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CHAPTER 4 METHOD OF SLOPE INSPECTION

4,1 General

4.1.1 Inspection Sheet

Inspection Sheets (Form A to Form F) are prepared as mentioned in Chapter 1 and shown in’
the Tables 4.1, These Sheets shall be filled up while carrying out slope inspection '
ticldwork.(See Appendix 4.2)

4.1.2 " Engineer in Charge of Slope Insbection_ :

The Chief Engineer shall supervise the work of the Geologist, Geo-technical Engineer to
obtain good results. The number of Geologists and Assistant Engincers involved depend on
“the magnitude of inspection work. '

Qualification of Geologists is defined in Chapter 1 Table 1.3.1.

Geo- technical Engineer’s responsibility is to estimatc the cost of countermeasure works,
with co-operation of the Geologist,

413 ~ Field Work of Slope Inspection

Observations during fieldwork shall be done at the selected slope. The geologist has to use
certain basic tools to record the surface conditions of slopes. Followings are the devices
required for collecting field data. o

(a) Tape measure

(b) Altimeter

(c) Clinometer :

(d) Camera ( Digital camera is recommended)

(e) G.P.S device

(f) Binocular

By using' these .devices, basic.slope_data Can_'be collected and recorded on the Slope
Inspection Sheet,

_4;1.4 Evaluation of Slope Instability and Risk Rating

(1) Risk Rating
Risk rating is calculated automatically by the system after filling up the inspection
sheets. ' '
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(2) Evaluation of Slope Instability :
Comprehensive cvaluation shalt be done by the Chief Engincer and commented in Form F,

Table 4.1.1 Forms of Inspection Sheet

Form Iiems to be Recorded Remarks

General slope Data

(a) Most Likely Failure Type, (b) Chamage
(c) Type of Slope, (d) Side of Road,

(e) Distance from Road Ccntrc-Linc,

() JKR Slope 1D (g} Field ID, (h) Field 1D, :
A (i) Route Name, (j) District (State) Name, On SIMS
(k) Date Inspected, (1) Inspected by,

(m) Date Checked, (n) Checked by,

(0) Realignment Event, (p) Disaster Record,
(q) Location Map (1/50,000),

(r) Date Entered in SIMS, (s) Entered by

S]ope Skctch

B (Plan and Cross Sechong) On SIMS
‘ Photograph
C (Overall View and Special Features of Slope) On SIMS
Slope Feature . Afier
(a) Geometry, (b) Geology JKR UST 1/2000
D (c) Cover/Existing Countermeasure,(d) Drainage,

Not on SIMS (field

(e) Pavement, (f) [nstrumentation data)

Slope Hazard Rating Sheets

E 1: Collapse and Rock Fall(CL/RF),
E 2 : Rock Mass Failure(RM), _
E 3 : Landslide(LS), On SIMS
E 4 : Debris Flow(DB)

E 5 : Embankment Failure(EB)

Proposed Countermeasure
Countermeasure, Amount, Remarks, and Comment

Consequence Rating
K On SIMS

Local Information

Building Type, Vegetation/Cultivation
Rainfall Information
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4.2 Completion of Inspection Sheet

As mentioned 4,1.1 the survey tcam shall complete the Inspection Sheets,

4.2.1 Form A: General Slope Data and Location Map

Pleasc refer to Sections 3.2 and 3.6 for {illing up the Form

(1) Distance from Road Centre-Line to Slope Toc
Distance from the centre of road to the toc of slope shown in Figure 4.2.1.

T,

‘Centre Line

|- L L

@ Filled Surface

E R R Ty
ﬁ vemer'l'f

e L

S

Slope Toe

T

A AT A L b ey

T

Verge Shoulder . Shoulder Verge

L= Disfance between slope toe & centre line

SRR

Figure 4.2.1 Dlstd ce of SIOpe from l'Odd centre line (Ref.*6)

(2) Date inspected and Inspected by
Date inspected and name of the Geologist should be entered in the Inspection Sheet.

(3) Date Checked and Checked by
Date inspected and name of the Chief Engineer should be entered in the Inspection
Sheet.

(4) Realignment Event
Road alignment is sometime changed after slope disaster or other reason. When
realigned, the following data should be recorded.
~ Date of realignment, reason for realignment, and chainage of realignment section.

(5) Disaster Record :
When the slope has disaster record, following data are entered.
- Date of disaster, Chainage of failure section, type of failure, Volume of failure,
Traffic disasters, and Weather conditions. An exampie is shown in the Table 3.6.1.

NIPPON KOEI 1-4-3 March 2002
0YO Corporation



The Study on Slope Disaster Management Guide 1I: Guide to Slope Inspection
for Federal Roads in Malaysia Final Report: Guideline Vohime

4.2.2 Form B: Slope Sketch

In Form B (sheet of sketch), the condition of the slope surface under observation and

measurements for recording purpose are required. The following data shall be recorded in
Form B.

(1) Basic Structure of slope
- Distance from road centre to the toc of slope
- Geometry of the slope
- Facilities on the slope
- Countermeasure work on the slope

(2) Topography
- Topographic features
- Up- slope condition
- Down- slope condition
- Natural drainage

(3) Slope hazard condition
- Occurrence of collapse
- Deformation of slopc
- Rock mass stabijlity condition
- Boulder stability
- Gully erosion

(4) Countermcasure
- Features of countermeasure
- General layout of countermeasure

(5) Geological data
- Rock type
- Condition of surface soil
- Dip/strike of bed
~ Condition and structure of discontinuity
- Weathering grade
- Pattern of rock discontinuity

(6) Location of photograph
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Figurc 4.2.2 Basw Sl{)pc information to be on the Form B (Skctch of Slopc)

Recording standard shatl conform to the British Standard that is used generally in Malaysia,
Standards for weathering grade and pattern of discontinuity are shown in Figure 4,2.4 and

Figure 4.2.5.

Sketch must be readable by everyone. It should be drawn clearly and highlighted by visible

black line, because it will be displayed as a monochrome JPEG image in SIMS.

If a sketch is drawn using a pencil, it should be traced again on a new sheet or the drawing

hightighted using a black pen without any dirt on the sheet.

An example of sketch is shown in the Figure 4.2.3.
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Figure 4.2.3 Exampie of Sketch (Penanpang—Tambunan Road, Sabah)
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Grade Description Typical Characteristics
A soil mixture with the original texture and
K ' mincralogy of the rock completely destroyed by
V1 Residual Soil weathering,
Rock is wholly decomposed and in a friable
Completely condition but the rock texture is preserved.
A/ ' Geological pick easily indents when pushed int
Decomposed Rock logical piek easty § when pus 0
the surface. Usually slakes readily in water,
. Large rock pieces are broken by hand due o
Highly weathering. Individual grains may be plucked
IV from the surface, D lake readily i
Decomposed Rock om the surface, Does not slake readily in water,
‘ Hard penetrometer strength index generally
greater than 250KN/m?.
_ Considerably  weathered  throughout - but
: Moderately possessing strength such that pieces SSmm in
I Decomposed Rock diameter cannot be broken by hand. Rock
material not friable.
A Strength approaches that of fresh rock. More than
Slightly ; one blow of the geological hammer to break
1 Decomposed Rock R specimen.
i Unweathered. Rarely encountered in surface
, CXpOSUIEs.
I Fresh Rock =
Figure 4.2.4 Standard of Weathering Grade
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Joint Pattern Examples Description
No adverse discontinuitics. Widely spaced, single
1 set or absent.
/-/__/
' Many discontinuities, blocky, Spacing generally
2 / greater than 500mm. No significant daylighting
: wedge or planar joints,
_ Many discontinuitics, blocky. Spacing generally
3 / less than 500mm. No significant daylighting
' wedge or planar joints, '
A Two or more joints forming daylighting wedge.
]
Planar, daylighting joint or joints.
5 .
' Toppling
6 \
- Toppling and planar modcs.
7
Many discontinuities, fissile. No significant
8 daylighting wedge or planar joints,
Figure 4.2.5 Pattern of Discontinuity
NIPPON KOEI -4 -8
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423

Form C: Photograph

Tollowings are important guide lines {o take a photograph.

(1)

)

(3

“

“View point of photograph

(a) General view of the slope
(b) Features of slope condition

Numbers of photograph

One or two photographs of general view rcqmred and two or three photographs of

features of slope condition are required. A total of three to five shots is recommended

as an adequate number of photographs.

Camera

It is better to take plctures w1th a dlgltal camera. If a digital camera is not available,
developed and printed photographs should be scanned and save as JPEG’s images on
dlgltal media.

Location of photograph
Location of photograph shall be recorded in the Form B Sketeh

An example of photograph is shown in Figure 4.2.6.
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(a) General View

{b) Feature of Slope Condition

Figure 4.2.6 Example of Photograph(CH27.0km East- West Highway)
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4.2.4 Form D: Slope Feature

Same as JKR Slope 1D, Chainage, Side of Road and Date are required to be filled up in Form
D followed by slope features as shown below:

(H
)
()
)
©)
(0)
™

M

Geometry

Geology

Erosion

Cover/Exiting Countermeasure
Drainage

Pavemcnt

Instrumentation

Geometry

As shown in Figure 4.2.7, the Basic Elements of Slope, following fundamental data of
slope shall be entered in the table. Maximum and minimum berm height (Hb) and
width shall be entered.

Hb

Hb

HD

Hb

H: Height of Slope, Hb: Berm Height, «;,0,: Angle of Slope(range; o,-a,),
o Average Angle of Stope, Wb: Width of Berm

L~

Figure 4.2.7 Basic Element of Slopc

Number of berm

Number of berms on the given slope from the road level up to the highest point.
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(2)  Geology

(a)

(b)
©

Geological Name

The main rock genetic type, sedimentary, igneous or metamorphic, is shown on
the table. Tick on individual rock names that arc scen on the slope. If not in the
table, the rock name shall be entered in “OTHERS”,

When the slope consists of soil, the appropriate soil name(s) shown in the table
shall be ticked ' '

Weathering grade and type of discontinuitics

Reter to Figures 4.2.4 and 4.2.5,

Composition of Rock: Soil

Ratio of rock area to soil area shall be entered as a percentage.

(3) Erosion

(a)
(b)

(©

(d)

Sheet Erosion _

Firstly, estimatc the pcfcentagc of erosion by area,

Severe: more than 40%, Moderate: 10-40%, minor: less than 10%
Rill Erosion ' _
Scvere: (.2-0.5 m in depth, Moderate: less than 0.2 m in depth, Minor: newly -
tormed rills

Gully Erosion .

Severe: Depth of gully is more than 0.5 m and spread over more than one berm,
Moderate: Depth of gully is over 0.5 m and spread over one berm

Minor: Depth of Gully is around (0.5 m and sprcad over one berm

Fretting .

Estimate the percentage of erosion by area,

Severe: more than 40%, Moderate: 10-40%, minor: less than 10%

(4)  Cover/Existing Countermeasure

Following main countermeasurc types are prepared in the table for r'ecording height
and length or area.

(2)
(b)
(©
(d)
(e)
(f)
(8)
(h)

Gabion

Crib Wall
Concrete Wall
Masonry
Rock Bolts
Netting

Soil Nail
Piles

When any other countermeasure is applied, it shall be described in the column “OTHERS”.

In the column “COMMENTS” effectiveness of countermeasure shall be described.

NIPPON KOE| -4 -12 - March 2002
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Following comments can be used,

(a) Effective
(b) Effective but nceds repair
(¢) Not effective needs additional work

Outlinc of features of each countermeasure as shown in Table 4.2.2, Further cxplanation is
described in the Guide 1V; Guide to Countermeasure Selcction.
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Table 4.2.2 Enginecring Featurcs of Countermeasure Type

Countermeasure
Type

Engineering Features

Schematic Structure

{a) Gabion

Wire netting or cellular steel lattice to support
rocks and soils.

ROADSIDE
DITCH

(b) Crib Wall

Interlocking pre-cast concrete structure
arranged overlapping and filled with earth or
stones. Similar to gravity retaining wall,

(c¢) Concrete Wall

Concrete retaining wall either cantilever or
fixed.

:;:: ;W:l‘fv Su_r.far.c /14' ,.j‘f

~ . 4

-

(d} Masonry

Stone wall bonded with concrete acting as
free wall or gravity retaining wall

(e) Rock Bolt

A method or equipment used as an
anchor on possible loose rock slopes

} p
(f) Netting Netting used to cover slope surface é
' K
(g} Soil Nail A method used to hold slope earth
/
}
(D) Piles Pile wall to support slope earth
NIFPON KOFI -4 - 14 March 2002
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(5) Drainage

(a) Culvert ID: According to bridge inventory number,
(b) Drainage

Drainage cohdition can be ticked on more than one item prepared in the tabte.
Good condition/Need Desilting/Need Repair/Not present

(6) Pavement

Following cracks or deformation on the pavement shall checked.
(a) Cracks: Yes/No
(b) . Cracks sealed: Yes/No
{c) Depression: Yes/No .
(d) = Shoulder depression: Yes/No
(e) Cause of Cracks: Pavement/ Slope failure

- Bvaluation on Cause of Cracks (c) is most important procedure. When cracks are due to

~ fatigue, they have no continuous relationship and depression. When a slope failute is taking
place, cracks are continuous and some depression is found. (Figure 4.2.8)

' {a) Pavement cracks {b) Cracks caused by slope failure
(Random fabric) (Linear structure)

Figure 4.2.8 Pavement Cracks and Cracks caused by Slope Failure
(7) Instrumentation

Condition of the slope can be checked by instatlation of certain monitoring devices
into the slope.
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425 Form E1: Collapse (CL)/Rock Fall{RF)

Form E 1 is the sheet for Slope Hazard Rating of Collapse (CL) and Rock Fall (RF) The
following six items are main factors for hazard evaluation.

(1) Topography

(2) Geometry

(3) Material .
- {4) Geological Structure

(5) ~ Deformation

(6) Surface Condition

(7) Countermeasure

(1) | Topography
T6 evaluate slope stability following sub-items are selected,
(a) Alluviu_rh'slopc
(b) Trace of collapsc
(© Cicar knick point.or overhang

(d) Concave slope or debris lepe.'

These types of slope topographics are prone to collapse or rock fall. Definition of sub-
items is shown in the Table 4.2.3.
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March 20012
0YO Corporalion -



The Study on SIOpc.I)Isastcr Management

for Federal Roads in Malaysia

Guide 1I: Guide to Slope Inspection
Final Report: Guideline Volume

~ Table 4.2,3 Definition of Sub-item of Topography

Hazard
Evaluation Definition Schematic diagram
Item
Detritus deposit resulting f_rdm the
S operation of modern river. Including
Alluvial fallen disiniegrated material which
Slope has formed a slope at the toe of steep
slopc.
(Talus)
- Slightly hollowed part of slope that
Trace of had been made by a collapse in the -
~ Collapse past. Surface of it denuded or covered
- - by grass or young tree.
Knick point:
B _ N The point on a slope where the where ]777777]77
Clear Knick Point the slope gradient is abruptly steeper JL s
Or below the point than above it.
Overhang (verhang:

A condition of soil or rock slope that
is overhanging. '

Concave Slope

Concave slope:

The slope with a surface that has
spoon-like shape

- Or Debris slope:
Debris The slope that is composed of debris
deposits.
NIPPON KOEI -4 - 17 March 2002
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)

Geometry

- Generally, steeper and higher slopes are. more unstable. The gradient and height of
slope are important items for evaluating the stability of collapse and rock fall. The
combination of height and gradient of the slope is an important determinant of stability
of soil and rock slope.

Geometric stability factor is classified as follows. When the slope consists of (a) soil
slope and (b) rock slope, higher points shall be ticked in the table.

{(a) Soil slope _
- The heightis over 30 m (H > 30 m), -
- The height is less than 30 m, and the gradient is lérger than 45°,
- The height is between 15 m and 30 m and the grédient is less 45°,
- The height is less than 15 m and the gradient is under 45°.
(b)rl Rock slope
- The height is larger than 50 m (H = 50 m),
- The beight is betwoen 30 m and 50 m (30 < H < 50 m),
- The height is over 15 m and less than 30 m (15 = H < 30 m), and
-The heigh't is below 15 m (H <15m).

Table 4.2.4 Selection of Evaluation Item

Rock

i Hr=50
Soil

30=Hr<50

15=Hr<30

Hr<{15

Height and Angle of
Slopc

Hs=30 R

S

S

S

Hs<30,
i=45

R

R

S .

S

15<Hs,<30
i<d3

R

R/S

Hs<15 R

R/S

R: Rock Slope, 5: Soil Slope

NIPPON KOEI
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)

Material

Material means character of soil or soundness of rock slope. It can be classificd as
follows,

(a) Soil slope
Soil slope is classified into three grade of soil condition
- The soil contains swelling clay: Conspicuous

- The soil contains a small amount of swelling clay: Slightly
- The soil is does not contain swelling clay: No swelling clay

Generally, residual soil formed from the following parent materials contains
conspicuous swelling clay minerals
- Serpentinite; '

- Tuft;

- Mudstone;

- Phyllite;

- Graphite schist;
- Grani_tc' and

- Altered rocks.

(b} Rock slope _ : :

Sheared or weathered condition is classified into following three grades.

(i)  Conspicuous: The rock is obviously and heavily sheared or weathered
Weathering grade; 1V and Discontinuity pattern; 3, 7, 8

(i) Slightly: The rock is slightly sheared or weathered slightly
Weathering grade; 11 and Discontinuity pattern; 3,4,5,6

(iii) Not available: The rock is sound. _
Weathering grade; I, 1 and Discontinuity pattern; 1

(4) Geological Structure
Following three geological structures shall be checked.
(a) Daylight Structure (planar and wedge) : Yes or No
(b)  Soft Soil over Base Rock : Yes or No
(¢} Hard Rock over Soft Rock :Yes or No
(d) Others -
NIPPON KOEI 11-4 - 19 March 2002
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7.

Figure 4.2.10 Soft Soil over Base Rock Figure 4.2.11 Hard Rock over Weak Rock

(5) Deformation
(a) Slope Deformation

Occurrence of following slope failure, deformation and erosion shall be
checked. '
- Rock Fall and Exfoliation (small slope failure)
- Swelling (deformation)
- Gully, Rill, Sheet, Fretting, Sheet Erosion (erosion)
Occurrence of these “deformations” implies unstable condition of slope that is
classified into three grades. '
(i)  Visible; Deformation is occurring in the stope
(ii) Obscure; Trace of deformation is found in the slope
(iii) No Slope Deformation; No deformation is found in the slope

(b) Deformation at Adjacent Slope _
Same evaluation as () is carried out in the adjacent slopes.

(6) Surface Condition _
Surface condition consists of:

NIPPOIN KOEI 11-4 - 20 March 2002
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@

(b)
©
(d)

(@)

(b)

©

(d)

®)

Condition of Surface
Ground Watcr
Cover

Surfacc Drainage

Condition of surface is classificd into following three grades:

(i)  Unstable: Unstable rock is found or deformation is occurring
{(ii) Moderate: Partly found in the slope

(iii) Stable: No unstable rock or deformation is found

Ground Water;

Influence of ground water is evalualed by existence of “Natural Watcr

Spring”. It is divided into three conditions.

(i)  Natural spring: Natural springs arc almost permanently evident in
the slope.

(ii) Water seepage: Trace of spring or small amount of scepage is found
in the slope.

(iii) Dry: No spring and secpage is found in the stope.

Cover

Slope cover is evaluated by following condition,

(i)  No vegetation, grass: No cover on the slope.

(i) Complex (Grass + Structurcs): Grass with somc kind of structures is
covering the slope. |

(iii) Structure: Slope is covered by stable structure like crib with rock
bolts.

Surface Drainage
Condition of surface drainage is evaluated as following three conditions
(i) Awvailable (good): In a good condition to drain surface water.
(i)  Available (need repair): In a good condition to drain surface watcr,
. but some repair is needed. '
(iii) Not available: Poor surface water drainage and in need of
improvement. |

Countermeasure

The evaluation of the effect of the existing countermeasure work depends
on the deterioration or shortcomings of the existing structures. The effects
of the existing countermeasures arc evaluated as follows.

(a) ' Effective

NIPPON KOl
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The existing countermeasures are implemented to meet the proposed
safety factor, and arc also cifective enough to prevent the slope
failure predicted in the inspection.

(b) P_értly cffective

The proposed counfcrmca’surcs arc partly implemented, and hence
are not enough to prevent the probable disaster.

(c) Not effective or no countermeasure

The existing countermeasurcs are not expected to be effective
against the possible disaster or no countermeasure work is applied.

b
i
!

426  Form E2: Rock Mass Failure(RM)

Rock mass failure occurrence is closely related to conditions of cracks or joints, rock
character, topography. In addition, some signs of small rock slope failure such as rock fall
and small collapses are important sign of Rock Mass Failure.

(1) Topography
(d) Slope Type
Slopes are subdivided into four types by its shape. (Figure 4.2.1)
(i) Convex Slope; |
(ii) Decbris Sediment;
(iii) Concave Slope and

(iv) Others

NIPPON KOEI -4 -22 March 2002
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Convex Slope | Straight Slope | Concave Slope

Figufé 4.2.12 Schematic Classification of Slope Shape (Ref., *1)

Knick Point

Knick line is an abrupt transition from the gentler upper slope to a steeper lower slope
(Figure 4.2.13). ' '
Steep slopes or cliff surface below the knick line are prone to erosion and this is called the

crosion front.

Figure 4.2.13 Definition of Knick line

In the table of the sheet, 611(; of the following three grades is used for evaluation.

()  Clear: An abrupt change of slope gradfent is clear.

(ii) Moderate: Knick line is found, but change of gradient in the slope is not se clear

NIPPON KOEI -4 -23 March 2002
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(i) No Knick Point: Slope gradually gets gentle Wllhout a remarkable change in
gradient,

(2) (}_eometry
'(a) Angle of Slope 7
Steep slope overhang has a high degree of _instabi]ity; In addition, when faili;rc
occurs in such steep slope, the impact of rock mass fall would be too large io

controi.

In measuring the average gradicnt of slopc from a road or the toe of a slope up to
the knick line, Figure 4.2.15, the average gradients of the upper slope A and the
lower slope B correspond to angle @ and 8, respectively. Compared to the
gentle siope B, the steep slope A is often a sitc of rock mass failure. “Therefore,
the gradient of slope A is used as the gradient of slopc

In general, slope of over 60° has hlgher probability of rock mass fallurc
Therefore, the 60° vafue is used to divide steep slopes into the followmg grades.

(i)  Overhanging slope,

(ii) - Slope of over 60° and
(iti) Slope of less than 60°.

Knick line

Figure 4.2.15 Mecasurement of Slope Gradient

NIPPON KQFE! -4 -24 _

March 2002
OYO Corporation



The Study on Slope Disaster Management Guide 1z Gnide to Slope Inspection
for Federal Roads in Malaysia Final Reporl: Guideline Volume

(b) Height of Slope
Height of cliff is from a road or the toc of a slope up to the knick line.

As in Figure 4,2,16, when the width of the lower gentle slope B is smaller than
that of the road (W), the height of cliff should be evaluated by the sum of the
height H1 of the upper steep slope and the height H2 of the lower gentle slope.
Where the knick line is recognizable, the height of cliff is considered to be that
from the foot up to the ridge. : '

Height of cliffs is divided into four grades.
(i) Over 100 m _

(i) Between 50m and 100 m

(iii) Between 30m and 50 m

(iv) Léss than 30 m

Knick line
———p ]
H1
Pavement
| H2
—
3 L I
I W /] D 7|

Figurc 4.2.16 Measurement of height of stope

(3) Geological Condition
(a) Scale of open cracks

Condition of open crack is an important item to cvaluate instability of
slope in Slope Inspection Sheet Form. Condition of open crack is divided
into three conditions.

(i)  Large: Open crack larger than 20 mm
(ii) Small: Opcn' crack smaller than 20 mm

(iii) No crack: Crack width is Iess than 5 mm

(b) Combination of Rock Condition
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There are following five combinations of rock type
(i)  Upper Part: Hard Rbck/Low::r Part: Soft Rock

(if)  Upper Part: Soft Rock/Lower Part; Hard Rock
~(iii) Wholly Soft Rock .

(ivj Wholly Hard Rock

(v} Others

Generally, slopes of hard ot soft homogeneous rocks are stable. On the
other hand, a combination of hard and soft rock sometimes produces
conditions that are prone to large rock mass failure. Especially in the case
of (i), lower soft rock is casily eroded and the slope often becomes an
overhang cliff, '

Hard Rock ;"i

(i) Upper Part: Hard Rock/ (ii) Upper Part: Soft Rock/
Lower Part: Soft Rock ' Lower Part: Hard Rock

Figurc 4.2.17 Combination of Hard and Soft Rock

(4) Geological Structure

Geological structure regulates scale of rock mass and probability of rock mass
failure.

(a) Crack (Joint pattern and its interval
Joint pattern is divided into three categories.
(i) Regular cracks: interval > 1m
(ii) Reguiar cracks : interval = Im
(iit) Irregular

{b) Relationship of slope/ joint structure
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Relationship between joint and slope plane

(i) Daylight: Line of interscction of two rock joint planc is gc.ntlcr than the
slope angle, including planar structure,

(ii) Non-daylight: Not daylight structure
(iii) No plane: Large scale fault, joint, crack, bedding are not developed

Schematic diagram of daylight structure is shown in the Figure 4.2.18.

u
R ——

M ) e .
+
f N / Greatcircie
7 7‘ ¥ T reprasenting
£ (7 - 4 lane a

. ;’ Groat dhiche
¥ represanting
slops face

/ tine of
// Intersection

Great circie
rapresenting
Pjare b

e

T Line of
Intersection

Figure 4.2.18 Probability of Rock Mass Failure by Daylight Wedge (Ref. *9)

5) Deformation

Deformation of rock mass shall be ticked “Yes” or “No”.

Signs of deformation can be identified by the following phenomenon in the

slope.

(a) Small-scale collapse or rock falls
Small-scale collapse and rock fall often imply large rock mass failure that
is deformed with a loose condition on the slope surface. These collapses
and rock falls, present or previous, should be inspected. Talus observed at

the foot of a slope is regarded as evidence of previous small-scale
collapses or rock falls.

(b)  Small movement of planar or day]ighf wedge (Figure 4.2.19)

Small amount of movement implies future large and rapid movement.
. When this phenomenon is found, condition of the rock mass shall be
observed carefully.
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- Figure 4.2.19 Small Movement of Planar or Daylight Plane (Ref. * 9)
(a) Wedge and (b) stépped translational slides

() Deformation or bending of original structure (Figure 42.20)

Deformation .or bending of original structure also implies future rock mass

failure. When this phenomenon is found, the condition of the rock mass s_haIl be
observed carefully. '

Deformation

Figure 4.2.20 Schematic diagram shows the deformation of the original stmcture.(Ref. *10)
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(6) Surface Condition
Following surface conditions shall be observed.
(1) Spring or scepage on slope (“Yes” or “No”)
(b) Surfacc drainage
(i) Available (g.ood)
(ii) Available (need répair)
(iii) Not Availablo |

(7) Countermeasure

Effectiveness of countermeasure shall be judged into one of the following three
grades. Criteria for judgement is samc as Form E 1.

(a) Effective
(b) Partially Effective -

(c) Not Effective or No countermeasure
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4.2.7 Form E3: Landslide (I.S)

Landslides arc generally characterised by slow and repetitive movements, and consequently,
have a characteristic landform. Such landform can be detected except in some, initial
landslide arcas that appear as a stable slope, Furthermore, landslides tend to be concentrated
in certain regions with specific topographic and geologic features.
Stability evaluation for landslide is therefore, made in view of topographical and geologlcal
factors in landslide arcas and historical disaster rccords. The total evaluation scorc is
obtained by the sum of cvaluation scores of main causes and disaster records and judging the
effectiveness of the existing countermeasures,

(1) Topography
“(a) = History
Record of previous landslide occurrence shall be 1nvest1gatcd (“ch or “No”)
(b) Topography
Natural landslide has topographical features mentioned in Section 3.5.
Evaluation on landslide is done not only by field survey but also by siudy of
acrial photographs. :
(iy Obvious :
Topographlcal anomalies are found on aerial photograph and observed
during field survey
(i)  Partially
- Topographical features of landslides are suspected from study of aerial

photograph, but clear topographic features of landslide are not found in the
slope,

(iii) Uncertain
Topographical features are suspected from the study of aerial photographs,
but topographical features of landslide are not found on the slope.
(2) Geological

Generally, natural landslides occur in areas that have geological defects, such as

fractured zone, alteration zone, and clayey formation. Geological hazard items
are as follows:

(a)  Fault, Sheared Zone

Part of a fault surface forms surface of rupture or scarp to border the
landslide area. Furthermore, a fault surface or a fractured zone may
become a route of groundwater flow. Fault cia'y may cut off groundwater
flow, leading to landslide due to the rise of pore water pressure.

Folding area is also included in this category.
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(b)

©

@

Alteration Zone

_Hydrothcrﬁmi alteration in the geological stage and hot spring water

causes chemical alteration of surrounding rocks in volcanic and
geothermal arcas, Swelling clay minerals are made by chemical alteration,
the slope is prone to slide.

Daylight Structure

Large-scalc daylight structure that is regulated by fault or planar
(monoclinic) structure often cause landslides.

' Non-Dayligh.t Structure

No daylight geological structure is cxists.
Intrusive Structure, Cap 'R_ock'Structurc

Landslides sometime occur around intrusive rocks. Rocks arc often

“fractured in the areas surrounding intrusive rock and are liable to causc

landsiide.

Cap rock structure means lava ﬂow on soft sedimentary layers.

(3)  Geological Condition

Landslides always consists of concentratc mud and silt stones, shale, graphite
schist. For this evaluation item, development of “Shale” or “Schist” is inquired.
This means clayey rock or schistose rock. '

(4) Deformation

An active landslide shows small deformation on ground surface of the landslide
block, such as bulge, depression, cracks and so on. These features are generally

considered as signs of an impending landslide. They provide information for
determining or identifying landslide activity, shapes of surface of rupturc, and
direction of movement.

. The following phenomena of deformation shall be checked on the slope.

(a) Bulging at Toe
(b) Decpression or Subsidence
(¢) Cracks on Surface (Diagoﬁal Tension Crack, Shear Cracking)
(d) Deformation of Countermeasure
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(5) Surface Condition

(2)

(b)

Spring, Natural Water Path

Groundwater is a major faclor that accelerates landslides. Groundwater

“enters by inflow or infiltration from the slope above the landslide site or

landslide slope. The inflow or infiltration frequently emerges as spring
water or near the lower end of the surface of rupture, especially around the
lower end of both sides of the landslide block. | _
In inspecting landslide arcas, spring water should be considered as present
if spring scar is found. '

Surface Drainage

Condition of surface drainage shall be checked and evaluated by the same
method as E 2.

(6) Countermeasure

Effectiveness of countermeasure work shall be judged by field observation.

Criteria of judgcmcﬁt arc same as Form El "(Coll;apse/Rock Fall).
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4.2.8 Form E4: Debris Flow (DB )

Road disaster causcd by a debris flow is related not only to debris flow (size, velocity), but

also o the degree of connection between the road facilities and the crossing stream, Stability

cvaluation for debris flow is carried out in view of topographical factors, the cffects of the

existing countermeasures and road facility. The total evaluation score is obtained by the sum

of evaluation scores of main causes, countermeasure works and road facilities, after
_ correction for evaluation score of disaster records,

(1) Topography

The following causes (factors) related to torrent are basically investigated by
deskwork,

(a) Contributory Area of Occurrence

This is contributory arca of over 15 dcg'rees—strcam gradient at debris flow
- vulnerable area. This area is divided into the following threc grades.

(i) Over0.50 km?
(ii) Bet\;veen'().IS km” and 0.50 km?, and
(iii) Less than 0.15 kmZ
- (b) Extreme Steep Gradient more than 30°

The gradient of the steepest stream part is divided info the following three
grades. '

(i) Over 40",
(i) Between 30° and 40°, and
(iif) Less than 30°.

(¢) Area of slope of over 30° gradient

'This is the area of slope of which the gradient is over 30°. The area is divided into
the following three grades.

(i) Over0.20 km®,
(if) Between 0.08 km? and 0.20 km?, and
(ifi) Less than 0.08 km?
(2) Cover in Source Area
(a) Area of Grassland and Bush

This item is evaluated by the areas covered by grass and shrub (less than 10 m)
and the presence of countermeasure against the unstable soils,
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()  Over 0.20 k’,
.(ii) Between 0.02 km? and .0.20 km?,
(i) Less than 0.02 km® and | _
(b) Existence of Barth Works /Ponds/ Logging activity Seepage

When carth work, ponds, seepage from a pond, or logging actiﬁly exist, tick
“Yes”,

(3) Decformation in Source Arca

(a) Existence of New Crack, Scarp o
This means presence of newly formed cracks and scarps in the upstrcam
contributory. These deformations are identificd by interpretation of topographic
maps and aerial photographs. '

(b) | History of Collapse

Trace of Large-scale collapse in the upstream contributory. These collapses can
be recognised by interpretation of aerial photographs.

(4) Trace

The purpose of disaster history survey is to trace the occurrence frequency of debris
flows. In this survey debris flow records shall be coltlected as soon as possible. When a
record of debris flow is found, tick “Yes”. '

(5) Countermcasurc

Efféctivcness of countermeasure works shall be evaluated. Criteria of evaluation is
same as Form E1 (Collapse/Rock Fall).
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4.2.9

Form ES5: Embankment(EB)

Followings arc evaluation items for Embankment Failure,

(1)

Geomcelry
Geometry of cmbankmcnt is classified into.foll()Wing threc grad.cs.
(8 >45°
(b) 33°<l<45°
(© <33°
'(2)' | .Basc Ground _
Base ground of émbankfncnt is evaluated into four conditions;
(a) Unstablc Toe: Toc part of fiil slopé is unstable due 1o bad condition of base
ground
(b)  Poor subsoil: Unconsolidated surface soil of removed soil
- (©) - Alluvium: Allu_viél terrace deposits, talus deposits, debris deposits
| (d) Stable basement: Consolidated soils, rock basement _
(© Uncertain: Difficult to j.uclge the condition of base grbund
(3) Fill Materials |
Embankment materl'ials are divided into the following four groups. in consideration of
~ their stability against erosion and weathering,.
(@) Sandy soil |
(b) Clayey Soil -
{¢c) Gravel
(d) Unknown
4) 'Groundwater and sﬁrface water
Infiltration of groundwater and surface water into embankment may increase pore
water pressure inside the embankment, leading to a coliapse at the shoulder of the
embankment slope. Moreover, surface water may scour the surface of embankmcent. In
inspecting, careful attention should be given fo the following phenomena.
(a). Wet at Toe of Fill Slope |
it is diffic_ul_t to recognise the infiltration Of. groundwater into an embankment.
Therefore, infiltration of groundwater is judged by wetness at the toc of an
embankment including a retaining wall.
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®)

(6)

(b) Trace of Water Flow on Slope Surface

Gully and rill crosion implies that surface water from road or upper slope flow
on the surface of embankment. This causes scouring of the surface and collapse
of embankment.

(¢) Scepage from Fill Slope

Where spring water exists at the adjacent ground around the embankment, the
spring water may come out from the adjacent ground and is likely to infiltratc
into the embankment,

(d) Surface Drainage _
Surface drainage sha_ﬂl be c.valuatcd by following three grade.
(i) Need Repair, (i) Not Available, (iii) Good |

C_ondition 6f Culvert

Culverts Wiil be evaluated in terms of the following four conditions.

(a) Insufficient or no culvert | |

(b) Insufficicnt treatment ét end of culvert
This can be judged by the condition of scouring at the slope toe part

(<) | Bending or reduction of culvert

Deformation

Following four items shall be checked.

(a) Cracks, Creeping

(b)  Surface erosion

(c) Existence of repaired portion

(d) Exfoliation on slope

In general, deformation occurring at the surfacc of an embankment implies the
presence of potentially unstable factors in the embankment or adjacent ground,
Therefore, stability of embankment is evaluated by those deformations occurring at
cmbankments. |

Example of deformation of embankment in the 'Figure 4.2.21
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ixcess pore pressure is caused by

Inspection range for deformation

™

the weight of a fill,

Bulge

Crack on the surface
SurfacT wa|7‘

(a) Bulge of a slope Culslops

Sinking on a road

(b) Crack on a road surface

Cracks on retaining wal near

roads and houses

(c) Depressions on a road surface and cracks on a retaining wall

Figure 4.2.21 Examples of Embankment Deformation
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4.3 Form F: Préposed Countermeasure/Consequence Data/Local Information

The following Items are included in the Form T;
(1)  Proposcd Countermeasure

(2) Consequence Data

(3} Local Information

43.1  Proposed Countermeasure Work

This prb\}idcs for basic planning and rough estimation of countermeasure work for unstable
slopes,

As these data are used for road slope maintenance planning, proposcd countermeasure work

and cost estimation shall be reasonable. So, the chief engineer shall be resp0n31blc for final
decision of all countermeasure planning

Detailed - method of countermeasure selection is described in Guide IV “Guide to
Countermeasure Selection and Cost Estimation”. _
Outline of countermeasure planning methods is mentioned in this section.
1 Typc of Countermeasure
Type of countermeasure can be selected from the following methods.
(a) Barth Work, (b) Vegetation, (c) Water Drainage, (d} Slopc Work, (¢) Anchorlng,
(f) Wall, (g) Piting, (h) Protection Work, (i} Others

Detailed countermeasure type and th_cir unit cost is shown in the Table 4.3.1
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Table 4.3.1 Countermeasure Opfions

OYO Corporation

Work liem - Ip Gountermeasure (Type of works)  Description {Specification) thnit &a“%
11 Removal - m? 200
12 Rock Culting Rock Excavation m* 15.00
1 Earthwork 13 Rock Pre-Splitting Rack Blasting m? 70.00
’ 14 Soil Cutting Soil Excavation (bulk quantity) m? 5.00
15 Embankment _BackR & Impor Suitable Fil I 8.00
2ia  Re-Vegetation Supply & fay spot turfing including 100mm thick top seil m? 300
2 Vegetation - 21b  Re-Vegetation Clnse turfing - m? 350
.22 . Hydroseeding - - . . .- 250
P Concrele G15 cast-in-situ at any Inclination akeng the berm of slopes
3 I:.)raln.Dltch and Cascade including excavation, BRC A7 joir):nlts with éxisiing tri)sr}ain P m 16000 .
32a  Subsell Orainage Hole Layer of coarse sand as subsoil drainage blanket m* 35.00
3%  Subsol Drainage Hole Approved filter media layer m* 45.00
, - . Supply, drill & install  75mm perforated PVG pine wrapped with a fayer of
3 Water Dralnage Jda . Horizontal ‘F"a'" Hole -Ge?)ltjeihle filter fabn::b of 3 Ome:io rock slmpesp peHingee ’ nos. 450.00
. o Supply, drill & install ¢» 50mm perforated PVC pipe wrapped with alayer of
33b  Horizontal Draih Hole Geolextle fiter fabric of 8.0m length including construct drain outiet o nos. 600.00
- existing berm drain . .
34 Dralnage Welt {To be estimated each case) -
35 Drainage Tuanet {To be estimated each case) -
Minimum 75mm thickness shotorete facing ciw one layer welded steet
dta  Sholcrete {Mortar} * mesh: supply BRC. db 50mm PYC pioe i geclexie m 1000
C M Shotcrete (Morlar) Migimum 125mm thickness shotcrete facing cfw two layers welded stee} " 150.00
4 Siope work : mesh .
42 Shotcrete {Concrete) - m? 30000
43 Cribwork {Precast) m? 20000
44 Stone Pitching -~ m 500.00
512 Soi Nailing ?ge’:iNl ;ﬂﬂc;rllgf:gtlsfgc \:Ith minimum required length of6 m mcluswe of0.5m nos. 600.00
51b  Soil Nailing --itto—with minimurm required length of 9m nos. 850.00
5 Anchoring 51c Soil Nailing ~ditto—with minimum required length of 12m nos.  1,200.00
51d  Soil Nailing =-ditto—with minimum required length of 12m in soit nos. 1,000.00
52 Rock Bolt 200 kN working load with inimum required leagth of 4.0 m nos. 1,50000
53 Ground Anchor Eﬁﬁr:k 8;: ngcolg:guct post-tensioned Irial permanent ground anchors ; 300 . Ds‘_ 5,00000
6ia  Gabion Wall Galvanized (For dry application) m’ 4500
. 610 Gabion Wall PYC coated {For wet condition) m? 65.00
62 - SlonePitching - m* 70.00
63 . Concrele Block Wall Precast concrete block m 280.00
64 Retaining Wall (Supported Type) Concrete + reinforeement m 40040
652  Crib Wall (Precast) Single headar (4.5 m- 5.0 m) m 2106.00
856 Crib Wall {Precast) Double header (5.0 m - 8.0 m}) m 300.00
& Wall 65c  CribWall {Precast) Trigle header (80 m - 120m) m 500.00
66 Pile Wall (PC / RC) Spun pite th 800 mm : Supply + instal m 260.00
67 Pile Wall (PCIRC) RC pike (400 x 400) : Supply +install m 110,00
68a  Pile Wall {in-place} Bored pile ¢ 600 mm : Concrete + Reinforcement + Link + Boring m 170.00
68b  Pile Wall {in-place) Bored pile ¢ 750 mm : Concrete + Reinforcement + Link + Boring m 250.00
~68c  Pile Wall{in-place) Bored pile ¢ 800 mm : Concrete + Reinforcement + Link + Boring m 350.00
A8d  Pie Wall (in-place) Bored pile ¢ 1,05¢mm: Concrete + Reinforcement « Link + Boring m 450.00
- 6% Pile Wall (Steel Sheet Pile) Supply & deliver to site Type FSP lilA steel sheet pife kg 210
59 Pile Wall (Steel Sheet Pile) Handle, pitch and drive steel sheet pile nos. 100.00
71 Steel Pipe Pile Steel pipe d» 400 mm m 2,000.00
7 Pilling 72 H Steel Pile H stee! (400 x 400} -- m 2.000.00
73 Shafi Work for Resistance Slide  { To be estimated each casa) -
81 Rock Fall Catch Net - m’ 100.00
Supply & erect PVC coated chain link fence including concrete kerbs,
82 Rock Fall Cateh Fence poglz,ystruds. staining wires, barbed wires efc. (Reservgcxir compound) i 206,00
8 Protection Work 83 - Rock Shed - m 400.00
84 Debris Shed - m’? 400,00
85 . SltDam - m? 300.00
86 Check Dam (Sabo Dam) - mo 30000
3 Others 91 Diversion (Shitting) {Earth work and structure work should be estimated each case) m 300.00
92 Route Relocation {To be estimated each case) m
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(2) Sclection of Countermcasure Work
Scleetion method of countermeasure work is different, based on slope failure type
described in Guide 1V “Guide to Countermeasure Selection and Cost Estimation”,

Following are basic procedure for countermeasure sclection for unstable slopes,

(a).Collapse, Rock Mass Failure and Rock Fall (Cut Slope)

®

(i)

Stable Slope :

No measure cou;itcrmeasurc work is required. But, probability of small collapsc
or rock fall shall be checked. If small collapse or rock fall is suspected,
preventive or protection work shall be planned. After that, trcatment for surface
protection shall be planned according to the condition.

Unstable Slope ‘

Countermeasure work such as soil work or preventive structures shall be planned.
In this planning, common countermeasure work shall be proposed. If the failure
is large or mechanism of failure is not clear, investigations will have to be
performed,

When the size of rock to be treated is smaller than 1 m®, rock fall netting, rock
catch fence, rock fall barrier (gabion), and rock fall shed are applicable, and by
these facilitics, séf.cty of traffic can be maintained. If the size of rock to be treated
is larger than 5 m”, it will be necessary to plan rather expensive countermeasure _
work such as, for example, removal of large quantities of rock or rock anchoring.

(ii1) Landslide

Basically, treatment of surface and underground water is recommended. This
will be able to mitigate movement of the landslide and would bring a major
disaster under control. The possibility of soil work such as cut or embankment
can also be considered. This countermeasure work is considered to be the most
reasonable method for large scale landslide in Maiaysia. If it is not possible to
apply the above-mentioned methods, rock anchoring or steel pile method shall
be considered. But these countermeasure methods will be very expensive for
preventing a large landslide. In this case, route rclocation could be considered as
an alternative plan.

In all cases selection of a suitable plan for countermeasure works for a farge
landslide is difficult, because it contains not only engincering problems but also
traffic system issues.
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(iv) Decbris Flow

The following three steps arc recommended for planning of treatment works for
debris flow,

(a) Minor road relocation
(b) Improvement of road structure
(c) Prevention work of debris flow

. . 3
(a) Minor road relocation and (b) Improvement of road structure are similar in terms of

treatment method. When debris flow is considered probable for the site, the road
structure shall be improved, which may include relocation of the road to prevent it
being destroyed by debris flow. If it is not possible to improve the road structure, it will
be required to plan constructing structures like “Sabo Dam” to guard the road facility
and traffic safety.

(v) Embankment Failure

Failure of embankment has two aspects.
(a) Slope stability depending on strength of material and geometry of slope
(b) Drainage ability mainly through culvert

For the failure of embankment slope, suitable countermeasure work shall be
planned according to the failure mechanism or size of failure. On the other hand
drainage ability is a problem of road structures. Both, water flow ability and
condition of the crossing channel shall be considered in planning trcatment oz
improvement of road structure.

(vi) Amount
Amount of cach countermeasure shall be entered. Cost is automatically in the

system,
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43.2 Consequence Data

The items for consequential aitributes are ag follows. These indicators arc also used for
judgement of priority.

(1)  Scrvices, Public Utilitics

if gas, oil, telecommunic'ations, ciectric, or water pipe line installations are within a
distance of 2 H (H: height of slope), mark “Yes”. (Figure 4.3.1)

(2) Danger to Building Occupants

Distance from the toe of slope to the building shall be measured, When the distance is
less than two times of slope height, there is danger to the building. (Figure 4.3.1)

| (a) Road Slope _ —
' Siope Toe /
2H |
1/ F
RQAD
/4
Hazard Area

; (b) Enbankment

Slope Toe
2H - ROIAD

] Jalfe]

F i rFr sy

Hazard Area

Figure 4.3.1 Distance of Services, Public Utilities and Building
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(3)  Volume of Traffic
Voluine of traffic is available in “Road Traffic Volume Malaysia” which is published

every year by Highway Planning Unit Ministry of Works, Anuual Average Daily
Traffic (AADT) is divided jnto following three grades.

(a) > 1,000 AADT
(b} 200 - 1,000 AADT
(¢} <200 AADT

(4) Failure size (volume)
Failure size could be estimaied by the following formala.(Figure 4.3.2)

Y = 1/3LWD
V: Volume of slope failure (m*)
L: Length of failure (m)
W: Width of Failure u)
D: Depth of maximum failure depth {m); Presumed depth

Figurc 4.3.2 Estimation of Failurc Volume
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(5) AngleB (road at centre-line to crest or embankment foc)
Angle at the centre line to the top of slope shall be measured. (Figure 4.3.3)

Centre

line of

ROAD
l .

Figure 4.3.3 Definition of Angle 8

(6) Construction Period of Temporary Diversion

If the road is likely to be destroyed by a failure, it is estimated whether the time to
construct a temporary diversion will take more than one day or not,

(7)  Length of Alternative Roads

Length of alternative roads shall be estimated by ﬁsing maps.
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433 Local Information

The following items shall be entered on the basis of ficld obscrvations and data research.
(1) Building Types
(2) Vegetation and Cultivation

(3) Rainfail Information

Building type and vcgétatioh/oultivation within the distance from the toe of slope to the
building shall be investigated. These will be used for economic analysis.

'Rainfall information of the nearest rain gaugc station shall be collected and the t"ol]owiﬁg
data shall be entered.

(@) Annual Average Rainfall
(b) Monthly Rainfall (maximum and month that it occurs/minimum and month)

(c)  Daily Rainfall (maximum and month in which it occurs/minimum and month)

Rainfall data can be available from the records of MMS (Malaysia Meteorological Service)
and DID (Department of Irrigation and Drainage).
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' .CHAPTER 5 DATABASE CREATI()N AND REPORTING

- The survcy team shall create a databasc and prcparc the report on slope ingpection arrangmg
results of the stope inspection.

5.1 Database Creation

The study team shall input all the data of slope inspection into the information system SIMS
(Slope Taformation Managcmcnt System) The cntry method is described in the Guide V
“User’s Gu1de”

5.2 Reporting

_Following matters shall be arranged in. the hard copy report.

(1) Preparatory Work
- Disaster records in the study area
- Record of countermcasurc work which is 1mplementcd for slope disaster rehabilitation
- Topographic maps (larger than 1:50 OOO)
- Map of road plan -
- Geological information of the area
- Result of aerial photographs interpretation
- Others
(2) Selection of slope to be mSpected
- Criteria for selection
- Resuit of selection
(3) Slope Inspection
- Method of slope inspection
- Record of each inspection Form (Form A to Form F)
- Table of summary
- Comments on the result

Comments on the results shall be reported including general recommendation for road slope
maintenance.
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- _ SLOPE INSPECTION SHEET  ~ input FORMA
— L e GENERAL SLOPE DATA

Genéral Slope Data

Most Likely Failure 1. Cobapse 7 Rock Faf 2. Rock itass Falura 3. Landside

Type 4, Debits Flow : 6. Embankment £ aiure 6. No Acton Meedad [Form A only)
Sart End T

Chainage m- i Type of Slope Cul 7 Embaniment / Nalurat
Side of Road Right /1 Lef Distance frem Road Centre-Line l} : m
KR Slope 1D - Date Inspected f /
Field IO o . |nspected by
Route Mame ) : Date Checked / f
District Name | - (Lo
! State Name Lo ! Checked hy

. Yes / No (if 'ves', describe)
Realignment Event _
(Description)

[Disaster Record

. Logcation Map {1:50.000)

Date Entered in 5IMS i /

Entered by

A.Figure 42,1 Tnspection Sheet Form A
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[J™®] SLOPEINSPECTION SHEET - input FORMB
' - SN - SLOPE SKETCH
. Start Eng .
JKR Slope D : Chainage: ) Side of Road : Right 7Let  |Date: -
kit - km )

A.Figure 4.2.2 Inspection Sheet Form B
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__ SLOPE INSPECTION SHEET Jinput FORM ¢
S : SO . PHOTOGRAPH -
) Stait End
JKR Slope 1D : . Chainage: Side of Road : Right /Let  [Dals:
Kt « K
~ AFigure 4.2.3 Inspection Sheet Form C
NIPPON KOEI AP4-3 March 2002
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l.rn SLOPE INSPECTION SHEET ~input FORM D
,,,,,, SLOPE FEATURE
JKR Slope 1D Chainage: Stat End Side of Road : Right 7ieft  Date:
fim - ki
Height of Slope w} MNo. of Berms
GEOMETRY Angle of Stope (range) deg|  Width of Berms
Avarage Angle of Slope de¢| Berm Height
Soil Mame {if soil) Gesvel / Send £ W/ Clay [ Pest f other | J
Sedimentary Sa.'x!stofne 1 Muddstope £ Sistont £ Conghomirste f Linestons £ Chert £ Shals /
| Geological |- ovire | et st v o] A AT ST
GEOLOGY Narme _I?iefus Uttrahasic Rocks [ Tuff £ Pymdlastic £ other [ J
: Metatowhic | State £ Phillse £ Schist / Marble / Houdels £ Grelss £ cther [ J
Westhering Grade IHWY M Composition Ratio of Rock - Sail (%)
Ciscontinuias Type 1,23, 456738 Rock : Set= -
Sheet Erosion Severe (>46%) ! Moderate (10%-40%) ¢ Minor (<10%}
EROSION Rill Erosion Severe (0.2-0.5m depth} ¢ Moderale (<0 2m depth) { Miror
Gully Erosion Seyare (>one berm) ¢ Mooerate (one barm) £ Minor ]
Fretting Erosion Severe (>46%) { Moderate (10%-45%) ¢ Minor (<10%)
NwType Trees / Shrubs { Grass { Gumite / Dental Concrete f Qlhers ( )
Engineering Features Percentage covered - %
COVERT camors H= m, L= i iRock Baits ) z
EXISTING cowat Ho mis  miNewng o ?
GOUNTERMEASURE  |Concrefe Wall H= m, L= misava *
Masomy mic  mipes midens,  medensin
Others "iComments
Roadside Drains Good Condifion ¢ Needs Desifing ¢ Needs Repar £ Nof Presend
Cascade Drains Good Condéion ¢ Needs Desiing ¢ Needs Repair ¢ Nof Present
Berm Drains Good Conclion £ Needs Desiing / Neods Repar / Nof Presert
Cut-Off Drains Good Condition 4 Meeds Desiing / Needs Repair 1 A Presend
Harizortal Drains Good Condilion £ Needs Cesilling ¢ Needs Repair § Nod Freserd
DRAINAGE Culvert Passageway Bood Coneilion 7 Newds Qesiling ¢ Meeds Repair | Nof Preserd
Culvest Infet Good Conddion [ Needs Desiting ¢ Neods Repair 1 Nof Presend
Culvert Qutlet Goodd Condition { Needs Desifing ¢ Nesds Repar { Nof Present
Culvert Wingwalls Good Co_:;';m { Newds Desiffing § Needs Repalr 7 Nof Presert
Culvert ID
Hydrological Conditian Seepage from Slope Face or Ground?: Yes /No
Nalural Surface Runoff?: Yes /Mo |Ponding Water Nearby?:  Yes/Mo
| Commonts
Cracks?: i YestMo {Depression?: Yes/An
PAVEMENT Cracks Sealed?: YesiNo  |Shoulder Depression?: Yes o
Shoulder Cracks? Yes/No  |Cause of Cracks?: Pavemert £ Slope faiiure
INSTRUMENTATION | fclomeder | Piecomefer | Teasomeles | RainGage | Pressure 6. Ofhss( J
tive Seondton, Sony) V' p s r0ut | Guod 18t | Good fied | Good et G‘md teof lGed iint
A.¥igure 42,4 Inspection Sheet Form D
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SLOPE INSPECTION

SHEET  input FORM E1

COLLAPSE /ROCK FALL

Start End
JKR Slope 1D : Chainage: Sicle of Roadl : Right /ieft Date:
) fm - ke
Condition of Slope v lick one
: . Yas 2
Allwium Slope b P B R
Trace of Collapse oS | LA
TOPOGRAPHY : No 0
Clear Knick Paint or Overhang Yos 1
No 0
Concave Slope er Debris Slope Yes 1| 1.
: - No 0
A © Soil Slope } H > 30m 30
H: Height of Soil 1§ H<30m  i>45deg | | 2477
GEOMETRY i Angl.e of Slope | 16m < H<30m < dbdeg | 20
Select Higher ; Heotom 1240 deg 10
pointofAor B 8:Rock Slope § . H > 50m 30
I . 30m 2 H< 50m 26
H : Height of Rock 15m < H< 30m 20
R 10
A Sail Character Consplcuons 8
Swelling Clay Contents Stightly 4
MATERIAL . No Swefling Clay 0
SelettA and B B : Reck Quality : Copspicuons | | 8
Sheared Rock, Weathered Rock Stightly 4
] Not Available YT
Daylight Structure (Planar, Wedgg) ";‘S g
GEOLOGICAL - o
STRUCTURE Soft SoifoyerBaseReck 6
Hard Rock over Weak Rock 4
Others . T a
Slope Deformation Visible 18
Gully Frosion, Pl Erosion, Sheet Erosion, Obscure 8
Frefting Erasion, Rock Fall, Exfoliztion, Swelling No Shpe Deformabion 0
DEFORMATION Defarmation at Adjacent Slope Visible 5
Rock Fall, Collapse, Crack, Swalling, Other deformation g
i Unstabie g
Condition of Suface | 4 Maderate B
Stable i
..... Natwral Spring o B
Ground Water F_Wé{er.‘:‘;‘éqpage 3
SURFACE oy o
CONDITION i No-vegetation, Grass 4
Cover Cornplex (Grass + Stucture ) 1 53
Strectue 1 |
__ Available (good) 0
Buiface Drainage | Avallable {need repair) 2
Not Availlable 1
[ Score
Countermeasure v lickone
___Effective -20
Pantially Efiective T 0
Not effective or No Countenmeasure i 4
: Hazard
Score
A.Figure 4.2.5  Inspection Sheet Form El
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L= SLOPE INSPECTION SHEET input FORM E2-
L _ . _ ROCK MASS FAILURE
. Start End
JKR Stope 1D ; Chainage: Side of Road : Right /Le?  |Date;
kim - i
Condition of Slopa _ ¥ tfick one
Convex Sloge : ) 4
Slows T Debris Sediment 3
_ ope Type __ Concave Slope ]
TOPOGRAPHY Other 0
_____ Visible ) 7
Knick Peint . Moderate 4
Mo Knick Point 1}
: Overhang 4
Arigle of Slope . > 60" 2
_ : < 60 o
GEOMETRY . o> 100m N 1. 10
Height of Slope S0<Hz100m . ?
30<H < 50m : 4 ______
< 30m P
. Loe 2.20 mm 2%
Scale of Open Crack Smaif < 20mm, > Smm .15
No Open Crack < Smm 0
GEOLOGICAL Upper Pait : Haid Rock / Lower Part :Soft Rock B
CONDITICN . Unper Part : Soft Rock / Lower Pant : Hard Rock B 4
Wholly Soft Rock ~ - . 4
Wholly Hard Rock - o2
B Olhers ' 0
Regular Cracks : inlerval = fm - ) 18
Crack . 1 Regular Cracks : inferval < 1m 12
GEOLOGICAL frreguiar 5
STRUCTURE . Daylight ) . 15
Daylight Structure or Nen-Daylight Structure Nom Dot T
( Fault, Joint, Crack, Bedding ) e
. : No Plane 0
Yes 7
DEFORMATION Frace of Small Collapse or Small Rock Fall W 5
o
2
5pring or Seepage on Slope \{:'S 5
SURFACE ; =
CONDITION _ Avallabls (gaod) 0
Swiface Drainage Available (need ropaip 2
) Not Available 1
Score
Countermeasure v _lickone
......... Lifective i} -20
Padialy Effective B L 10
Not effeciive or No Courtermeasure : 10
Hazard
Scare
AFjgure 4.2.6 Inspection Sheet Form E2
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l.rn " SLOPE INSPECTION SHEET input FORME3
. ' ' _ LANDSLIDE
: . Start Eng
JKR Slope 1D : : Chainage: Side of Read : Right £leht |Date:
ke - ki ]
. Condition of Slope : v lickone
- Yes 10
History of Landslide - e
No n
TOPOGRAPHY Anornaly Obvious 4
Disturbed Contour Lines AP R
Geographical Features like | P _a_rmahy ,,,,,,,, 30
Scarp at Top of Slope _ Unceriain 10
Fault, Sheared Zone i0
Alteration Zone - : 10
GEOLOGIC, AL Daylight Structure B
STRUCTURE Non-Daylight Structure 3
Intrusive Structure, Cap Rock Structur 3
Others ' 0
GEOLOGICAL Shale or Schist 3
CONDITION Others ' 9
o Yes 8
Bulging at Toe -
No 1]
: Yes B
Depression or Subsidence e -
No 1]
DEFORMATION
Cracks on Surface, Diagonal Tension, Yes 8
Shear Cracking No 0
Yes 8
Defarmation of Countermeasure
No 0
Yes 3
Spring, Natural Waterpath e
. No 0
SURFACE
CONDITION ' Available ooy | 4 | o
Surface Urainage __Available (need repall} 2
Not Available 1
3core
Countermeasure : v lickone
Effeclive . ] =20
Partially Effective ... | -10
Not effective or No Counfermeasure ] +0
Hazard
Score
A.Figure 427 Inspection Sheet Form E3
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_ l JER] SLOPE INSPECTION SHEET - input FORM E4
5 . ' __ DEBRISFLOW
. Start Eng . : ’
JKR Slope 1D ; Chainage: Side of Road = Right /Left 1Dale:
) km - ki
Condition of Siope _ v lickone
Contributory Area of EOSORmQ ............... 15
Occurrence 0.15 < A< 0.50 km* | 1o
(Grﬁdleni efSireqm »15deg) < 0.15 km? 5
. _ =400 . 15
TOPOGRAPHY Exrerne Steep Gradient of 305 < & <00 10
Stream =
_ < 30° 0
. _ = 0.20 km? 13
Area of Slope Gradient [t s P
mare than 30° in Sotrce Area 0.05 5 A< 020km ; 8
< 0.08 km? 4
2020 kmz _______ 13
Area of Grassland and Bush 002 < A<D20km® - .8
|COVER IN . ' 3 T
SOURCE AREA <002 km .
Existence of Earth Works/ Ponds/ ves | o 10
Logging activity/Seepage Mo o u
) : ' Yes 10
) Existence of New Crack, Scarp
DEFORMATION IN INo g
SOURCE AREA Yes 15
History of Collapse
. No 0
. Yes g
TRACE Trace of Debris Flow b b
No 0
Score
Countermeasure v lick one
G A . 20 ]
Parially Effective .~~~ =10 ]
Not effective or No Counferrneasure 0
Hazard
Score
A Figure 4.2.8 Inspection Sheet Form E4
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IJH SLOPE INSPECTION SHEET input FORM E5 _
L S EMBANKMENT FAILURE
g . Stait Engd
JKR Sloge D ; Chainage: ' Side of Road : Right 7 Lt |Date:
: K - in
Condition of Slope ¥ tickone
! 2 45 deg L
GEOMETRY Angle of Slope > 33 deg, < 45 deg 5. .
) . < 33 deg ]
Unsiable Toe e 8
Poor Subsol 5
BASE GROUND Alluvium 5
' Slable Toe ]
Uncertain 3
Sandy Soll 5.
FILL MATERIAL Clayey 2ol -
. Gravel oo 0.
Unknown 3
Wet at Toe of.FiII Slope e 8
P No 0
o : ' Yes 8
GROUND WATER . Trace of Water Flow on Slope Surface o i
AND SURFACE 5 ‘ F.'II 5 Yes 8
WATER eepage from Fill Slope e ;
Need Repair | | ! b
Surface Drainage Not Avaiflable 1 | 3
: ' Good {
Insufficient or No Culvert SN - ..
_ No {l
CONDITION OF . Yes 7
CULVERT Insufficient Treatment at End of Culvert . o i
’ ] Yes 5
] " S SONS. D0 DV S
Bending or Reduction of Culve s i
. Yes 10
Cracks, Creeping Mo i
: Surface Erosion - \;;?S E
DEFORMATION : _ - z
Existence of Repaired Portion “No ]
. Yes 3
i Slope e
Swelling on Slope o f
Score
. Countermeasure v fickone
e -20
Parlially Fffective e -10
Nof effeclive or No Counlermeasure 1
: Hazard
Score
A Figure 4,29 Inspection Sheet Form ES
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SLOPE INSPECTION SHEET

: mput FORMF
PROPOSED COUNTERMEASURE & LONSEQUENCE

Eng

l.acal Information

JKR Slopz ID Chainage: Side of Road : Right /Left Dale;
. it - kin
Propased Countermeasure
Counterrmeasure Armount Remarks ]
Commenis
Consequence Data v fick ong
Services, Public Utilities Yoes 2
if gas, oil, telecom, efectric or water pipelines are available, mark "Yes" Mo 0
Danger to Building Occupants Yes 2
oily mark™yes", it distance from toe of slope - 2H (H : Height of Slopa) - Mo tl -------
> 1,000 ABDT 2|
‘olume of Traffic 200 - 1,000 AADT 1
(AADT = Annual Average Daily Traficy. | < 200 AADT o
Angle 8 > 307 1
(road at centre-tine to cresl or embankment lde) ’ <30 o
Failure Size (@) Cul Slope {m?) (3} > 3,000 or (b) > 1,000 1
{b) Embankment () (a} < 3.000 or (b) < 1,000 o
Censlruction Period of Temperary Diversion > T day 1
""""" <1 day o
Laength of Altemative Roads > 50km 1 .
< 50 km o
Consequence Scole

Building Type

Residential/ Hotel / Commercial fHospital f Factory / Schoot/

Vegetation / Cultivatien

Rainfall Information

Others( )
Primary Forest / Secondary Jungle / Grass / Rubber 1 Qil Paim /
Coconut / Paddy Fiekd / Others ( )
Annual Average (mm)
Maximum Ly N SR
tonth
Monthly Average -
iy {mm)
MinIUM st e
Month |} -
. ) (rorn)
Daily Maximum  eeeneemee e
Month
Nearest Station

A.Figure 4.2.10

Inspection Sheet Form F
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