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PREFACE

Since ear]y 1970's the Government of the Republic of the
Philippines {GOP) has stepped up its thrust on road develop-
ment as one of the national goals in promoting regional
interrelation and communications and the baianced urban and
rural developments,

The expansion of the national road network has reached a B
respectable development level. However, its dependability and
serviceability in some sections attracted the attention of the
users as well as of the public. Traffic interruptions caused
by disaster should be immediately solved in order not to
hamper to socio-economic activities in the country.

Cognizant of the problem, the GOP has envisioned the formula-
tion of a Tong term road disaster prevention pregram and
requested technical assistance from the Government of Japan
(GOJ), through the Japan International Cooperation Agency
(JICA), to undertake the Feasibility Study of the Philippine
Road Disaster Prevention Project {(The Study). The scope of
work of the Study involves among others a general review on
disaster prevention measures to be adopted in the future.

In compliance thereto, this report entitled "An Approach on
Road Disaster Prevention®was prepared compiling the findings
based on the research works conducted in the course of the
Study.

The roads investigated under the Study are the Maharlika
Highway in Luzon, Samar and lLeyte Islands, and the three (3)
roads leading to Baguio: Kennon Road, Naguilian Road and
Marcos Highway. The emphasis of the Study was given to causes
and probtems on cut slope failures, embankment slope failures,
rock falls, landslides, debris flows, and others. Large scale
riparians and sabo works were excluded. :

Since the investigation is confined only to the specified
areas, this report may, therefore, have some deficiencis,
particularly on the following:

i) A1l types of disasters may not always be covéréd.

ii) Items to be checked for the evaluation of disaster
potential may not necessarily be sufficient, and,

iii) Applicability of recommended countermeasures could
not be verified on areas other than the Study area.

However, this report intends to instigate eng1neer1ng discus-~
sion among those who are engaged in the field of road engi-
neering encompassing disaster prevention during road planning,
design and construction stages.

-Therefore, this report is sincerely desired to be positively
ytilized, whenever applicable, for the development of the
road engineering.
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PART'I GENERAL







CHAPTER 1 INTRODUCTION

.. As ment1oned in the Preface, the subject of the Feasibilty
Study of the Ph111pp1ne Road Disaster Prevention Project
(The Study) is to examine disasters of roads which have been
constructed. In line with this: obJect1ve of the Study, this
report was drawn up only with the aim to propose prevention
measures for disasters of existing voads. However, the = -
engineering fundamentals discussed in this report may be also
instructive for planning, design and construction of pew roads.

Prevention measures dealt with in this report are tmited to
those which may be considered as reasonable size from the view
point of a road project. Large scale riparian and sabo works
which shall be coped with as river control or hillside work
projects were not discussed accordingly. Also, bridges and
roadway including related structures such as, pavement, side
ditches, crosspipes are Tikewise were not touched.

This report is composed of the following five (5) parts.

PART 1 - : GENERAL -

PART I : IDENTIFICATION AND SURVEYS .

PART T1i: DESIGN OF SLOPES AND SLOPE PROTECTION WORKS
PART IV : COUNTERMEASURES FOR ROAD DISASTERS

PART V : ADMINISTRATION AND MAINTENANCE

Road d1sasters arec]a551f1ed1n accordance with the1r nature
as described in Chapter 2 of PART I - CLASSIFICATION OF ROAD
DISASTERS

Potentials of d1saster spots are eva]uated in accordance

with the established rating method, with some modifications
whenever deemed necessary, dlscussed in Chapter 3 of PART II -
IDENTIFICATION OF ROAD DISASTERS.

The methodology of the 3urVey$ and analysis requ1ked for iden-
tified types of road disaster are presented in Chapter 4 of
PART ‘11 - SURVEY FOR ROAD DISASTERS

The outline of’ des1gn of cut slope, ‘embankment siope draxnage,
protections works and retaining wall, which are the most funda-
“mental methods as countermeasures, are mentioned in Chapter 5

to Chdpter 9 of PART-IIT - DESIGN OF SLOPES AND SLOPE PROTECTION
WDRKS : _

'The types, -the purposes and the application of countermeasures
and the procedure in selecting the most appropriate counter-
measure for its different types of disaster are discussed in
Chapter 10 to 14 of PART IV - COUNTERMEASURES FOR EACH TYPE OF
DISASTERS.



The rerrd1n§ of'disaster and traffic control as well as infor-
mation system during the occurrence of disaster are mentTOned in
Chapter 15 of PART V - ADMINISTRATION

Required maintenance works for road d1sasters including period-
ical and emergency cases are covered in Chapter 16 .of PART V-
‘MAINTENANCE .



2.1

2.2

CHAPTER 2 CLASSIFICATION OF ROAD DISASTERS

General

Classification of road disasters is  first determined.-as &
basis in the road disaster prevention study inasmuch as each
type would require different survey procedures and different
countermeasuves to- be adopted. :

In th1s report, road ‘disasters -are: c1ass1f1ed 1nto six main
types based on the findings on the course of the Study, namely,
i) cut slope failure, ii) embankment slope failure,

i11) fall; iv) landslide, v) debris flow and vii) others.

‘These were further divided into sub-types based on the shapes

and the causes of the failures.
Cut Slope Failure (including natural slope failure)

Cut 510pe failure is classified into two types, surface failure
and deep failure, based on the shapes of fatlures and then
further sub- d1v1ded into classes ‘depending.on the causes of
fa11ure tabulated in Table 2-1.

1} Surface Fa11ure

Surface failure is a shallow failure on the siope surface
This can be sub-divided into three classes depending on

" the following causes: 1) erosion, 1ii) weathering and
i11) structural weakness as shown in Table 2-1 {1) and (2).

These are mainly the results of an action of surface water
flowing down the slope surface due to heavy rain.

2) Deep Failure

Failures which are occuring at cons1derab1e deep places in
the slope are sub-divided into three classes as based:

on the causes and the shape of slide, 1) scouring,

ii) rotational failure and iii) translational failure are
as shown in Table 2-1 (3). :

The scourings are mainly observed at the s]ope of thick soil
or highly weathered rock. The cause is the concentration of
surface water f10w1ng down the slope. '

The rotat1ona1 fa11ures are also mainly observed at the s1ope
of thick soil or highly weathered rock.. The cause is a
reduction in the shear strength brought about by seepage of
water into the body of the slope.-



2.3

2.4

Translational failure occurs ‘at the vock slope with faults,

or at developed bédding planes or -border planes between the

firm bedrock and the overlaying soil. The failure occurs
along these weak structural planes. The failure is also
caused by water seepage in the body of the slope.

Embankment Slope Failure (inc1u61hg natUra1'slope.fai1ure)

Embankment slope failure is also classified into two types,
surface failure and deep failure, based on the shape of
failure and further sub-divided into classes in accordance

‘with the causes of the failyre, as shown in Table 2-2.

1) Surface Failure

Surface failure is a shaT]ow.fai1uré on the slope
surface caused by erosion due to surface water
constructed with sandy soil

2) Deep Failure

~ Failure which ‘appears at the deep place of the
embankment. This is sub-divided into two categories
based on the causes of failure, namely, 1) scouring
and i) saturation failure. S

Scduring results from concentration of surface water flowing
down the slope. These are observed to occur at many sites
with:poor_drainage. j i : :

In sections running along river banks and sea shores, scouring

. brought about by river stream or sea wave occurs at sections

with insufficient slope. protections.

Saturation. failure is a circular slide caused by reduction. of the
shear strengthof the fill due to saturation brought about by
seepage of surface water or groundwater-into the embankment.
Those types ‘of failure are observed predominantly sites of
embankment on inclined grounds or at semi-embankment-cut

sections. '

Fa]]

Fall is divided into two types: rock fall and debris fall,
based on slope materials as shown in Table 2-3. B

Rock fall is a free fall of detached rocks from a sloped

surface of rockbed with developed cracks, joints, -etc.



(&3]

Debris fall, on the other hand, is a free fall of unsupported
pebbles, cobbles, etc., from a sloped surface of debris or

Ctalus.

Landslide

Landsl1de is a movement of materials forming the s1ope wh1ch
is caused by loss:iof balance between shear strength ‘and .
movement . force along the specific slide planes.. Lands11des
ocour owing mainly to geo]0g1ca1 weakness and e]evation of
ground water level.

It is difficult to d1fferent1ate clearly between a s]ope

failure and a Tandslide.

However, each can be. distinguished in

accordance with the character1st1cs of occurrence and movement
as shown in Table 2-6.

TABLE 2-6 DIFFERENTIAL CHARACTERISTICS OF

- SLOPE FAILURE VERSUS_LANDSLIDE

“Type of. D1saster T

6. Scﬂe-

Factors S1op° Failure " Tands1ide
11. Geology Minimal interrelation Particularly pbnnectéd
' with geology to specific geology such
-as tertiary mudstone,
tuff, etc.
2. Topo- Re]ative1y steep Relatively gradual slope
graphy slope 15% to 20%
13, Cause Heavy rains concen- Eievatlon of graundwater
tration of surface level.
water, etc. .
4, QOccur- Sudden Contiﬁubus and recdrring
rence L ' _
5. Speed of | Rapid ~Slow (0.01 mm to
- Movement . 10 mm/day)
Relatively Small Relatively large

Landsl1de can be sub-~divided into rock Tands11de and so11 1and—
slide as shown in Table 2-4,




2.6

2.7

1) 1Rock Landslide

Rock 1ands]1de is a movement wh1ch occurs along structura]
weak planes, such as faults and bedding planes, in the

deep places of rockbed, Speed of the movement is relatively
faster than that of soil landslide.

2) Soi1'Lands1ide

Soil: 1ands11de is & movement of co11uV1a1 5011 and c]ayey
soil with weak shear strength or along the border plane
between the firm rockbed and the. sa1d 5011 - The movement
is slow and continuous or recurring. ,

~ Debris Flow

Debris flow is a fTow of depos1ts on a stream’ bed wh1ch :
resetmbles the movement of viscous fluid in velocity distribu~ -
tion. This is caused by the current force of the stream and
dep051ts on the stream bed brought about by failures of hill-
side in the basin. Debris flow is divided into two types;
debris flow and mud flow, based on the s1ze of flow materials
as shown in Table 2-5,

1) _Debr1s Flow -

" This is defined as a flow of deposits with large
size of stones.

2) Mud'F1ow
Contrary, th]S is 2 f]ow of- depos1ts composed mainly
of soil,

Others -

There are other disasters not-classified above, such as
submergence due to flooding, settlement of embankment, etc.
There was no part1cu]ar cTass1f1cat1on made for these

“Road d1sasters genera11y occur owing to a comb1nat1on of two

or more causes. Thereéfore, there are considerably many cases
that are uncertain as to wh1ch type to choose. However, in
order to simplify, it is common that one definite type is
selected taking notice of the predominant. cause. :
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3.1

3.2

3.3

CHAPTER 3 IDENTIFICATION OF ROAD DISASTERS

General

Identification of road disaster is composed of two works.,

~namely: 1) identification of spots with disaster potential,

and i1) evaluation of disaster potential of each identified -
spot. :

Identification of Spots with Disaster Potential

Spots with disaster potential are identified.by field recon-

naissance,  Factors influencing disaster potential are

recorded on the check tables prepared for each disaster type.
An example of check table by each dqsaster type is shown 1n
Table 3.1 to 3.5.

Prior to field reconhaissance, the f0110w1ng works were under-

' taken

- -data collection and &na]ysis on the topography
and geology. -

- data c011ect1on and analysis on the meteorology.
- collection and analysis of disasters' records,

Eva]uation of Disaster Potential

To evalgate dlsaster potential, a rating method presented in
Tables 3.6 to 3.10 was used.

The disaster potentials of each spot were classified into;

A {high potential); B (medium potential) and, C (Tow poten-
tial), based on the result of the total rating in the evalua-
tion. :

The method .in the evaluation follows basically the method iden-
tifying disaster spots current1y established by the Ministry

of Construction in Japan with some modifications to ref1ect
Tocal characteristics of roads in the Philippines.

The factors and c¢riteria for rating may be modified through
further studies, since these were only determined based on the
study of characteristics of disasters along the definite road
sections.

=14 —



TABLE 3-1 CHECK TABLE OF CUT SLOPE FAILURE
: Sheet o,
[ Routa Km. Post ' Width , " [Region
Ty
o || Xind of Siope {1} Cut Slope {2) Hatural Siope ]
3 _2 ) Kind of Failure {1} Nothing (2) Surface Failure {3) Deep Failure:
& 3 | Stz of Failure (1) so™ s (2) 50™., 500™ (3) 500" z.000™  (4) 2.000™<
5 4 | Date Occured Day Month Year ]
& 5 | Traffic Intervuption (1) I day = (2} 1 day ~. 7'days (3} 7 days < i
5 Period |
g S—
- 6 | Counter Measure Taken | (1) Structure { 1. {2) Removal of Slide Materials (3} Others |
W . X mm m o mn min —
7 | Rainfall Intensity/ (1) 100 mm = {2) 100" 200 {3} 200~ 300 (4) 300" < f
Day . .
< 8 | Yeight {1) 10" = {2} 10"~ 30" (3) 30" 50" {2) 5™ < |
[= = = ] & T B—
= & | Gradient {1} 45 > (2) 45 ~ 80 {3) 60 < (4} Overhung i
= T
bowg 10 | Berm _ (1) Existing Number { ) Hidth { ) {2) Nothing N
XUy O ) g —
w2 11 [ Slooe Protectien {i}) Structure { } {2) Vegetatien {2) Nothing |
12 { Hardness {1} Kard Rock {2) Saft Rock J
{1} Granite {2} Diorite (3) Diabase {4) Andesite (5) Dacite (6) Schist '
- L)
2 13 | Name {7} State {8} Limestone (9) Schalstein (10} Tuff {11} Tuffbreccie
'é (12) Sandstone (13) Shale {14} Mydstene  {15) Conglomerate (16) Masa
S5 {17} Volcaniclasties
g n
=1 14 | Weathering Condition {1} Fresh {2) Sliahtly {3} Highly Weathered (4) ¥oarly
= Weathéred _ 501l
E<1}
2 15 | Condition of Crack {1} Sparse {2} Regular {2) Daveloped
. Q .
& 16 | Birectior of Crack (1) nelined to Mountain (2) Trresular Inclination (3} Inclined 'to Slape
= 17 | Thickness {1} 5" > (2). 5"~ 10" {3} 10"~ 2" {8} 20™< i
° -
v 18 | Compactress (1) Tight {Z) Slightly logse {3) Loose \
.g 19 | Begree of Saturation {1} Dry (2} Het (3)_Seepage (4) Spring
i 20 | Surface Water {1) lore (2} Low {3} High
22 Concentration
A O
=< 21 | Drainage Facilities (1) Existing [ 1_(2) Nothing
o
_',_,E g'-_,u_. 22 | Impact to Road {1} Low {2) Average {3) High
T 23 | Cause of Bisaster
ooy
24 | Counter Measure
Sketch, etc. I Photo HNo.
Date of Survey Day Fonth Year ] Sﬁr\(eyor J

—~ 15 —



TABLE 3-2 CHECK TABLE OF EMBANKMENT
SLOPE FAILURE

Sheet No.
Route km. Post l Width | l M Region -

1 Kind of Slope (i) Embankment Slope {2) Hatural Slope (3) Overflow Section ({5) Others
§ 2 Locat ion (1) Approach of Bridge (2) Adjacent to River or Sea {3} Inside of Curve (4) Others
= 3 1 Size of Disaster {1) s0™ » (2) 50™~ 100™  (3) oo™
,‘: 4 Date Occurad Day Honth Year
Z 5 Traffic Interruption (1} 1 days. (2) 1 day ~- 7 days (3} 7 days<
2 Period
3 6_| Counter Measure Taken {1) Gnly Fill (2) Riprap {3) Other Structure { )

& 7| Rainfall Intensity/ , {1) 100™.. (2) 100™.. 200™ (3) 200™ns 300" {4) 306™.
B Day | : :
B 8 | Slope Height Q) " = (2) 5™ ~ 10" (310" <
5, 9§ Slope Gradient (1) 48° > (2} 85° ~ g0 {(3) 60° <
22 1 10| Surface Yater (1) Hone (2) Low (3) High-
£y | Concentrat jon .
g T Slope Protection {1} Hothing (2} Vegetation {(3) Riprap {4} Other Structure { )
5 12 | Brainage Facilities (1) Mothing [2) Existing
@, 13 Impact to Road {1} Low {2) Average : {3) High
ég §”é 14 Cause of Disaster (1} Concentration of Surface Mater (2} River Stream  {3) Sea Wave {4) Others
wE3E 15 Counter Measure
Sketch, ate, : Photo No.
[ Date of Survey Day Manth Year i Surveyor l

— 16 —




TABLE 3-3  cHECK TABLE OF FALL

: Shaet Mo.
foute | ] e pest - | width | | Region
1 { Xind of Slope:. ' (i) Cut Stope : {2} ﬂatural Sinpe : ] .
= 2 | Typa of Fall . {1) Debiris. Fall " (2} Rock _Fall . :
& 3 | Falten Rock Size .| {1) 205" > . (2) 20 gt - (3) 50SME ]
5 4 | Date Occured . Day . Wonth . Yedr ]
3 5 _,haffic Interruption (1) & day> ) (2} 1 day ~-7 days {3} 7 days < '
§ : - Period . I ] = i
E _ & | Counter b_ieasure Taken {1) Structure { ) {2} Removal of Fallen Rock . - : {3) Others ]
7 .Raf):fall Intens ity/ {1} 100™ O {z) 100™ 200™  {3) 200 - 20 'f‘“ (1) 300™ <
¥ .
8 | Slope Meight (1) Wl > (2) 107 ~ 30" (3) 30T~ 507 (4) 50" =<
Y 9 1 Slope Gradient . {1} 45 > , {2) 45§ ~ 60 {3) 60 < -~ ___(4) Overhung
2 g 10 | Degree of Saturation {1) Dry {2} Met {3} Seepags (4} spring
2w 1 | Surface Water - . (1) Hone © {2} Low (3) High' ~ '
e - Concentration . . o : i
23 12 | Berim: . © .- (1) Existing -Mumber { ) With ( ) (2) Hothing
w 13 |- Slape Protection (1) Structure { ) {2} Vegetation {3) Nothing -
"14 | Drainage Facilities (1) Existing ( }_(2) Nothino e
15| Matrix Condition. . (1) Hard (2) Soft (3) Loose (4) lgose with’detached cabble
LB 16 | cunly ' _ | {1) Rare (2} Common . (3)_Fréquently
_-E = 17 } Detached Rock-or cabble | (1) Hothing {2} Supported Stably {3) Supported Unstably ]
2 {1) Granite (2) Diorite {3) Diabase ' (4) Andesite” (5} Dacite
4 18 | Rock Name (6) Schist (7} Slate {8) Limestone (9) Schalstein (10} Tuff
'é - {11) Tuffbreccie (12) Sandstone (13} Shale = {14} Mudstone
E‘ < : {15) Conglomerate (15) Hasa (17) Volcaniclasties
'é ‘g 12 Weathering Condition (1) Fresh {2} Slightly Weathered {3) Hmhly Weathered
@[ e 20 | Condition of Crack {1) Sparse {2) Reqular - : {3) Developed
21 | Direction of Crack (1) Inclined fo Bouatain (2) Irreqular Inclimatien (3} Inclined to Slope
"?&, 22 lgga_ct_to Road (1) Law : (2} Average (3} High ' n
éfﬁé’% 23 | Cause of Fall . ] -
W™ E |24 | Counter Measure
Sketch, etc. Photo No. J

Date of Survey l ltay Month Year Surveyor '

—17 =



TABLE 3-4

CHECK TABLE OF LANDSLIDE

Sheet Ho.
|—"4Route : gm. Post , Width , T M Region
° ‘1.| Kind of Slope {1} Cut Slope (2} Matural Slope
“ 2_| Kind of tandslide {1)_Rock {2) Talus {3)_Soi
i 3| Sizé of Landslide (1) 2,000™ > (2) 2,000~ 5,000 (3) 5.000" <
s 4 | pate Occured Bay _ Howth Yoar '
i Traffic Interroptions | . . - )
g 5 Periad (1) day > (2) 1 day ~ 7 days {3} 7 days<
o ] A
= 6 | Rainfall Intensity/ {1} 100 m > (2) 100"~ 200™  {3) 200" 300™ . (4) 300™ <
_Bay . . :
2 _ Existence of frre- ' _
= 7 gular surface with (1} Urnoticed (2) Hedium (3) Remarkable
g staps, sharp cliff _
.ﬁ.g .g and puddles
8% | 8 | Geology (1) Others {2) Sedimentary Rock (3) Highly Yeathered
2925 : Sedimentary Rock.
288 or Talug or Soil
g | Oegree of Saturation (1) ory (2) Het {3} Seepage (4) Spring

8 16 | Gradient of 511de {1) 10°> (2) W ~20° £3) 20° <
i Plane :
2% : . " .
&3 | 1t | Continuity of Slide (1} Unnoticed (2) Wedium (3) Remarkable
=
gg 12 Imapct to Road {1) Low {2) Averaqe {3} High
§§* 13 Cause of Landsiide
25
Lt it Counter Measure

Sketch, etc. Photo MNo.
Date of Survey [ Day Honth

Year -{ Surveyor




TABLE 3-5

CHECK TABLE OF DEBRIS FLOW

- Shee-t Hu.'
Route - kn. Post J | Widtn- I o Region
1 Existance of. Depo- {1} Mathing (2) Exisﬂng
-sitional Toe S - - . .

g 2| _Size of Disaster (1) 50™> iy 50 see™ 3y s00™l 2,000™  (4) 2.0000™ <
& -3 | " Date Occured . Bay. Month . Year
ez 4 Traffic Interruption (1)1 days (2) 1 day ~-7 days (3} 7 days<,
'§E Period . L e o L
IE -5 :{. Counter Maasure Taken (1} Structure { (2) Renioval of Deposit Haterials {3) Othars

7 i{agnfall Tntensity/ (1) 108 mn>. (2) 100™ ~, 200™  (3) 200" 300"  (4) 3007<

By _ : s 3
o 3 § | Average Gradient (1) 20°> - {2) 20° <
B85 |9 | Areaof Basia (1) 028 ko’ > {2} 0.24 K’ <
e T TS o . .
i 10| - Deposit on River:Bed {1) Hothing {2) Rare {3) Abudaace
<117 | Prant condition (1) 50% > Dccupancy Rate of Bare Land or Thin Forest - (2) 50%<
-‘f..é» ‘12 Impact to Road {1) Low (1) Average _(3) High
W@ . . B . T
N 13- |. Cause of Disaster
w38 _ : .
il 14 I Counter Measure
Sketch; etc. _ Photo ko.

- Date of Survey ' Day

Year . Surveyer




TABLE 3-6 RATING OF CUT SLOPE FAILURE POTENTIAL

Condition. Factors Inf1uencang H1gh Potential | Judgement

Topography- H1gh s¥0pe _ N - Yes = g

. . Slope with steep gradient . . No = b
Geology?! 'Slope of thick and loose soil . Yes =
S]ope of soft rock or weathered rock No =

Slope with many or deve]oped cracks,
Joints, bedd1ng planes, etc

Slope Surface "Bare or few grasses slope Yes =
. : N 0 =
Water | Concentration of surface water _ Yes = a
'Ex1stence of seepage water ' No = b
Symptom-of Evidence of er0510n or scour1ng :.g Yes =.a
Failure Existence of abnormal deformation or :
unstable mater1a15 _ _ No = b
Total Rating  5a’s, 4a's + b, 3a's + 2b's ~=-cmmemmmonn A
2a's + 3b's, 8 + Ab'S memcmcmmeemceceo B
5b's  mememmces b L T C

Reference:

L Slope of higher than 20 m. or éteeper than standard
gradient may be judged as Yes.

2 ‘Slope of more than 5.0 m of 5011 layer in th1ckness
may be judged as Yes.

Pay attentlon to the-case that direction of “bedding
plane inclines to slope side.

~20 -



TABLE 3-7 RATING OF EMBANKMENT SLOPE FAILURE POTENTIAL

cdnditibn

Factor Influencing High Potential

. Slope of higher than 7.0 m. or steeper than 1.5 =

judged as Yes.

2/

inside curve or sagging section.

Judgement
1/ -
?opograph High slope Yes = a
STope with steep gradient: No =
- Geology Slope of sandy soil Yes =
' No =
Slope '2/ Bare or few grasses slope Yes =
Surface~ No =
Hater - Concentration of surface water Yes = @
Existence of seepage water _ No =
Influence of river stream or sea wave
Symptom of Evidence of eros1on or scour1ng Yes =
Fa11ur§ Existence of abnorma] deformation No = b
‘Total Rating 5a's, da's + b, 3a's + 2b's cmemmmmemme e A
2a's +°3D'S, @ + Ab'S Smemmmmimmcommmmnen- B
BD'S e e s c
Reference:
1
1 may be

‘Concentration of surface water is observed at many slopes

Seepage water and satu1at10n are observed mainly at the
embankment on inclined ground or semi- —embankment-cut
section.

—21



TABLE 3-8 RATING OF FALL POTENTIAL

Factor Influencing High.Potential.

Condition Judgement
1/ ) g _
Topography™ High slope Yes = a
Slope with steep gradient ‘No =
2 - . _ -
Geo1ogy:/ STope of loose matrix with large size Yes = &
stone R o ' ' ' .
: No =
Slope of highly weathered rock
Slope with many or developed cracks,
Joints, bedding planes, etc.
Slope Bare or few glasses slope Yes =
Surface No =
0 =
Water Concentration of surface water Yes =
Existence of seepage water No = b
Symptom of Evidence of erosion or scouring Yes =
Fall™ 3/ Existence of large size supportless No =
stones or detached rock
Total Rating ba's, da's + b, 3a's + 2b'S wmwmmammm—naan A
2a's + 3b's, a + 4b'S ---mmmmmmmmme e B
5b's
Reference:
1/ Slope of higher than 20 m. or steeper than 1 =1 may be -

Judged as Yes,

2/ Pay attent10n to the case that direction of bedding plane
inclines to s]ope side,

3/ Supportless stone or detached rock of more than 50 cm. may
be judged as Yes.

—29 ~



TABLE 3-9 RATING OF_LANDSLIDE POTENTIAL

Condition Factor Influencing High Potential .. . . Judgement
Location Located in the area prone to landslide Yes =
No = b
Topography Land form susceptible to landslide Yes =
{(irregular surface with step, sharp No =
cliff, puddle etc.)
' Geology Neozene, tuff, Supentﬁnite; fault - Yes =
~ fracture zone, etc. _ No =
0 =
Water _ Existence of seepage water Yes = a
No =
Evidencg of Evidence of past landslide Yes = a
Lénds]1d& : o _ No = b
Total Rating ba's, 4a's + b, 3a's + 2b's RN
2a's + 3b's, a + 4b'S emmmmmmen oo B
5b's

—23 -



CTABLE 3-10 RATING OF DEBRIS FLOW POTENTIAL

Condition Factor Influencing High Potential ... . . .Judgement

Stream 1/ Steep gradieht ' " Yes = &
Gradient™ _ _ No < b
Deposits on Abundance of loose depoéits with Yes = a
River Bed pebble, cobble and boulders No = b
, .2/ . . _
Basin— Wide basin Yes = a
No =
Plant and / High occupancy rate of bare land Yes =
Vegetation™ and thin forest to total area No =
of basin
Hillside Exﬁstence 6f failure area in hillside - Yes = a
No. = b
Total Rating  5a's, 4a's + b, 3a's + 2 b'S =m-m-mmmmmme A
Za's + 3b's, a + 4b'S c—-—memmmm o e e B
Bb'S =mmmmmmmmm e m e m———— C
Reference:

Y More ‘than 20% of average gradient of stream may be judged
as Yes.

2/ wore than 0.24 kn’ of basin may be judged as Yes.

3/ More than 50% of bare Tand or thin forest area may be
judged as Yes.

- 24 —






4,1

CHAPTER 4 SURVEYS FOR ROAD DISASTER SPOTS
GENERAL

The surveys for road-disaster spots involve.-the determination -
of the basic (elemental) factors influencing disasters through
on-site topographic-and geo]og1ca1 1nvest1gat10ns and tests

of soil and rock. mechanical properties. -With ‘these results.
and past experiences onthe effects of vain and earthquake in
the section or area, the disaster potential is predicted and
the countermeasures are designed based on the cause and the
form of failure anticipated. ' S

From a pract1caT"v1ewpo1nt, SQrveys for'foad d1sa5£ers can be
divided into two stages, pre11m1nary survey and deta11ed
survey, as shown in the flow chart in Table 4, 1

(1) Preliminary Survey

A preliminary survey is carr1ed out to 1dent1fy rough]y
the spots with disaster potential in order to-be able to
plan a more specific and/or intensive 1nvest1gat1on as
may be required. At this stage, the work involved is’
genera11y a review of pub11shed data and field recon-
nawssance : -

Factors wh1ch should be checked for rough 1dent1f1cat1on
of the spot with disaster potential are as shown in the
check table {by disaster type) described in Chapter 3.
Nevertheless, for the pre11m1narysurvey, the following
basic 1nformat1on are to be collected:

- Past d1saster records due to rainfall
or. earthquakes

- _Geologlca? maps and topograph1ca1 maps
- Aerial photographs
- Documents related. t0=the?disastee

During ‘the field reconna1ssance 1n1t1a1 information _
with regards to tOpography, geo]ogy, environment, spring
water and vegetation as may be gathered from existing .
records or aerial photographs should be confirmed w1th1n
the relevant d1saster spot.

. Special attent1on must be’ g1ven to the cond1t1on of
lands1ide topography and the presence of faults, fracture
zones, strikes and dips of strata, valleys, river terraces,
past slope failures and springs wh1ch should a11 be noted
during field reconnaissance.

Where f1e1d reconna1ssance is difficult, preliminary
examination from aerial photographs will speed up the
collection of information such as topography and vege-
tation on the periphery of the disaster spot.

— 25




Table 4.1 A Flow Chart of Survey for Road Disaster

¢ Planning { Preliminary)

D

1

L T Preliminary ‘survey
D— ¥
i Investigation -of data - ]

: l {a) Photogrammetic survey
{b) Field reconnoissonce

-

|} identitication of spots wiih disaster poteniial

2} Plan of detailed survey

)

']
{___ Planning { Secondary)

L - Detailed survey:
L

]

‘Method of detailed survey

t} Surtdce exploration

2) Soundlng .

3) Bor!ng Observa’non of layer and Sompllng
4) Geophysmul prospecting

5). Investigation of ground water

8) Soll propetty test, soil strength tests
7) lavestigation of slope displacement

Geologic strusture 7
Evaluation of soft and rocks

Discontinuous

Conditions of surface water
‘Conditlons of ground water

face

(secondary}, Estimation of the damages ‘due.

Estimation of 1he causes, condmon Iocution shape und sca!e of
disaster, Prediction of stobillty, dudgemem of dangerous degree

to disaster

[ Conditions of works Construction cos_}b%—{ Prevuous experience I

4 Selecﬂon of the type of countermeqsures )
I

- ] i ‘ T 1 , | :
Strength of ||Properties Pr_op‘&rﬂes Characterisfic || External Strength ond
the discon~ || of the soil ||relevant to|of the causes || force acting deformm‘ioni
qtinuous face j)with dicon-|| seepage and thelr - on the ' f)?%?\tz[ilrﬂi:tion
(Foilure face, t'inuous - {|and per- || mcgnltude. - counter ~ || ground of the .
Slide face) {[face.. ~ | meability. . measutes. || preventive work

T N B " I | ]

[ Conditions of warks, Construction cost ole——{  Previous experlence |

(__Decislon ‘on the design conditlons of the countermeasures )

_Preliminary survey

SN

/!‘\

Detoiled survey

.\! .
-}

{Stage of cvergl! planning)

{ Stage of design and construction )
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(2) Deta11ed Survey.

Detailed survey is carr1ed out for the purpose of esti-
mating causes, shapes and sizes of disasters and even-
tually designing countermeasures by examining the topo-
graphical and geological character1st1cs of the disaster
spot. :

The data gathered dur1ng the pre11m1nary survey is:.not
sufficient for planning the countermeasures, suitable
téchniques for detailed survey are 11sted below that may
be adopted on the purpose

- Estimation of pos1t10n and scale of d1saster,
Soundings, seismic refraction, bor1ng, strata
inspection.

- Behavior of surface and underground water,
Permeability test, inspection of water tables,
groundwater tracing, groundwater prospecting,
measurement of pore water pressure, water
quality test.

- -Soil and rock:characfer1stics, LaboratOry
"~ “test, rock tests, bor1ng, sound1ngs se1sm1c
refraction.

- Surface behaviour; Surface d1sp1acement _
tests with expansion meters, examination of
slide surface, strain gage, measurement of
pore, water pressure.

The suggested methods of investigations are shown in
Table 4.2 .

_Estimation of slide plane of collapse is the most~
important objective of the detailed survey. This is
carried out through an overall judgement with respect to
the following four (4) points based on the results
already obtained:

i) The shapes and causes of the fa11ure on the
per1phery of the disaster spot.

- Compar1sons w1th the subJected d1saster
spots

ii) Invéstigations on discontinuities and
differences. o
-  Examination of the effects of discon-
tinuities. and differences with respect
'to strength and permeab111ty between .
stratum. .

Tiii) Estimation of s1ide surface by - ex1st1ng o
- surface variations. :
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TABLE-42 KIND AND SURVEY ITEM OF
GEO - TECHNICAL SURVEY

Survey item

Kind of Survey

Eleciric prospecﬂng

Boring

Auger boring

Test pit
Soundmg

Sotl tes?

Rock test

Ground woter survey
Field instrumentation

Type of soil and rock

o)
O

>

©
©

Structural wedakness

>

Cracks and-jolnts

)

Weathering -

10

Thickness of top soll.

Geological S‘rk_ucture

. Unconfofm!ty or'dlscounﬂnui’ty

O O D O @ @ Fieit_i reconnaissahce

olelo|o

Strength ot qr'o'um_i'

D @ O O O @ D Sels;mic_r.e‘._fraction

olelelelelole

Strength of embankment materials

ClOl0|®

Physlcal property of _embunkmenirmaierluls

>

C

®|elo

Abnormal deformation:

©

Surfoce water and seepage waler

Ground. water

©|©|

L andslide

lLocailon of s!_i'd_e plane

@010

Dlrection and amount of movement

Potential

>1D >

BIE

Qualliy of ground water

Run off pass of ground waler

Level of ground water.

RIBIE

Note: 1) Str_ut_:';ure weakness means fdun.frqc_furegi _zona,'bedd_ing plane,etc
2) (O) Most applicable (O appilcable A supplementa
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4.2

- The shape of the slide surface can
often be estimated from the cracks
on. the top of the slope or protube- -
rance in the middle of 10wer sections
of the slope.

iv) Invest1gat1ons of fa1}ure caused by the
effect of water

- Failure and s?zde'are ma1n1y caused

by effect of water through erosion

by surface run-offs, pore water
pressure increase, decrease in
ground strength due to contained
water, increase in ground weight .
due to water contained, partial
collapse from piping and progress

~of weather1ng By investigating
effect of water, the potential and
the cause of the failure can be
identified.

SURVEY FOR CUT SLOPE FATLURE

Since cut slope is géneraliy‘COmbOSed of complicated, non-
uniform geological structure, it is difficult to analyze
theoretically stab111ty of cut slope. Because of this, the

'slope gradient is generally determined using the standard

slope gradient table which is empirically compiled mainly
accord1ng to the soil geo]ogy and depth of cut slope as shown
in Table 5 1. _

Therefore, surveys'are main]y required for the following cases.

i) Cut_slopes of unstable rock and soiT_

Cut stopes of talus, colluvial deposits, weathered
rocks, volcaniclastics and slopes which have
evidence of failures are commonly unstable. It is
required to obtain the information of groundwater
and N-values through boring and the grain size
distribution through soil test and state of strati-
fication through seismic refraction. The results
of this survey should be reflected in the design of
‘the recommended countermeasure. .

ii) Cut slopes of sandy soils, and easily eroded soils.
" In-order to determine the slope gradients to design
protection works for such slopes made up of :sandy
soils which are easily eroded by the surface water.
It is necessary to make a comprehensave review of
the degree of solidification and the resistance to

erosion by examining the N-value, and the sand and
silt content by grading analysis.
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iii)  Cut s]bpes of rock quickly weathered such as
‘mudstone and serpent1n1te '

For cut slopes of rocks with a low degree of
éndurance ‘against weathering, the appropriate
gradient of slope should be determined comprehen-
s1ve1y evaluating the velocity of elastic waves of
seismic refraction, the unconfined compressive
strength of sampTed cores, thickness of weathered
zone and ‘the resu}t of the dry-wet repeating test;
(and so on) _

iv) Cut s]opes of rocks with many fissures

The stab1]1ty of cut slopes of rock with many.
fissures is ma1n]y governed by the degree of
fracture or by conditions of bedding, schistosity
“and joints. These should be fully studied through
the' detailed observation of the existing slopes
ahd outérops, -and comprehens1ve engineering
evaluation should be made. based upon the core
recovery- {R.Q.D.), and crack coefficient. If the
fissure inclines to the slope, special case should
be paid in design of countermeasures since such a
slope is extremely unstable. -

v) Cut sTopes with a large amount of groundwater

1t can be said that most causes of slope failures
are related directly or indirectly to groundwater.
The amount of groundwater can be determined by
various methods such as borings, electric surveys
and pumping tests. A particular type of survey
suited to the purpose should be selected and
performed in response to field conditions.

SURVEY FOR EMBANKMENT SLOPE FAILURE

The gradient.ofan-embankment or re-filling slope is normaT]y
- determined based upon .the standard gradients shown in

‘Table 6.1 of Chapter 6 1in response to the geo?ogy and height
of embankment

Therefore; surveys fofﬁembankment s]ope failure are necessary
in the following cases:

- When the he1ght of the embankment exceeds the standard
~gradient of Table 6.1,

- When the fi11 compr1ses soils with a h1gh water content
- and alow shear strength. :

= When the embankment is easily affected by spr1ng water
' from the ground _
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4.4

The stability of embankment in the above cases should be
examined by stabi1ity calculations using the results of
unconfined compression tests or triaxial compression tests
on fill mater1a1 wh1ch has been compacted to the specific
degree. :

The - stabi]ity-éf the embénkment is ma1n1)'affected by wéfer;

Therefore, extra attention should be taken in surveying.

“condition of surface water and .groundwater. Survey of a

run-off path which surface water may concentrate during
heavy rain is important for- design of ditches and slope
protection works to prevent erosion or scour1ng of the
embankment slope.

Spring water wh1ch permeates from ground into embankment
make fill slopes unstable., Therefore, the conditions of
groundwater should be fully investigated particularly for -
the embankment on inclined ground and:in valleys, partial
cuts and fills or transitions of cuts and fills. -The main
items to be clarified with respect to groundwater are;

- Distribution of groundwater, or groundwater
pressure

- Extent. of permeab]e 1ayer or water-bearing stratum,
or extent of impermeable Tayer

- -Direction of groundwater flow, water vein, water
source

It is difficult to investigate accurately groundwater condi-
tions: from the results of a single survey, hence a compre-
hensive examination, using the results of a number of other
related surveys 1nc1ud1ng field surveys, borings, sounding
and so forth 15, therefore, requ1red

Seasona] changes in groundwater are often remarkable in
many cases and it is, therefore, desirable to 1nvenst1gate
also these changes

SURVEY_FOR FALL

S1nce @ fall is a kind of cut s1ope failure, the surveys for

"~ falls are also carried out with the a]most same manner as

for cut slope fa11ure

S1opes suscept1b]e to fai?s are as foT]ows

- S]opes of debris hav1ng matr1x which:is eroded or
. scoured easily, -such as talus, colluvial: deposits,.
. terrace gravel, vo1can1c1astics, weathered gravities.

"~ Slopes_of rocks With deve1oped cracks, JOTntS,
“bedding planes, etc. _



4.5

Main.
compa
16 ev
visua

survey item, therefore, isito 1nvest1gate the -
ctness of ‘the matrix and conditions of this fissure
aluate potential of the falls:' This can be done hy
H 1nspect1on dur1ng field reconna1ssance -

For design ofcountermeasures, the f0110w1ng spec1f1c surveys
are requ1red .

SURVE

QS1ze of rocks wh1ch are expected ‘to- fall and the1r
location (he1qht and d1stance) '

Condition of sTope on which rocks fa1] down.
(hardness, ircegularity, vegetataon “etc.)

w1dth of space between the toe of slope and carr1ageway

Y FOR LANDSLIDE

Survey for lanslide is carried out in order to be able to:

estimate the range of landslide movement.
reorganize the causes of landslide. '
" determine Iocat1on and strength of slide plane.

For the above listed assessments,.surveys such as geological

and s
are u

(1)

0il survey, groundwater survey and measurement survey,
ndertaken

.Ge01ogica1'ahd:SO11'Survey

Lands]1de mainly occurs a]ong the spec1f1c sTade p]anes,
such as faults, bedding plane and border ptanes between
firm bed rocks and overlaying ditritus or soil. There-

- fore, geological and soil survey should. be carried out

to 1nvest1gate Tocation,. shape, extent, and soil mecha-

nical characteristic of the slide" plane Beside this,

to obtain the overall information of landslide, strength

of rocks, degree of weathering, strike and dnctination
of stratum, conditions of faults and fractured zZone,
properties of cracks and joints, etc should .be surveyed.

Boring. is ma1n]y app]1ed for the survey ment10ned above
- and seismic refraction sometimes is necessary. In order

to determine the location and strength of the side plane,
sounding survey is carried out. At least four boring
should. be done along the main direction of landslide

- movement and one of them should . be located on the

upper. part of the main scarp of the Tandslide. ' Borehole

--should be drilled at least 5.0 m into the firm bedrock
1o recognize ‘the slide plane. .Where landslide area is-

wide and.bedrock is .unconformable, seismic refraction
survey is usua11y app11ed w1th bor1ng to sound shape of
extended bedrock :
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(2)

Groundwater Survey

It is well known that Tandslide frequent]y occur after

~heavy rains-as its movement becomes: active as the
groundwater-level ‘rises. " In order to understand ‘the
mechanismiof the landslide, tha groundwater conditions -
such as location, fluctuation of:the level, flow, run-
off path, currenf speed, quality and temperature etc.

- should be' investigated.  Groundwater surveys can be

: genera31y classified into groundwater distribution
surveys and.groundwater pressuve surveys. The characte-
ristics of each survey are shown respect1ve1y in Table

4.3 be10w

_TABLE‘4.3 'aRoUNDwATER SURVEY

Groundwartar %‘~I~4~Ieasurement of grounawater Ievel

] Fressure survey i S
N . ‘Awwnea<urement of pare watar pressure ) )
Groundwatar L

survay

| ' S Preiimlnary [:-—Hater qud‘lnj analy315 survey
iurve
L__GroundwaterV I ; ! Wa ter temperature survey

distribucion

survey Plane survey—— - Groundwater Lracing
' ‘ Detaited :
sirvny “Groundwater survey in
borehole
Vertical survey

Pumping test

To analyze the mechanism of landslide, it is necessary
to examine the. correlationships between the fluctuation
of groundwater and the movement of landslide and that
between the fluctuation of groundwater and rainfall.

Measurement Survey

This is carr1ed out to understand direction and speed
of movement of the landslide by measurement with
instruments. This is done generally with the use of
instruments such as extensometers, slant-rules, .
displacement piles and displacements plates. From the
measurements taken with these instruments, changes of
strain at slide plane as well as ‘changes of expansion
and slant at the ground surface accompanied w1th land-
slide movement can be determined.

~ 33—



4.6

" SURVEY FOR DEBRIS FLOW

Sufveys_fot debkisifTow.can be_di#ided:into two items corres-

ponding to the purpose: a survey to investigate the cause

and the potential of .the debris f]ow, and a survey to design
the countermeasures

"eIn order to 1nvest1gate the cause and the potent1a1 of the
- .debris flow conditions of the relevant stream at its basin
~ should be revea]ed : _

'In th1s work “area of the stream bas1n average grad1ent of -

the stream, number of tributaries,- vegetat1on or.-waste con-
ditions on the hillside should be investigated using geolo-
gical ‘maps, topographical maps and aerial photographs which
should be confirmed through the field reconnaissance.

The surveys as shown in Table 4.4 are generally carried out

to examine conditions of ‘the stream and to design the coun-
termeasures -in the detailed survey stage.
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TABLE 4.4 KIND AND PURPOSE OF SURVEY FOR DEBRIS FLOW

( Kind of Survey

Summary.ltem

Purpo se .

Examination of Stream

Conditidn.;ﬁ... A

For Des¢gn of Counter-

,.measures

Field
Reconnaissance

Determination of loca-'
 tion to perform
detailed surveys such

as -boring, seismic

refraction, etc.. ... |

Determination of 51te

- to plan a counter-

measure.

Ground Survey

- Longitudinal Teveling

and cross section
survey to 1nvest1gate
gradient and cross
section of the stream
and conditions of

,dep051ts on the river
bed.

Planimetric survey and
tevelings to design

- the countermeasure.

Investigation of
thickness and nature

Determination of found—
_ ation for the structures.

distribution

Bpring of the deposits and =
depth of the bedrock.
Iﬁvéstigation of- Determination of found-
Seiémic thickness of the ation for the structures.
Refraction ‘deposits and depth : :
DR of the bedrocks.
: Examine of mechanism
Test Pit and structure of the
deposits.
A - Examine of discharge AnaTysis of lateral
gﬂg§2]0g1ca] velocity, tractive force to the structure
' y - force, etc. :
Soil Test Examine of grain
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5.1

5.2

5.2.1

CHAPTER 5 DESIGN OF CUT SLOPES

nothomoger.ous
General '

-UnTike for an embankment slope, cut 51dpe section can hardly be

designed by stability analysis alone.  Since geological formu-
lation of ground is extremely not homogeneous and the characte-
ristics of soil vary considerably. These conditions set diffi-
culties in predicting sliding surface, estimating accurate
strength of soil and judging the decrease in the strength of
the soil due to weathering.

Designing the cut's1ope should, therefdre, be made not only by

quantitative analysis but also by empirical engineering judge~
ment based on knowledge learned on similar works. Based on
past experiences in road construction, the slope and the
physical characteristics on the adjacent area should be consi-
dered in the design of cut slopes. ’

Gradient and Shape of Cut S10pes'

Standard Gradients of Cut Slopes

Refer to APPENDIX 25 Standard Drawing No. 1; Typical Cross

Section of Cut Siope and Embankment Slope.

Gradients of cut slopes vary with the types and condition of
the soil and with the height of the cut. Table 5-1 shows the
standard gradients of cut slopes, empirically established,
assuming no treatment or provision of slight protection work
such as sodding or netting. '
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TABLE 5-1 STANDARD GRADIENTS OF CUT SLOPES

Height of Cut

Gradient

Soilt or Rocks
Hard.Rock ,,,,, 3301 tOIO.B‘.l
Soft Rock R 0.5:1 to 1.2:1
. Not dense, and ) R

Sand " poorly graded 1.5:1 or above
' i
Dense Less than 5m 0.8:1 to 1.0:1i
5 to 10 m 1.0:1 to 1.2:1 |

Sandy Soil . - '

Less than 5 m 1.0:1 to 1.2:1
Not dense 5 to 10 m 1.8:1 to 1.2:] |

‘Sandy Soil Dense, ar well Less than 10 m 0.8:1 to 1.0:1

mixed with graded 10 to 15 m 1.0:1 to 1.2:1

gravel or b
rock masses Not dense, or Less than 10 m 1.0:1 to 1.1:2
poorly graded 10 to 16 m 1.2:1 to 115 |
Cohesive Soil 0 to 10 m 0.8:1 to 1.2:1 |
Cohesive soil ~Less than 5 m 1.0:1 to 1.2:1
mixed with - '
rock masses _ T
or cobble 5%tc 10 m 1.2:1 to 1.5:1 |
stones ___J
Note:

(1) Silt is classified as cohesive soil.

{2) Soil not shown in the above table shall be desiéned
special care.

with

(3} Height of cut is to be vertically measured from toe to
top of_s}ope.

(4) Ratio of Gradient: horizontal length {(n) in proportion

with vertical height (1).

Single Gradient of Cut Slope

Where soil is composed of an almost uniform kind in the direction
of depth of cut, both Tongitudinal and crosswise, a single
gradient of slope is recommended.



5.2.2

Where the kinds of soil and rock vary considerably and compli-
catedly, a single gradient suited for the gentliest type may
be adopted, for convenience of construction, but not neces-
sarily recommended from the economical point of view.

Different Gradients of Cut Slope

Different gradients suitable to each kind of soil and rock
shall be adopted as shown in Figure 5-1.

Berm is generally provided at the joint where the gradients
change.

Sandy Soil

Soft' Rock

-~

M -~

- FIGURE 5-1 DIFFERENT GRADIENT OF CUT SLOPE

Berm 5

Berm

A berm of 1 m, to 2 m. in width shall a1wéys be provided
somewhere at the middle when the cut sltope is high.

Purpose of Berm

At the lower portion of a continuously long and large slope,
discharge and running speed of surface water increased causing
scouring. )

By providing a horizontal berm in the middle of the slope, the
running speed of the surface water can be reduced and ditch can
also. be constructed to prevent concentration of surface water
at the lower portion of the cut slope. The ditch drains the
surface water outside of the siope. A berm can also be used

as a sidewalk for inspection purposes,
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Location of Berm

A berm shall be provided at every 5 m. to 10 m. in height of a
slope where the slope is composed of the same kind of soil or
rock. In cases where the slope is composed of different kinds
of s0il or rocks, the berm is recommended: to be provided at

" the boundary of gravel and rock or permeab?e and non-permeable
strata as shown in F1gure 5.2,

GRAVEL

© FIGURE 5-2 LOCATION OF BERM

A wide berm is reconmended where‘the slope is long and large
or where protection fences‘for rock fall are to be installed.

Gradient of Berm

Where a‘drainage facility is not broVided at the cdt.s]ope,
the gradient of the berm should be about 5% to 10% in order to
drain water towards the bottom of slope, as shown in Figure
5-3, :

CONCRETE SPRAYING

* FIGURE 5-3 GRADIENT OF BERM WITHOUT BERM DITCH

“~Where soi} qr“ﬁockS‘areiiike]y'to'be:detéched at some’
portions of the slope, or when the siope is composed
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of soil or rocks that are easily eroded, the gradient of the
berm shall be made in the reverse dirvection and a ditch shall
be provided to drain the water, as shown in Figure 5-4. '

DRAIN DITCH
(Berm Diteh)
5-10

" "DRAIN OITCH

‘Concrete -
FIGURE 5-4 GRADIENT OF BERM WITH BERM DITCH
5.2.3 Rounding of Cut Slope

The cut slope shall have a'gentle and rounded finish at the
top and at both ends. S . :

' ToE-Of Sibgg

The top of slope often collapses because it is easily eroded
and vegetation can hardly grow. Round. shaping is, therefore,
recommended to prevent it from collapsing, as shown in
Figure 5-5. '

Top of cut slope

Rounding:

FIGURE 5-5 ROUNDING AT TOP OF CUT SLOPE

- 40 —



5.3

5.4

Both'Ehds of Slope . -

Where tbbsoi1=(gra§e1) exists‘thickiy atJthe top of sTope and
along outer edge of bedrock as shown in Figure 5-6 (a), rounding
shal} ?e applied at both-ends of slope as shown in Figure

5-6 (b). | |

Top Soil  Roundirg

= : |l [/TF\ Rounding

{b)

FIGURE 5-6 ROUNDING AT BOTH'ENDS 0OF SLOPE
Stability Analysis of Cut Slopes -

Stability analysis of cut slope is seldom considered in the
design- stage, but this is often adopted in the design of
countermeasure.for the cut 'stope that has collapsed during or-
after the construction. = The formula mentioned in Chapter 6.3,
Stability Analysis of Embankment Slope can be applied accor-

“dingly. “The safety factor shall be more than 1.5 in the design

of'coUntermeasﬁres.
Cut STopes with High Potentiality of Failures

For the construction of cut slopes where geological features
exist, as shown.in Table 5-2, special attention on soil and
geotechnical surveys should be taken considering the high
potentiality of failures. -



TABLE 5-2  SLOPES WITH HIGH POTENTIALITY OF FAILURES

Geological Featureé with
High Potentiality of Failures . |... 7V 77 . 77 00

(1) Colluvial Deposit and: Talus Cone -

considerably weathered Weathered Slope
slopes Trace of volcanic mudflow

.. Area.coliapsed. in the past..

(2) Sandy s0il and éasi1y ' Masa {Decomposed Grantile)
- erodable ground - : Shirasu (Volcanic ash),
Pit-Sand, -
- . Terraced Gravel. Layer’
(3) ‘Rock eaéily weathered Tertiary Mudstone, .Shéie, !
o Tuff with weak soT1d1f1cat1on,
Serpentine.
{4} Rock with many fissures Schist, Gneiss, Chert, Slate,

Serpentine, Basalt , Andesite,
‘Rhyolite, Granite T

Dip slope structures . Bedding in Sedimentary Rocks, .
‘with t1ssue o Schistosily in Schist or Gneiss,
' Columnar and Plate Tike -Joints
{5) (Rocks w1th cracks 1nc11ned . and Igneous Rocks.

to the same direction w1th .

cut slope)

(6) Ground with groundwater

(7) Large-sized cut slope

5.4.1 Colluvial Deposit and Badly Weathered Slopes

In the talus cone, weathered slope, trace of volcanic mudflow
and the area collapsed in: the past, colluvial deposit with a
low degree of solidification often exists and forms a natural
slope with a gradient close to the critical angle of stability
of .slant. When such slope is excavated to a gradient steeper
than that of the natural slope, the cut slope will become
unstable and a failure may easily occur, as shown in Figure 5-7.
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FIGURE 5-7 SCHEMATIC DIAGRAM OF SLOPE FAILURE OF COLLUVIAL DEPOSIT

As ccuntékméasures'against this kind of failures, the following
methodS‘can be considered: : : :

Method 1
Where a fai?ufe_of (a)'1S predictable:

As shown in Figure 5-8, a wide step. shall be provided near the
“Tine of bedrock, so-that the sediments collapsing and falling
from the above step 'will be easily retained on the step. The
gradient of the colluvial deposit on the portion of weathered
layer should be made as gentle as possible. :

Colluvial Depasit I

FIGURE 5-8 COUNTERMEASURE FOR SLOPE FAILURE OF COLLUVIAL DEPOSIT
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5.4.3

5.4.4

Method 2 -
Where a féi]ure of (b) 1S'pfedi¢féb1e:

In this case, the countermeasure such as.large-scale removal

“of s0il (with a slope gradient of 1.5:1 to 2.0:1 or gentler,

to include berms), sufficient. groundwater drainage works, .or
prevention works (pile against landslide) should be performed.

-However, all methods stated above will greatly affect the

construction cost and, thus, a complete study sha1] be
requ1red dur1ng the des1gn stage.

Sandy Soi! and Easi1y=ErodabTe Grouhd

Sed1ments cons1st1ng ma1n1y of sandy 301] such as. masa (dec0m~

~posed -granite), Shirasu. {volcanic ash), p1t ~-sand or. terraced

gravel layer are very easily eroded by surface water,

frequently resulting in rock fall, small fall or debris flow.

The erosion should be basically prevénted with slope protection
works or drainage works rather than coping with the gradient of
the slope. Therefore, the water should be completely drained

from the top to the toe of the slope. - Any pérmeation of water

~from the top of the slope should be avoided whenever possible.

It is important to provide an extra area of land in front of

. the toe of slope so .as not to.give any direct influence upon
: the road surface in the event of fa11ure

Rocks Easily weathered

If the surface layer.of a slope is composed of tertiary mud-
stone, shale, tuff with a low degree of solidification or
serpentine, the surface gradually turns_ into sediment, due to
the release of stresses by excavation and the repetition of
drying and wetting thereafter which frequently causes slope
failure as shown in Figure 5-9.

FIGURE 5-9 SCHEMATIC DIAGRAM OF SLOPE FAILURE OF ROCKS EASILY
WEATHERED
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For fhe-prOtectiOn_Of'thfs kind of failure, one of the
following precautionary measures shall be taken into consi-
deration during the design stage.

i) A stable gradient should be provided in order to
prevent slope failures in the future, even after
weathering develops.: ' In addition, a space (road-
side space) to minimize damages in the event of

“slope failure should be provided. -

i1) The slope should be tightly coveféd with”protectioh
works to restrict the weathering to a minimum.

For tertiary nudstone, the slope ratio, without the berms
should be 0.8:1 to 1.0:1 for favourable condition and 1.2:1
otherwise. : o : _

For serpentine, a wide range of slope ratio of 0:5:1 to 1.2:1
is adopted for slopes higher than 10 m. because of the big .
difference in thesolidification.between good and poor rocks.

However, a slope ratio of 1.5:1 to 2.0:1 has been generally
adopted where abnormal states during excavation have occurred.

Rocks with many Fissures

Bedrocks usually have many weak 1ines such as fault-fractured
zones by tectonic motions, and column-shaped or plate-shaped
Joints created by the contraction during cooling. . The former
is often seen in the rocks of Mesozoic and Paleozoic formations
(schist, gneiss, chert, slate, serpentine), while the latter is
often observed in basalt, andesite, rhyolite and granite,

Typical failures of these rocks are shown in'Figure 5-10,

a . b

N Fraction

FAMURE Iy

.J.OINT T ¢ OZONE - C Ao _
: /_/_7*‘\" Fissur :3‘_‘ b
—y ~ l|§|l I_If[ﬂﬂ K VAR
T I! ! S ‘Surface of _-Lf /'/. L .
Failure ' <\

~ FRAGCTURED ZONE

FIGURE 5-10 SCHEMATIC'DIAGRAM OF SLOPE FAILURE OF
ROCKS WITH MANY FISSURES
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The stability of these slopes is dependent on the degree of .-
development of fissures and the degree of fractures, and
therefore an overall reviewshould be performed based on the
results of seismic survey and crack coefficient, comparing it
with the actual records made for existing nearby slopes.

The relationship between the velocity of elastic wave and the
gradient of slope cannot be accurately estimated because the
velocity of elastic wave is greatly affected by the kind of
rocks, degrees of weathering and cracks. '

An example of measurement is indicated in Figure 5-11for
reference. This example ‘shows-the relationship between the
results of a seismic survey performed at a proposed exca-
vation site and the gradients of slopes actually made on the
same site. -Those slopes which have collapsed during or -imme-
diately after the execution of work are marked with "o" in
the figure, and the boundary 1line between the stable zone and
unstable zone is indicated with a broken line.

The slope stability is sometiimes examined by determining the
crack coefficient which indicates the frequency of occurrence
of fissures in bedrock judged from the velocities of elastic
wave of bedrock and boring cores, o *

The crack coefficient C_ is given by

Where; -
Vpl. . Velocity of elastic wave through boring cores
Vbz : Velocity of elastic wave through grbund
Figure 5-12 shows an éxamp]énof squey_Condhctéd by'thejdapan
Highway Public Corporation to establish the-relationship
between the crack coefficient and the gradient of siope. The
slopes that collapsed are marked with"0" and then the boundary .
between the stable zone and unstable zone is indicated by
broken lines.
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FIGURE 5-11 STABILITY OF SLOPE IN RELATION WITH
VELOCITY OF WAVE AND GRADIENT OF SLOPE
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© FIGURE 5-12 ~STABILITY OF SLOPE IN RELATION WITH
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5.4.6 Dip Slope Structure with Fissures

There are fissures develeped regularly in a certain direction
- such-as bedding developed in sedimentary rocks;.schistosity
. developed in schist or:gneiss; and column. or plate-shaped
joints developed in igneous rocks. The direction of slant
of these fissures coincides with. the direction.of slant of
cut slope face. This slope is called as the dip siope
structure with fissures. '

A typicalnfeature of'fai1uré of a slope is shown”in.Figure 5-13.

™~

BEDDING OR JOINT

" FIGURE 513 ' SCHEMATIC DIAGRAM OF FAILURE OF
" DIP SLOPE STRUCTURE WITH FISSURES
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5.4.7

5.4.8

A gradient of slope (excluding berm) should be equal to'or
gentier thanec . ‘However, if the slantoc of the dip slope

structure is gentler than 30°, then the slope is not neces-
sarily considered to be unstable as long as the slope ratio
is smaller than '1.3:1 and thus the gradient may be deter-

~mined based upon other factors, such as degree of develop-
~ment of fissures.

On the other hand, if the d1p 510pe structure has a steep
slant larger than 60°, the slope could not be considered to
be stable in many cases even though the slope ratio is 0.6:1.
Genera]]y, it is not recommended -to have a slope ratio steeper

than 0.8:1 for s]opes higher than 10 m. as the d1p slope

structure,
Ground with Groundwater

Nhere spr1ng water exists and groundwater level is h1§h cut
slope tends to be unstable regardless of geo]og1ca1 condition.
Thus, gradTent of such s]ope must be gent1er than the standard.

In the des1gn of th1s area., dra1nage for groundwater should be
given nigher priority than the gradient of slope.

Large-scale Cut Slope

Failure of larger-scale and iong slope may result in grave
disaster. - Thus, detailed survey and thorough: design should be

performed and construction be carried out- under a safety

“control. system perfect]y organ1zed

Gradients of sTope Tower than 15 m. are covered-in*fab]e 5.1,
while gradients fér siope higher than these shall be determined
in accordance with actual cond1t1ons taking into consideration
the fo]]ow1ng points:

1) For rocks conta1n1ng a 1arge amount of montmorii-

' Tonite so called a swelling rock, slope gradients
shall be gentle to assure stability even after a
stight development of weathering. .

2) There often exists fault-fractured zone at side of
mountain. Where thesé zones are found in deep parts
after bhoring or seismic survey, it is necessary to
examine the gradient of cut sTope the taking into
con51derat10n direction and degree of fractures.

3) For cut in steep s]ope as shown in ngure 5-14, the
ground should first. be classified into sed1ment, soft
and hard rock before cut is usually executed with
grad1ents su1ted to each kind of soil.
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<13 'SEDIMENT

METHOD |25/, T soFT ROCKT

FIGURE 5-14 CUT IN LARGE-SCALE SLOPE

in case of a very steep slope, thin but high cut is
forcibly made up to the top of the slope so that the
unexpected large and Tong siopes may be constructed,
as shown in Method 1 of Figure 5-14.

When the area of cut slope have to be reduced because
of restriction such as vegetation and right of way,
prevention works 1ike prevention pile or other
structures is recommended to.protect”the steep slope,
as shown in Method 2 of Figure 5-4.

4) In the case of long and large slopes, steps (about
3 m. wide) for inspection and repair at 20 to 30 m.
on centers in height in addition te ordinary berms
should he provided.

5.5 CONSTRUCTION OF CUT SLOPE
5.5.1 3'Gen€r51

~In term of mechanization, the construction method of slopes
‘has lagged behind ‘comparing with. that of other earthwork and
still requires hand works.  However, the mechanization has
‘gradually developed recently and the mechanized methods, such
as vegetation by spraying and concrete spraying are oftenly
used resulting in short construction periods and higher
quality of works. . '

Since the geological formation of sldpe is extremely in-
homogenous and varies considerably, various types of soil or
rocks or other conditions may unexpectedly found during cut-
ting ‘work, even if geological surveys have been performed
prior to construction. Proper judgement of measures for those
unexpected situations is vital in slope works.
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Slope failure sometimes occurs during O{ just after cuttin

works especially -when the retaining wall's gradient slope is
- steeper that what is standard. _ :
Therefore, the construction of cut slope should be carefully
executed in order to-have the stability of slope during and
after the works.

5.5.2  Construction of Cut Slope Composed of Rocks

- At the start, the main portion of rock is excavated or blasted
using drilling machines such as blast hole dirill or drill
master, and then Tinishing stakes should be properly placed in
order to guide and show the planned Tine of sTope as shown in

Figure 5-15, i _
' NOODEN PLATE
Ve

L

FINISHING SURTACT
STAKE. *
/ -

L

QP v R T
I
&

FIGURE 5-15 FINISHING STAKE

-To.shave off rocks-up to the planned 1ine of slope, pickage
or coal pick hammer:is used. in.case of soft rock. For hard
rock, driiling altong the planned line of slope should be
performed with jack hammer and blastings with a Tow power
explosive may be utilized in order to avoid Toosening of
bedrock. ' - : ‘

After shaving off rocks, unstable materials Tikely to fall
should be carefully removed with pick hammers or bars, if
difficult to remove, those should be anchored to bedrock or
covered with a wire net for rock fall prevention.

: ThejﬁnéVéﬁnéss'on the fini$héd.sufféée”0f slope should be
kept -to a minimum and the depth of any concave or convex
portions should be less than 30 cm. although. this may vary

depending upon the Tithology.
5.5.3 - Construction of Cut Slope Composed of Common Soil

At thé:Sfért;.thé‘maih_pQrﬁiCh;of_fheKCOmmon.5611ziS-éxcaVated
with machines, Teaving the soil at 20 cm to 30 cm.in-thick-

ness from the planned Tine of a.slope..
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Then, shaving off the common soil is done with picks or
hoes following the finished surface indicated by the
finishing stakes.

Although the excavation of the main body is done in short
time with machines, shaving off work usually takesalot of
time. In the recent years, a grader with slide blade and a
bu1}dozer with a special attdchment for side. slopes were
utilized. ' :
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6.1

6.2

6.2.1

CHAPTER 6 DESIGN OF EMBANKMENT SLOPE

GENERAL

" Road sections with embankment s1ope can be designed by quan-

titative analysis as far as necéssary informations can be
obtained. Information on the type of embankment materials,
geological conditions of embankment foundation, topographical
and geological conditions, weather and other necessary data
should be thoroughiy exam1ned : :

Likewise, stability ana]ys1s on embankment slope should be

" made whenever necessary

GRADIENTS AND SHAPES OF EMBANKMENT SLOPES
Standard Gradients of Embankment Slopes

Refer to APPENDIX NO. 25 STANDARD DRAWINGS NO. 1; TYPICAL
CROSS SECTION OF CUT SLOPE AND EMBANKMENT SLOPE

Grad1ents of embankment s]opes should be. designed in accor-
dance with the kind of embankment materials, geological con-
dition of embankment foundation, height of embankment and
other cond1t10ns

Standard gradient of embarkment slope shown in Table 6-1 is
generally adopted in accordance with the type and he1ght of

- embankment materials used.

TABLE 6-1 STANDARD GRADIENTS OF EMBANKMENT SLOPES

Height of

Fi]]ing_MateriaTs’ : Fill (m) 1 Gradient
Sand ‘with well grading, | Less than 5 m. 1.5:1 to 1.8:1
gravel.and sand mixed : —
with gravel 5 to 15 m. _ 1.8:1 to 2.0:1

| sand with poor grading | Less than 10 m. | 1.8:1 to 2.0:1

Rock masses {including | |occ than 10 m. | '1.5:1 to 1.8:1

muck)

o 10to20m | 1.8:1to02.0:1 |
Sandy soil, hard | Less than 5m. .| 1.5:1 to 1.8:1
clayey soil, hard : —
clay (hard clayey 5 to 10 m, 1.8:1 to 2.0:1
soils and clay of :
alluvium) .
Soft ciayey soil Less than 5 m. 1.8:1 to 2.0:1
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Note:
i) To be applied to embankment with sufficient bean1ng power
of foundation ground which are not-affegted by inundation.

2) -~ Embankments higher than those listed in the above: table,
shall be designed with spec1a1 care. -

~3)  The height of embankment should be measured vert1ca11y
from toe to top of s]ope _

4) The ratio of gradlent shows h0r1zonta] 1ength (n) in
proportion to vertical height (1).

- Embankment fiiTed with the same kind of material

- A single gradtent shall be adopted at ]east for the port1on
of slope between berms.

Embankment filled with_more than two_kinds of materiais

- For hxgh embankment constructed using more than two
different kinds of materials, a standard grad1ent su1ted
_to each type of soil should be app11ed _

- In this case, materials shall be applied effectively in
accordance with their characteristics, as follows:

1. Where hetght of embankiment is low and there is no
stability problem, gravel soil or. sand s preferred to
be used for the portion which affects pavement °
structure (about 1 m. below top of subgrade).

2. Where there is stability probiem on the embankment at
soft foundation, slanted ground, or at places such as
swamp where spring water may flow into embankment, sand
or gravel soil containing small amount of fine-
grained soil should as much as possible be used at the
bottom of embankment.  This will prevent any rise of
water pressure inside the embankment and thus will
reduce dangerof failure.

Protection of Surface of Embankment Slope

Protect10n by vegetatlon may net be expected where embankment

- 15 composed of ‘pit-run (rounded) gravel or sand. In such

case, embankment surface shall be covered with fine- grained

- s0il as shown in Figure 6-2, This is called as a Blanket
Soil. L :
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6.2.2

6.3

6.3.1

- CLAYEY SOIL -

" EMBANKMENT
/_.-/ L '-
oy
PIT-RUN GRAVEL/Z/  °°

A i-r: nm\- '
GROUND

FIGURE 6-1 COVER OF EMBANKMENT SLOPE (BLANKET SOIL)

Berm

A berm of 1.0 to 2.0 meters in width shall be p%ovided at every
5 to 7 m. of vertical height from top of embankment.

PurpdSeldf'Befm

Where there is a berm, ditch can be provided to prevent erosion
due to rain during and after construction.

A berm’ may be utilized as a space when any remedy . for adjusting

-errors in construct1on of embankment is required or as a
construction space for countermeasures, if necessary.

It can also be utilized as inspection path.

Location of Berm

In case the height of embankment varies, for instance, embank-
ment -across narrow valley, berm may be located at every 5 to
7 m. of the mean height of embankment and not of the maximum
height.

Drainage Layer near Berm

If nécessary, dréinage 1ayek shall be installed about 1 to 2 m.
above the berm so that spring water can easily be drained.

STABILITY ANALYSIS OF EMBANKMENT

Embankments to be examined by Stability Analysis

-Generé11y,.the standard-érédiénté may be appiied.fOr embankment

slope in cases which shall require examination by stability
analysis.
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However, gradients of embankment slope shall not be designed
by stability analysis alone, since empirical engineering.
Judgement based on past experiences of disaster-using similar
soil conditions and similar works in adjacent areas.is appli-
cable. 5 o

~Embankments subject to stability analysis are summarized as
follows. : : o : '

'~1)' Conditibné of'Embénkméht

1) Heights of embankment are higher than thbse shown
in Table 6-1. h C

2) MWater eontent of embankment material is'high and -
shearing strength is low." : .

(Example:’ Volcanic ashes with high water content).
2) External Conditions

1) Where embankment is easily affected by spring
water. (Example: Partially Cutting: and Filling,
. Level widening,'Embankmant,on slanted ground,
Embankment crossing va]?ey),. _ . :
2} Where embankmert sTope may be inundated or its toe
~ eroded during flood (Examp}e:__embankment in .pond).
-3)' Where serious damage to adjacént structure may be
expected in the event of failure.

4) Where foundation of embankment is considered un-
' stab?e"sudh_as soft ground_or_1ands1ide_area.

- 5) Where restoration work requires considerable period
and function of road may be badly disturbed in the
event of failure. - (Example: Embankment on. slanted
ground in.mountainous area where no alternative

“route exists.) ' -

6.3.2  Method of Stability Analysis

To examine stability of embankment by stability analysis, soil
‘tests for ground foundation and embankment materials shall be
.performed to: investigate: the characteristics of -soil; especially
shearing characteristics.

Shearing characteristics of soil is.preferably examined by tests

using specimens made of proposed filling materials and carried

out under the conditions similar to the ground to be filled.

For the examination of the stability of the embankments men-

‘tioned in Chapter 6.3.1, a minimum factor of safety shall be

calculated at first, and-then:the corresponding. countermeasures
. may.be proposed; if necessary. - . R
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In desighing'an embankment section, a minimum factor of sa%ety _
calculated by the effective stress method shall be more than 1.2,

Calculation Method

Refer to APPENDIX 1; DESIGN EXAMPLE NO. '1; STABILITY ANALYSIS
OF EMBANKMENT

For the analysis of stability of embankment, the slice method
of circular rapture plane may be app?icab?e

A mass on a sliding plane (assumed as C1rcu1ar Rapture P]ane)

is divided into several slices with appropriate width (Slice
Method), as shown in Figure 6-2. The shearing force and.
resisting force of each slice along the circular rapture plane
are totalled separatély. Then, the factor of safety is deter-
mined by ratio of both shearing and resisting forces. Normally,
the number of slices is-more than 6 or 7.

There -are two kinds of method, the effective stress method and

the total stress method which require different types of tests.
The former is generally adopted in analysis of design while

the latter is used to check the stability of embankment during

and just after the construction of embankment which was quickly
constructed w1th fine- gra1ned soil.

CENTER OF CIRCULAR RAPTURE PLANE

VERTIGAL LiNg—— |}

CENTER OF GRAVITY
SLIDING PLANE

FIGURE 6-2 STABILITY CALCULATION
BY SLICE METHOD OF CIRCULAR RAPTURE PLANE

Calculation Formula

1) Effective Stress Method_

Fooosfe" .0+ (W . cos 0 - u. 4) . tan p'y - - - (6-1)
5= ZW. sin @

‘Where sheaking stress S is given by

S =c¢' + (6-u) tanp
..._57...,



6.3.3

o 2) Tqﬁa?’Stress Method

Fo = 2c. L+ W cos @ . tan m) - - {6-2)
- T

Where, shearing stress is given'by

S = c+6.tan P
6 - P
. l
P = W . ¢os @
Where; o
F : Factor of Safety
6 ¢ Normal stress (t/m }
p 5” Novrmal react1on acting to the bottom plane of
slice {t/m) .
W : Weight of slice (t/m)
{ : Length of arc of s11d1ng p1ane cut by each
. slice {m) ... . _
e Cohes1on (t/m ) R
% . : Angle of 1nterna1 fr1ct10n (degreé)
u Pore water pressure (t/m ) .
c' : Cohesion of soil for effective stress'(t/mz)
' : Angle of internal fr1ct1on for effective stress

(degree)

Determination of Shearing Strength

1) Shearing Tests

Shearing strength of 5011 shai1 be determined by shearing

" test analysis. Specimens of soil to be used for test shall
as.much as possibie be of the same condition with -those
in the field because, shearing stress of soil varies depen-
ding on density, water content in percent of dry we1ght
and degree of - d1sturbance of” samp]e

Kind of Shearing Tests

"The d1fferent kinds of tests are requ1red for effective
stress and total stress methods.
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1) Unconfined Compression Test

This test shall be made only for clay and cdhesive
5011 to determine:qu {unconfined compression strength).
2)" Triaxial Compression Test,
| 'Uhdraihéd'Shéar Test (U)
for Tota1 Stress Method

Conso11dated Undra1ned Shear Test {cu) -
for Effect1ve Stress Method

Consolidated Drained Shear Test (CD) or Drain Test (D)
for Effective Stress Method

" Relation between 6 (Total Normal Stress)'and S (Shear1ng
Stress) in Tri-axial Compress1on Test is 1dea]1y illustrated
in Figure 6- 3

@
u -
ﬁ kg": - ad
e pig
2 © G = Cohesion
= L 20 . - P
:{fz(kg/mz) Pl @ = Angle ‘of Internal friction
w = e e e m e =
z P du=0
R st
' :

Car
-
[ !aifr' L
f%; (Kq/c.rrr")

TOTAL NGRMAL STRESS

FIGURE 6-3 ‘REE__AT:ION B_ETWEEN_NORMA]__ STRESS AND SHEARING STRESS

2) Detefhinafion of Shearing Strength of Soil by Tests

1) Shéar1ng Strength by Unconfined Compression Test
(only for Cohesive Soil)

q. . 1s 0bta1ned from the test and S will be

calculated.
.1
S“C—E XqU
$=20

Where; _
S = 'Sheafﬁhg'strength (kg/cmz)n
¢ = .Cohesion'(kgfcmzj | .
.q = Unconfined Compression Strength (kg/cmz)

P = Angle of Internal Friction (Degree)
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' 2) Shearihg'Strength by Tri-axial Compression Test

(é) :Totai Stréss Method by'Unarainéd.Shear-Teét (V)

- In the case of undra1ned shear test of unsatu-
rated soil,. the envelope of Mohr's circle
arranged. by the total stress as.shown in F1gure
6-4 will become a curve. In this case, a
straight 1ine is drawn in the figure w1th1n the
range of stress to be calculated to determ1ne Cu
and 8. :

Smox T MAXIMUM NORMAL ~STRESS
FOR SLIDING SURFACE OF SLICE

;ﬁé AT SLIDING PLANE

FIGURE 6-4 C,, AND ﬂuBY'UNDRAINED_SHEAR TEST

(b) Effect1ve Stress Method by Consolldated Undrained
Shear Test {CU) _

Nhen using the effective stress method the .
shear1ng constants are generally determ1ned

by the consolidated undrained shear test. Mohr's
circle. drawn by the. total stress is trans]ated
“in para]]e] by magnltude by pore water pressure,
and then ¢’ and §'are determined from its enve-
Tope, as shown in Figure 6-5. .

67a,-u" o Gedru G

FIGURE 6-5 ¢’ AND Q'BY CONSOLIDATED
: UNDRAINED SHEAR TEST
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3) 'PrQSUmption of'Shéaring Strength

~When no. data from tests are ava11ab1e and rcugh
analysis of stability is required, shearing. strength
- of 5011 may be assumed as descr1bed be]ow

ta) q estimated'by N-Va]ue

fSl]ty clay - - - -~ - - q, = 951 + 0.15 N
Clay (N<10) = ~ < - - - q, = 0.2+ 0.15 N
Cohesive soil -~ - -~ ~ '~ q, = 0.1+ 0 14 N
Dilluvial clay - - - = - q, = N/G~6 ..

{b) Standard Value of Soil:

-~ Value shown, in Table 6-2 may;bé.uséd for rough
~analysis of the stability of embankment slope.

 TABLE 6-2  STANDARD VALUE OF SOIL

! U R Un1t Ne1ght - Angle of Cohes10n
i Classification Ciond i t,j.o.n I8 (t/m ) Int. Friction| {kg/cme)
ég Gravel, Sand - o . _ _ _
£ o | with Gravel Well :Compacted N 2.0 40 0
%g ' Poorly |
i sand Well grained 2.0 35 - 0
1 E _Compacted Poorly
§ - grained| - 1.9 30 0
’ Sahdy Soil | Well Compacted 1.8 . 25 <0.3
a Cohesive Soil _Well Compacted . , 1.7 15 <0.5
i T Dense or well graded 2.0 40 0
- Gravel Not dense or poor?y - B
3 ' _ graded 1.8 35 0
Ho | Sand with Dense. 2.1 -40 0
S | gravel Not dense =~ =~ 1.9 35 - 0
P o ‘ “Dense or well graded 2.0 35 Q0
Fw Sand ~ Not dense or badly N
m graded 1.8 30 0
S| e, - “Dense 1.9 30 0
2 | Sandy Soil Not dense 1.7 25 0
= : . | ‘Hard = 1.8 25 0
E Cohesive Soil : -aOfE' 1:61}?-7 58 _.8
b ’ . ngra AR ¢ Kol BN )
|| Clay, siit Soft 1.4a~1.5 15 0
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6.3.4

Determination of Pore Water Pressure

There are two kinds of pore water pressures in embankment as
mentioned below,

Exceés‘pore water pressures genekated from execution
of filling work. o ‘

. Pore water pressure due to groundwater created by

rain water or seepage water from the bottom or sides
of embankment. :

In the stability analysis of embankment, the following consi-
derations should be taken for each case.

(1) Excess Pore Water Pressure

(2).‘

The excess pore water pressure-is used for
examining the stability of slope during or
immediately after the execution of a quickly
Tilled embankment with fine-grained soil.

The pore water pressure shall be preferably
-measured on site but pressure: shown in
Figure 6-6 may also be used.

ERcRRTI v FE A

" PEAMEASLE _LAYER

TP 00 2 s F T b FTedigy 2ug rathoript
PERMEABLE LAYER - IMPERMEABLE LAYER

T [UNIT WEIOKT OF WATER ( t/m3)

FIGURE 6-6 ASSUMPTION OF ‘PORE WATER
‘PRESSURE DUE"TO LOAD OF FILL
L= 1.0 for clayey s0il thh high water content
L= 0.5 for ordinary soils '
Pore_wéter pressﬁte_due to groundwater
Pore water pressure due to rising of. groundwater

Tevel varies depending upon the soil and the
shape of embankment and the condition of original
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6.4

6.4.1

ground, Therefore, water pressure should be-deter-
mined by drawing a flow net in accordance with a
graphic solution methed. -Also, the pore water
pressure created by the perco]at1on of rain water
sometimes becomes. considerably. h1gh depending upon
the condition of embankment and, ‘thus, a seepage
flow could be assumed as requ1red 1n the embankment
for the analys1s :

EMBANKMENT WITH HIGH POTENTIALITY OF FAILURE

Stability of embankment depends duly on the strength of the
soil composing main body and on:the embankment slope which is
often affected by spring water and rainfall. Therefore, treat-
ment of water should be a main subject for stability of
embankment. .

The following three cases should be désigned with special
care:

‘Embankment on slanting’ ground
Embankment on soft ground
Embankment damaged by rain

Embankment on S?anting Ground

In case of embankment on slanting ground such ‘as, embankment

~in valley, part1a1 cutting and filling and a border of cut and

embankment, spring water from ground freguently permeates into

'embankment thereby mak1ng the s1ope unstab1e

In those cases, dra1nage for greundwater shou?d be des1gned to
prevent groundwater from” permeatlng into embankment. Drainage
layer should also be installed in order to reduce water pres-
sure in embankment as shown in Figure 6-7,

" DRAINAGE "PERMEABLE LAYER
" LAYER = .
WATER LEVEL WITHOUT DRAINAGE
LAYER

WATER LEVEL WITH
DRAINAGE LAYER

\DRAmAeE LAYER |

FIGURE 6-7 DRAINAGE FACILITIES FOR EMBANKMENT ON SLANTING GROUND
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6.4.2

6.4.3

6.5

6.5.1

Embankment on Soft Ground

In case of embankment on soft ground, sett?ement occurs
during filling work and sometimes even after completion of

‘earth work. Assuming the amount of the settlement, the

proper measure such as "Surplus Embankment Method" should be
taken to secure the finish grade, as shown in Figure 6-8.

: i M
SETTLEMENT— L /f_“%w____—HSUR LUS EMBANKMENT
N e e )y

o .
N = TTTTTTSETTLEMENT OF
Rl _ ORIGINAL GROUND

“FIGURE 6-8 SURPLUS EMBANKMENT METHOD
Embankment damageo:by'rainr

The fa11ure of  embankment slope OCCUrsS more frequentTy with
sandy soil than with cohesive soil. The causes of failure
are ‘the decrease in strength of embankment materials due to
moisture, erosion due to surface water, and the occurrence
of pore water pressure due to non- un1form compaction of
unequa] mater1a1s

'To protect embankment from such fa11ures, ”Hor1z0nta} Th1n

Layer Compaction Method" is effective. With this method,
water can easily be drained and sufficient compaction to
reduce coefficient of permeability of embankment mater1a15

- gan be atta1nab1e

CGNSTRUCTION OF EMBANKMENT-SLOPE _
General

The causes’ of embankment fa11ure are directly or 1nd1rect1y
connected with water such'as rain and groundwater, This is
true even during or just after the construction of embankment
slope. Slope protection work during the Construct1on should
therefore be carefu]]y pianned

To prevent ‘embankment s]ope fa11ure the 1mportant element

~is the compaction of so0il of slope as well as the selection

of the suitable materials., 1If the compaction is not suffi-
cient, rain water may easily infiltrate into the slope .

resu1t1ng in the cause of failure. Horizontal Thin Layer
Compaction Method is generally accepted as an effective method.
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6.5.2  Slope Protection Work during COnstruction -

Slopes temporarily completed during construction are always
most unstable and easily eroded by rain water. . As soon as
slope.is comp1eted, slope protections should therefore be
applied.. As a temporary measure until such protect10n works
are applied or become effective, temporary drainage should:
be provided, A simple example as shown in Figure.

Gragfae. than 3%

Ran Watar an gusdy
flow dawn on slone susfac

. freessrca-Compacrion sutfﬂcsa‘

FIGURE 6-9 TEMPORARY DRAINAGE DURING CONSTRUCTION OF EMBANKMENT SLOP
6.5.3  Compaction of Embankment Slope

(1) Method of Compaction

Slope can be effectively compacted by direct compaction
using compaction equipment as:shown in Figure 6-10.

Aundazer
win:a___;ln

vibrating mﬁfw . -
L . el .
. = : .Cf__ﬂ_u_-
o ;
_Layer comaaciad horizeaidRy

B

P tat (0

: = TREN Fo
1 - E
Comostion witn Wigratng Rails. c " ith Sulldars A

FIGURE 6-10 . COMPACTION OF EMBANKMENT WITH EQUIPMENT

In case the gradient of slope is gentler than 1.8:1 a tire
roller or vibrating roller toed by a bulldozer can be used.

Where the slope ratio is about 1.8:1, every layer of the
embankment should first be compacted and the surface of -
the slope be roughly finished. Then the surface can be
compacted with a vibrating roler heavier than 3 tons pulled
by a bulldozer on the top of embankment, as shown in

Figure 6-10 (a)

If the grad1ent of s]ope is about 1. 5 1, compact1on should
be done with special compaction equ1pment such as a slope
roller,
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(2)

GCompaction of Fine-Grained Soil (cohesive soil, etc.)

Slopes designed with materials, such as, clay or vo]canlc
ash type cohesive 5011 with h1gh water content, are hardly

compacted.

The construction of such kind of slope should be very‘tare-
fully executed paying special attention to the stability of
the slope. Any deformation of finishing stakes and-
swelling of slope surface during the construction should

be observed.

Compaction of Coarse-Grained Soil (Sandy 5011,-etc.)

Where the main body of embankments is composed of coarse
grained soil such as gravel or sandy 5011, slope is often
covered with blanket soil, in'which case, blanket soi]
should be well mixed with the material of main embankment
and be compacted without leaving a clear boundary between
the two materials. A typical example is shown in Fiqure
6-11.

woin gaay o !0

Btanier 13
{ihickness 20=33)
B

—

CENTRTNTT i PRV SR AR
Rurfacs af Yicacer o . imoerirtily tHMOGITEA 30TRON of /Main Pl JoaT tacest
TE 9% HaIAe2 Dy MO0AEA iATE e PRACA - TRC 17T By CiTIie zogGeTner witTh Wascel il

FIGURE 6-11 COMPACTION OF EMBANKMENT SLOPE

In this case the gradient of slope of about 1.8:1 should be

“adopted and the width of blanket soil of 2 to 3 m. be used

for compaction equipment.
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- CHAPTER 7 DESIGN OF DRAINAGE
7.1 GERERAL

Failures of mlope due to rainfall are c1a351f1ed into. two
categories; one is erosion and/or scouring of the slope
surface due to surface water runhing down the slope; and.
~ ‘the other is erosion due to seepage water which caused the
weakening of the shearing strength of 3011 and the increasing
- of pore water pressure

Drainage for s]ope protection should be designed to prevent
both, taking into consideration the rainfall intensity,
topography, ground surface condition; groundwater condition,
soil compaction, existing drainage system, etc.

Surtface Water:

Sp_t"ing Water

Nas ‘ Raintall
Urol :
S’O . ! ) /
/ "/ Berm '
- 1/" Original Ground Line

Seepage Water - — —~ .1

/ / [/ .~ CGut Silope Surface
. v hN
Vertical  Ditch = W, T o

Ground Water : /

BEFW//

Horizontal Orain Hole / -Gabion

Underqr_ourjd Drainer | - Side Ditch

Side Diteh
ttorizental Drain Layer

FIGURE 7-1 FLOW OF RAINFALL ON SLOPE

Generé]ly, dréinage'facﬁiities for siope nay be classified as

follows: |
(Surface Drain- [ Ditch on top of Slope
age Facilities jBerm Ditch
-1 Side Ditch
Drainage Facilities 4 Vert1ca] D1tch
for Slope Subsurface Subsurface Drainer
Drainage | Horizontal Drain Hole
\Fécilities Horizontal Drain Layer
| | | Others
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7.2

7.2.1

7.2.2

HYDROLOGICAL ANALYSIS

 Design Year of Rainfall Probability

The factor 1nf1uenc1ng the desigh of. drawnage facilities is,
of cour'se, run-off due to rainfall, characteristics. of which
shall therefore be carefu]ly examined. . Similarly, other

factors to be considered are the. 1mportance of the road and

~ the anticipated degree of dailage when actual run-off exceeds

expected design discharge, Therefore,. the design year of
rainfall probability shall be determ1ned giving considera-
tions to topographic: characteristics aside from the factors
mentioned above. ~Table 7-1 presents the recommended design
year of rainfall probab111ty

TABLE 7—1 DESIGN YEAR OF RAINFALL PROBABILITY

- Design Year of Rainfall Probability

Required Level
of Drainage

Road Surface and
Small Scale Slope

Important Drainage
Facility

High 3 years more than 10 years
Average 2 years 7 years
Low 1 year

5 years

-Requ1red 1eve1 Of drainage may be decided in accordance with

the Tmportance of the road.
Calculation of Run-0ff
STONE AND BLOCK

Refer to APPENDIX 1: STANDARD DRAWING NO. 5;

PITCHING
Run-off is calculated by the following Rationale Formula.
Q - e L C L 1A
‘ 336 X 10

Where

Q = Run-off (m™/sec).

C = Coefficient of run-off

I = Rd1nfa11 Intens1ty within time of concentration

“(mm/h) '
A = Catchment Area (mz)
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Coefficient of run-off

The coefficient of run-off varies on the condition of ground
surface,. stant, soil, duration of ra1nfa11, etc. The
standard value of coeff1c1ent of run-off shown in Tab]e 7 2
may be used for the calculation of run-off..

The "C" value in the Rat1ona1e Formula refTects th1§ varia-
tion in the terrain.

Rainfall Intehsity

The value of rainfall intensity (mm/h) is found from the
Rainfall Intensity Curve. Time of concentration for the
different surface characteristics of the catchment is shown
" in F1gure 7-2 (1) to 7-2 (4).

The catchment should be divided 1nto separate areas, a1 tb an,

where the corresponding va]ue of 1 w111 be constant,
hence: :

Q = Ix (cla1 + c2 ot c a5 i)
Where a; to-a, are the number of‘eaﬁh sub-areas
¢ to ¢ are the COrresponding coefficients of run-off

Time of Concentration

t = 't1.+ tz_
Where:
t = T1me of Concentration
travel time in minutes of water frcm the farthest
point to the point where run- -off is to be calcu-
lated.
tl = Inlet time from slope to water course (Refer to"
= Figure 7-2), '

t, = travel time from water course to the p01nt where
- run-off is to be calculated.

t, = ¢
I |
! = Horizontal Tength of water course (m)
v = Average velocity in water course (m/sec)
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Cétbh

ment Area

The catchment area to be cons1dered may be determined by one
of the f0110w1ng methods ‘ _ a
{a) D1rect f1e1d survey ‘using’ convent1ona1 surVey 1nstruments,
(b) Use. of, topograph1ca1 maps.together with field surveys to
- check details, e. 9. artificial barriers such as terraces
ponds, etc;
(c) Aerial photography. o
| TABLE 7-2 COEFFICIENT OF RUN-OFF
o ‘,”' .‘ A g - . N N ] o ) Lo - - : ‘.‘ - "b-_"—'—\
Kind.of Ground Surface ... ... . | . Coefficient of Run-0ff
Surface of Pavement 0.70 to 0.95
road ‘Gravel-road - -~ 0,30 -t 0.70
S Fine-grained_sbi? '0;40 to 0.65
Shoulder, Coarse-grained soil 0,10 to 0.30
slope, etc. Hard vock 0.70 to 0.85
: Soft rock 7 . 0.50 to 0,75
| Gradient 0 to 2% 0.05 to 0.10
Lawns on_.- g 2to 7% 10.10 to 0.15
y | More than 7% | 0.15 to 0.20
Lawns on Gradient g toiz? 0'13't0'0757
cohesive soil | - to 7% - 0,18 t0 0.22
o More -than 7% 0.25 to 0.35
Ridge - . ' 0.75 to 0.95
Intermediate area - 0.20 to 0.40
Park with' lawns and many trees and forest 0.10 to 0.25
Mountain with gentle slope . ’ : -0.30
Mountain with steep slope- ~0.50
Paddy field, water surface. . 0.70 to 0.80
Field 0.10 to 0.30
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7.2.3

RUNNING WATER VELOCITY

‘Refer to APPENDIX 1, DESIGN EXAMPLE NO, 2; DESIGN OF SIDE

'DITCH

The running. water velocity is calculated using Manning s
Formula.

2/3 172

|

i

v . R

1

n

Where; . o

n _COefficient of roughness
; Hydraulic Gradient

R 5 Hydraulic radius j:;%;l

: Area of running water

P ; Wetted perimeter
Travel time of water flows in water course to the point under
consideration may be calculated using the estimated velocity.
RequTred Cross sectional area of water course (side ditch} is
calculated using the following formula. _

Q = A. YV
Where;

Q 3 Discharge of s1de d1tch

A :Cross sect10nai area of s1de ditch
V 5 Mean ve10c1ty of stream

:Coefficient of Roughﬁess

Table 7-3 shows the coefficient of roughness genera]iy

adopted for d1fferent types of dra1nage

TABLE 7-3 COEFFICIENT OF ROUGHNESS

Type of Dra1nage ' n (Coefficient of Roughness)

' _ CBarth . 0.02. ~ 0.025
Earth and Gravel | _Sand.and Gravel. i 0.025-~ 0.04
S -1 Rock _ - 0.025~0.035

R ' Cement mortar - 0.01 ~—0.013
Cast-in-Place: - | Concrete = = [ 0.013~ 0.018
' . Stone pitching 0.015 ~ 0.03:
Fabricated Concrete pipe ~ 0.012~.0.016
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Hydraulic Radius of Water. Course

Table 7-4 shows a simplified formula in1the_ca1cu1ation'of'the

cross-sections.

-area of running water and hydraulic radius for the different

~ TABLE 7-4 'HYDRAULIC RADIUS OF WATER COURSE

Cross Section- -~

Area of Running Water

Hydraulic Radius

. d? (v f‘l.éin 29?)' YAl - sin 2 ¢)
S : 2 ' Co2 2
s .
S _ :
(d : radian) (p : radian)
= B ..H B .. H
g) 2H+ B
42 R
(s
)
o<
b= H (B + m.H) (B + mH)
Bl - or B+ 2H/T+mw
= © H (B +H cot &) H (B + H cot &)
B + 2H cosec &
Ho2 3 Iy,
S HT Am, +.m) H . o=
N 2 /1% 1m,?
| 2_0"_'1_". - _ . or
% _(?Qtﬁ‘ﬁmtﬁz)- H : sin ({}11-6}2)- _.
i . 7 S -
o .51n&1+s1n8?
[1s]
< S .
. 2 o m
m. H CH e
2 2 =13r‘f_'1_+m2. |
coeor B
He . coto ‘H. coso
2 2 . l+sin &
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