while those works in important rivers have been complet—
ed. Concerning the sabo, sabo dams in the eritical important rivers
have been constructed to check the sand and gravel,

In the field of the erosion contrel in mountainous area, different
effective measures have been developed to control soil erosion in the
mountainous area which we can consider as the most important portion
for producing of sand and gravel.

One is the invention of '"the new vegetation mud work" promoting

quick germination for its miracle mud bag with fertiled soil and promis-
ing seeds.

Combining the new vegetation mud work with traditional works like

stone works, concrete works or planting of certain trees, we can call
this combination measure more ecological method than the structural
works which we had considered as the most advisable one before. With
the adoption of this measure, the satilsfactory performance has been
materialized in erosion control works at Nikko and Ashio in Japan.

It is understood that many countries in Southeast Asia are con-
cerned on erosion control work. The most important thing is the selec~
tion of an appropriate measures that would fit to the present situation

to which a country Is faced.
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11.

MECHANISM OF EROSION:

Erosion can be divided roughly inte four (4) kinds; surface erosion,
landslide, scouring, and land creep. These types are affected by direct
causes and indirect causes.

The indirect causes refer to the feature of topography, geclogy,
soil or vegetation which may cause erosicn when subjected to direct
causes. The direct causes refer to rainfall, flowing water, earthquake,
and volcanic activities which lead to erosion directly. The latter also
includes intentional factors like the devastation caused by road const-

ructions.

1. Indirect Causes of Erosion:

1} Topegraphy

As mentioned before, everything on earth has the potentiality
of moving toward the center of the earth due to gravity. This
potentiality can be affected with the acceleration of gravity. That
means everything is to go down from upper portion to lower portion,

Generally speaking, the possibility of erosion in higher
mountains can be much expected than that in lower mountains. However,
this is not exactly true because we have to take consideration into
geological characteristies in the possibility for erosion.

The land on the earth is not in the same condition. It repeats
the same cycle as from erosion through sedimentation to upheavel
and again to erosion.

According to Dr. W. M. Davis, the cycle for erosion consists
of four (4) stages; initial form, young stage, mature stage, old
stage and peneplain., The peneplain will be an initial form in the
following ecycle.

a. The relationship between the cycle and erosiocn

While dnitial form is changing into young stage, rill erosion
can be developed toward gully erosion. That is called vertical
erogion that increases in distance and depth.

After this the possibility for erosion will reach its critical

stage during the period from young stage to mature stage, The stream



side erosion contributing to the expansion of wvalley proceeds
together with the hillside erosion being a part of vertical erosion
at the head of creek.

While the frequency of erosion can be lessened at the old
stage, the accumulated weathering soill may sometimes bring about
large scaled erosion. After this stage the danger of erosion is
eliminated.

This is the typical cycle but it cannot always be followed.

Sometimes skips into the old stage from young stage.

b. The relationship between inclination and erosion

It is net so easy to make conclusion on this matter because
there is a need to consider numerous factors like geology, inner-
friction angle and others.

While the eroded area caused by heavy rain can be found on
slopes with inclirations of 25° to 35°, it is theoretical that
erosion can take place easily in a more steep slope. Thus, it is
expected that the unstable soil at the steep slope more than 35°
has already been washed away and that the soil at the slopes below
25° is very stable because of the inner-friction angle that can be
under the critical amgle and the adhesive power over the critical.
On the other hand, the large scale erosion can take place even in

the slope below 25° in case of the clay-type soil with low friction.

2) Geology

a. The relationship between kinds of bed rocks and erosion

To elucidate the mechanism of erosion, the most important
factor is comnsidered to be geology. The type and scale of erosion
observed in the field vary with geological characteristics.

Ag far as sedimentary rocks are concerned, the younger, the
easier to be eroded. One can find cases of surface erosion in the
Tertiary formation because with a certain pressure it can easily be
eroded and be changed into clay due to being concreted lately.

On the contrary, you can hardly find the surface erosion in
the Paleozonic strata while it can produce the large scaled erosion

with depth which is never observed in the young layers like the
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Tertiary formation because the Paleozonic strata have been pressured
for a long time. As to igneous rocks, voleanic rocks are easy to
be eroded while hard for plutonic rocks.

After deep seated weathering, however, even plutonic rocks can
become soft enough for producing of surface erosion. Metamorphic

rocks are easy to be eroded in connection with geological structure.

b. The relationship between geological structure and erosion

Every erosion is expected to start from the weakest point in
its geological views. This weak points are easily formulated in the
Fault, or Fractured zone. The Fault and Fracture zones are contri-
buting to the occurrence of typical large scale erosion with depth
and land creep while the appropriate techniques for its control are

still under studying.

3) Seil

Soil here refers to weathered products of basal rocks and their
deposits. Therefore, the natures of soil are usually due to the
characteristics of basal rocks. The soil is closely related to
erosion because we cannot consider erosion without seoil,

From a viewpoint of erosion, soil can be classified into two {2)
categories: sandy soil and clay soil. Sandy soil may come from
granite, sandstone or conglomerate, while clay soil may come from
mudstone.

Soil erosion will be caused by the penetration of underground
water. In case of sandy soil, rainfall is gbsorbed into the soil
immediately and it can be eroded easily with supersaturation of
water. On the other hand, clay soil cannot allow the water to
penetrate quickly but once penetrated it can be eroded even with
continuous light rainfall. Therefore, erosion can be caused by
heavy rainfall for sandy soil and by continuous small rainfall for

clay soil,

4) Torest

Forest is one of the most important factors for erosion

contrel. Grasslands also have some effects on erosion control.
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Concerning the effect of forest, it will be mentioned later.

Direct Cause

1) Rainfall

In most cases, the direct cause of erosion is rainfall, which
forms both ground flow and underground £low. The ground flows form
the creeks which go down to the rivers and finally to the sea.
Hence, this process causes various types of erosion which are as
follows:

a. Raindrop erosion

b. Rail and gully erosion

c. Vertical erosion

d. Stream side erosion

e. Mud flow

f. River flow

a. Rain drop erogion

It is the first stage of surface erosion and the phenomenon in
which soils are flipped by the rain drops. This phenomenon changes

flat gound into an uneven ground,

b. Rill and gully erosion

Rainfall runs on the surface of ground when it exceeds the
limit of soil penetration capacity. Then thegse ground flows carry
soils and sands due to the individual transportation energy or the
tractive force. And they make a certain water way which is called

rill and gully. It should be noted that gully is bigger than rill.

c. Vertical erosion

While water way is developed gradually, hard earth is left
in the way. As a result, a fall is made. The fall developed con-
tinuously in an early stape of erosion is called the vertical

erosion which is caused by dropping phenomenou.

d. Stream side erosion

When the vertical erosion develops to its extent, stream



side erosion takes place. This type of erosion occurs in case that
an angle of side wall is over stable angle against the slide or in

case that a lower part of wall is washed out.

e, Mud flow

Erosions and deposits are repeated continuously in creeks.
Unless flow is strong enough deposits are spread widely but those
increasing deposits turn into unstable deposits. Sometimes, unstable
deposits are washed out by the bouyancy and the tractive force of

water flow. This kind of flow with deposits is called mud flow.

f. River flow

Accumulation takes place in mild rivers and results in a
bottom-up of rivers to become one of the causes for flood. After th
the downward movement of river to the ocean, everything is accu-

mulated in the ocean and fluent energy is exhausted.

(i)} Action of Water to Erosion:

a. Decreasing weight.

As the specific gravity of water is 1.0, the weight of
object in water is:
Actual weight x (Specific gravity of object - 1.0).

Hence, objects in water are carried easily.

b. Decreasing inner-friction angle

When the soil starts to hold water, the degree in inner-
friction angle increases but, from a certain point, decreases
gradually. Finally, it reaches zero degree where every par-

ticle of soil is separated from each other.

c. Decreasing shearing stress

The shearing stress of soil decreases in 1ike manner as

the inner~friction angle.

d. Individual transportation

The individual transportation means to transport objects by



water power in a flow. BSmall and light objects are easily
moved transported by this power until it reaches the critical

velocity.

e. Tractive force

Exceeding the critical velocity, the tractive force can ac

act to wash out everything in the flow.

(ii) Rainfall and Landslide

The main factor that affects landslide being caused by rain is
the intensity of rainfall. In this case, even if with the same
amount of rainfall, there will be the possibility of landslides in
short period falls rather than in long period falls. This inten-
sive rain causes surface slides mostly because such kind of rainfall
does not become a deep underground flow. In Japan, it is said that
a landslide breaks out with rainfalls of 30 mm. per hour.

On the other hand, in case of continuous heavy rain, there is
a possibillity to cause a large scale slide in fractured zone, weak
ground, or tertiary stratum because of deep penetration of rainfall
into the ground. In creeping zone, continuous rainfalls cause land

creeps.

2) Earthquake

Earthquakes occur often in Asian countries where there are so
many volcanos. Earthquakes also cause landslide. Especially the

one combined with heavy rain causes landslides easily.

3) Wind

There may be no direct relation between wind and erosion. Wind
and ercsion might not have any relation but wind fallen trees some-

times cause erosion.

4) Human being

In the course of his development, man, unknowingly, causes
erosicn, through road constructions, cultivations, ete, A special

care should be required to dump the soils resulting from those



III.

activities. In case of steep slopes, cut surfaces should be

protected by some kinds of structure.

ROLE OF FOREST IN SOIL CONSERVATION

It has been known that forests have some effects for soil conser-

vation. Two main effects are as follows:

1. Effect on Erosion Prevention

2., Effect on Water Regulation

Effect on Erecsion Prevention

a. Raindrop prevention

Forest cover reduces and/or prevents raindrops. Through the
crown, the leaves intercept the raindrops before falling directly
on the ground, which is also covered by fallen leaves and branches.
Water, then reaches the ground through the stream. In this manner,
the dropping energy of rainfall is reduced and hence, prevents the

first stage of erosion to take place.

b. Holding soils by root system

The presence of root system spreading in soils directly pre-

vents erosion by holding the soil firmly.

c. Increase of penetration capacity

¥Fallen leaves and branches supply organic matters to soils
and soil micro-organisms increase the soil porosity through their
active functions. Therefore, the penetration capacity is increased

and surface erosion is prevented.

d. Mitigation of climate

The lower or the highest temperature is mitigated due to the
presence of forest. The mitigation of climate prevents rock break
erosion being caused by variation of temperature.

As mentioned above, the presence of forest is recommendable
for erosion control. Comparing the forest land with grassland or

non-vegetated area, the forest land is the least erosive. 3But it



cannot always prevent erosion. For instance, holding soils by root
system affects only 1-2 meters depth so it is not effective to the

large scale erosion in fractured zone or creeping zone.

Effect on Water Regulation

In non-vegetated areas, rainfall reaches the ground surface
immediately. Except some amount of evaporation, most of rainfall
flows down to the ocean in a short period. Whereas, in forested
areas, except for evaporation, a considerable amount of rainfall
reaches the ground gradually through leaves, branches and steams.
With high porosity, a part of water of ground flow is kept into the
soil,

Water in the soil becomes underground water through gradual
penetration. Then after, underground water goes downward forming
underground flows.

The long time elapsed for underground water to flow explains
the effect on water regulation,

The following is a comparison between a forested area and a

non~vegetated area,

a., In a year, the rate of run-off (amount of run-off to amount of
rainfall) is almost same or a little bit higher in non-vegetated

areas.

b. The difference between the maximum and minimum run-off in a year

is smaller in forested area.

c., At the time of flood, the flow is slower and water level is

lower in forested area.

From this point of view, it is observed that a forest is like
a dam. Recently, it was found out that a forest has more water
reserve capacity than a dam. In addition, the forest works as a
medium which changes ground water into underground water. As a
result, it prevents flood during the rainy season and provides suf-
ficient supply of water during dry season. Thus, water is regulated
as to its utmost use that is desirable for our life. To the extent,

and already a belief some people attach importance to forest with



v,

regards to water supply.

IMMUNITY FROM DISASTER AND PREVENTIVE FOREST CONSERVATION

A Japanese proverb says that we will suffer from disaster when
we forget it. On the contrary, Japanese forest conservationists think
that once a disaster occurs, another disaster will not occur for a
while. This paradoxical view is called the immunity from disaster.
In connection with this, those conservationists have been trying to
establish the method of a preventive forest conservation. The idea
behind it is to forecast and prevent any landslide or erosion at all
parts of the country. Now most of the conservationists concentrate
on studying various factors needed for forecast of erosion.

In Japan most of disasters are due to mud-flow and large scale
slide with the nature of landcreep. The former washes out all of the
deposits along the creek once it happened. And it is known that it
would not happen again until the energy for further slide is stored
after several decades. The latter also takes quite long time to store
the energy once it was released by the erosiom.

Therefore, it should be avoided to adopt the method which may
store the unstable potential energy in the area concerned.

In the steep creek, for example, the material for preventive
structure should be the concrete instead of the gavion, especially
when considering durability. Because the wire of gavion lasts only
for a decade, and the material of the structure, at that time, can
be changed into one tool for accumulating of unstable energy for new
erosion. Therefore, the concrete is much more advisable even if it

is expensive.

In the field of preventive forest conservation, the forecast of
landslide or creeping is made on the intensive study, considering all
the possible factors such as topography, geology, rainfall and cothers.
Though the complete forecast method, is not established yet, it is
known that the head creek can be eroded, as the first step, with pip-
ing phenomencon which is affected by the intensive heavy rain. If we
could forecast landslides, it is possible to take much more effective

and economical preventive works.



METHODS FOR EROSION CONTROL

There are two (2) main methods for erosion control: structural

work and vegetative work.

In principle, it is considered that the structural work does not
aim to prevent the erosion by itself but it is one of the measures
leading to forest. To rehabilitate the area, we have to stop the move-
ment of surface soils. For this purpose, the combiration of supplemen-
tary structures, that consists of concrete check dams, concrete walls,
wet stone works, and gabions, is constructed in the way suited for the

area concerned.

On the other hand, vegetative works are also introduced to
prevent erosion. The works consist of cut terracing work, vegetative
mudwork, and sodwork. After stabilizing of soil by those works, tree

seedlings are planted.

The most effective and economical way for controlling erosion
is to initiate the work at the small surface erosion area on the upper
creek, where gravel and sand are produced. It is understood that sand
and gravel can be added with the acceleration by gravitation in the
process of falling down. Therefore, the cost might be going up in
proportion to the increase of gravitational action, so it is not
advisable to conduct the erosion control works at the lower portion.
Then the best way for controlling erosion is to restore the area with

supplementary structures at the upper portion of slopes or creeks.
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SOIL ERQSION CONTROL
Area of Erosion - C.T.P.

1977
SPOT 1 L W Area Number
30 35 1,050 Vegetation sack work éf&
Wet stone work - 75 m®
SOIL EROSION CONTROL
Area of Erosion - C.T.P, 1978 Zﬁﬁ
SPOT 1 Repair Stone wall - 33.8 m®

Canal work - 45 m

Stone filled drain - 30m
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SPOT - 1
No. -1
No. -2
No. -3
No. -4
Nao, -5
No. -6
No. - 7

SPOT - 2
No. - 8
No. - 9
No. - 10
No, - 11
No. - 12
No.-13
No. - 14
No. =15
No. - 16
No. - 17
No.-18
No. -19

SPOT - 3
No. =20

20
15
20
30
20
15
15

35
65
40
10
35
50
15
20
30
30
15
40

110

S0IL EROSION CONTROL

Area of Erosion ~ Parcel -1

20
10
15
10
15
10
10

20
35
i5
10
20
20
10
10
15
15

20

60

Area

400
150
300
300
300
150
150
1,750

700
2,275
500
100
700
1,000
150
200
450
450
75
800
7,500

5,500

14,750

—~6 4 —

5q. m.
8q. W.
sSq. m.
sq. m.
Sq. M.
sq, m.

sq, m.

Sq. M,
5q. m.
5q. M.
5q. m.
8q. M.
sq. m.
sq. m,
sgq. m.
8q. M.
5q. .,
8q. .

5q. m.

5q. m.

Grass
Grass
Grass
Grass
Grass
Grass

Grass

Grass

planting
planting
planting
planting
planting
planting
planting

planting

1978

Number

A

Vegetation sack work

Grass
Grass
Grass
Grass
Grass
Grass
Grass
Grass
Grass

Grass

Grass

planting
planting
planting
planting
planting
planting
planting
planting
planting
planting

planting



Area of Erosion - Parcel - II-A

SPOT - 1 L
No. -1 15
No.-2 15
No. -3 i5
No. - 4
SPOT - 11
No. -5 Check Dam
SPOT - 3
No. -6 40

WATER GAUGE STATION

No.-1

W Area

15 15C sq. m. Grass planting

10 150 sq. m. Grass planting

10 150 sq. m. Grass planting
Concrete - 14 m®
Gabion - 20 m®

25 1,000 sq. m. Grading
1,825 sq. m.

Boulder concrete -
Concrete

Wall

BE © Number . Z2Z&ER¥s —(1)- @ #HW, HEETERCENES
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Number

A\

AN

A

24.8 m?
12 m?
15.5 m®
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MEMORANDUM

PRESCRIRING THE REGULATIONS AND GUIDELINES FOR
TMPLEMENTING THE CONSTRUCTION OF MODEL INFRASTRUC-
TURES FOR THE RP-JAPAN TECHNICAL COOPERATION PROJECT
FOR THE AFFORESTATION IN THE PANTABANGAN AREA,

Both the resident representative of JICA Manila Office (hereinafter
referred to as "A") and the representatives of the Bureau of Forest Deve-
lopment agreed to set up the following detalled regulations for implement-
ing the construction of model infrastructures, based on the memorandum

exchanged between "A" and the Director of the Bureau of Forest Development.

Article 1: Supervisor and Assistant Supervisors

(1) The Bureau of Forest Development (hereinafter referred to as "B")
shall assign a full-time supervisor responsible for the implementation
including quality control, schedule control, progress control, etc., in the

field concerned.

(2) "B" shall also assign assistant supervisors, who will help the
supervisor and replace him in case of his absence for each work. However,
an assistant supervisor may be assigned for more than two (2) works at a

time.

(3) The supervisor and assistant supervisors shall follow the matters

to be attended to, as stated in the Annex.

Article 2: Procurement of supplies and materials and related matters.

(1) To procure supplies and materials, the supervisor shall specify
the quality, standard, and amount of the items to be purchased, and submit

to "A" the cost estimates of various legitimate dealers.

"A" ghall determire the most reasonable estimate from among those
which are submitted and shall disburse the amount necessary to "B". "B"

shall purchase the supplies submit the official receipts to "aA".



Article 3: Procurement of labor forces and related matters:

(1) "B" shall be responsible for all the labor management including

the procurement of labor forces, safety control, etc.

(2) "B" shall submit the bill based on payroll to "A" for a given

peripd.

"A" ghall disburse the amount necessary to "B" as soon as the bill is
recognized to be reasonable. '"B" shall pay directly to laborers upon re-

ceipt of the amount disbursed by "A".

Article 4: Confirmation of completion of the work.

(1)} When the work is completed, the supervisor shall submit a

report both to "A" and "B".

(2) Based on the report submitted, "A'" shall confirm the completion
of the work by himself or by his substitute, at the presence of the re-

presentative from "B" and the supervisor.

Article 5: Time limit on construction.

(1) Time limit on construction cannot be extended as a rule. In case
where a natural calamity, some inevitable situation, or any other special
reason occurs, however, the supervisor may submit to "A" a request for the

extension of the time limit with the necessary justificatien.

(2) "A" may allow a minimal extension if the reasons are really

inevitable and not contrary to the objectives of the works.

Article b: Change of construction drawings.

(1) In case where deviation from the construction plan is inevitably
needed during the comstruction, the supervisor may submit to "A" a request
for the change of the construction plan with the necessary reasons,

details, and cost estimates,

(2) Upon receipt of the request, "A'" may allow such a change if
necessary, based on the comments of JICA experts and within the fund al-

located.



Artiecle 7: Damages caused by natural calamity, etc.

(1) 1In cases where there will be some serious damages caused by
natural calamity, etc. to the completed part of the works and repair works
are needed urgently, the supervisor shall submit to "A" a report on the
damage including the plan for the repair of same together with the neces-

sary drawings and specifications.

(2) Upon receipt of the plan mentioned above, "A" may allow an addi-
tional work, if necessary, within the fund allocated. In case where there
is no additional fund, "A" may consider the importance of this repairing

work as compared with the remaining works and take the necessary action.

Article 8: Guidance of JICA experts.

JICA experts may advise the supervisor or assistant supervisors,

through their RP-counterparts or directly, for this construction work,

Article 9: Others

For other things which are not stated in the foregoing articles, "B"

shall ask for the directions of "A", whenever the necessity arises.

FOR THE JAPAN INTERNATIONAL FOR THE BUREAU OF FOREST
COOPERATION AGENCY: DEVELOPMENT :

Mr. TADAKAZU TSUNAKAWA Forester ROGELIO B. BAGGAYAN
Resident Representative Project Director

JICA Manila Office

Forester EDUARDO LIAPITAN
Chief, Forest Protection &
Infrastructure Division
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Basic Assumption

1. Length : 1,000 m

2, Width : 5.0 m with side canal

3. Soil Cutting: 7.5 m®/m (see Chart I)
7.5 m*/m x 1,000 m = 7,500 m*/km

4. Culvert

¢ 200 cm : 0.5 spot x 7.0m = 3.5m

¢ 100 cm : 2 x 8.0 = 16.0m
¢ 60 cm : 4 x 9.0 =36.0m
$ 45 cm : 4 ¥x9.0 =36.0mn

5. Side Canal : Cutting 0.2 m?/m (See chart 1)
Length 800 m
6. Graveling: : Depth : 0,15 m
Width : 3.0 m
Length : 1,000 m
0.15m x 3.0 m x 1,000 m = 450 m?

7. Wet Stone Work : 2.15 mz/spot (See Chart 2)

6 spots x 2 = 12 spots

12 x 3.77 = 45.2 w®

8. Dry Stone Work 5 spots x 2 = 10 spots

10 x 3.77 37.7 m?

]
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Average inclimation 27° 30'

S0il cutting

SN [y
0.3 0.2m> x1m

le— 5.0 ]

Chart

Scale 7%?
a=4.3x1.2+2-=
b=3.4x0.6%2-=
c=2.4x%x08%2-=
Total
d=(0.5%xm =

I. Cross Section of Soil Cutting

2.58
1.02
0.96
4.56

0.79

3.77

4.3 0

Chart 2.

Side View of Stone Work

S5m ; 3m = 7.
.0 m 7.5m° x 1lm =
_j1.0
1.0 —L Side Canal
47 34,5 (0.3m + 0.5m)
0.3 2

m®/m
5 m?

7.5 m®

o®/m

x 0.5m =

=0.2 n’

0.2 m?



STANDARD COST ESTIMATE PER KILOMETER

Items Quantity | Unit U?;;SSE?E é::;gs Remarks
Coil Cutting 7,500.0 m? 8.06 60,450.00 | Unit Cost Table No.
Culvert 200 3.5 m 116.0 406.00 | Unit Cost Table No.

100 16.0 m 184.0 2,944.00 | Unit Cost Table No.

60 36.0 m 136.0 4,896.00 | Unit Cost Table No.

45 36.0 m 113.4 4,082,40 | Unit Cost Table No.

Side Canal 800.0 m 4.8 3,840.00 | Unit Cost Table No.

Graveling 450.0 | m? 35.6 | 16,020.00 | Unit Cost Table No.

Wet Stone Work 45.2 | m® 143.7 6,495.24 | Unit Cost Table No.

Dry Stone Work 37.7 m 43.0 1,621.10 | Unit Cost Table No.
Total 100,754.74
Indirect Cost 5,037.74
GRAND TOTAL 105,792.48

1) Culvert : Unit cost of Corrugated steel pipe is excluded.

2) Indirect Cost :

5% of total cost
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UNIT COST TABLE

Table No. 1 .......... Soil Cutting (1 n%)
2 .. $# 200 cm Culvert {1 m)
3 ..eveeiii. @100 em Culvert (1 m)
4 ..., ... +» ¢ 60 cm Culvert (1 m)
3 tesivennar $ 45 cm Culvert (1 m)
6 .......... Side Canal (1 m)
7  .......... Graveling (1 o)
8 .....ve..., Wet Stone Work (1 m?)
9 cvecencess Dry Stone Work (1 m®)
10 .......... Concrete 1
11 ... vesee Sand 1 m®  (0~5 m/m)
12 .......... Gravel 1 m®
13 .......... Stone 1 m®
14 .......... Cathering and Loading (Sand and Gravel)
15 .......... Carriage 1 m® (Sand and Gravel)
16 veveseess. Carriage 1 m® (Stone)

17 tevetnws.. Excavation 1 m®
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UNIT COST TABLE No. 1

SOIL CUTTING (1 m%)

Item Quantity Unit Unit Cost Amount
Bulldozer rental 1 m3 6.86 6.86
Operator 0.004 M.D. 25.00 0.10
Diesel 0il 0.45 1 1.60 0.72
Other oil 0.14
Labors 0.02 M.D. 12.00 0.24
Total 8.06

1) Bulldozer rental
Daily Bulldozer rental : P1,700.00 (excluding fuel and operator)
Soil cutting volume : 38.1 m¥/hour (D60 Bulldozer)
38.1 m¥/hour x 6.5 hour = 247.7 m’/day
1,700.000 + 247.7 = P 6.86/m®

2) Operator: 1 mandays
1 M.D. + 247.7 m®/day = 0.004 M.D./m?

3) Labors: Helper of operator 1.0 M.D.
Bulldozing Work (Grading and Banking) 4.0 M.D.
Total .,.... 5.0 M.D.

5 M.D. * 247.7 m®*/day = 0.02 M.D./m’

4) Diesel oil Consumption: 17 liter/hour
17.0 liters/hour + 38.1 m®/hour = 0.45 liter/m?

5) Other oil : 20% of Diesel oil consumption



UNIT COST TABLE NO. 2

4200 em CULVERT (1 m)

Item Quantity Unit Unit Cost Amount
¢ 2,0 corrugate pipe 1.0 m - -
Skilled labor 4.0 M.D. 20.0 80.0
Labor 3.0 M.D. 12,0 36.0
Total 116.0
Materials on hand

UNIT COST TABLE NO. 3
$100 em CULVERT (1 m)

Item Quantity Unit Unit Cost Amount
¢ 1.0 concrete pipe 1.0 m 120.0 120.0
Skilled labor 2.0 M.D. 20.0 40.0
Labor 2.0 M.D. 12.0 24.0
Total 184.0
Materials on hand

UNIT COST TABLE NO. 4
¢ 60 cm CULVERT (1 m)

Ttem Quantity Unit Unit Cost Amount
¢ 60 Concrete pipe 1.0 85.0 85.0
Carraige of pipe 1.0 16.6 16.6
Skilled labor 1.0 M.D. 20.0 20.0
Labor 1.2 M.D. 12.0 14.4
Total 136.0




UNIT COST TABLE NO. 5

¢ 45 em CULVERT (1 m)

Item Quantity Unit Unit Cost Amount
¢ 45 Concrete pipe 1.0 m 78.0 78.0
Carriage of pipe 1.0 9.8 9.8
Skilled labor 0.8 20.0 16.0
Labor 0.8 12,0 9.6
Total 113.4
UNIT COST TABLE NO. 6
SIDE CANAL (1 m)
Item Quantity Unit Unit Cost Amount
Excavation 0.2 m* 24.0 4.8
Total
1) Excavation: Unit Cost Table No. 17
UNIT COST TABLE NQ. 7
GRAVELING (1 m®)
Itenm Quantity Unit Unit Cost Amount
Gathering and Loading 1 m 16.7 16.7
Carriage 1 m 16.5 16.5
Scattering 0.2 M.D 12.0 2.4
Total 35.6

1) Gathering and Loading :

2) Carriage

Unit Cost Table No. 14

: Unit Cost Table No. 15
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UNIT COST TABLE No.

8

WET STONE WORK (1 m?)

Item Quantity Unit Unit Cost Amount
Concrete 0.20 273.9 54.8
Stone 1 23.0 23.0
Gravel 0.4 52.8 17.1
Excavation 0.8 36.0 28.8
Skilled labor 1.0 M.D. 20.0 20.0
Total 143.7

1) Concrete : Unit Cost Table No.
2) Stone : 28.9 pes./m?
3) Gravel : Unit Cost Table No.
4) Excavation : Unit Cost Table No.
UNIT COST TABLE NO. ¢
DRY STONE WORK (1 m%)

Item Quantity Unit Unit Cost Amount
Stone 1 23.0 23.0
Skilled labor 1 M.D. 20.0 20.0
Total £3.0

1) Stone: 28.9 pes/m?
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UNIT COST TABLE RO. 10

CONCRETE 1 m®

Item Quantity Unit Unit Cost Amount
Cement 250 kg 0.7 175.0
Sand 0.4 m? 39.2 15.7
Gravel 0.8 m® 42.8 34.2
Compaction 3.0 M.D. i2.0 36.0
Sub-total 260.9
Tools 13.0
Total 273.9

1) Sand ¢+ Unit Cost Table No. 11
2) Gravel : Unit Cost Table No. 12
3) Tools : 5% of total cost
UNIT COST TABLE NO. 1l
SAND 1 m® (0-5 m/m)

Item Quantity Unit Unit Cost Amount
Gathering and Loading 1 m® 16.7 16.7
Carriage 1 m? 16.5 16.5
Selection and Washing 0.5 M.D. 12.0 6.0
Total 39.2

1) Gathering and Loading:

2) Carriage

Unit
: Unit

Cost Table No. 14
Cost Table No. 15
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UNIT COST TABLE NO. 12

GRAVEL 1 m®
Item Quantity Unit Unit Cost Amount
Gathering and Loading 1 3 l6.7 16.7
Carriage 3 16.5 16.5
Selection and Washing 0.8 3 12.0 9.6
Total 42.8
1. Gathering and Loading : Unit Cost Table No. 14
2. Carriage : Unit Cost Table No. 15
UNIT COST TABLE NG, 13
STONE 1 m°
Item Quantity Unit Unit Cost Amount
Gathering and Loading 0.6 M.D. 12.0 7.2
Carriage i m? 15.8 15.8
Total 23.0
1) Gathering and Loading: 28.9 pes./m?

2) Carriage

Unit Cost Table No. 16




UNIT COST TABLE NO. 14

GATHERING AND LOADING 1 m?

{(Sand and Gravel)
Item Quantity Unit Unit Cost Amount
Tractor shovel rental 1 m 15.3 15.30
Operator 0.01 M.D. 25.0 0.25
Diesel oil 0.54 1 1.6 0.86
Other oil 0.17
Helper 0.01 M.D 12.0 0.12
Total 16.76G
1} Tractor shovel rental
a) Working volume : V = 3’ggo X gXEXxEk
cm : cyecle time 76 sec.
q : bucket volume 1.3 m?

E : Ccefficient of work 0.44

k ¢ Coefficient of bucket 0.6
.. V =16.3 mi/hour

b) Daily Tractor shovel rental

c) Daily Working hour

d) Daily Working Volume
16.3 m*/hour x 6.5 hour = 105.95 m®

e) Tractor shovel rental per m
+ 105.95 =

2) Operator, Helper

3) Diesel oil consumption

1,620.00

1 M.D.

: P 1,620.00

: 6.5 hours

3

105.95 m? =

P 15.30

0.01 M.D./m?

57.2 litters/day
57.2 + 105.95 = 0.54 liters/m®
4) Other oil: 207 of Diesel oil consumption
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UNIT COST TABLE NO. 15

CARRIAGE 1 m®

{Sand and Gravel)

Item Quantity Unit Unit Cost Amount
Dumptruck rental 1 m® 14.1 14.1
Driver 0.02 M.D. 20.0 0.4
Diesel o0il 0.96 1 1.6 1.5
Other oil 0.3
Helper 0.02 M.D. 12.0 0.2
Total 16.5

1) Dumptruck rental (8 tons)

a) Cycle time

25
6,000

cm =

Jo em = 31.7

b) Daily Working
¢) One day trips

min.

hour :

d) Load volume capacity :

e) Daily working volume :

£) Daily Dumptruck rental

g) Dumptruck rental per m3:

2) Driver, Helper:

x (L-1,000) + 15

L: Distance 5,000 m

6.5 hours
6.5 + 2%61 = 12.3 times/day

8.0 + 1.7 x 0.9 = 4,2 n?

12.3 x 4.2 = 51.7 m®

P 730.00

730.00 + 51.7 = Pl4.1

1 M.D., 2751.7 m?

3) Diesel oil Consumption

7.6 litters/hour x 6.5 hour

= 0.02 M.D./m®

51.7 m® = 0.96 liters/m?

4) Other oil : 20% of Diesel oil consumption




UNIT COST TABLE NO. 16

CARRIAGE 1 m?

{Stone)

Ttem Quantity Unit Unit Cost Amount
Dumptruck renmtal 1 m? 13.3 13.3
Driver 0.02 M.D. 20.0 0.4
Diesel oil 1.03 1 1.6 1.6
Other oil 0.3
Helper 0.02 M.D. 12.0 0.2
Total 15.8

1) Dumptruck rental
i 25 _
a) Cycle time cm = 5,000 x (L-1,000) + (12 + t)
t ; loading and unloading time (by manpower) 60 min.
Lj; 5,000m
25 _
cm = 6,000 (5,000 - 1,000} + (124 60) = 89 min.

b) One day trips: 6.5 x 60 ¢ 8% = 4.4 times/day
¢} Carriage of stone : 1 truck load = 3.6 m®, 100 pes./m?
3.6 x 100 x 4.4 = 1,584 pcs./day

d) Stones per m® : 28.9 pcs.

e) Dumptruck rental per m®:
730,00 + 1,584 x 28,9 = P13.3
2) Driver, Helper 1 M.C. # 54,8 m® = 0.02 M.D./n?
3) Diesel oil consumption: 56.2 liters/day + 54.8 m? = 1.03 liters/m®

4) Other oil : 20% of Diesel oill consumption

UNIT COST TABLE NO. 17

EXCAVATION 1 m®

Ttem Quantity Unit Unit Cost Amount
Soil excavation 2 M.D. 12,0 24.0
Se0il accumulation 3 M.D. 12.0 36.0
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