. Groundwater

survey

Groundwater - i Heasurement of groundwater level -

~—— pressyre ——-—l L
" survey - Measurement of pore water pressre
e ’ N Water quality analysis survey
Preliminary —
survey ' -—— Water temperature survey
. Grourdwater
—— distribution ) —— Plane survey — Groundwater
survey tracing
: Detailed -——-
survey Groundwater
_ _ survey in
— Vertical survey - borehole
Pumping test

FIGURE 4.2-1 GROUNDWATER SURVEY

. To analyze the mechanism of landslide, it is necessary to examine the cor-

relationships between fluctuation of groundwater and movement of landslide

" and’ between flictuation of groundwater and rainfall.

-Movement Survey

This survey is: carrled aut to determrne the drrectron and speed of movement
‘of landslide by meastirement with instruments such as extensometers, slant-
rules, dlsplacement plies and drspiacernents plates. From the measurements,
changes of strain at slide plane as well as thanges of expansion and sfant at
the ground surface accompanled with landslide movement can be determined.

) Survey for Debns Flow (D FL)

“The foﬂowmg suweys are requared

Topographrs Survey

Longrtudmal levelling and cross sectlon survey of stream to investigate gradient
and Cross sectlon of the stream and condition of deposits;

Geotechnlcal Survey. .
Thrckness and propemes of deposrts and
Hydmiogical SuweyiAnaEysrs

Discharge velocity, tractive force, etc.



6) Survey for Scour/Washout of Roadbed (Fld D)

Gradient @nd cross section of the stream, and landuse and s!gm!icant physical

features in the vlclnlty of the stream shouid be surveyed,

Data necessary for hydrologic analysls should be collected, mciudmg

. ;Ffood flow data and stream flow records;

e Basin characterrstics including dramage afea, main channel s[ope stream
length, surface storage, geology, soil- infiltration index, basrn shape, streaim
density, basin elgvation, cover, basin slope, fanduse and basm otientation;

and
. Precapttatron

Properties of roadbed matenal should be examaned

?) Survey for F!oodedlMuddy Road Surface (FM -Rd)

Data for hydro!ogrc analysrs coverrng whoie dramage ‘area where the

“floaded/muddy portion s situated ‘should be collected including topographic

features dramage area, channel charactenstrcs precrprtatron flood information,
etc..

Condrtrons of drarnage facrlrtres should be exammed on their locatron size,
material, damage siltation, clogging, ete.

F‘ropertres of road surface and roadbed materials should be rnvest:gated

B8) Sunrey for Permanem Bridge Washout (PBrW) and Temporary Bndge Washout
{(TBr-w)

_ 'Hydrologrc data should be col!ectedlsurveyed mcludlng

3 VChannel characterlstlcs including cross section of the stream channei and
flood pfams streambed material and sfope vegeta{ cover etc.;

o Flood ﬂow data and stream flow records ,

e = Basin characteristics lncludmg drarnage area and. topographrc features;
s Precrprtatron _ _

+ History of change in alrgnment of channel; and

o History of stream degradatron or aggradatlon

" Solf mvestlgatron should be done where substructures are pfamed fo be lacéted.

,ﬁsﬁ__



9} Survey for Permanent Brldge Approach Washout (PBr—A) and Temporary Bridge
Approach Washout (T Br-A) o

Referto 6) Survey for .Scouri\‘\lasho_ut of Roadbed (Rd-D).

- 10) Survey for Permanent Bridge Other Damage (PBr-D), Temporary Bridge Other
Damage T Br -D) and Spillway Damage (SPW D)

Fiefer to 8) Survey for Permanent Bridge Washout (PBr- W) and Temporary Bndge
Washout (TBr-W),

1) Survey for Culvert Damage (CLV-D):
- Hydrologic data should be col!ectedlsuweyed including:
e Topographlc features in the Vlcmlty of the culvert site;
. _Dralnage area;

& Characteristics of the stream chatinel upstream and downstream of the
. culvert

. Htghwater mformatlon and
s Precipltatlon '

- Conditions of the culvert should be examined on its Iocatuon size, malerial,
damage s:!tatlon clogglng, etc., espemally atthe inlet and outlet portions.

~  Conditions of the area around the culvert should be carefully inspected: If
' embankment slope is damaged, the surveys rmentioned in 2} above are reguired.

~ 12) Survey for SeaWaEi Damage (SW- D)

- Data necessary to analyze wave run- up helght and wave pressure should be
collectedlsurveyed, ,nctudmg

e Coastal topography, _

» iMeteorologlcaI_data (precipita.tion, wingd, storm surge);
s Wave me'_asurenien_t data; and
s - Characteristics of seabed sediment.

- Soil investigation should be carried out at the location of the seawall.
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CHAPTER 5
RESTORATION MEASURES

A'revtoration is generally Classified into the following two types:

Urgent Restoratlon

‘Thts is a measure wh[ch is taken immediately after occurrence of disastor w;th the main

objective of reopemng the Toad which has been closed to traffic caused by the disaster.

Permanﬂnt Hestoranon ) k

- - This is a rmeastire WhICh is taken after the urgent restoration to restorg the road completely
and to prevent the recurrence of disaster.

51

URGENT HESTOBATION MEASURES

‘The purposes of urgent restoration are generally as follows:

« To secure urgently and temporarily at least one lane traffic by removing obstacles or
by refilling eroded poition.

‘e To rémove materials suspended to endanger traffic like unstable rocks on a slope.
» To check the progress of damage until permanent measures are taken.
The réquirem'ents for urgent restoration measures are as foliows:

o To beabletobe rmpie*nented lmmediately attor ocourrence of disaster and completed
~in a shott penod

e To reqmre no special equmment material and experiise.
" To be low- cost.

Urgent restaration measures selected in view of the above and included in the Manual
are as follows

U1: Earth Work ' © - Ul-1: Removal of Deposit Materials
© U1-2: Removal of Unstable Materials
Ui1-3: Removal of Head
U1-4: Refilling/Embankment
- U1-5; Selected Material Filt

— 89—



U2: Surface Drainage -

~ U3: Slope Protection - -

Us: Hetaining Work .

US::Fpot-'Protécjtidﬁ' '

* Us: Bridge

. U7: Pavement Work -

U2 :"Tempolréry_S[épe'.Ditch'

U2-2; Temporary Side Ditch

- 1J2-3:Sand Bag Selting

'U3‘~1:'-Sheei-_CovetiﬁQ' .

- U3-2: Sand Bag Covering

U4-1; Sand Eag:Wéli o

©o U4:2: Gablon Wall' .

U4-3: Woaoden Fence

Us-1: Gabion'Foot'ProteCtiOn R

UB-1; Wooden Pile Bent
Us-2: H-Pile Bent.

U6-3: Bailey Bridge

U7-1: Gravel Surfacing

Urgent restoration measures are summarized in Table 5.1-1 (1) to (4). -
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5.1.1

U1: Earthwork

1)

U1-1: Hemoval of Deposut Materials

This work is to reopen the road for traffic by removing matena!s depositing on the
road surface and obstructing traffic.

" The situation which requ'ires'this work is llustrated in Figure 5.1-1.

2)

Deposit. Molerials

fo be Removed ‘\

FIGURE §.1-1 REMOVAL OF DEPOSIT MATERIALS

In order to reopen the road as soon as possible, only one lane is usually planned to
be opened

There are many cases where on.y this work is applied as the urgent restoration
measure.

When a large volume of mat'erialé is deposited on the road surface, wheel loaders and

dump trucks are 'requi_red.'Fast arrangement and delivery of these equipment to the
disaster spot are very important.

When the deposit materials are small in volume, the removal shall be done by
manpower until arrival of the equipment.

From environmental aspects, such a work as pushing the deposit materials down {0
the valley side is not appropriate. The deposit materials shall be hauled and durnped

at proper area,
U1-2: Hernoval of Unstan!e Matenals

This wark is to remove unstab!e rocks, materials or pomons of collapsed slope
suspectahie to fall down, in order to keep safety of reopened traffic.

This'sﬁ@tio’n whi&:h‘ requires this work [s llustrated in Figufe 5.1-2.

_,..95_..



3)

Unsmble Part
to.be Removed

un \stoble. Materlais
to be. Removad

FlGUHE 5.1-2 FIEMOVAL OF UNSTABLE MATEREALS

The remov;:t ‘of unstable matenals on the slope is mainty done by manpower but

materials removed from the slope and deposnted on the road surface are excluded :
by wheel loaders and dump trucks. .

There are few experiences of this work applied as the urgent restoratlon measures in
the Philippines. However, this work is highly recommendead from the viewpoint of

trafflc safety.
U1-3: Removal of Head

This work is to remove the head pomon of cut slope fa:lure or landsllde to reduce the
motlvatmg force. o .

Since this work is applled as the permanent restoration measure too the detaﬂed '

' 'descnpttons are presented in Section 5 2.

'5)

U1 -4 Reﬁllmg/Embankment

This work is to refil collapsed pomons of the embankment in order to reopen the road
for trafflc : :

(Refer to Section 5.2)

'U1»5 Selected Matenal Fill

This work is to refil collapsad pomons mfluenced by water wnh selected matena!s
such as sand and gravel, crushed stone, cobble, etc. : :

(Refer to Section 5.2)



52 U2: Surface Drainage

- Surface dralnage is prowded to prevent erosmn/scour by collectmg and draining sur-
face water,

1) Ué"-t Tem.p'orary Slope’ Ditéh

:This is a ditch temporanly prowded oh collapsed slope to protect the slope suiface
from erosmn/scour

The ditch is usualiy naked or made with SJmpIe and cheap matenals e.g. soil cement
or brushwood '

: These are shown in Figure 5.1-3.

-

Soll Cement

Brushwood Bond
Peg

MAKED DITCH . S0IL CEMENTDICTH - BRUSHWOOD DITCH

FIGURE 5.1-3 TYPES OF TEMPORARY SLOPE DITCH

Ditches are arranged on the slope as shown in Figure 5.1-4.

Temporary Slope 'Diich'

FIGURE 5 i-4 ARRANGEMENT OF TEMPORARY SLOPE DITCH

Smce ihis work can be done by manpower, no special eqmpment is required.
2) U2-2: Temporary S:de Ditch

~ This is a ditch temporanly prowded on the road side to protect embankment slope
from erosion by collecting and draining surface water flowing on the road surface.



The ditch is naked or made with soll cement or brushwood and i iS Iocated as shown

in Flgure 5.1-5

LTernpomry Side Ditch ‘J
FIGURE 5.1-§ TEMPORAHY SIDE DITCH

) Uz-3: Sand Bag Settmg
. This is to set sand bags to protect the embankment slope from erosionfscour by
preventmg sutface water from ﬂowmg down on the s[ope

“The location of sand hag is |liustrated in Figure 5.1-6.

Sand Bag

Surtface Wate'r

FIGURE 5.1-6 SAND BAG SETTING
Main materials for this work are vinyl or lihe'_n' bags.

Since the work Is to til earth into sand bags and set them, no speclai equipment are
required. .

This work is often applied in Japan as an effective urgent restoration measure. The
application of this work is strongly recommended.

--g8 —



5.1.3 . U3: Slope: Protectien

A col!apsed stope is easlly eroded or scoured by the swface water flowing down on
‘ the slope surface durmg rain, and consequently the failure of slope promptly expands.

In order to prevent the expansion of the failure due to erosmn/scour the slope shall
be covered by suitable materials
The followmg types of work are appllcabfe as urgent restoration measures:
1) U3 Sheet Covering _
2) us-2: Sand Bag Covering
These works are usually used for covermg smalt of medium size of slopes.

The s!ope is covered with \nnyt sheet, synthetlc fiber net, straw mat, paper products
ete. in such a manner as shown in Flgure 51-7.

Sand Bag

Vinyl Sheet

FIGURE 5.1-7 SHEET COVERING

Sand bag covering is also carried out in a manner shown in Figure 5.1-8.

Sand Bag

FIGURE 5.1-3 SAND BAG COVERING



'As shown in Figure 5.1-7, sand bag covering is useful-not only to protect the slope
but aiso to stabllize the steep stope. _

_ There are few expenences of these slope prolection works in the Phnhppmes How-
ever, the introduction of these works is desirable, since they are very cheap and
effecnve

Since these works are carned out mainly by manpower no speclaf equnpmem is
_ reqwred -

5.1.4 U4: Retaining Work
This is'tc: prev'e'nt.sldpe failure by sup.p'orting and reéisting m’otivating'for'ce with wall.
There are many klnds of retammg wall, most of wh[ch are used as permanent restora-

tion measures Descnbed in this section are only those that are used as urgent res-
toranon measures :

1) U4-1: Sand Bag Wall

F:gure 5.1-8 shows an examp!e of sand bag wal!

Foiture Line
Refilting

FIGURE 5.1-9 SAND BAG WALL
This work can simply be done only by manpowér ina s'hgort period.
2} U4-2: Gabion Wall '

Figure 5.1-10 shows an example of ga.bion wall.

\Goblon wall

FIGURE 5.1-10 GABION WALL

—100—



' 'Ga.bio'hs are genérally divided into two types, Le. a cylinder gabion and a mat ga.bion.
Gablon wali is mainly macle wnth mat gab:ons

in the Phll!pplnes there are few expetiences of the gablon waﬂ However, since this
is a simple and reliable restoration measure, prompt introduction is desirable.
3) ‘U4 3: Wooden Fence

Wooden fence to temporarlly support earth pressure Is made up by wooden p!fes
driven at intervals of 0.6 m to 1.2 mand wooden plates set between these piles, as
iustrated in Figure 5.1-11. : .

f—- WOODEN PLATE

B3 B B '\Q‘.\ R
Y '/////d /J.///(

A BSsH BRSoR ‘\“ -'\\
[ PSR By (hanp i Bl

WOODEN PILE

FIGURE 5.1-11 WOODEN FENCE

This workiis effectively applied to restore the embankment at steep mountainous areas
. as shown in Figure 5.1-12. :

SAND BAG

. /
PERMANENT. _.W: . - N~ WOODEN FENGE peamANENT . ;
MEASURE T MEASURE — il

el WOODEN FENCE

FIGURE 5.1-12  APPLICATION EXAMPLES OF WOODEN FENCE

A small scale of woaden fence can be constructed only by manpower by using such
tools as saw and hand hammer. However, for a big scale of wooden fence, a pile
driving machine is required.

Wooden fence is usually des'igned by practical experiences. However, when a high
wooden fence is planned, it must be designed based on the stability analysis.
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5. 1 5 U5 Foot Protaclion

This Is to pmtect the toe of revetment of river bank or pier af brrdge from scour by
river current : :

There are many !ypes of foot protectlon work and gablon foot protectlon is commonly
used as urgent restoration measures.
1) U5 1: C‘ablon Fool Protectron
(Refer to Section 5. 2)

5.1.6 Ue: Brldge
1) Us-1: Wooden Pile Bent
2 US 2: H-bile Bent
3) Us-3: Balley Brldge

Bauley brrdge with wooden pile bent or H plie bent is applied as urgent restoration
measure for bridge or its approach washout because of the constructability in a short
petiod. The choice between wooden pile and H-pile is made depending on Ioad ta be
suppoﬁed and a’vauaurlrty of matenal ' :

H-piles and barley bndge pane!s will be evacuated after complet:on of the permanent
bridge. They are ré-used in.other’ disaster spots or stocked in regional/district offices
for future use. Therefore, only depreclatlon costs are mvolved in the urgem restoration

work.
5.1.7 ' U7: Pavement W_ork

This is to-ré_store road surface déteri@rated by disaster, applied to various types of
disaster as a cooperative measure with other restoration work.
1) U7-1: Gravel Surfacing

Gravel surfacing is'a commonly used pavement work as urgent measure. Standard
thickness of gravel surfacing is 20 cm.
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5.2

PERMANENT RESTORATION MEASURES

Permanent restoratlon measures are usually taken after urgent measures for the fol-

towing purposes

. To restore the road completely toits orlgmal condition or upgrade it wher necessary.

o To prevent the recurrence of disaster.

Ma]OI‘ conmderatlons in selecting permanent restoration measures are as follows:

« Tobe techmcaﬂy and pract‘cally applicable in the thppmes usmg available equip-

ment, matenals and expeitise.

_aeceptab!e .

« Tobe harmomzed wsth natural enwronment

) mtreduce new OF. UNcommaon technlques in the Philippine as far as practically

Permanent res!oratlon measures selected in view of the above and included in the

Manual are as follows:
Pt Earthwork

P2: Surface Drainage
P3: Subsurface Drainage

P4: SlobeuF"'r(.)te'ction
by Vegetation

P1-1:
P1-2:
P1-3;
P1-4:
P1-5:

P2-1:
P2-2:
pP2-3:
P24 )
: Catch Basin -

P2-5

P3-1:
P3-2:
P3-3:
P3-4.

P4-1:
P4-2:
P4-2:
P4-4.
P4-5:

- P46

P4-7:

Pa-8:

~ 103

Recutting

Removal of Head
Refilling/Embankment
Counterweight Fill
Selected Material Fill

Slope Bitch
Side Ditch
Water Channel
Culvert

Subsurface Dralner
Honzonla\ Drain Hole
Deep Well

Drain Tunnel.

Hand Seeding

Hand Seeding With Mat.
Sodding |

Strip Sodding

Seed Spraying

Pick Hole Seeding
Seed Packet

‘Wattling .



Ps: S'Iope Protection
by Structure

Pé: 'R.etaining Wa!l‘ |

P?7. Anchoring

P8: Catch Work

Pg: Supporting quk )
P10: _Rock Shed
- P11: Prevention F;ile

P12: Slope Breasting

P13: Sabo Dam

P14: Corisolidation -
P15: Bridge

P16: Foot Protection
including Apron

P17: Spurdike

~ 104~

P5-1:
. Ps-2: -

P5-3:
P5-4:
P5-5:
P5-6:
P5-7:

- P58:

e
' P6-2:

P6-3:

'P§-4:
Pg5:

P6-6:
P6-7:

P68
“Gabion Wall -
+ Sheet Pile Wall .

P6-9:

P7-1: |

F_’?-_2:

ba-1:
P82

P8-3:

P8-4:

P8-5:

P9-1;

P10-1:
R ITRT
Pi2:1:
P12-2:
P13-1:
P13-2:
_PIS-S:

P14-1:
P14-2:

Pi5-1:
P15-2:

Pi6-1:
Pi6-2:
P16-3:

Pi7-1
Pi7-2.

-Moitar Sprayirig -

Concrete Spraying
Storie Pitching .

- Concrete Pitching -

Gablon Pitching

+: Congrete Block Crib

Cast-in-place Concrete Crib
Sprayed Concrate Crib

'R:prap

Grouted Rlprap e

“Concrete Block Wall =
Gravity Type Stone Masonry Wall

Gravity Type Concrete Wall -
Supported Type Concrete Wall
Cantilever Type Concrete Wall
Buttressed Type Concrete Wall

Rock Bolt
PC~Anchor .

Catch Filt and Ditch
Catch Gabion Wall -
Catch Concrete Walt
Catch Fence |

~Catch Wire Net

Concrete Supporting

Concrete Rock Shed

Steel Prevention Plle

Stone Breasting

_Gab:on Breastmg

Coicrete Sabo Dam
Gab:on Sabo Dam
Stge! Sabo Dam.

Concrete Consolidation
Gabion Consolidation

_Concrete Brtdge

Steef Bndge

Concrete Foot Protectlon
Gabion Foot Protection
Grouted Riprap Apron

Stone Spurdike _
Gabion Spurdike



P18: Spillway PIs

Concrete Spillway

P19: Pavement Work P19-1: Gravel Surfacing
' : P19-2: Bituminous Pavement
_ P19-3: Concrete Pavement
P20: Reinforced Earth : £20-1:Reinforced Earth Wall

P20-2 Inserting of Reinforcing Bar

- Permanent restoration works are summarized in Table 5.2-1 (1) to {186).
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5.2.1

P1: Enrth Work
1) P1-1; Recutting

Roferto APPENDIX!  ANALYSIS METHODS 1. - Slope Stability "

APPENDIX H STANDARD DRAWINGS® 1. Cut Slope,
: : ' : -Embankment
Slope :

This 33 to stabiﬁze the cuit siope by recumng with appropnate and stable gradlent in
the spot where the collapsed slope is unstable due to :ts steep gradient. .

mmﬂmtign

Recuting ls one of the baslc measures for restorat:on ot cut siope faulure However,
recutting of the large slope Is not recommendable for restoration of rural roads,

- because It Is very difficult and costiy for construction.

Recutting Is useful to prevent deep faiiure but it is not so effectwe o prevent surfacé

- failure. Theteforo, apprepnate dralnage and slope protecnon works should be applied

to recut slopes.

Qraﬁ_e nt of Cg;! g ope

It is venj dtmcult to determine the gradlent of slope by stab!hty analysrs aione because

-geological and soil characteristics composed of the slope are mhomogeneous and

very comp?lcc\ted

' Therefore the recutting gradient i is. generatly des:gned by standard gradlent empm- _
-Caily established based on past expenences of road construction at the adjacent area.

Hecommendab!e standard gradients of the recutting are shown | in Table 5.2-1.



TABLE 6.2-1 STANDARD GRADIENTS OF RECUTTING

SO1L OR. ROCKS HEIGHT OF CUT [GRAD TENT
Herd Rock | o 1 0.5:1 to 0.8:1
Soft Rock | . : 0.5:1 to 1.2:1
Sand :'_ 'Rot'_dens.a, or ' 1.5:1 or above
poorly graded |°
Dehse Less than 5 m | 0.8:1 to 1.0:1
o 5to10m 1.0:1 to 1.2:1
Sandy Soil - -
: Hot dense fess than & m 1 1.0:1 to 1.2:1
15to10m 1,2:1 to 1.5:1
sandy Soil - | Dense, or well | Less than 10 m| 0.8:1 to 1.0:1
mixed with gradad 0tolhm 1.0:1 to 1.2:1
gravel or —— - : .
réck masses. | Not dense, or | Less than 10 m| 1.0:1 to 1.2:1
poorly graded 10 to 15 m 1.2:1 to 1.5:1
Cohesive Soit 0to10m 0.8:1 to 1.2:1
Cohesive: Soil’ _
mixed with Less than 5 m | 1.0:1 to 1.2:1
rock masses -
or ‘cobble
-stones _ R - 10 m. 1.2:1 to 1.5:1

Where the stope is composed of one kind of soil or rock, recutting with uniform
gradient is recommended.: On the other hand, where the slope is composed of
different kinds of soil and rocks, different gradient for each soil and rock layer is
adopted as shown in Figure 5.2-1. ' :

h‘ .
©, ' ‘ I . Hard Rock
° _ l _ '
' |

FIGURE 5.2-1 DIFERRENT GRADIENT OF CUT SLOPE
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" Bermn

The berm e;hatt be provlded at every 5 to 10 m in height of a s!ope which Iayer is
composed.of uniform soll or rock layer. in case where the slope is composed of
different kirids of soll or rock layers, the berm is provided at the boundary between
permeable and non- permeab!e layer, as shown in Figure & 22,

..~_. Permaable Soll -

— Non~ Permsable Rotk

FIGURE 5.2-2 LOCATION OF BERM

The berm prevents erosion of the siope surface by |ntercept|ng speed and concentra-
tion of the surface water flowing down on the slope. It can also be used as a sidewatk
for inspection purpose

Where the slope is composed of stable soil or rock layer against erosion, the berm is

usually made at 5 to 10% of gradient toward the bottom of slope as shown in Figure
5.2-3.

-0 %
s10%

FIGURE §.2-3 GRADIENT OF BERM WITHOUT BERM mTcH

On the other hand, where the slope Is composec! of soil or erosive rock iayer the
gradient of the berm is made in the reverse direction and a ditch is constmcted to
drain the surface water, as shown in Figura 5.2-4, ‘

Beam Ditch

y LSollcéeme?t
- : - or Line Congrete
Sloy it aiasbel

FIGURE 5.2-4 GRADIENT OF BERM WITH DITCH
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Qg_nstru_c,tign

A small size of recutting is u9ually done by hand works.

For medium or large recutting work for common soil or soft rock slopes, such a
machine as bulldozer or backhoe can be-used under the site condition which has

'enough space to operate it.

Stable hard rock Wthh require blastlng for excavation must be excluded from an
ob]ect of the recutting.

At the start, fmlshmg stake must be properly placed in order to guide and show the
pianned line of stope as shown in Figure 5.2-5.

~— Wooden Plate

Finlshing Surface

_Stake

FIGURE 5.2-5 FINISHING STAKE

. To shave off rocks.up to the planned line of slope, plckage or.coal pick hammer is

. used in case of soft rock.

After shaving off rocks, remaining unsiahle materlals shall be carefully removed with
pick hammers or bars

For commo_n soll _s!ope, the main portion is excavated with machines at the start,

leaving the soll with 20 to 30 cnivin thickness from the planned line of a slope. Then,
shaving off the common soil is carried out with picks or hoes following the finished

“surface indicated by the finishing stakes.

P1 -2 Removal of Head _

This is to remove the head pomon of cut slope fanure or landstide to reduce the sliding
force. The situation which ; requures removai of head is illusirated in Figure 5.2-6.

Portlon _ibi be
- Remuoved

Sliding Surfoce

FIGURE 5.2-6 REMOVAL OF HEAD
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Removed portions is graded at a gentler grad!ent than 4.0:1 and is protected by
vegetation. Dltchesto drain c;urf.ac;e\Nater are qeneraliy prowded on the graded slope.

Remowng work should be carried out from the upper part to the Iower parl S0 @s not

= to dlsturb ihe stab;';ty of the: stope durmg construction

Constructlon Is carrled out in the safme way as’ mentloned in recumng Hemaval of
head is one of effective measures for small to medium size of landslide. However, this

"is'‘commonly appiled together with subsurface drainage, prevention plie. etc.:

P1-3: Ret‘n!llnngmbankment -
This is to refill co!lapsed portuons of embankment in order to reopen the road for traffic.”

Important notes in desugn and construcuon of the ren!i.ng are as follows

—~ To apply apprOprlate gradient of slope

- To construct with sufficient compaction
Agtﬁi_aali_qn ' '

Hefﬂllng Is carried out for almost a‘ll embankment refated disasters In most cases, it

-is 1ncorporated wnh dra.nage work and slope protectlon work.

The gradlent and shape of rehthng can be determmed ihrough a siabﬂﬁy ana!ys1s
In general however, they are given by referiing standard gradients empmcally

established depending on height and materials of refiling. Recommendable standard
gradients are shown in Table 5.2-2.



.TAB'LE 5.2-2 STANDARD GRADIENT OF REFILLING

'Ff[ling Maferials' Héighi of Fill (m) ‘Gradient
ﬁell gréding sand, | Less than 5 m. 1.5:1 to 1.8:1
gravel, or sand - ——
mixed with gravel {5 to 15 m. 1.8:1 to 2.0:1
Poor grading'sand Less than 10 ‘m. 1.8:1 t0 2.0:1

7 _ Less than 10 m. 1.5:1 to 1.8:1
Rock masses - .

10 to 20 m. 1.8:1 to 2.0:1

Sardy sail, hard Less than 5 m. 1.5:1 to 1.8:1
c{ayey soil, or e _ :
hard clay 5 to 10 m. 1.8:1 to 2.0:14
'Spft.clayey soil Less than 5 m. 1.8:1 ro 2.0:1%

A berm 0f 1.0 10 2.0 m in width should be prov:ded every 5 0 to 7.0 m in height from
‘top of refallang

The berm is provided to prevent erosion on the slope surface by concentration of the
surface water flowing down on the slope. It can be also used as a 31dewalk for
mspectlon purpose

E{Qiaaug_o_s_qgm_age

The siope of reflmng is usualiy protected with vegetation. Where ref:ll:ng materials is
unsuitable for vegetation such as gravel and sand, the surface of refilling should be
covered with fertile clayey soil as shown in Figure 5.2-7. This is called as a Bianket
Soll.

Ferttle Clayey Soll

Re-tilling -

'FIGURE 5.2-7 COVER OF SLOPE (BLANKET SOIL)
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In such cases “stone; concrete or riprap pltchlng ‘can also be applled as. slope
protection, a little steeper gradient up 10 0.8:1 can be adopted, together with pitching
works where the height o reﬂ!iing Is not s0 high This is shown in Figure 5.2-8.

' Smn : . e - ¥ SRR
Grudide?\rtd \,'\ 07 A % Re-~Fliling

- Stone Pltching -

FIGURE 5 2.8 ALLOWABLE GRADIENT IN CASE THAT PITCHING
WORK IS APPLiED ' :

Refiling with High Poténtia! of Failire
- Heflllmg on Slant Ground :

Remlmg constructed on slant ground is always face to dunger of col!apse by
seepage water from the ground

ln this case, dramage layer should be des;gned to drain groundwaler as shown
i F:gure 5.2-9. .

“——— Original Embankment

Re- Filltng

:Druinag'e Layer ST .
— Seepage Water

 FIGURE 5.2 DRAINAGE LAYER FOR REFILLING
-~ Fiefa[lmg on Soft Ground N o |

Refilling on soft ground is unstabie and afso caUSes settfement dunng fiffing
work and- sometimes after completion. As the measure for unstab;llty and set-
tiement, sand mat, brushwoads or. geotext:[e should be spreaded on the foun-
dation ground of rehlfmg as shown in Flgure 5.2-10.
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) /— Re-Filiing

Sand Mat

Brushwood or Gaotextila

FIGURE 5.2-10 MEASURE OF REFILLING ON SOFT GROUND
Construction .

One of main causes of embankment failure is the infiltration of rain water into the fill
This is r_nainiy brought by insufficient compaction of the fill.

“Asan effective compaction method, horizontal thinlayer compaction method is usual
applied. This method to compact every horizontal layer with 20 to 30 om in thickness
by compactlon equupment such as tire rolier and vrbratmg roiter.

_ However refu!lmg is generaliy requ:red at narrow and steep places where the common

compactton equ:pment is inapplicable. in such condition, filling material should be

' compacted at avery thin layér using vibratory plate compactor or rammer as shown
in Figure 5.2-11,

Rammer-

_ FIGURE 5.2-11 COMPACTION FOR REFILLING .

The SIOpe can also be compacted by using the compaction equipments as shown in

Figure 5.2-12.
%ﬂw horizontally

T ™

Vibrating Roller

FIGURE 5.2-12 COMPAC?ION OF SLOPE BY VIBRATING ROLLER AND
' BULLDOZER
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4) P1 4; Counterwelght Fill

This is to fill at the toe of slope to reslst the siiding force, as a measure for cut sEope
faiture or iandsllde _

This is i!tu'strated in Figure 5.2-13..

'éouﬁtér@éiqﬁt
Fill

——

-~ .
Pl \_ sfidim’j-surface

FIGURES 2 13 COUNTERWE!GHT FILL

This work can be apphed on]y at the p!ace where there i enough space for construc-
tlon of fill at the toe of the stope .

-At the toe of th'e s!ope there is usually seepage of ground water. The counterweight
Aill,. therefore, shotld be.constructed with permeable matenals such as sand and
gravel or rock masses.

' Constructlon should be carned out foliowlng ‘the methods mentloned in 3) P1 3
_ Hefillmngmbankmem _
5) P1-5: Selected Material Fil _
Refilling at the place affected by water should bn done wﬂh selected good material
such as sand and gravel crushed stone, cobble etc. :

For example lhES method is appiled to such a case as inner fill of the collapsed
spillway. : : .

This is shown in Figire 5.2-14.

“Selected Materials

FIGURE 5.2-14 SELECTED MATERIAL FILL FOR SPILLWAY RESTORATION

—130—



Wheel loader, dump truck and compactlon equlpment are reqmred for construction.

5.2, 2 P2. Surlace Dramage _ -
. Referto APPENDIXT ~  ANALYSIS METHODS .. 2. ‘DRAINAGE

APPENDIX li STANDARD DRAWINGS 2. SIDE DITCH,
' o DITCH BASIN

_This is to collect and drain surface water in order to prevent road slopes from erosion
and!or scour

The faclities lor_ this p_u'rp'osé are as follows:
P2-1: Slope Ditch

P2-2: Side Ditch-

'P2-3:- Water Channel

P2.4: Catch Basin B

Bes:des the above facnlltles plpe or box culvert is used as a cross dramage facility.

These dramage lacnlmes are usually demgned in new construction stage. However, they
‘should be considered as one of important restoration measures in order to prevent
recurrence of the disaster. .

1) P2-1: Slope Dltch

Thisi lS to provide ditches onthe slope 10 dram and collect surface water flowing down
on the slope surface

Slope dltches are classmed as fol[ows

- Top Stope Ditch

Top slope ditch is desngned based on the volume of discharge with somg
allowances considering terrain, slant and soil. It is provided along the entire
' length of the top of slope to avoid down-flow of surface water from the sur-
roundmg area. Every end- of ditch Is connected with existing drainage system

- 'Berm Dltch

“Berm d:tch prowded on the berm is to drain surface water on the siope to
prevent the slope from erosion.
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Vertical Ditch | - L —
Vertical ditch is 1o drain the water from top to the side ditch at the toe of the
slope. | At ST

The'location of these ditches is shown in Figure 5.2-15. -
- Top Siope Ditch '

- Vertical Ditch

Barm Ditch

/' side Dlich -

FIGURE 5.2-15 * LOCATION OF SLOPE DITCH
_ The foltowing types of ditéhe_s are usually a’pblie_d :
—'  Naked Ditch {Figure 5.2-16)

-~/

FIGURE 5.2-16  NAKED DITCH.
This is suitable for impermeable soil ground.
- Soll Cement Ditch (Figure 5.2-17)

- Soll Cement

FIGURE 5.2-17 SOIL CEMENT DITCH

Mixed ratio of the cement is about 6% in dry weight.
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" Grouted Riprap Ditch (Figure 5.2-18)

TRAPEio D TYPE

FIGURE 5.2-18 GROUTED _RIPHAP DITCH
This can be used for all types of ditches.
Concrete U-Type Ditch (Figure 5.2-19)

SRR
Foundotion Materlals

.FIGURE 5.2-19 CONCRETE U-TYPE DITCH

Foundation Maoterials

. This can be used for all _t&/pes of ditches.

For the case that the concrete U-Type ditch is applied to the vertical ditch, an
sxample of the arrangement is shown in Figure 5.2-20.

— Berm Ditch

(— Sida Ditch

Vertical DHeh —

FIGURE 5.220 CONCRETE U-TYPE VERTICAL DITCH

When the gradient of the slope is stesper than 1.0:1, the vertical ditch is usually
covered with a lid.
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2) P2.2: Side [)!tch

The side ditch Is malnly constmcted atatoe of the cut siope However suiface water
concentrates al the inner ‘curve portion and flows down on the slope surface of
embankment cdusing erosionfscour thereof. For this portion, the side ditch is also
proviced on the shoulder on the embankment side as shown in Figure 5.2-21.

FIGURE 5.221 LOCATION OF SIDE DITCHES AT iNNER CURVE PORTION
" All types of ditdhés applied to the slope ditch can also be used_a;é'the side ditch.
3) P2-3: Water Channel L '

For the landslide, water channels are usuaﬂy arranged o dram sun‘ace watet from the
landslide area to outside.

Stone pitching channel as shown in Figure 5.2-22 is a commonly tsed type.

‘Boulder

b
Mortar
' mnd Ond Lcmﬁoncra’re '_

. FIGURE 5.2-22 STONE PITCH!NG WATER CHANNEL '
4) P2-4: Culveri

Culverts are ciassmed into three types pipe, box and arch culvert It is econom;cai

" ' that the pipe culvert is applied for small discharge and box culvert for relatively large
discharge. Arch culvert isapplied to a high embankmem where load on the culvert is
large.

~ Even if smalt volume of discharge is estlmated the d;ameter of pipe culvert should be
rnore than 60 cm to the maintenance purpose.
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The culvert should be set at the same gradient of the existing stream as a general rule,
However, gradient steeper than 10% is not preferable because of difffculty in con-
struction and danger of sliding.

Slnce the lnlet and outlet of the culvert are easily scoured in general, the approptiate
proteciion such as wing, revetment and foot protection should be incorporated.

: 5)_--.F’2-5 Catch Basin -

~ Atplaces wherethe Iength orthe gradlent of drainage flow are Iarge catch basins are
installed to reduce the energy of rithning water.

An example of catch basin is- shown in Flgure 5. 2 -23.

. Sld_e Difeh _
L i Catch Basin |

_, X NIEES ' v

o S

> . by :

o ht

‘:: : t j~—— Pipe Cuivert

3 B

[ !

¢ 4]

e EFEENE

'C'ATCH BA'S!N

FIGUHE 5.2-23 CATCH BASIN
5 2.3 Pa: Subrurface Bramage

Refer to APPENDIX II STANDARD DRAWINGS 3. SUBSURFACE DRAINER

Groundwaler, spring'_ water and s_eépa_ge water under the surface of slop'e should be
-drained to keep stabiiit'y of the siope.

Subsurface drainage facmties are generally c:assuf:ed accordlng to the depth of ground
water ex:stmg, as follows: -

- For shallow ground water
 P3-1:  Subsurface Drainer

- For deep ground water

P3-2: ' Horizontal Drain Hole
P3-3: - DeepWell
P3-4; - Drain Tunnel
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1) P3-1: Subsurface Drainar
Closed conguit qnd ctosed conduit with open ditch are most suntable to collect and
drain shallow groundwater exlsimg about 3 m below ground surface

They are effective measlres particuiarly to groundwater in solls. with smali coeﬁlment .
. of permeabﬂtty

These conduits are constructed in such a way that a fascme or gablon is msta!!ed in
the ditch excavated to a predetermmed depth-as shown’ in Figure' 5.2-24. Vinyl cloth
or asphalt board is laid below themto prevent any Ieakage ‘Gravel is placed with filter
around and above them to prevent clogging. Where the amount of collected water is” -
large, perforated pipes are sometimes used. Calch basins or manholes are normally
installed at every 20 to 30 m of condunt and are connected to surface water ditch

< Back Fill

F‘Iltér €Grd\fe! or
Crashed Stone}

Perfor:a?ed Pip e

. Vi.nyl C!ot_h
FIGURE 5.2-24 CLOSED CONDUIT

The fiow of shallow groundwater, which is similar to surface water, is changed by
terrain and is concentrated to valley or concaves: Closed conduit with open ditchis
used in these cases to collect groundwater and sun‘ace water at the same ttme A
typlcal structure is shown in Figure 5.2-25. ‘

r— Orpen Dnch
\ﬁ\\\\;\\\\‘\\%\\ :. - Back FlII,

CFiiter  Graval or’
Croshed Stone)

'_Pe(férqted Pipe ISR
~ vinyl Clath

FIGURE 5.2-25 CLOSED CONDUIT WITH OPEN DITCH -

136



gﬁggign §ub§g;rfagg Drainer

Fora slope with extensive spnng water, gablon is Iald near the toe of slope as shown
in Figure 5.2-26. Gabion is useful not only for drainage but also for preventing fallure
at the toe of slope.

~ FIGURE 5.2-26 GABION SUBSURFACE DRAINER
Subsurfage Drainage System for Shallow Groundwater

To collect and drain groundwater permeating into the slope and seepaging near the
-ground surface, groundwater drainage system should be designed as shown in Figure
5.2-27.

R
,

_\fub Surface Ditch. f \f?@‘l/

LGablon | ==

FIGURE 5.2-27 SUBSURFACE DRAINAGE SYSTEM

Subsurface drairiage facilities are iaid in the form of U-shape or Y-shape depending
upon the conditions of seepage in the- slope. Catch ‘basins or perforated pipes
embedded in ditches are preferable at piaces where large seepage water exists or
- where several ditches meet each other.
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2) P3-2: Horizontal Drain Hole

Where spring water comes out to the surface of slope, ho!es are dtilled and perforated
pipes are mserted to the dniied holes to drain water as shovm in F:gure 5.2.28.

'Edr.th“

Ground Watsr

Horizontal Drain Hote - - (Seepqqe Wuter)

FIGURE 5 2—28 HORIZONTAL DRAIN HOLE

Where stability of a slope is hkehj to dedrease due to seepage water horizontal drain
hole drilled by bormg should be planned

The iocatioh of horizbntal drain holes should be épread as shown in Figure 5.2-29,
and a pipe with strainer shouid be inserted. The end of hole may sometimes be
scoured due to discharge thus it shoutd be protected by gabions or concrete wall.

2
~ o . Sda Diteh | F b0
Hond seadiig N 10 5.3 \.C
with mat . ]““
 s-Scmar 7 R e :
Horfzontal Draln Hefe . .
CL=i2.0Mm Retiling

Gabion Faot Prolsciton

FIGURE 5.2-29 HORIZONTA_I..“_DHAIN',HOLE
9 P3-3: Deep well - L

Deep weil Is used where honzonta! dram hole is too long or groundwater iS con-
centrated at some place.

Groundwater is usually collected through the well and honzontal drain holes extend :
from the well. A diameter of the well is réquired 10 be 2.5 to 4.0 m so that the bonng
wark gan be done in the well.
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' Deep well is made by reinforced concrete or corrugated pipe and 3 to 4 inches pipe
in diameter is usually used as drain pipe.

An exarﬂp[e of deep well is flustrated in Figure 5.2-30.

7
f-m———— Slidlng Surface

Daep Well ~ -
o ' /.

Horlzontal Drain Hols

FIGURE 5.2-30 DEEP WELL
4) P3-4: Drain Tunnel

This is applied to a large-scaled landslide where sliding surface reaches groundwater
ievel. : o

Drain tuinnel is the most effective measure to drain groundwater although costly.

_ An example of the drain tunnel is llustrated in Figure 5.2-31.

i \— $ilding Surface

i

_Verﬂcdl Drain Hole

A '
N Drain Tunne!

FIGURE 5.2-31 DRAIN TUNNEL
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5.2.4 Pﬁ Slope Protec\ion By Vegelation

Refer to APPEMNDIX It STANDARD DHAWINGS 4 VEGETATJON

Slope protection by vegetatton (vegetatlon work) is designed to preveht erosion due
to rain water by means of plants growing on the slope and roots of the plants firmly
binding materia!s at ‘the slope surface : :

Vegetation is the most recommendable measure to protect the slope, since the con-
struction cost ave relatively low in ‘most cases and the vegetation creates a beautiful

VIQW

&Lju,!egﬂanﬂn_ﬂmg

For successhul vegetauon work, weather and s0il condmons of the site should be
surveyed and the species of gresees to assure the complete ‘growth should be selected
based on the resu!te of soll survey.

Area, Height, etc. of Slope

] Machmery work is smtab!e when the slope is farge and Eocated closely to'each othér.
" However, handwork is more econormical, when the area is small and the places of
“work are scattered. Selectlon of the type of work depends onthe maxamum helght of

: slope
. Condztzons of Aci]acent Land

‘Sprayed materials may sometimes scatter and pollute houses or structures therefore

surveys for scattering and pollution must be made inadvance. .

Soil Conditions (physical and chemtcal composition, water conten: and hafdness of
sail, presence of spring water evenness etc.) :

Surveys should be carried outto check whether the sollis easily eroded such assandy -
soil, whether the rooting of p!ants is difficult such as clay and mudstone, whether the
growth of plants is difficult because of strong acidic soll, etc, and whether there is

“imuch spring water. The f:mshlng requirements of the slope depends upon the kind of

work. For example, a cerain irregularity is. rather desirable for seed spraying, while
the stmooth surface is nesded for sodding mats. The degree of finish of slope surfar‘e
therefore, should be determined before Seedmg work
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Weather Conditions (air temperature, ralnfall, slope direction, degree of sunniness)

Yearly mean air temperatiire should be checked to determine what types of plant will

grow, and daily mean air temperature to determine what season s suited to seeding
work. The slope directionand degree of sunniness should also be checked to judge

_which is better, the sun-tolerance grasses or the shade-tolerance grasses.

The weather and possible heé\qi/ réins during scheduled period of work should be
examined to select the type of work and the curmg method suitable to these
condltlons

- Avaufabshty of Matenals and Equment

Avaitability of materlals used for vegetataon in the regton or the country, espectally for
seeds, grasses or plants, is one of the most important survey items for the selection
of the type of wark.

If't_he mech_anical'_v'egetati'on works are not poputar and labor intensive works are
desirable in the country, the types of work by manpower should be selected.

Plams for Sigpe Prgfegﬂgﬂ

Inthe Mdnual of Restoration and Erosaon Control for the Philippines, H.J. Weidelt, 1976,
' some promtsmg species growing in the Philippmes are listed. Many of them have been

" tested successfully in slope and bank protectton

'Trees are considered to be unsultab!e for slope protectlon because they grow high.

Therefore those except trees are quoted from the above Manua! as follows:

Grasses

. Weeplng Love Grass (Eragrosns curviila): This specie has been introduced from
o S_outhem Africa’ _to other trapical countries with a well balanced wet and dry
- seasons. It is'widely used for erosion control in Japan and Taiwan, particularly
for hydro- seedmg ‘An advantage is that this grass does ot comp!etely dry up

' 'durmg the dry season '

'y Bermuda Grass (Cynodon decfylon) Equaliy suitable for dry and moast sites;

~ stolon-forming, excellent soll cover particularly for banks and waterways;
' ._propagatlon usually by plantlng stolons or by soddmg

- e Kikuyu Grass (Penmsetum clandestinum}; As a native of the highfands of East

‘Africa, this stolon-foriming grass can only thrive under somewhat moist condi-
tions; the specie has a dense root system and be propagated by planting stolons
or small sods; widely used for erosion control in Taiwan.
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Vings: © - . _
‘Kudzu (Pueraria thunbergiana, syn. P. hirsuta); For erosion cantrol, this specié is
. consldered the bgst of all the kudzus; propagatson main!y by cuttings, because

seed product!on is generally low; perennial. -

© Pueraria phaseolmdes (syn P. javanlca) This Is more used as a fodder pfant and

for lower elevat:ons perenmat

: Centrosema (C. pubescens) Afast growmg ving, shade resistant perennla!and :

quite ’mlerant of dry sites.

Petennial lespedeza (Lespedeza cuneata) An excelient cover plant even on
badly eroded snes draught resustant :

© Lipai (Mucuna nlgrlcans) A perennlai vine thrlwng Well on dry sites; seed can be

collected in February/March the leaves are very itchy.

~ Shrubs -

-Guava. (Psrdlum guava) Very modest scnl requnrements ab!e to grow on practi-
: cally all sites; very denhse and w1despread root system.

Lantana camara Quite adaptable evento poor sites; deep root sys’tem propaga-
~tion by cumngs . . :

‘ Nauclea spp: A, shrub growmg on the driest sttes even m clefts of rocks on
. southern slopes; seed ripens in March/Apnl frequem inthe BmgafAmbuklao area.

.Trompet Tree (Datura alba): More of a shrub than a'tree; fast growing, pousonous,
' propagatton ‘by cuttmgs for meédium and h:gh elevat'ons only.

' Mexacan Sunﬂower (Helianthus tuberosus) Forms shrubs with ilgnmed stems ;

sprouts easny and grows rapidly; most useful brush’ specres for blo!oglcal en-

~_gineering in the medlum and higher e!evations

' Dumanay (Homonola npana) A medium- sized shrub found in the beds of creeks

and streams or along their banks; useful- fcr river bank stabll:zatlon -survives
ﬂoomng. slow growth; propagat-on by cuttlngs '
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1)

._) Maguey (Agave cantala) Very draught resistant; provides cover for degraded
“soils; propagation by suckers or the viviparous embryos of the inflorescence
(buib&ls)

P4 1: Hand Seeding 7
Seeds of desirable grass and vine species are directly sowed by hand in horizontal

. grooves made on the slope.

The horizoniai grc'OVeé are made at intervals of 10 ¢m to prevent sowed seeds from
washing out by rain as shown in Figure 5.2-32.

Grooves in which
Seeds ars Sowad ..

FIGURE 5.2-32 GROOVES MADE ON SLOPE

According to an e.xpénence done by DENR (Department of Environment and Natural

. Resources} and JICA in the Philippines, seads of centroserna and colopogonium
- showed a good result. Seeds were sowed at average of 1 gramfm {Refer to Manual
' for Erosmn Controi Warks, 1988)

-P4 2; Hand Seedmg with Mat

'Thls is to cover the slope an which seeds dlrectiy sowed with mats. The slope is
- protected by the mat until germination.

Material of mat is roug_hly woven cloth, paper, straw blind, straw mats and cut-straw
felt. Some mats are reinforced with nets.

inthe RP-Jaban'Forestry Deﬁeiopment Piroject being conducted by DENR and JICA,

" the-mat was madse with ¢ogon and applied as a erosion control wark of the slope.
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“The procedures are as follows:

- Cogon mats are prepared by using "matting frame" shown in Flgure §,2- 33

L0

“lo1250.25 028 028

0,73

Lo. 40103

075 -

| oso |

SIDEVIEW

F]GURE 5.2-33 MATTING FRAME

- Seeds of centrosema and co!opegomum aré sowed by handin horlzontal grooves'
made at intervals of 10 cm on the slope. Seeds to be sowed are about 1 gram/m*®.

-~ Cogon mats are set on the slepe on which seeds are sowed with small pegs in
all corners as shown in Figure 5.2-34. Pegs are preferred t to be brushwoods with
sprouting ability like: kakawate

- Cogon Mut_-
N

. N .
S N7 : )
‘ '_ S Groove In which

Seeds are Sowed

2.0103.0

s \W : 'P'e'q"‘ .

FIGURE 5.2-34 SETTING OF COGON MAT
_. 3) P43 Soddlng _

This is. the conventsonal method in WhICh sods areg d:rectly Iald on the slepe surface .
Therefore, protection effects can be realized :mmed!ately afterthe placement of sods

For this work, the standard size of the field sod is 36 X 28 cm, and ten units of sods
are good for 1 square meter.
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When faying the sods,’ they are faid flat directly on the slope surface with fong side of
sod put horlzontally No'joints are provided to prevent scour starting from the joints.
Each sod shall be tightly contacted the slope surface by hitting it with a tamping board.
More than two pegs are used per sod unit (Figure 5.2-35).

| FIGURE 5.2-35 SODDING
4) P4-4: Strip Sodding

This is the coventional method for the embankment slope in which sods are inserted

hotizoritally in the form of streak into the slope when tamping the slope. The sod grows
- slowly and many years are required until the whole surface is covered. Therefore, the

growth of ¢ grasses shouid be accelerated by fertilization and the siope should be fully
' compactpd ' -

“When USEng_tHestarﬁdard size of 36 X 28 cmsod, each sod Is cut into the strip-shaped
“sod of 14 cm inwidth and then cut sods are horizontally inserted into the slope at the
interval of 30 cm (Figure 5.2-36).

- FIGURE 5.5-36 STRIP SODDING
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) P4 5 Seed Spraymg

The seed spraylng is olassmad lnto two types; a seed slurry spraylng ancl a seed-mud
spraying ,

Seeﬂ;ﬁhmﬁmym

‘A mixed slurry composed ol seed, water fertilizer, coheswe agent and flbers are

sprayed with a pump totheface of gither cut or ‘embankment slope Thrs work issuited -
to refatively low gradrent slope

Green colored lrgneous flbers are often used as flbers for a fine sight In the typhoon
or heavy rain season; the curing should’ be performed aﬁer execution of the work by

- using asphalt emulsron or the like.

For the execution, pomp and tank with an agitator are required. Howaver, the seed
siurry can be made and sprayed mantually ‘without above-mentioned equipment
dlsregarding the work speed. -

Seed mud Sg aymg '

Seed sorl femlr?er and water are mrxed together to form a mud Ilke mixtire and then

-~ 'sprayed to.the siope. This is suited to. high and steep cut slopes. A spray gun is

6)

_employed in oombmatlon with an air compressor. Asphait emuision is sprayed for

cunng

--"Amount ol the mud lrke rmxture to be sprayed is about G ot m 3100 and its stable water

content is about 30 o 40% of the total amount

in the executzon the spraymg drstanoe and angle of nozzle should be adjusted in
response fo the hardness of the slope so as not to _roughen the slope surface.

Curing by asphalt film can prevent erosion due to heavy raln during rarny season.
Doubled solution of cationic type is generally used at a rate of 1 titer fm? asphalt

_ emulsron

This seed mud sprayrng can also be carried out by manpower laklng no account of
the efficiency like the seed spraying. :

P4-6: Pick Hole Seedmg

Holes are dug on the slope surface by pick work ar'd then seed and femlrzed sorl is
filled into the dug holes.

Normally, the hole with 6 to 10 ¢ in diameter and 15 cm in depth at the rate of 15 to
20-holes per square mater.
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Solid fertilizer is filled into the bottam of the hole and the good guality soit with seed

~ over the fertilizer. Then the hole is covered with asphalt emulsion for curing.

This is suitable to protect cut slope being relativély unsuitable to grow grasses (Figure
5.2-37).

F
Seed poper

" Eart Solid feitilizer

= Holes g
{(moda In zigzag pattern)

Asphait curing 2k
&

FIGURE 5.2-37 PICK HOLE SEEDING

-P4;7: Seed Packet

This Is mainly applied to cut slope being relatively unsuitable for vegetation. Net

' packets filled with seed and fertilized solil are laid in horizontal grooves made in the

slape surface.

Synthetic fésin net is generally Used as the seed packet and seed and fertilized soil

~ can be filled into the packet either on the site or in factory.

~ The depfh of th'e.g:r('jové in which the seed packet is set is determined so that the top

of packet is slightly projected out from the slope surface. The normal spacing between
grooves is 50 cm (Figure 5.2-38).

. Seed packet
- {net sack filled up with seed
and fertilized sarth)
(laid horizontally
in streak form} -~

FIGURE 5.2-38 SEED PACKET
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8) P4- 8: Wattlmg

Thisi isto form steps onthe s!ope by a small fence commonly made wath brushwood
_ bamboo fascine, etc.

Steps formed with waoden fence pmtect the slope from erosion andlor scour dunng
the perlod until seeded p!ants will grow enough to stabllaze the slope

The wattlmg is made as follows . .
- To dtg trenches of about 80 cm m depth fo!lowmg the contour of the sfope.

'~ Todrive pegs. At least 1/2 of the peg length shouldbe penetrated intothe ground
An average interval beMeen pegs :s 30t050cm.

- To interweave brushwood, bamboo or fascme etc. on the drwen pegs in such a.
way that the b_utt ends are bent down into the groun_d_for root development.

~  Tofill the trenches with excavated soil to provide 30 cm space for planting.
An example of the wattling is flustrated in Figure 5.2-39.

0,60

o3 938 I

74.1-

L 0.50 .. 0.50 L.o.so _I

FIGURE 5:2-39 WATTLING

!

—148—



5.2.5

Fence

Peg

'DENR-and JiGA constructed wattling with the following materials and obtained a good
: result : .

Alibangbang branches (2 to 3 m long)
Cogon hand
Napier. band

Aiibangbang peg (4 to6.cmin diameter and 80 to 100 om in
Iength)

Ps: Slope _Prqiectlon by Structure
Refer to APPENDIX It STANDARD DRAWINGS 5. CONCRETE S.PRAYJNG,

MORTAR SPRAYING

6. CAST-IN-PLACE
CONCRETE CRIB

7. SPRAYED CONCRETE CRIB

S!ope protection works by. structure are classified into 8 types accordmg to their work
metheds and matenals as follows :

P5-1;
P5-2:

P5-3: -

P5-4:
P5-5:
- P5-6:
P5-7:
P5- 8:

Mortar Spray_mg
Concréte Spraying
Stone Pitching -
Congcrate Pitching
Gabion Pitching

- Concrete Block Crib

Cast-in-place Concrete Crib

. .Sprayed Concrete Crib

: A sunable work type is selected based on the mtegrated conSIderatrons from engineer-
ing aspects i.e. kind of structure and soil to be protected, conditions of slope surface,
slope grad:ent workablilty etc. and also fram enwronmentaf and economical aspects.

1) P5A: Monar Spraymg

2} P5-2: Concrete Spraymg

A

Monar or concrete spraylng is sunable to protect the cut slope surface where soil
conditions are as follows

- Easﬁy weatherab!e rock w:th ho seepage water and no danger of further move-

ment.

- Weathered rock whlch may be smpped off.

- Solis not suﬁed for vegetatlon such as mudstone.

The standard th:ckness of spraying is 8 to 10 cm and 10 to 20 c¢m for mortar and
concrete spraying, respectively, since thinty sprayed maottar structure can not be
recognized as permanent structure.
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Where seepage water is 'a'ntic'ipa'ted 'propef facilities such as horizontal drain hole or
stone-filled drain are provided prior to spraylng works. Otherwise, the sprayed layer
wiil be damaged by water pressure.

IumcﬁLEAsamp_l&

A typical oxample of spraying is shown in Figure 5.2-40.

Conci’eté Sproy:
Wire Net
P 2mm~-50

—Anchor Pin

/

Weep Hole
0 40mny

A0

30

300 :

Bﬂse Concre:e

FIGURE 5.2-40 MORTAR AND CONGRETE SPRAYING

Thickness of Sbravinq

The thlckness of spraylng is: determmed takmg account the Hnd of rock and slope .
“and weather condstlons A minimum thickness of 10 cm'is requnred in‘areas in bad
weather condltlon : :

' Mortar spraying of 510 10 cmin thsckness is generaﬁy adopted for &he slope of hard
rock with gradient of 0.3:1, while concrete spraymg of 10 to 15 cm is used for lhe
slope of soft rock with 0.5:1 grad:ent

Mix Proportion for MQ. rtar and Concrgtg Sgrg’ ving

The standard mix proportion by weight of cement and -aggregates is 1:310 1:4 (C:S)
for mortar spraying and 1:3:1 to 1:5:2 (C:S:G} for concrete spraying. Water cernent
ratio is 45 to 50% for mortar spraying and abotit 40 10 45% for concrete spraying.
Table 5.2-3 presents an example of a mixed proportion for mortar and concrete

spraying.
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TABLE:S,Z—EI . MIXED PROPORTION FOR MORTAR AND CONCRETE SPRAYING

L B . 1 Max.
Weight- o Cement | Sand | Gravel | Size
. Ratic | W/C (%) (kg) 1 (k) ] - (kg | (mm)
Mortar 1:4 45 430 1742 - -
Spraying o
{concrete] 1:6:2 | 45 | 3107 | 1321 | 660 15
Spraying ‘ . :
gzgngtrug_ tign

. Prior to spraylng, supponless stones and dust on the surface of slope are removed
with pressured water or compressed air and then wire mesh is placed and anchored
over the surface of slope. Diamond shape wire mesh is used for irregular slope
surface, and welded wire mesh for slightly irregular slope. The standard number of
anchors is 1 to 2 per square meter.

Weep holes are required for sprayihg. At least one weep hole is needed per 2 fo 4
square meters. ‘

" ‘Spraying can be constiucted eithér by dry or wet methad, tievertheless wet method
is more common. In'dry method, water and other materials are separately conveyed
with compressed air through different hoses and then sprayed from the same nozzle.’

: -in wet method, ﬂrstly, aII materlals are mlxed together in a mixer, as a slurry.
Secondary, the slurry is conveyed to a dlschargmg nozzle by compressed air, and
fmally sprayed to the surface of the slope.

' Spraying is normally constructed from top to bottom of the slope and repeated until
the specmed thickness is attained. The tip of nozzle is held at right angle to the surface
and moved slowly Ina circular motion so as to acheive uniform spraying.

“The ﬁ'ming and place for stopping the spréying cperation is at a proper place such as
a construction joint. : : :

The distance between the tip of nozzle and the surface to be sprayed is about 1 m.
The thickness of a s:ngle spraymg is dependmg onthe cohesnon and the seiting rate
_of mortar sluny

3Semng time'can be shortened by addmg acceteratmg agent of e}ther powder or liquid

type. The appropriate weight ratio of agent is about 3% of cement for the powder and
ahout 2 to 4% for the liquid.
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© Loss amount of mortar or concrete slurry is one of important factars for estimating

the material volume and construction cost. Loss I produced by filling into concave

portions and rebound during spraying work. Rebound ratio (ratio between rebotnd

and total amount) is govérned by the mixed proportion of materials, characteristics

§ of aggregates amount of accelerating agent, gradient of surface and skill of the

' 'operator Rebound ratio is generally about 10 to 15%. Re-use of dropped aggregates
is not permltted .

- Thé end portion of sprayed concrete at the top of slopeis completely embedded into

_ the ground or hrmty connected with a ditch te prevent seepage of suriace water as
. shown In Figure 5.2- 41. : _ ,

Firmly Connectad with Dlich

Sprayed Martar or
Concrate

o . _ Firmly Connacted with Ditch
Sprayed Mortar - .
Concrete’

Dlrch at To;:
of Slope

Ditch at Top
~of Slope

- FIGURE §.2-41 CONNECTIQN OF SPBA‘_’I’E‘D (C_QNCF?ETE WITH DITCH
' Longitudinal construction joint i§ provided every 10 to 20 m for relati\réiy flat surface,

while it may be unnecessary for remarkably irregular surrace An exampfe of construc-
tion ]omt is shown in Frgure 5.2-42, :

Ekl:srl.r'é o Sprayed Co_ncrah
t=30mm ] _ T .

T -
Board - Hold Bar |

FIGURE 5.2-42 CONSTRUCTION JOINT OF CONCRETE SPRAYING
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3) Ps-a; Stone Pitching
) Stone pltchlng (or block pitching) Is constructed to protect the slope from weathering
and erosion. This work Is applicable to the slope In the following conditions; i) slope

gradient is gentler than 1:1, ii) surface soil is non-cohesive sediment, mud stone or
fraglie clay. and iii) helght of sfope is Iess than 5m.

As Eor dry pxtchmg however the max1mum apphcabie he1ght of slopeis less than 3m.
Typical Example

A typicéd example of stone or block pitching Is shown in Figure 5.2-43.

Stoné
Weephole

Clayey Solil .
—— Backiilling Cobblestone
ar Pit— Run Gravel

FIGURE 5.2-43 STONE PITCHING

QQ_S_LUQJD_

Where I’lCh seepage water exlsts backfaﬂmg with cobblestones or pit-run gravel is
‘ co_ns_tructed 1o provide better drainage from the rear of the structure. Filter layer is
- requited when the fine- grained portion of surtace soil is likely to run off together with
'water In this cass, the thickness of backdilling is about 20 cm.

Weep holes wnth diameter of about 50 mm is aiso required for smooth dramage The
standard number of weep holes is 1 (one) per 2 1o 4 m?, but this rate is increased
where seepage water is rich. If a large amount of seepage water is present, stone
pitching is performed after installing sufficient drainage facilities. The foundation is
built first and stones are fixed with ties, and backfilling is made with any vacant space
carefully filed up without creating large gap near the crown. The foundation may be
made of cobblestones, concrete, piles orladder type footing. Joints are required every
10 to 20 m {o cope with differential settlement.
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4} P5-4: Concrete Pitching
Concrete pltchmq is Used for slope of bedrock with many ]0|nts or loose 1alus cone
- layer, where: concrete block crib work or concrete soraying may be msumc;ent to
protect the sfope. :

Plain concrate pltching (wuthout reinforcing bar) is used for slope with grad|ent gentler
~than 1:1 while reinforced concrete pitchang is used for a siopa with gradient of 0 5:1,

ical Example and Detai

A typical example of concrete pitching is shown in Figure 5.-2-44'._

Pleln Concrete

Weephole

Adchor' Bolt

Foundotion

FIGURE 5.2- 44 CONCRETE PiTCHiNG

Plam concrete p}tchmg requires a minimurh thickness of about 200m Non -8lip Iegs
‘or‘anchor bolts are placed at a rate of one anchor per 1 to 2'm?, and the standard
depth of embedment is 1.5 to 2.0 times of the concrete thickness.
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ti tin

Duringthe constriction, it is requ:red i} to prevent the permeation of groundwater into
bedrock, ii) to place concrete on whole surface of slope without any running portion,
iii) to completely dispose of seepage water by means of weep holes, and iv) to properly
'embed the upper end of concrete pntchlng into the ground.

Thr, surface of s!ope has to be properly prepared prior to the placement of concrete.
Otherwise air gap may be c¢reated between placed concrete and ground, and grasses
or trees may germinate through the joints. It results the faifure of concrete due to the
penetratton of rain water mto the air gap.

- The construction joint must be constructed at right angle to the surface or by means
of haif-lap joint as shown in Figure 5.2-45.

No Gcod
Sllppinq Oui\

F!GURE 5.2-45 CONSTRUCTIGN JOINT OF CONCRETE PITCHING
5) P5 5 Gablon Pitching

Gébid_n s used for slope protection where the slope material may run off due to spring
* water or the collapsed portion is to be restored.

' The’re are several types of gabions such as cylinder, mat, free and flat.

-Cylinder gabion is mainly used for disposing of spring water in the surface layer of
' the slope-and for draining surface water.
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Typical Example

: A'typ!cél example of.gabion pitching is shown in Figuré 5.2-48. -

. \WOODEN 106

FIGURE 5.2-46 GABION PITCHING
nstructi |

‘ “In case of very extensnve spring water, water co!lected by gabions must be guickly
drained. if gab!ons are likely to be clogged due to the run-off of sediment from the
_ slope the surrounding atea of the gabions shouid be protected by gravel.

6} P5-6: C_:oncre_te Block Crib
Concrete biock cnb is usualiy appued to the stope ) with grad;ent of gentler than 1:1,
ii) with seepage water, iii) where vegetataon works is unapplicable and iv) where parth’
pressure is unexpected
Typical Exam etail

A typical example of concrete block crib is shown in Figure 5.2- 47.

Conerala  Bigek Froming

Twisiod Wire

SIqu Pirenbng —}— e

Combinalica of
Spana  Pitching
and Yegatallon

- Filled Concrefe

FIGURE 5.2-47 _CONCRETE BLOCK CRIB
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7)

: Spaces En.side the frame must be filted up with good guality soil to protect the surface

of stope with vegetation-except in the followiiig cases which may require stone or
concrete block pitching.

o Gradient of'slope Is steeper than 1. 2:1.
. Considerab!e amount of seepage water exists.

¢ Good quahty soll is not avallabte

. Vegetat:on may flow out.

nstructior

The surface of slope must be fmlshed to be flat so that members of the crib are fixed
to the slope. Wire from each member is tied with a stake or anchor bolt driven at each
intersection of members and each hole is filled up with mortar for f|xmg The stake or

-anchor bolt is 50 to 100 cm in Iength

Spema! precautlons are requared to prevent the sedlment to run off from the rear of
frame due to improper handling of seepage water, and the disengagement of filled
materials in the space of frame due to insufficient compaction.

When dry cobblestone pitching is constructed inside the crib frame on a slope with
sand or on a slope with rich seepage water, it is recommended to place the frame
after suppressing sediment run off by installing stone-filled drains in the manner of

' branches of trees or by laymg water permeable mats.

Cobblestones are Iaud onits butt end and be fully |nterlocked with other cobblestones
Usage of weathered stone or stone with smali grain size is not desirable.

When filling materials, complete compaction is necessary to prevent the materials

from slipping down with rainfall run off.

P5.7: Cast-in-place Concrete Crib

Application

: Caét—in—piace' concrete crib is used for siope with the following conditions.

- Future stabﬁlty of the slope is questlonable such as weathered rock with spring

water and large-size slope with spring water.
There is a fear that concrete biock crib work may co!lapse
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- S_uppdrt_leés-stones and rocks cannot be fixed by concrete spraying on bedrock -
. with many joints and cracks. - ' IR :

Typical Example

~ Atypical example of cast-in-place céncﬁre_te erib is shown in Figure 5.2-48.

—Concrete Block Froming Cobblestone

E ‘Cost-in- Plage Concrate - [0 -, C;oncr_afeislock -Framinq
SEANE BN AN, G iD HITR e
SR e wer 1
| 1B oo™ D i
XS il
1 OGR! i
NN RN L%
15.20.9.4 e STy SRR
. . [\—/ L A " Steet Reinforcing Bor
‘ - : g ‘ : achor. .. -
© [Fitied - T T

" Cobblestone .
Morter Sproying

. ' 32 mm. dic. 1.420 mm lon
Cast-ln-Floce oo o s
Cont_:rete R
Cobbiestone - fllled Mortar

FIGURE 5.2-48 CASTIN-PLACE CONCRETE CRIB
. Construction
Frames of crib are made of cast-in-pface'i",e;ih.ft_jr'(':ed cohc’r@té, and the spaces inside

the frames are filed with and protected by stone pitching, block pitching, concrete
pitching, mortar spraying or sodding depending upon the conditions. of the slope. - -
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‘ o S FOR STEEP SLOPE
FORGENTLE SLOPE ~ & {Anchored by
{Anghored only Rock Bolt}

Jomts ofthe frames must be anchored with stakes or prestréssed steel bars for fixing.
Frames may be partly embedded in or just laid on the slope.

P5-8: $pr_ayed_ Co_n_crete Crib

Sprayed concrete cribis used under the same conditions as in cast-in-place concrete
crib. The main advantage of this work is to be able to construct the concrete crib in

_ 'c,,o'nfcf:rmlty with the irregularity of the surface of slope.

Imga!ﬁxamme

' The plan shape of this work is the same as in cast-in-place concrete crib. In Figure

5.2-49, the side views of different cases are presented.

by Anchor Borl

A Anchor Bar -

' .: 716 mm  L=750 mm
:> Rock Bolt
623 mm L2000 mm

- Concrete Boase

Anchor Bar
416 mm

Concrata Base

" FIGURE 5.2-49 SPRAYED CONCRETE CRIB

Construction:

: "ere mesh.and remforcmg bar to make- cribs are placed on the face of the stope in

- conformity withthe wregulamy of the surface of the slope and then concreting is done

by concrete spraymg

!n:thas._‘method. ‘works 10 ‘place concrete and remove forms are not necessary.
Therefore, this method is efficient for farge and steep slope in mountainous area.
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5.2.6 P& F!eialning':Wal_l_'..

Referto APPENDIX1  ANALYSIS 3. CONCRETE RETAINING WALL
. . METHODS 4.. GROUTED RIPRAP
- RETAINING WALL-
o _ _ 5. MAT GABION WALL
APPENDIX Il STANDARD - 8. GROUTED RIPRAP _
. . DRAWINGS 9. . FOUNDATION, r-'cm GROUTED
- ~ . RIPRAP
10. GRAVITY WALL, GRAVITY
“TYPE STONE MASONRY WALL
~11. RC STEEL PILE, GRAVITY
TYPE SEA WALL.
12. MAT GABION, CYLINDER

~ GABION

Retalnlng walls are structures to support and retain earth in the places whete stabmty
~of stepe can not be assured by earth slope alone or other stope protectlon waorks.

Type of Retalnmg Walls '

Relam:ng walis are classified into the foﬂowmg typee in accordance wnth their matenals
and shapes:

P6-1 Riprap -

P6-2: Grouted Riprap

P6-3: | Concrete Block Wall

P6-4:  Gravity Type Stone Masonry Wall
Pe-5: . Gravity Type Goncrete Wall
P6-6: . - Supported Type Concrete Wall
Pe-7:  Cantilever Type Concrete wall
P6-8: - Buttressed Type Concrete Wall
Pg- g Gabion Wall

P6-10:  Sheet Pile Wall

Table 5.2-4 presents the comparison of retaining wall types.

nstryction Regui m
- Retatmegj wall'should be carefully.constructed since-this.striicture is designed 10 retain
the extensive earth pressure and therefore the failufe of this structure may resutt in the

soverg damage not only to the road structure but 10 the users as Well

'-Construcuon requirements are presented here whlie dee:gn methods are dmwseed in
. Appendm :
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- Foundatlon Work

Where the bearing ground isa bedrock the bedmck shnuld be cutto a depth requwed
for placing a footing. The cut surface of the bedrock should be cleaned and then the
spread footlng may be placed See Figure 5.2-50 (a) : :

—-Leve!lng Concrete
: Fnllng-\ Fliling ~\

. ._Leveling Conereta
Crushad Stonas =~
5 /Rubblesmnes -

7

to)For Bedrock _ R ~tb) For Earih Strotum
FIGURE §.2-50 SPREAD FOOTiNG FQUNDATlON

‘Where the' bearmg ground is earth or gravel rubb[estones should be laid over the?
excavated surface and rofled fully and uniformly. Leveling concrete mix should be
poured over the rubblestones, and then the spread foundation may be placed’ over
:t See Figure 5.2-50. (b) . '

Where the beanng ground surface is s!antecf the pomon at the va!ley side shouid be
cut in'the form of steps and replaced with concrete to the bedrock line to forma .
- horizontal, uniform foundation. The body of the retaining wall should then be dsrecﬂy !
built over the foundatlon See Figure 5.2-61.

FIGURE 5. 2—51 GROUND STEPPING METHOD

Where the beanng ground is made up of poor materials, a p:le foundatton is generai!y :
adopted. However, if the poor stratim is thin, it is recommended to replace this with
" a better material such as good quality gravelly soit or the like, to provide a uniform

beanng ability so that the retaining wall may be built direetly averthe replaced material.
See Figure 5:2-52.
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Hepiédéd Soll: Crusher run on good material with sufficient bearing capacity

Angle of load distribution; =30°

. N
2T p P23
P Y Soft Layer
Repioced ForiIOnH S '

Bearing Layer
with Good Quality

FIGURE 5.2-52 GROUND REPILACING METHOD

Conérete Work :

Concreting work for both the iooting and wall should be done as manolithically as
practicable. |f this is not possible, groove, tenon or halflap construction joint should
be provided or steel dowels should be inserted at the joints.

Construct:on ;omt of wati should be provided at every t0mor less as showu in Figure
5.2-53 (a).'Reinforcing bar shall not be'cut at the joint.

Expansmn ;omt of wall should be provided at every 10 m or less for gravity type and
at every 15 to 20 m far cant:lever type retaining wall. See Figure 5.2-563 (b).

. . /—Joinl Filler
7 2 ¢ v
r .
I ? [4
{g) CONSTRUCTION JOINT {b! EXPANSION JOINT

FIGURE 5.2-53 JOINT OF WALL
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Backfill Work

Backfilling should not be allowed until the structure baecome stable and strong enough
to restst the’ earth prassure : . ;

Only selected quallty matern!s shouid be tised to backiil the retalning wa!!

“Where the back of the retammg wall is'used as a road, the setected materials should
" be p!aced as shown in Figure 5.2-64. . .

Pavement

L

[

Selectad Moterlal

FIGURE 5.2-54 BACKFILL OF 's;ELEéTED MATEREAL

' Compact;on is preferably done wﬁh heavy equ:pment such as 0.5t vubratmg compac-
" tor or vibrating roller more than 1t for the lower pomon and tire roller for the upper
portion of backf:llzng For the narrow pomons smaﬂ size compactor may be used.

The thlckness ofa Iayer for the compacnon should be less than 20 cm.

Rain water should be pen‘ectiy prevented irom flowmg into the pomon of backﬂilmg :
Drain or closed condunts_ should be provided in order to drain the seepage water.

1) P6-1: Riprap

2} P6-2. Grouted Rrprﬁp

3) P6 -3:  Concrete Block Wall

These types are apphcabfe to zhe slope wnh small eanh pressure acting on the wall.
Therefore, they are used mamly for protecting a slope from small-scaled failure near
the toe of the slope. The height of the structure is normally tess than 7 m. :

Shape

Figure 5.2-55 shows a typical sectioh of grduted ripraplcohcrete block wall.
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- Crown  Concrete

g Back{ill Matertals
E : Terraced $.?one _

- Stuffing Concrate
L

-, —
Backfill Concrete

- Foundation Concrate
CONCRETE BLOCK WALL

(a) Rearto face Length of Terraced Stone

Crown Concrete

~— Backtiil Moteriai
Bouider

-~ Grouted Morlar
Foundation Concrete

RIPRAP

" GROUTED

{b) Thicknass of Backfilling Concrete (5 - 20 cm)

{¢) Thickness of Backfiling Material at top

(d): Thickness of Backfilling Material at Bottom

FIGURE 5.2:565 = GROUTED RIPRAP/CONCRETE BLOCK WALL

Rear to face length of terraced stone

_Hear_t(.)'f'acé lehgth of térraded stone is determined by height and gradient of a slope.
- Refer to the standard length shown in Table 5.2-5.

TABLE 5.2-5 REAR TO FACE LENGTH OF TERRACED STONE

Grouted Riprap

Height_ (m) 0-3.0(3.0-4.0}4.0-5.0{5.0-7.0

] ) Embankment - 0.3:1] G.4:1 § 0.5:1 | 0.6:1
_ 'Grgdient — : :

cut 0.3:1 0.3:1 | 0.4:1 | 0.5:1

Rear to Face Length. (¢m)

30 50 &0 80

Concrete Biock Wall

Héight {im}

6-1.5|1.5-3.0/3.0-5.0]5.0-7.0

Embankment

0.3:1] 0.4:1 ] 0.5:1 | 0.6:1

Gradient .
B gut

0.3:1] 0.3:1 | 0.46:1 | 0.5:1

only

Stuffing'Concrete _
i 35 35 35 -

" Réar te Face
.Length (cm)
‘and Backfilling
Concrete

Stuffing Concrete |35¢5%{35+10% {35415+ |35420%

40 = 45 = 50 = 55

Hote:

* thickness of backfilling concrete

- not applicable
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nggjming -

Backﬂumg ls construc,ted to reduce pres.sure actmg on the retammq wall by draimng
. water and thus reduclng water pressure .

For riprap and grouted riprap, uniform thsckness of backftfffng of 30 om from to::) to
~bottom is recommended : : _

'Standard thickness of backﬁllmg for concrete block walt to be used for embankment
siope is shOWn in Table 5. 2 6. o

TABLE 5.2—6_' THICKNESS oF BACKFILL!NG FOR CONCRETE BLOCK
' WALL FUR EMBANKMENT SLOPE ' '

 Height (m) o-‘_‘i.s' 1.5-3.0 | 3.045.07} 5.6-7.0
Thickness | Top. | 20-40 | 20-40 | 20- 46 | 20-"40

{cm) -l .
Bottom {.30-60 | 45-75 |.60-100. | 80-120

- For cut slope of firm soll, uniform thl(':kn'és's of 30°to 40 cm'frosﬁ top to bottom is
recommended, while the thickness shov.rn in Table 5. 2-6 can be apphed for cut slope
of loose sall.

C'onstruci'i()n

Cobbiestone or crushed stone are well placed to support the concrete foundation. In
case of rock foundation, lean concrete wnh 15 cm in ihrckness 13 maore preferred

‘instead of stone

Joint shoud be prowded every 20 m. Howaver it may vary dependmg on the soil
condltlon :

Weep hote must be prowded at !east 1 per 2 m

: When high retam:ng wall is requued separated walls may be constructed as shown
in Figure 5.2-56. :
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Foundation should be bigger than Standaord

Leon Concrete

FIGURE 5.2.56 SEPARATED WALL

4) P6-4: Gra\fity Ty;d'e Stone Masonry Wall

5) P6-5: Gravity Type Concrete Wall

_ Gravity_type retaining wall is mainty used as a direct restraint work for slope failure or
as a foundation of other sfope protection work. This type is often adopted when the

helght is refatively low (less than 5 m) and strong bearing stratum is assured for a
- foundation grotund.

. This t;pe ls desfgned s0 as to'counter against earth 'pressUré by its own weight, in -
such a way that the resuitant force of earth pressure and dead load may not create
tensite stress in the wall.

In-case that tensile stress is created, semi-gravity type may be applied providing
- reinforcing bar to cover tensile stress in concrete.

Shape
The width 6f :the' bottom slabiis, in general, about0.5t0 0.7 times the height of retaining

wall, and the widih of the crown is more than 35 cm to provide enough space for
protection fence. See Figure §.2-57.
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FIGURE 5.2-57 GRAVITY TYPE RETAINING WALL

8) P6-6: Supported Type Congrete Wall
Appiication

Supported type concrete wall is des:gned asa grawty type structure although it can’
not stand by itself. it is supported by the earth at the rear of the wall. This type can
counter by its own dead load against ‘earth pressure. This type is often used as a
countermeasure to stabihze a slope m mountamous area. '

Cshane

Generally. s!ope rauo at front of wall is 0 311006 1 and he:ght of Wall is about.3 to
10 m. But, as the special case, the wall with a height of 14mis sometlmes des:gned
in Japan. See Figure 5.2 58, o

FIGURE 5.2-58 SU_PP'ORTED TYPE CONCRETE WALL
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" 7) P6-7: Cantilever Type Concrete Wall
Apnilcation
- Cantilevertype ¢ concrete wall is used in places where a high wall is required and gravity

" typé ot othertypeis not economical, Where the required height is 3-10 m, the volume
- _of concrete Is smailer than that of a gra\nty type

: A cantnlever typ_e concrete wall co_nsis_ts ofa w;rtica! wall and boftom slab which can
resist external force as a cantilever beam. According to the location of a vertical wall
- in relation to a bottom slab, this type is sub-classified into inverted T type and L type.

Shape
Standard section of cantilever type concrete wall is shown in Figure 5.2-59.

485

| E——
) 1 - }_
{——Vartical wa n oz 50
B =20.5-0.8H
b3
—_ Boﬂom Slab

FIGURE 5.2-59 CANT#LEVER TYPE CONCRETE WALL

Table 5.2-7 shOWS the standard dlmensmn of inverted T type wall.

TABLE 5'.2:'/ STANDARD DIMENSION OF INVERTED TTYPE WALL

o Wall Height H (m)
Dimension commmiem -
(my 3.0 4.0 5.0 6.0 7.0
W' -] 3.000 §{ 4.000 [ 5.000 | 6.000 | .7.000
ht 0.400 | 0.450 | 0.500 | 0.556 | 0.600
hz 0.150.] 0.150 | 0.150 | 0.200 | 0.200
h3 2.450 | 3.400 | 4.350 | 5.250 | 6.200
a 2.000 | 2,700 | 3.500 | 4.250 | 5,000
b '0.400 | 0.550 | 0.700 | 0.850 | 1.000
b2 | ©.550 | 0.660 | 0.650 | 0.700 | 0.750
3. | 1.050] 1.55¢ | 2.150 | 2.700 ! 3.250
bt 0.200 | 0.250 | 0.300 | 0.350 | 0.400
55 | 0.350 | 0.356 | 0.350 | 0.350 | 0,350
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8) P6-8: Buttressed Type Concrete Wall
Aoplication _

Buttressed type concrete wall is used for the purpose of reducing tha thsckness ofthe _

~ vertical wafl and bottom slab as'‘compared with those of cantilever type concrete wall.’
The wall and slab are designed as a continous plate or beam supported by buttressed
walls which are designed as web plate of a T-Type cantilever wall. Thistype s generally
applled fo more th:m 6 m high walls. .

‘Standard type of buttressed type concrete wall is shown in _Figu’re 5.2-60.
Front Back

View View

A
%

Section

B3 05“-’07?‘1
bi=0.5M1.0m
bt,C1,C2,1>50cm

Plan Lz H._2H
R At

FIGURE 5.2-60 BUTTRESSED TYPE CONCRETE WALL
9) P6-9: Gabion Wall
E. !; Ic

Gabion wall is used to prevent small size failure al the toe of sfope, especially where - -
seepage water exists, e

Gabion is common!y used as a protection work rather than asa retammg wall since
this can restst only small earth pressure.
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Mat gablon is'generaliy used for retaining walt as shown in Figure 5.2-61.

Gablen Woll

FIGURE 5.2-61 GABION WALL
10) P6-10: Sheet Pile Wail

Sheet piles are made of wood steel, or precast concrete. For the restoration purpose,
the use of steel’ sheet piles is recommended because of their strength and easiness
“in dnwng

~ Self- _supporting sheet pﬂe wall is too support the fateral pressure such as earth
' pressure by means of the lateral resistance force along its penetration depth and the
jbendmg rigidity of sheet p:le :

Recommendable height for this work between crest and excavated surface is 3 to 5

m, and higher wall requires tie rod or inclined pile, which is unsuitable for the
restoration work due to its costly and difficult construction (Figure 5.2-62).

Self-Supporting - Tie Rod Type Inciined Plie
Type . ~ Type

Tie Rod

Shest Plis.
or H~Pite

_Sheet Pite | Sheet Pile
. Sheet Plle

FIGURE 5.2-62 SHEET PILE WALL



* However, in such a specla case as both sides of embankment are washed away or
falled, double sheet pile walls tied with each other by tlerod is often used for either.
tomporary or permanent measure, as shawn In Figure 5.2-63, - '

URGENT MEASURE
A oo
I o t
{ o : [
A "“:\ : :
R - - Y R —— PERMANENT MEASURE
-q!?,r” THLERF] ) 7 Ty \j
- r : . Y
SHEET PILE

_——-ﬂa ROD
“FIGURE 5.2-63 'DOUBLE WALL SYSTEM _

Drwlng of sheet plie is carned out by using general equipment ie. steam hydraullc- :
or vibro- hammer mounted on a crawler crang, or mechanical-hamimer. Construction
of sheet pile wall, including driving, is carried out in accordance wnh general practice
inthe Phlllppmes

Since sheet plles are W|dely used for rest()ratlon works and can be reused several
~ times, it is recommended to stock reasonable amount of them in reqmnai or district
offices for quick and appropnate response to dlsaster '
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527 P?’ Anchormg

Refer fo APPEND!X! ANALYSIS METHODS 6. ANCHORING
: APPENDIX Il "STANDARD DRAWINGS 7. P.C. ANCHOR

1) P7-1: Rock Bolt
Applicat]

Rock bolt is used to prevent unstable rocks on slope surface from falling down, by
tylng them to bedrock as shown in Flgure 5.2- 64.

FIGURE 5.2.64 ROCK BOLT

Q_Q_!]Sjm!lwn

Both the unstable rock and bedrock should be drilled with a rock drill at the same time
and then a rock bolt shiould be msened to the dr-“nd hole.

"The' tlp of the rock bolt is spiet Iong:tudmally and the rock bolt can be anchored by
inserting a wedge to the split and by driving the bolt into the hole. Martar is then filled
mto the hole and the bolt is tightened from the outside for anchormg

2) P7-2: PC-Anchor
AQQiIC@iion

PC anchor is used in case where there are ;omts or cracks in the bedrock slope of

hard or soft rocks and the slope is likely to collapse of fall down. This work aims to

prevent the co!lapse and separanon of badrock by directly tightening the unstab!e
bedrock. :

PC—anchor is aiso employed for increasing the stab:hty of other works such as

cast in- place concrete crib, concrete pitching and retaining wall (refer to Figure
'5.2-65).
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Waather Layer

. Waalthered Ldyer
. Bed Rock

--w——TenHoneId Portion -
Unanchored Periion

- Presiressing Steel

Fitled with Anti-

. ' i = 9 o, :
i Corrosive ) I : I l )
Main Portien : - Jo o D‘I}‘ Anchor

N
3
- Anchored- Portlon
( ) o &

A BedRock
qusl in - Ploce Concrete ‘Cribwork

Filled with

Morrar . kCOncruu Pliching -

FIGURE 5.2-65 PC-ANCHOR

T}fpg of Anchoring

PC anchor is composed of three parts; main pomon tension member and anchor
'head '

PC anchor is classified into the fo!iowmg three types accordmg to the method of
: anchoring the main pomon of anchor to the bedrock (F:gure 5. 2-66)

- Frict:on type anchor ThlS transfer the puH out force of anchor o the bedrock by
*_means of frictional resistance between the bedrock and the penphery ofthe main
o _pomon of anchor.-

- Bearmg type anchor A part of the main pomon of anchor is enlarged and the
“pull- out force of anchor is resisted by passive earth pressure.

- Combination type anchor: Combination of the iwo_above.

Friction type anchor is-most commonly used. - :

) Pusslve Earth Pressurs -
Friction Resistance Y 7 ]

/

FR_iCTION TYPE . ' BEARING TYPE COMBINATION TYPE

FIGURE 5.2-66 ANCHORING METHODS
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trugtutal Detail

Structural detail of PC-anchor is shown in Figure 5.2-67.

; . Freue Lengthof o ' Arnichorad Length of
Tanslon Member Tansion Member
Antlcorroslvo\
Rulnforclng Bar el o I : Ancher Tip
Tenslon Member _ .. s b o RO Dlameter of Main
{Pra Strassing Sieel) ':‘td ..... e e Portlon of Anchor
Grout Fixing Nu?

e Frength of Anchor N

Tightening Device—
N\ Anchor Length

Frea Length’
'FIGURE 5.2-67 STRUCTURAL DETAIL OF PC-ANCHOR

Because of high tension acting on tension member, prestressed steel such as
prestressed steel rod, prestressed steel strand and prestressed steel wire are general-
ly used as materials for main portion and tension membet.

Qongtrubtign

The mam pomon of anchor should be anchored to bedrock which has not been
weathered. In addition, the main portion of anchor should be installed deeper than
the antlcipated sliding surface. Since the factors in the actual ground are complicated,
the resuits of ground survey should be quy examined and the most effective tayout
of anchors should be made

When, usmg anchors as seml -permanent structure, steel tension members should be
-proper!y treated to prevent corrasion. For this purpose, grouting Is penormed to the
portion ( of free length of tension member after anchoring, or sheaths are placed to
cover steel members and anticorrosive is filled into the gaps between the sheath and
“siegel members. Other\mse antlcorroswe is app]led to the portion of free length. See
Figure 5.2-68.

—~175—



Covar — ' ' Saath is Inserted

' Anticorrosive is follow Into gap
Ahticorrosive Is “y/“
~ poured Into inside :
covar .

- Anticorrosive Is applied to
surface of steel member

FIGURE 5. 2 63 ANTICORROSWE OF PC-ANCHOH

After grout of the main: portlon of anchor gams the d951gned strength, tension test is
conducted for more than three anchors or more than 5% of the total number of
anchors and then confrrmation testis conducted for all other remafmng anchors. A
load of 1.2 10 1.3 times the desngn anchar force is used as the maximum load for the
tension test, and d load of 10ta 1.2 tlmes for the Confirmation test.

An example of mix proporiion for grout is shown in Table 528

TABLE 5.2-8 EXAMPLE OF MIX PROPORTION FOR GROUT

Cement Water Sand.
Cement Mortar |~ 1 0.5 . | 0.6
Cement Milk S B 0.5 - 0.55 | -
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5 2, 8 P8: Catch Work

Refer to APPENDIX II - STANDARD DRAWINGS 13. CATCH FENCE
14, CATCH WIRE NET

Catch work is a counterm_eésure against fall by preventing the falling materials from
extending to the road. it is classified into the following:

P8-1: - Catch Fill and Ditch
P8-2:  Catch Gabion Wall
P8-3: Catch Congcrete Wall
pPg-4:  Catch Fence

Pa.s: Catch Wire Net

T @ ® @ @

1) P81 Catch Filt and Ditch -

Catch fill and ditch are usually used at the place where roadside is wide enough to
provide a flat packet for falling rock. The advantage of this type is that it can be
constructed easily and economically since expensive materials such as concrete and
steel are not required. See Figure 5.2-69 below.

FIGURE 5269 CATCH FILL AND CATCH DITCH
Helght and width of catch fill and ditch are des:gned in consideration of velocity and
;umpmg helght of falling rock. '
~ 2) P8-2: Catch Gabion Wall
“ . 3) PB- 3. Catch Concrete Wall

Catch wall is used to prevent racks from faiimg onto road, and usually constructed at
roadside.

A space (pocket) is provided at the back of catch wall so that fallen rocks and

: coliapsed earth can be piled up. Catch wall is set up at the place where road shoulder

- is.wide or slope is gentle Catch wall is sometimes used jointly with catch fence. See
' 'Flgure 5.2-70.
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CATCH WALL "CATCH WALL WITH FENCE

FIGURE 5.2-70 CAYCH WALL

: Catch wall is a kind of grawty type retammg “wall. and is dealgned in such a way that

kinetic energy of falling rock or collapsing earth can be retained by displaced energy
of concrete body and foundanon as shown in Figure 5.2-71.
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FIGURE 5.2—71 CONCEPTIONAL MDDEL FOR DESIGN OF CATCH WALL

) PB 4 Catch Fence

Catch fence is useful only agalnst smali size rock fal[ Exampies of rock fence are
shown in Figure 5.2-72,

{o) STRAIGHT POST:

(b} POST WITH -ANCHOR

FIGURE 5.2-72 ROCK FENCE
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- Usually, rock fence is set up at the road shoulder or at the lowest berm, but it is also
advisab!e 10 set the upper berm to absorb energy of falling rock for large scale slope,
as shown in Figure 5.2-73,

_ FIGURE 5.2-73 DOUBLE LINES OF ROCK FENCE

_H_e_igbt of Fg‘n'g' e

Helght of fence should be decided based on |ump|ng height of falling rock. Jumping
helght is usually less than 2 m,

The guidé]ine for deciding the height of fence is given in Figure 5.2-74,
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FIGURE 5.2-74  HEIGHT OF CATCH FENCE

5) P8-5: Catch Wire Net
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_Catch wire net aims to prevent spread of damage by covering a siope with wire net
This type is installed in such a way that the upper end pomon ofthe netis separated
fromthe surface of the slope. Falling stones from the upper portion of slope are caught -
by the gap between the net and slope, and the ¢ gnergy of the falling rock is absorbed

when the stone crashes agalnst it. See Figure 5.2-75.
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-Vartical Rope

A;//’_ Suspension Rope

Horlzontal Rope

FIGURE 5.2-75 CATCH WIRE NET

Catgh wire net is designed with the following considerations:

- Energy of the falling rock

- Energy absorbable by the net

-~ Strength and’stability of anchor on the assumptlon that ultimate strenth of the

“rope will act on the anchor.
529 PO Sup_port_ing:Work
1) FQ-i:Concreté Supporting

Unstable rock is fixed by supporting it with concrete at the lower and surrounding

portion of the rock. Sometimes, stone masonry work is also used instead of concrete

work. This method is effective for the gentie slope where there are many unstable
. rocks which can not be easily removed. See Figure 5.2-76.
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rumsmm.k—: SYONE

BISTGNE MASONRY SUPORTING WORK

AJCONCRETE SUPPORTING WORK

FIGURE 5.2.76 SUPPORTING WORK

5.2.10 P10: ROCK SHED - . | |
Referto -APPENDIX! - ANALYSIS METHODS - 7. ROCK SHED
/APPENDIX Il STANDARD DRAWINGS  15.© ROCK SHED

1) P10-1: Concrete Rack Shed

‘Rock shed is constructed to ¢over the whole width of a. road to prevent rocks from
falling mto the road Rock shed is used in the foifowmg cases.

~ Large and steep slope where racks aré prone to {ail i IS contlnued and foadside
space is narrow. :

— Falling rocks are bla and fallmg area 18 S0 wade that rock fence may net prevent
them. .

- -Fa!hng height is s0 h;gh that fa!!lng rock may ]ump over a fence

'Rock sheds are classmed accordlng fo the shape into form types; portaf, retammg

wall, arch and pocket types; as shown in Figure 5.2-77. Rock sheds are made of steel,
reinforced concrete or prestressed concréte, among which remforced concrete isthe
maost comimoen. : :

Deposlted Eurih
Matsrlal

Absorption Laysr

Absorplion
Layer

_PORTAL TYPE RETAINING WALL TYPE '_ _ ARCH TYPE
FIGURE 5.2-77. ROCK- SHED '
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Where a road is situiated ‘on ‘a mountainside, 1.e. mountain on one side and valley on
the other side, the following type Is recommended. See Figure 5.2-78.

" Math Thickness of
Absorptien Layer
shail be 0.2m . ..

Folling Rock

__~———Deposited Material

Back Filiing

Rock may fal}
to volley -
;- - Omox. = 30°
Bed Rock _

f‘"
Valley

FIGURE 5.2.78  ROCK SHED ON A ROAD IN BETWEEN MOUNTAIN
- | AND VALLEY

52141  P11: Prevention Pile
1} P11-1: Stee! Prevention Pile

‘Prevention pile is a countermeasure for landslide, controlling a movement force
of sliding mass by bending strength and shearing strength of pile. Anchoring
is sometimes used with pile to increase the resisting force of pile against thrust

-of sliding mass (Figure 5.2-79).

Palmg is usually applted at a place where the bedrock is strong so that pile can
. withstand. a sliding mass. This type is also effecitve in case where the sliding

plane is deep.. However if the motion of a landslide is vigorous and exceeds
1 mm per day, p:llng may not be effective because each pile may act individual-
‘ly uiless alt pﬂes are p!a(,ed at the same time.

_-Pre cast concrete pl|88 cast-in- place cancrete piles, H sectlon stee! piles and
steel pipe pi les aré used as preventaon piles. The most commonty used method

is as follows: 1) & bore hole with a large diameter (about 35 to 40 cm) is driven,

2) a steel. plpe with a diameter ‘of about 30 c¢m is inseried to the hole, 3) the
inner space of the pipe is filled up with concrete, and 4) the gap between the
pipe and wall of bore hole is filled with grout.
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Pites are designed following fhe well-known Chang's Formula.

Shiding Surfoce ~——

Stenl Prevention Plle

FIGURE 5.2-79 STEEL PREVENTION PILE

5.2.12 P12: Slope Breasting

1) P{2-1: Stone Breasting

2} P12-2: Gabion Breasting |

Breastmg is constructed on the cut sione with stones or gablons as shown in
Figure 5.2-80. '

The same effect as watﬂing work_(P4-8) is expected by this work,

— Brushwood

——Cylinder Gabion

—Peg

FIGURE 5.2- 80" GABIGN BHEASTlNG

5.2.13 P13: Sabo Dam

Refer to APPENDIX | ANALYSIS METHOD 8. SABO DAM.

Sabo dam is a countermeasuse for de'br_is flow with the following purposes:

To cétch and collect debris andlse'dtnient
To control flow of debns and sedlment

To make gradient of stream bed gentier to prevenl stream bed and ‘bank frcm
scouring.

To control turbulent flow and thus prevem stream bank from SCOLII’Ing

Sabo Dam s classified into several types such as concrete, gablon sleel etc.
depending on the meterial used.
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1) 3-"1371  Concrete Sabo Dam
2) P13-2: Gablon Sabo Dérh
3) P13~3 Steel Sabo Dam

Sabo dam work is c!assrﬂed in accordance with the purpose as follows :

Debris flow preventlon dam is used to catch and collect debris and sediment.

Control dam isto control flow of debns and sediment.
_ 'Scour prevention dam is to’ prevent stream bed and bank from scounng

Hillside dam is to protect stream bank and hillside from scourmg

The location of sabo dafm must be carefully selected according to its purpose. The
following are genéral guidelines in detetmining the location of sabo dam:

Firm Bedrock is preferable sothat a stable foundation may be constructed. Where
foundation is gravel, a'height of sabo dam should be less than 15 m.

Downstream just after the place where debris are stored/depos;ted is suitable.
Upstream just before the width of torrent becomes wider js suitable.
A curbed portion of torrent is not suitable. -

ln case the torrent is fong. and the volume of debris is estimated to be extensive, a
series of sabo dams is arranged ina step like manner as shown in Figure 5.2-81.

' FIGURE 5.2-81 SERIES OF SABO DAM

An example of gabion sabo dam is shown in Figure'5.2-8'2.

—185—



FIGURE 5.2-82  GABION SABO DAM -
5.2.14 P14: Con's:b‘lrid:éﬁdnf "

Consolldatlon isto prevent ariver bed from scour by makung a gradlent of the river
~ ‘bed gentle Thus, movement of sediment on the river bed can be controlled and at
. _the same time the river bank is also protef‘ted It is sometlmes applied for the
protectlon of the foundation of structures aléng the river bank.
The materials commonly used for consolidation are concrete and gabion.
1) P14-1:  Concrete Consolidation
2) P14-2; ‘Gabion Consolidation
The. Iocatiorn"s wheré-consolidations are constructed are as follows:
« Where river bed may be Scoured ) .
o At a downstream just aﬁer a conﬂuence (a meetlng pomt of flows)
e At a downstream after a failure of rwer bank
o Ala downstream just after the curved pomon of stream
s Where nver stream is sw:ft or turbulent

Figure 5.2-83 shows a typlcal shape of consolldanon structure

FIGURE 6.2-83 TYPICAL SHAPE OF CONSOLIDATION -STRUCTUhE
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