ice in cold reg:onsn Tt is therefore heneficial in such TOPlOHS to

oovor the SOL] with Tice sbraw mat after sceding to prevont the aforo—

mcntlpned:phenqmena. This method is often partially executed in

‘consideration of the:dried condilion of the slope along with other
.forms of covering work. Tt is necessary Lo securc the mats with
ropes and spit.

N N
Diagram 3-22
Net Covéring-Work
This method is eémployed in_pla&es wﬁere the gradient is exceséive and_‘
when malérials cannot be maintained and.secufed with other_fofms.ofﬁ..
covering work. This work may be segregaﬁéd into those:wﬁidh are
executed.in replantablé'&reas and thosc which are executed in areas
where replanting is difficult. : . ST o
The method employed in replantable aTeas are accompl1shcd by securing
nets applled with seeds fert1}1yers, and othel OTU&D1L ‘mediims in
order to achleve both seedlng and covering work effects simulianecusly.
The method in arecas where replantlng 1s dlfflcult 1S'accompllshed

1mply by covering the overall ground w1th nets to phV51cally prevent

'1ocks and surface soil from fa]llug. Al hough surface soil is p1oduaod

over a prolonged per:od of time on such surfaces dllow1ng entry of
vegebab1on upon stablllaatlon, plant seeds musl be sowed to enhance

this effect.

Slope Seeding Work

_Overall Veget&tive covering is necessary in order to permanently stabi-

lize the hillsides. .THe'hillside slope is left bare between ‘the steps
and planting trees. for: Some time alter completlon with methods other
thun the. covering work, Ea1iy stage overall replantlng using trees

and weeds must therefove be con51dered since ‘these bare surfaces are
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highly erodible-by iainfaii :nmnd roeﬁlng durlng ths perlod.

Slope seedlno works therefore, is. a mothod Lo sow soods throughout tho
slope dlrectly 1nd1v1dua11y or in comblnatlon with other works to ve00~
tate the ground with the gorm1nnb1on and’ growbh of vcgetatlon.

Methods such as sowlng seed. and fertall?er mlxture 1nbo dlehOS 1nd
covering with soil, or by overall sow1ng on h11131deS'which are then
covered with straw and Straw mats are currently employed. Additionally,
seed and fertlllzer mlxtur are belng spr yed on slopes with pump, and
then adhesives such as asphalt ‘emulsion sprayed over in order. to prevenb
wvashouts of sprayed seed 1nd fertlllacr Purthermore, seeding ‘is
%ccompllshed by heLicopters in dlstmnt areas, where mqterlml transporta-—
tion is difficult, as well as whon Iarge devastmted areas must be
replanted in a short’ perlod of tlme.

The seeds of trees and:grasses mlxturé aré'cdefised-of'SGeds'with'
d1fferent characterlstlcs, and the blend1ng proportions are adjusted

in accorddnce with the germ1nat10n per1ods as well as 1n1t1a1 growth
conditions, Addltlonally, ‘the secd quantity is. increased or decreabed

in accordance with the mmber of individual growth per area unit,

Characteristics of trees and grdsses for'slopé Seeding Worl

1) Germination and Initial.Groﬁth
Grasses employedifqr'slope seeding WOrk must germinaté“simﬁlfane-
ously within a short peribd of time from'seeding and exhibit rapid
initial groﬁfh in order 1o éover the unstable surface soon after

the completion of hillside worlk.

‘Diagram.3423 Seeding Work with Pump (Sprﬁyihg‘wgrk)

ﬁ.ﬁo_.



2)

3).

Weeping Love Grass

LY
<

« Mupguwort

False Acacia {(Robinia Pseudacacia)
 Japanese ﬁldor-(Alnﬁs~Firma)

Pine
_ tKariyasu_
5 10 15 20 Days

Pl
.
|

' Diagramf3f24 . Germination Conditions of Grasses
' for Hillside Planting Worlk
Conditions of germihation are highly dependent on the enviroﬂmehtal
con&itioﬂs of the particular time. Under normal conditions, plants

such as Weeplng Love Gzass, Kentucky 31 Fesk, clover, and Mugwort

 3910ut after 2 -3 days from seedlng, and Creeping Red Pesk, as

well as Bermuda Grass sprout within a few days. Convent10na1 

perennial herbs which exhibit'superb continuosity and applicabiiify

" devastated: 1ands exhlblt delayed and ununiformed gelm1nat10n pezlods;

Many legumlnous plants such as Acacia among - ligneous tlees sprout

within a few days and exhlnlt improved initial growth when ger«

: mlnatlon'lnprovemen treated.

'Ease of Breedlng

Good quallty seeds with strong gelmlnablvp powel must be promptly
obtalned in large volumes, 51nce abundant vegetatlon are ‘desired
to sprout and grow within a “short perlod of time flom seedlng
during replantlng of devastated land. Inm01ted pasture generally
exhibit these features among helbs. Addltlonally Mlscanthus,
Mugwort, and Glant Knotweed exhlblt good features among perenn1a1

herbs, as well as False acacia, Japanese alder (Alnusgaponlua and

:AlnuS'flrma), Qieasteg, and pine also exhibit identical features

'amdhg lignéous plants.

lForms of. Urowth

Porms, perlods, and helghts of grouth are one of the essential

condlblons to be con51deled for the selection of the plant to be

'employed for replant1ng
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Diagram 3~25 - Initial Growth of P ants for Replantlng

Growbh f01ms may be seglegated 1nto planbs Wthh grow in branchlng at

100 s fasciculate form such as vegetatlve plants {evg. rice and Cyperus
microiria), procumbeats or creeping {(e.g. sod) erect‘type {e. g. mugwori),
and rhlaome plmnts (E G.'Kenfucky 31'Pesk)' Procumbeats and rh]zomo plaml
exhibit the gleatest slope stabilization among’ the aforementloned. :
'Addltlonally, there are winter grass iype which grow during the .

colder spring and fall seasons as well as summer grass type‘which

‘grows well during the hotter sunimer seasons as characberistics

for growth periods., Seed mixtures are blended mainly with the

former of the two when planfing in the Spring or fall or'in colder

areas, and the latter durlng the summer or in warmer areas.

THEIG are perennlal and bherophyte herbs among plants. Therophyte

plants not only hamper “to the growth ‘of’ other plqnts by oppressing

with its 1ap1d ]n1t1a1 grﬂwth but mlso exhibit rapid decrease in

" surface stablllty when" they decllne._ Theref01e, 1eplani1ng works

must he performed employlng perennial herbs. '

As far as the helght of growbh 1s concerned w11d grass such as
.mlscanthus and mugwort grow tall, and oppress other vegetatlon

‘.when ‘they begin ‘o grow densely. :Kentuchy 31 Pesk and Weeplng

Love Grass. among 1mpoyt¢d_spe01es ngW:félatively tail and produce

- vegetative overlay ihé,shor{ peribd of %ime; 'Howefér, cioSe_

-_abtentlon should be pald ‘the %eed quanblty nnd mlxture proportlon

of these plants per area unzt 51nce they may overgrow and oppress

other vegetatlon. Procumbeats such as Bermuda Grass, Clovers,



and sods grow Low on the ground. and do not oppress or hamper the
.growth of other vegetlation, |
4) Othof Features

Desirable features ol grass and trces Tor slope sceding work aside

from the aforementioned are good growth on infertile and arid Jand,

and desease resistance,

FStrip Seediﬁg Work

This is a method aﬁplicable for relatively gentle'gradiéht ﬁlaoes
where a mixture of seed and fertile soil are manually sown iﬁ ditches
cut away on hillsides or steps. 'Howévér, this method may also be
applied on hillsides with fairly steep gfadiént gince sowing sceds

are secured in the cul ditches.

Diagram 3-26  Sirip Seeding Work

Procedures most applicabie and economical should be selected with
the diteh depth and width in consideration, since the amount of soil

investment differ depending on the soil condition of the work site.

Slope Seeding Work'

This is a-ma%hod applicable for relatively gentle incline slopes with
gbod s0il condition. However, this method may also be applied on

steep slope hillsides when probective measures such as covering work
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are executeﬂ immediately'qeeding for bhe prevention of soed washoubs
as well as for the pl@SOlvatnon of moisbure for gcrmlnatlon.

Phis work may be performed efficiently by spray;nguwlth pumps when
the work sile ean be reached with vehicles, In such case, there are
methods where the seeds, ferb1llze1s, and adhes1ves are sprayed
simulalneously, and where Lhey are sprayed. 1nd1v1dumlly

The seeding quantlty varies dependlng on the condition of=the land
as well as the type of seeding m1xtu1o, and. bheloforo, should bv.
d9101m1ned with the anticipated numbers of gcrmlnwblon of 3, 000 to-

10,000 per square meter and the rate of germination in cousideration.

Section 7T Plauting Work

Planting works are executed for the éarly sfage res%qfaﬂion of the disaster
ﬁrevention effects of the forest_which'are lost on devastéted lands with
the:growfh_of trees by.planting seedlings. _

The conditions for the growth'of.tr es may ke prepared to a certain extent
with the vallous qforementloned hillside works ' Howeve;,'tﬁough, soil |
nature of such work 31te_normally exhibit far podfer s0il nature compared
to normdi'plantation cven after‘the_eXeéution of hillside works, .Therefore;
~the soilZnature; %OPOQraphy,.and climate bf‘thc work site as well as the
=\egetatlon in tho vicinity should be closely studled when making determi_
.n1t10ns for the plantlng plan. Implovemgnt measures such as soil amondment
and fertilization must be app11ed in order to be able to expect p051t1ve

'e¢11y stage growth and W&tUILLy of the vegetation.

1. Planting Plan

Land Classification

Lands are classiffed in accordance with the land coﬁdifions at thé
work site in Order to select the most appiicab1e species and planting
quantity of végetaﬁion. Plant1ng plans for the 1nd1v1dual reglons
are as described in the following. _ N

Importdnt trees may be planted when risks for floodlng as well as .
silt wash outs are not ev1dent since such lands exhibit good soil
condltlons comprlsod WLLh s;lt dep051ted by f1x1ng of” channel during

the formatlon of the stream,
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fQilt depoSit part within bollapqo are forméd with si1lt produced by
_;surface fallwoffs fxom above as well as by soil gencrated with glwdzng
works. Thelefore, soil conditions in such land are velatively good,
and superb tree growth m&y be expectled,

Deﬁudéd zones within devastated lands 1ack‘§urfaée:soil and have bad
qonditidns such as steep gradient, dryness, and frost heaving.
Therefore, hillside'planting_plans must be designed cafefully with
 these matters_ih cbnsiderafion.' Additionally, improvement measures
such as fertilizing, soil dressing, and mixed planting of soil im-
proving trees must be taken progressively in order to fac111tate

the developmenL of vegetation,

Tree Species for Pldnting

Tree bpe01es are selected in accordance with the aforementloned land
class1flcat10n baged on the "appropriate tree for ihe appropriate
s0ilh pr1n01ple. " However, though, it is required that the planted

species fulfill the following conditions:

1) Abundant growth and thrift.

2) Broad and deep rooting with 1arge.soi1'seéﬁring abilityf
3} Sterile _séi], tolerance |

4} Strong resistance against negative factors such as avidity, frost,
and. insect damage. . '

5) Those which soil improvement effects may be ‘expected.

Generally broad leaved trees such’ﬁé’iapanese alders, leguminous

plants, and willows éxhibit the aforementioned features. However,

though, pine tree which is coniferous is also widely employed.

Pine tréesmhave been conveﬁtioh&lly used widely as the principal

forest. crop.

(1) _PrlnClpla Torest ClOp

Japaneue Red Pine, Japanese Black Pine, Pinus nglda, 1ezo Spruce,

_ White Fir, Japanese_dypress, Zelkova Serrata

{2) Soil Improving Rree
Japanese alder, Mounta1n Aldes, HIMTYASHABUSHI, (Alnuspendula)

Wax-Myrtle (Myrica rubra), willow, Acacia, ITACHIHAGI {Amorpha

frution a kind of Lespedeza bicolor), Oleaster, Deutzia (Deutzia

crenata)
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Purthermore, treeé'differing'in 6hara6teriétics should he mix~pldnted :
in ordér to reduce various hazards for the dcvelopment of a hlgh}y

‘resistant forestes described in the following.

1) Shallow and deep rpoted trees. .

2) Principal forest crops and soil imprﬁving.tréés.
3) Coniferous and broad leaved trees.

4) High and Iow growing trees.

Planting Quantity

Planting quantity wvaries depending 6ﬂ'the SPecies, planting methqd,
gradient of the planting site, and the soil conditions, but should be
limited to the standard of 3.000 - 5,000 trees per ha. in good-éoil
condition areas such as soil dep031t part w1th1n hLlISlde 1&ndslide

as well as in stream bed, and to 8, 000 - 10 000 trees per ha. in poor
'soil condition areas such as denuded palt w1th1n h11151de landsllde.
Planting quantity of soil 1mprOV1ng trees does not vary with the '
 principa1 foreét Crop, but is reqﬁired to pay close attention to

the layout and number of mlx—plantlng, since soil 1mprov1ng trees
exh1b1t rapld initial growth, and therefcze, may be oppres the pr1nc1pa1

forest Crop.

2. Planting and Carve

(1) Planting

Healﬁhy seedlings with good surface and root system 5a1ance:sh0uld.bé
selected for erosion control planting dur te the poor spil cond1tlons
of work site. Additionally, close attention should be paJd to prevent
'from:daﬁaging'the.seedllngs during dlgglng out, temporary plantlhg,
cand transportatlon.

Seedlings should be planted somewhai deeply in a 1argely dug out
planting hole with the appl1cat10n of s0il dressing and fe1tlllzer

:as deemed appropriate. On the contrary,-seedllngs must be planted
high in.low_damp ground or in high gropﬁdfwater areas to prevent

rainwater accumulation in:the'pianting holes.
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(2)

Care

Planted trees must be protected with straw litter around the bdttom
of the trunk in order to prevent desiceation along vith wéeding until

they survive and commence to grow., Additionally, close atlention

" must be paid bto the opperssion against the principal forest crops

when mix5p1anted with soil improving trees. This is particularly

important when 1ight demanding trees such as pines are used for the

‘principal forest crop. "In such case, the number of salvage cutting

frequencies needs to be increased for frequent removal., Turthermore,

additional fertilizati on should bo'péffurméd'to facilitate growth

when found to be poor. Replanting should be performed'rapidly'when

bare ground surface caused by dead standing trees arve found since

‘devastation may expand again from such ground. Moreover, partial

‘foundation work damages must be immédiately restored since such

conditions may result in excessive disasters.
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CHAPTER IV 'YORRENT WORK

Secetbion 1 Basic Hydraulics for Torrent Work Dieigning

lydrostatic Pressure

Hydrostatic Pressure

Rest water which is not flowing is called static water. The preSSure

of the WnghL of the water under the static condition is called

the hydrostatic or hydraulic pressure. This force is un1form on

the surface, and the total'resulﬂant;df force effecting the entlre

plane is Called the overall hydraulic pressure.

1)

2)

.Intcn31ty of Hydlostatlc Pressure

Hydrastatlc plcssule is expressed per unit areas since the force

is distributed on the plane The f0]10w1ng equation is derlved

when the hydraullc pressure is uniform at any points on plane A,
with the overall hydraulic pressure is P and the force of the

water is p:

_P
P=%

(4 1)

Total hydraullc pressure is explessed 1n kg, t and other hydranlic
pressures are expressed with unit kp/cm mnd t/m ; etc. The overall
hydraulic preseule effecting a certaln plane may be c0n31dered as

a concentrated force equlva1ent to the hydrau11c pressure effecting
the plane. Therefore, it is necessary to defline the effect1ng

point of the overall hydraulic pfeSsure as:weli'as'ite strength.

Hydlostatlc Preseure Chalactellstacs

:Hydrostatlc pressures effect the plane vertlcally. Purthermore,

the hydlosbmblc pressure p is propo1t10nal to the depth of the water
h. Thercfore, with the unit welght of the water as wj it may

be expressed by the following equation.
p = wh o (4-2)

Additionally, the hydraulic pressute on a cortain point in the vater

acts constant force .in all dirvections, (Diagram 4-1)

Weight per cubic unit.
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Diagram 4-1  Hydraulic Pressure On A Certain Point in the water

(2) Hydraﬁlic Pressure Effecting A Level Plane
1} Hydraulic Preésure_oh A Horizontal Plane
The inteéensity hydraulic pressure acting on horizontal plane s$uch
as the bottom of a container is uniform at any point on this
plane, Thefefore, the overall hydraulic pressure P may be derive
from the following equatlon ‘where the depth of the water is h,

whereas p = wh, and thc area as Ar
Equation P = pA = whA - : " {(4-3)

The point where the overall hydraulic pfesSure effects this surface

is at the center of figure(il_ (Diagram 4-2}.

ava

p
h

!
- A

3

Diagram 4-2 Hydraulic Pressure on A Horizontal Plane

(D  Center of gfavity on a piaﬁe'figﬁfe.

e



2)

3)

Hydraulic Pressure on A Vertical Plané

Hydraulic pressure effects a p}&ne perpehdicularly dnd is propor-
tional to the water depth. Therefore, the distribution of the
hydraulic pressure effecting the féctanguiar zone of the perpendiéular

height h becomes AABC as illustrated in daagram 4-3, Therefore,

the overall hydrauliq pressure P is described by the following

equation with the width of this zone as b.

équa‘ti on 2

1 :
P = 3 whih : (4-4)

K

b B b |

Diagram'4~3 Hy&raulic Pressure on A.Vértiéal Plane

The water depth at the effectlng polnt D is 2/3 h since the. line

of application line of the overall hydraullc pressure P works its

way vertically towards the plane AB thlough the center of figure

of the AABC.

Hydlaullc Pressule on A Sloped Plane . - §

The distribubion of the hydlaullc pleSSule stlength effectlng a
sloped plane AB w1th gladlent ineline 1: n as illuslrated in dlagram
4-4 becomes NABC with LB as a right angle. Since AB = hyl + n2,

= vh at this p01nt the overall hydraulic pressure P may be ‘derived

from the followlng equatlon with the width of the area as b,

wb}12 A+ n? (4-5)

equat;on P -

™
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The waber depth aL tho (e[PecL1ng p01nt D 1s 2/3 h since Lhc line
of the application of the the overall hydraullc pressure P worlks its
way vertically -bowards the sloped plane AB through the center of

figure of the AABC.

Diagram 4~4 Hy&raﬂlic Pressure on A sloped Plane

2. Stream Velbcty, and Movement'of‘the-Sand and Stone

(1) Basic Characteristics of the flowing water

1)

Tlow area, wetted Perimelter, and Hydraulic Radius
Phe movement of water is called flow. The -cross sectien of the

channel perpendlcular to the dlrectlon of the Fflow is called

_the transverse channel SOCLIOH, and the ared or the portlon of

the transverse channel section with water is called the flow area
(or cross- sechonal arca of flow) Add]tlonally, the 1ength of
‘the transverse ‘channel sectlon contactlng the water is called

the wetted perlmeter

" Purthermore, the result derived by di#idihg the flow area A by

the wetted permeter P is called. ‘the hydraulic radlus R. The following

equatlon is the formula for the aforementloned

eqﬂation A
ko= P

In Diagram 4~5{(b) A = h(b + nh) (4—6)

P b + 2hj1 + ne

i



(b)

Diagram 4-5  Flow area, Wetted Perimeter and Hydraulic Radius

Flow area 1is expressed in wnits 6f m® or cm2, whereas the wetted

perimeter and hydraullc Jadlus are exprcssed in unlbs of m or cm.
2} Velocity and Discharge

The water in an open channel(:) flows from a higher elévétion Lo

a lower elévation. The speed of this flow is called -the flow

velocity. This:flpw velociﬁy is expressed as the flow distance per “

a unit time. The flow velocity v flowing thé'distwnce L within_
the time + may be derived from bhe following equatlon, and. is

expressed in units such as m/s and cm/s.

equation: (4_7)'

<
ol
|-

Generally, this flow VQlOClty dlffers at every p01nt of the flow
area. Thelefore, the average flow ve1001ty for the overall flow
area 1is con81derod ‘and is used as the average flow ve]oc1ty of
that particular Tlow: area. Addltlonally the volume of vater
flowing through the flow area within that time 1is called the dis-
charge. ‘The following equatlon may be derived with the average

flow velocity as v, the’ flow area as A, and the dlqcharge as 0,
equation L0 e vA _ (4 8)

The d]schalge units are expressed in m>/s and 1/s, but als0 may be

‘expressed in t/s since a volume welght of water is Llt/m?,

C) Opén channels are water ways such as streams rivers, and artificial

canals possessing free water surface with the almosphere.
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(2)

Velocity Measufémont

1)

Velocitby D]btllbublﬁn in an Open channol

The veloo1tv al various .points of bransvoz&e chammel sectbions is
nob constant., This :ncon31stenoy is due to effectb of the rough—
ness whlch expresq 15 the roughnesq of Lhe wahelway wvalls,

the shape of the transverse channel ‘section, chamel 51nuosity,

and the depth of the waler. Diwgram'4 6{a) illustrates the _
distribution of the flow velocity mt the transverse channel sechion

as a f]ow velocity contour curve. The flow velocity eneral]y

‘become greater further avay flom the’ channel sides and bottom,

This phenomenon is the resultant of the Ieduced effects of frlctlon
with the’ dfOleanLLDDed SJde and bottom. Therefore, the ma.ximum

velocity Vmax is genexated at a p01nt sllghtly below Lhe su1face

in the vicinity of Line of maximum depth. Add1t1onally, the surface

flow velocity is smallest along river banks as illustrated in
diagram 4-6(b), and 1n01eases further distance avay from river bmnks
until it becomes greatest in the vicinity of line of maximum depth.
Furthermore, the curve which describes the flow velocity distribu-
tion on a perpendicular line through a cerﬁaih'point of the
transverse channel section is called. the verﬁical flow ve3écity
curve. The Ve1tlcal curve in the VlClnlty of llne of “maximum |
depth generally becomes simila’ to that illustrated in ‘diagram 4- 6(0)
Hereby, the max1mum Tlow vglocity vimax is generated

0.1h - 0.4h beneath the surface of . the water, and the average flow
velocity v 'is generated at a depth of 0.5 - O.65h_from the burface._

i

Water depth

Velocity

(C) Vertical Velocity
Curve

(b)'Surface Vélocity Curve
Diagram 4-6  Velocity Distribution
e .



Veioéity Measuremont with a Current Moter

A curront metor 15 a device hsed 1o measure the flow velocify;

The meﬂsurcment is dccomp]lshod by lowering a propeller into the
desired'depth'of the_water current in order to count the number of
revolutlons W1Lh1n a spevlfled tlmo._ The flow velocity mdy be

der ved from the follow;ng cquation 5jnce this equation is generallv
applicable to express the relation between the number of revolubions
and the velacity of flow. ' .
equabion v =alN + b (4-9)

Note:  v: velocity (m/s), a,b: constants,

Ni number of propeller revolutions per second.

*¥a and b values are-the exclusive constants of the current meter

-and should be primarily derived through experimentation.

Current meters ave available with cap form propellers with rotatlng
shafts-perpendicular to the flow, and thos illustrated in diagram. .

4-7 have with shafts parallel te the flow.

Diagram 4-7 ~ Currvent Meter

Transverse channel sections are segregated with perpendicular lines

for transverse survey 1in fa1rlv large watlerways with lavge diséharge

as illustrated in Diagram 4 8, in order to derive the average flow

velocity in the 1nd]v1dua1 segregated sections throuoh in equatlon'

with the velocity measurements taken at several points on the

‘perpendicular line running through vhe center of these sectors.



{for water depth measureﬁenh)

3)

Segregation line .
: - VYelocty Measurement line

Diagram 4-8  Measurement of Water Chahnel Sectbion

The flooweing eQuétiéné are available foT'dériviﬂg the average
velocity of the segregated sectors when the velocity in- depths 0.2h,
0.6h and 0.8h from surface are v0.2, v0.6 and v0.8, réspectively,
wiﬁh the depths of the perpendicular line running thrOugh'the'éentef
of the ségregated sectors at h. The following are the applicable

equations:

1) 1 Point;Néthpﬂ {équation) v = Vg g
2) 2 Point Method (quat10n) _ v =3 (vo.o + vo.g8)

_ . L. 1, L o
3) 3 Point Netho@ (équation) V=5 (VO.Z +2vy ¢ ¥ VO.S)

Generally, the 2 Point Method which is relatively simple with high

‘accuracy is used. Vhen particularly accurate values are required,

vertical velocity curves are drawn for the individual sechbion to
derive the area surrouhﬂéd by these curves and the vertical axis
and to divide this by the depth to derive the average velocity of

each sechion.

 The average velocity of “the ovérall channel section is derived by

dividingzﬁhe discharge’ obtained: with the "Veloeity me thod" ekpiainéd

in.the'following."DiScharge Measgrément” by the .overall flow éréa.

Velocity Measurement with Floats - _
This is a mgthod vhere thejveloﬁity:i§ derivéd by - equation v :.%
based on the time measured. for a float to float downstream for a
certain distance, Among the vérioué'Tloatéfavdiiablé,_thefe is

the surface float which floats'on_the vater Sﬁrfabe and the pole
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float provigeﬂ with a weight o mpintain an uprighl position in
ordgr to.measpre the average velocity of the surface and wndervater
currents, ' :
(3) Mean Velocity Formula
Althouyh var1ous formulas are available to derive the mean. vel001ty,
it is best replesente& by the Chezy Tormula descr1b@d below
= cj Rl (4-11)
where, v'.mean velocjty within the flow area (m/s), C: Velocity

coefficient, R: hvdlaullc radlus(m), 1: water surface slope.

‘Various empirical formulas are availuble for deriving the velocity
coefficient C:

1)  Bazin's 0id Formula

Cequation K 1 o
¢ = o b B (4-12)
o R .

Where; C: velocity coeffiéient R: hydraulic radius (m), a, B:

coefflc1ent of loughness

Genelally a = 0.0004 and 8= 0. 0007 are applied for torren streams.

Details of coefficient of roughness are descrlbed in Chart 4-1,

Chaft 4-1 Coefficients df roughness for the Bazin‘s.01d Formula

Classi- ‘ . _ . b
i fication .Channel . o o . B
1 Cement coated or p]ane f1nlshed wood- 0.00015 0.0000045
'channels. . _ o
| Smooth sulfaced cuttlng stone, . . '
H brick, or unf1nlshed wood’ channels.’ 0.00019 0.0000133
11T Rough stone or stone pltchlng ' 0.00024
channels. : .
IV Natural. earth and stone chamels. 0.00028 0.000350
v .Channels washing down rubbles and 6.00040 | 0.000700
. rough glavol.

2} Bazin's New Formula

_equatioﬁ o - 87 .
- c = T ' (4-13)



Where; r: coefficient of roughness:

Generally, r = 1,75 is used for terrent streams. Details of

coefficient of roughness arve described in Charvt 4-2.

Chart 4-2 Coetficiont of roughness for the Bhiinfs New Formula

Claséifi— 'Smccth Concretle, Rbﬁgh Uniformed|Normal Rchgh
cation of | cement brick; or|stone  ‘|soil soil - soil -
Chammel coated or|rough masonry |channels, |channels.|.channels.
plane wood or rough:
finished ichannels.|brickwork
wood : : channels_
: chanunels. _ 1 -
Y 0.06 . 0.16 0.46 0.85 1.30 1.75
(4) The critical Velocity and the equilibrium Siope of Gravel

The critical Veloc1ty of Gravel

The current tends to impact and wash off the glavel on the streambed.
In turn,; the gravel tends to rcs;st this Torce by the friction with
the sbreambed. . The larger the frlctlop at this point, the longel

gravel remains, but gravel is washed off when this friction is

smatl. The magnitﬁde_of this impdct Force to washout -the g:avel

s 2 ' : :
is ‘proportional to the squave (*7) of the velocity. . Therefore,

the movement of the.gravel is'wholiy contingent‘cn the velocity.

This is why the maximum velocity for the gravel to rémain on

" the streambed is called the critical Velcciﬁy of the gravel.

..The following is the Siﬁplifiéd formula bto derive the aforementicned:

equatlon Vg = Kh; E 0 {4-14)
where; vg: Crltlcal V91001ty'cf the Gravel (m/s), |

k: Constant 3.7 - 5. B/average 4,5

b. The lcngth of glavel in, the direction of the 110w( )

Assumlng that bhc streambed is comprlsed of 1ayers of packed gravel,

. the fIOW1ng vater tends to wash these gldvcl layers with a somewhat

leveling force. This force is called the bractlve force and becomes
larger with an 1ncreased hydraulic raullc rad1ub and water %urface
slope. The- ve1001ty becomes larger in accordance w1th equation.
(4—11) when the hydraullc radius and the. water surface slope. are
large. Thereforc, the tractive f01ce too, 1s c10591y related to

the magnlbude oi the veloclty.-
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2)

Fqu111br1um Slope

The vcloclby of Tlow decreases when gravel is mLXEd in the flow1ng

water.

Therefore? when the containing gravels of various.sizes reaches

a Cerbain;point, gravel on the streambed with critical velocity
smaller than the speed of the flowing water is washed away.

Since the velocity becomes smaller at this point, washed down

gravel with a critical velocity larger than the spéed of the flowing
vater settle down on the streambed. As previonsly described,

the flowing water not only washes away gravel, but settles‘gravel

also. The strembed becomes eroded when the wvolume of the washed

cout .gravel is larger than the setblement, and sand depositting
occurs when the washout. is smaller. Furthermore, the streambed

'siope'remains the same although the gravel may be changed when

the aforementioned both volumes are egual.
This unchanging slope is ca]léﬁ the eQuilibrium slope. In order

to derive this, it becomes;

cff1 = ve = K/b

vhen considering equetions {4-11) and {4-14) to be equal,

‘With both sides squared, it becomes;

equation C'RI = vgz_: Kgb R (4~15)
Theref01e, the slope 1 where the 01avel with the dlameber b becomes
stablllzed is descrlbed b} the f01]0w1ng equatlon
_ 2 : ‘
: Kb b ' :
L=%m =Ky (4_}6)
e

R
Where; K' = ég

équaﬁion

Gener&lly, the dlscharge 'is less and the size of the g1ave1 on. '
the streambed is larger in the upstream compared to the’ downstream.
Thelefore, the equ11br1um slope is steep in the upstream and ‘relaxed

in the downstream as deseribed in Bquation (4-16). Bub when

'observed-on separate points, the equilibrium slope varies due to

the states of gravel intermixture and discharge variation.
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3, Discharge Mcasurement

When executing or d951pn1ng stream work, 1b is noce%sary to know
“lthe dlschatge of the stream both for n01me and pllilcui%lly for flood
conditions. The following are the often py&cthcd”methods among

the various discharge measurcment ox approximabion methods:

(1) Velocity Mothod

This is a method where the VelOthV is derlved with the ploduat of
the measurement taken of the mean ve1001ty and the flow area.

The desirable measurement p01nL is where the channel is Stralght and
the channel w1dth and depth qre_consLanb The velocity is measured
with the most comp&tible‘methed for the condltlon of.theestream and
the purpose of the meaéurement.e"fhe flow area-is 10 be derived by
CTOSS bectlonal ‘survey . of the channel. o

For streams with broad stledmbeds and ldlge, the cross secblon of

the stream 1is segregated into beverml section as 1llustlated in
Diagram 4-8 in order to derlve the cross sectlonal area and the mean
velocity 1nd1v1dually Then the discharge for the 1nd1v1duaL sections
are derlved with the product of the crosg sectional area and the mean
velocity. '

These are theh summed to obtain the total discharge of the stream.

The following equation describes the above as a Tormula:
equation = A1v] 4+ Agva F A3Vv3 4+ co.. F Apvn (4-17)
Where; 0: total discharge, (m3/s)

.Alz'AZ’ A3....; ..... , An: Individual ¢ross Sectional Area (m?),

Vi, v2, ¥3 oaieeen, , Vn: Individuval Sectional mean veiocity (wm/s)

(2) Method w1th the Spillway of A Check Dam
When the water storage is held in the upstream of the dam without
sand depositting, the dlscharge is der1vod by the measurement of the depth
of water overflowing from the splllway When the cross section of
the spillway is a trapezoid with 10% side grading, the discharge may
be derived by the following caution: - '
. 3
2

equation Q= (1.77B + l.42h)h (4-18) .
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(3)

(4)

(5)

whero: {: discharge (m3/é), B: length of the crown of the spillway (m),

L overflow watber depth (m)

When sand is deposited'up to the crown of the dam in bhe upstream,
the discharge is derived from the pfoduct of the_fiow area and mean

velocitly measurements taken on the overflow from the épillway.

Flood Level Marking Method

This is a method where the maximun discharge during floods are esti-

mated from the flood markings. Althoﬁgh the method is simple to use,

the result also tends to be inaccurate. The flood level is estimated

by surveying the channel immediately after the flood as well as by

checking the water coverage states of the vegetation in the vicinity

of stréam banks, surface so0il washout, contamination by wmuddy water,

“and caughi on trash locations, etc. Tollowing these, the chamnel is

cross sectionally surveyed to obtain the flow arca. Additiohally,
ﬁhe water surface slope or the streambed slope is derived froim
the:flogd:stage in order to derive the mean velocity by the mean:
velqcity formula. Then, the' maximum diécharge-during the flood is

derived by the product of the flow area and the mean velocity.

_Method by Rational Formula

This is a method uséd for détermining thé érqss ée¢tion of the dam
spillway and estimating the maximum flood discharge, and discharge is
derived . ‘
equation: 0 = 0.2778frA 1 ” (4-19)
¥here: §: maximun flood dischafge-(m?/s}, T: coelficient of iunoff

r: maximum rainfall per hour (mm/h)}, A: catchmént'area {(km?)

Method by Specific discharge

. The value of the discharge al a certain point on the stream or river

divided by the catchment area is called the specific discharge.
Therefore, the flood'discharge=may be approximated when the specific
dischargé:during the flood and the catchment area are known.

The formila for the this is described below:

~ equation 0 = Ag o (4-20)

Where; Q: Flood discharge (m3/s), q: Specific discharge during the flood,
- the flood (m3/s/km2), A: Catchment avea (km®).
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Although the Specific discharge should be deiivgd for -the -ihdividual
“peints, the specific discharge for torrent streams duving floods are

generally as listed.in Cﬁnrt 43

Chart 4-3 ~ Specific dlschwxge of Eollonb sbleams Dur1nu
Ploods :

Catchment

‘. 5 0~ 10110 ~ 201 20 ~ 40 40 ~ 60| 60 ~ 80} 80 ~ 100
Area - (km?) _ .

Specific _ _ : B o
discharge | 25 20 15 12 . 10 8
(m3/5/km2) - :

(j Coefficient of 1unwoff the depth of 1unaoff is the total volume of
water run=off from the vatershed durlng a certain P9T10d lelded by
the area of tle wate1shed. Tth figure ‘divided bv he prec1p1tat1ou

is cailed coefflclent of run-off.

Scetion 2 Objectives and Types of Torrent Work

Objéc%ives:of Torrent Work
Large volumes of gravel, s0il and sand are transported downstrem during
floods of torrent streams, and %hefefbre, sedimantation zone tends to

cause disasters. Therefore, torrent work has the following objectives,

1} To use as foundétion of hillside works and t0 enhance natural
restoration of the hillside landslide area, by sécuriﬁg the foot
of hillside landslide area.

2) To pfevenﬁ'the erosion of streambeds and stream banks as well as

to prevent hillside landslide.

B)T'To form sound and stdble stream by preventlng the washout of
unstable sediment as well as stab1]1z1ng the stream by dep051tt1ng
the run-off sgdlment from the upstream devastated 1and_and by

controlling the run-off sidement to downstreamn.

Types of Torrent Work

The velocity must be reduced to decrea&e the. erod1b111ty of the flow1ng

water in- the torrent. -Theistreambed gradlent and the water depth must



be reduced, This is why check dams are erecbed. They reduce the slope
of the streqm bed by doposittiﬁg in ‘their backvater area.

Additionally, the streambed width increases and the water depth reduces
along with the sedimentation (diagrams 4-9 and 10 vefer).

Among structures erected mainly for preventlon of such ]ongltudzna]

3031ons_aro sediment control dams, ground 8111 work , and small check

‘dams . Sihce these structures are erected across the stream, they
are general]y called cross works. . _

In the olher hand, when the turbulent flow in the. stream becomes ex-
cessive,_the watér current driftes and erodes the bank, risking the
danger of hillside 1andsliﬂe, Among the structures erectéd foi prévention
of this latgral erosion are revelment works “ and spur dyke . These
structureé are erected on the torrent banks along the_stréam, and
therefore are called longitudinal works. _

Bobh cross and 1ong] tudinal work. should be done in éonjunction with
each other in order to deblllze the torzent stream 51nce lateral and
longltudlnal erosion generally take place simultaneously in horrents
Stone pitching water channel work and concrete water channel work are
done at tlmes to increase the resistance of the streambed against

the erosion by the water flow. Furthelmo1e, in the downstream of the
..torrent, channel work *~ is also done at times 1o prptect the stream

bank and to secure the streambed.

*

‘Section 3 Check Dam (Sediment Control Dam)

1. Objectives and Types of Check Dams

(1) Purpose

Check dams are stiucfures built across the sbream with the following

objectives.'

1) To reduce the streambed gradient to prevent 1ong1budlna] erosion,
ThlS is accomplished by erecting a tall 1ndependent dam or with’

low multiple stepped dams as illustrated in Dlagram 4-9.

*(:) Expla]ned in detalls later
(:) Small ‘dam-like structures elected in the upstream regions of
~the torrent, - '
(), GD, aﬁd(:)are explained in detail later.
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New Stream bed by the Tall Dam-

Tall Dam

'Stepped.Dams

/%:EL;;;/,A.

Driginal Slreambed
Diagram 4n9 Reduction ol thé Streambed Gradient

2} To prevent the hlllsldo from collapse by aecu11ng the foot of
| hillside. As illustrated qid Dlaglam A 10, the qtleambed is
elevated to secure the unstmble foot of hlllSlde in order to
prevent the hnllslde from collapse as well as to preclude expandlng

of collapse from expanding.

011g1na1 hlllSlde foot

New'hiilside foot

~Bglls and washouts without

the erection of a dam

~ Sedimentation :
(depositting sand

and soil)

Dam " Original Streambed

“Diagran 4-10 Securing of hilléide foot

'3) To check the sand and gravel washed down from Lhe upstream and

. controls the funoff to the downstream. Dams for such . p01pose are
called:cﬁebk dams and éan_restrain as well as rqduqe'bhe.force of
mud flows. = The héiéht_of dams are generally cénstructéd high as
illustrated in Diagram 4-11. N

Y



Soil Sedimentation
(depositting sand
and soil)

Diagram 4=11  Check of so0il and sand

4) :Turbulent'fldws are prevented and streambeds are secured in sedi-
mentation zone. Low stepped dams are crected as illustrated in
Diagram 4-12 in order to preven lateral erosion by regulating

fhe channel.

Diagram 4-12 Securing the Streambed

(2) Types

The types of check dams are generally classified 1n ac001dance with
their structural material, form, and type of re31stance against

exbernal force.
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1)

3)

C]aSSIflcat1on in accoxdance w1Lh the sbructural matorlal'
Yot masoniy, Dry masonry, Mixed masonry, concrete, bou]der concrebe,
reinforced concrete, concrete frame, steel, cyllnder, wood and

earth, ebe.

Cla351flcatzon by the form:

Stralght line, arch, and buttress, . etc

Classification by the rcsistance type against ecxternal force:

Gravity and avch system, etc.

{3} TIndividual checlk Dam Section Nomenclatures

SSE W ] i
| ® ®
(a) - Front View © (b) side View

Spillway"(Ovérflow section)

Spillway Crown_(Crown)

Wing

Wing:Crown
Drainage_hole
Upéﬁream.slope _

Downsbream slope

Base of Dam .

M) 1

(¢) Plane figure

Front{ Apron .
 Side Wall.
Vertical Wall
Side of Spill Way

@@@@o@@@@@@@

Diagram 4-13 Tndividual Check Dam Section Nomenclatures
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(4) Major Check Dams & Their Features

1)

Concrete Dam

This is a dam constructed by forming the shape of the dam with wood

or steel forms and placing concrete within the forms., The dam body

may be made into an uniformed s{ruclure with this method.

Additionally, dams made with this metﬁod.exhibit superb durability,

and therefore, tall dams can be made. This is why ‘Lhis method is -

" most widely USéd‘late]y. Gravity type concrete dams are most

representative of this method. This dam resists cxternal [oree
with its own weight and lorm is generally straight line and may be

constructed on gravel layers or soft rockbeds upon treatmeni to

"secure lhe base ground.

Arch type concrete dams relate the external force to the rockbeds

in the both sides with the arch effeect to resist external force.

The dam body may be constructed thinner than the above gravify dams

with this method, but fhé'design and construction become more

complicated. Therefore, arch dams are consiructed when the
foundation ground as well as the both sides rockbeds are rigid and

the valley is narrow compared to the height of the dam.

Diagram 4-14 .- Concrete Dam

bt

Diagram 4-15  Arch Type Concrete Dam
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Steel deb

The base and wings of ths type of dam ave constructed w1Lh concrete.

In top of this basc, bultress frﬂmos comprised oF n Frmmod steel

assembled 1nbo inverted V shapes are plﬂccd ovcry 2 mebcr The

dam body is then formed by plac1ng I, frame %{eo] 1n screen form onto
the front of Lhese frqmes.:

The materi al quallty is unliormed since the utructuqu membors are

factory produced. Addltlonally, thls constructlun w01k rnqulr 5

‘no ewclu51ve Lechnology since the worle is accompllshed by simply

assemblino the. materlals. Therefore, the work may he performéd
efflClently in a short tlme period and may bo used in undeveloped
areas using ex1st1ng fransp01tdtlon sysiems. Furthermore,_harm]esa
sand is sifted and runuoff with the screen structure and only lafge
gravel and boulders washed_down by floods are 1ntercepted.

Therefore, the hydraulic pressure may be reduced with this large

- permeability. Due to- these reasons, many édnstruction examples

are Seen debplto the short pGIIOd 31nce LtS developmont However,

this method is not suitable for high aC1d;ty water due to the

corr051veness OF the steel members and sectring jointbolts.

Moreover, thls dam is fragile agalnst 1mp&cts as well as force:
from the dzagonal dlrectlon. Therefore, this method cannot be done

in areas’ prone to large scale mud flows as well as in curved flow

areas.

Diagram 4~16  Steel Dam
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(3)

Diagram 4-17 Concrete crib dam

Other Dams
Concrete crlb dams arec constructed on concrete foundatlons with-
square, concrete columar blocks assembled ‘into a well crib shaped

frame filled with boulders. This has improved'durability over the

‘wood crib dam and exhibits features identical to the steel dam for

‘consiruction. However, blocks in the vieinity of erown tend to

become damaged in this method. This method is generally done in
minor ‘streams with minimal discharge and abundant grével or in
minof_$tréams'ﬁithin_the land slide area,

Check dams employing wire cylinders have been long used in bare
mountain areaé. This work is accomplished by piling on one or
more wire éylinders and stopping them with'piles;f Since fhis
methbd‘éxhibits Superb'Fieiibility as weil.as compativiliﬁy'with
thé scour of the foundation and land subsidence, 1t is done in
minor streams on unstable edrth.

However it should nnly be used for Lemporary structure due 1o

" corrosion of :the steel wire resultlnc in low durability.

.Dry masonry dams are construcbed simply by pllang stone materlals

and vere previously employed for check dams in mlnor streams in

undevelopcd areas. Wet masonry dams are coustructed of masonry

“coated with mortaf'as an adhesive and internally filled with
boﬁlders. Although this type of dam was often constructed since
“the tall dam could be erected by this type in areas where satis-

factory stone materials were available; they have been rarely

constructed in recent years.



.2, Loeation and Direetion of Check Dams

(1} Erection Location . ::-
The follow1nﬁ condltlons must be SﬂLlelOd for the erectlon of a dam:

1) The dam mubt be erected in a spot w1th ngLd bedrock in the _
streambed or stleam banks. Thlb CGHdiLlOH must be satislied anco
the dam may collap&e if the dlschalge over- F10w1ng the dam washes
ouL the toe of slope or elodos hoth 51des whcn the Foundatlon

ground is soflt.

2) The dam must be crected in a Location'whero ﬂhe valley width are
narrow and the streambed slope upstleam is gentle as well ‘as whele
the streambed width is broad. The length of the dam may be
shortened and the costs are 1educed when “the valley width is
‘narrow. Additionally, large amounts of soil, sand, gravel, and
rocks may be depositted when the streambed slope upstrean is_gentle

and when the stredmbed width ié‘broad.

3) The dam ‘must be erected in the downstr am of a. conflueuce when
erecting a dam in the vicinity of oonfluence of stream. Dams
should be ereected in torrent stream when one of the stleams‘is
devastated and should be located in at a foint where the éoﬁflﬁeni'

current becomes stabilized when both streams are devastated.

4} The p01nt where the estlmatcd sand dep081tt1nﬂ line intercepts the
present ex1st1na streambed is the site for the upstroam dam wheu
plannlng_dams in steps as 111u&trated in Diagram 4-9.

Based on these principles, the'dam-lobation is detérmiﬁéd'in
accordance with the objectiVé of the dam.

'Pu1thermore, when the objective is to prevent Streambed and
buth%ldes banks eros¢on as well as hlllSlde collapse and LXP1n31ons,
the dam is to be erected downstream in the vicinity of these
possible ‘devastated areas Addltlonally, the dams are to be stepped
when this possible devastated Sectlon is-long, Moreover, the dam

. is to be planned dowhstréam bf thé-éedimehtatioﬁ zone when the

objective is to déppsit runnoff_sediﬁent from upstream.

{2) Direction of the Dam

The water overflow1ng the dait generally runs~oif at a r1ghL angle



divéction o the dam. Therefore, when the stream is straipght, the dam
is to he constructed at a right angle direction to the stream. .
Dams should not be located in curved flov section, however, when other
sites are not available, it is to be designed at a right angle direction
to the tangent of line of maximum depth during floods at the center
:of the'ovéfflbw section., Additionally, when the present.ekisting
‘Stfé&mbéd-ﬁidth is narrvow and the stream is bent as illustrated in
Diagram.4w18(a), the new streambed afler the soil sedimentation in the
dam often tends to become st}aight line. Therefore, the direction of
the dam must be determined with considerations for the estimated new
line of maximum depfh.

 Turthermore, when planning stepped dams in curved flow areas, the dams
aré ﬁoibe designed at a right dngle direction to the line connecting
fhe‘center.of the overflow section of the upstream and downstream dams

as illustrated in Diagram 4-18 (b).

=~-=- Original Streambed

New Stfeambed

-TC=3 Correct Dam Direction

L7273 Inconect Daﬁ'Direction

Diagram 4-18 Direction of the Dam
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3.

(1)

Design Accumulating Gradient  and Dam Heighb=

Design'Accumulating'Gradient

One of the oﬁjoctive of check dams_is to deposit soil and.sand!upsﬁfeam

area in order.to.make_the streambed gradient gentle to produce stahlé

stream free from a longitudinal and lateral er@éidn, It is impoxrtant
to estimabte the new streambed gradient. This is called the design
aceumulating gradient, and the height and location of the dam is de-
termined with this gradient figuxe ' _ :

The accumulating gradient of damé gehefally are steep when the-gr&vel
discharge from the upstream is excessive or when the gravel sizes are
large, and are gentle when the discharge 1is la;ge, Accumulatlng ggeurs
6n'steep gradient_daring lafge;flopdsj‘bﬁt this'gradlent-gladually
becomes relaxed with sucbeeding intermediate”and minoxr floods. The
gradienf of the Streambed is thérefore changihg constantly with the
repetition of the this phenomena. | _ '

The design accumulating gradient for designing dams is determined
ﬁith.examples in the viecinity of the_sité.aé_referénces‘baséd on the.
standard 1/2 - 1/3 of the present exisiing streambed gradient with
the Stréambed ccﬁﬁrising gravel sizes and the discharge, etc. taken

in consideration.

Dam Height

. The height from_thé base of the dam'tb the crown oflﬁhefoverflow_

section is called the dam height, and the height from the streambed
prior td construction to the crown of_ﬁhe‘OVerflow section is called

ihe effective height. The height of the dam is determined upon

' con51der1ng the- obJoctlve of the dam construction, ground condition,

and the design accumulat1ng aladnent, ete. Therefore, the objéctive
must be clearly dlstlngulshed as well as the foundation ground of the
progected dam constructlon 31te must also be thoroughly surveyed when

determining the helght of the dam, The dam height in accordance with

- these objectives is descrlbed below.

1) Whether to cohsbruct,a reié%ively tall dam or several low stepped
dams is determined in accordance with the corditions of the praject
‘site when the objective is to prevent the erosion of hill side foot

in large scale hiilSidéuland slide arcas. In this case, it is



(3)

3)

Ofteﬁ more e¢ffective to construct se#oral low dams in place of a

gingle tall dam. This is because lower dams are smaller in volume
and more economical as well as receive less scour on the downstream
toe of slope. However, taller dams are superior to the lower

versions as far as the so0il sedimentation volume is concerned.

Low dams are constructed in steps generally when the objecﬁiveuis
to prevent the erosion of the hill side foot of the streambank

collapse area.

The dam height must be sufficient for the protection of the .
foundation when the objective is to protect the foundation of

structures Trom scour.

'_The dam height must be as high as possible for the foundation

ground and the topographical conditions when the objective is

" sedimentation.

Sand'Sedimentation Volume Caleulation

Cross sectional and longltudlnal sectional methods are avallable Tor

derivation of the Sand sedimentation volume The longltudlnal section

method  is explalned below.

Sand depositting solid behind the dam AB as 1llubtrated in Dlagram 4-19,

it is assumed that the longltudlnal Sectlon becomes 'ABC. This

longltudlnal sectlon area is multlplled by the average widbth of the:

Sedlmentatlon to derive the sedimentation volume,

~Where V : saﬁd_sedimentation Q@iumé (m3)
"h : ef%éctive heighthdf the dam (m).
-tansﬁ': origiﬁal streaﬁbed élope
tan B : new streambed §iopé.
2 :  average length 0f the sedimentation solid
b - ¢ average width of the sedimentation:éﬁiid
‘equation A'B = Ltant, AA' % £ tan B

it bécomes:

" Therefore, it becomes:



equation (5F2j) ko= ban @ - tan B (4*21)

"Because:

1 e
2 ‘tan o — tan B

equation A ABC = %‘h R, =

It becomes:

p)

2 (Lan o -~ tan g (4-22)

equation (3—22) V =

”7#_—~rfx:-::"f3.::}: e New Streambed

Original Streambed

’///1_f£3 _ So0il Sedimantation

Dam

Diagfam 4-19 Sedimentation-Cross'Séctioﬁal View

. - Spillway (Overflow Section) and Wings

- Spillway.

(1)

The part of the_dam through which: the OQerflow passes i$ cal1éd the
spillway (overflow section) and its locétion, form, size, and sleeve

structure is importani for the preservation.of dams .
Location
The locatlon ‘of the overflon sectlon 1s to be determlned with the 3011

nature and topographlcal condltlons aof ' the both sides and. the front

apron of the projected constructlon-slte taken 1nto.con51derat1on.

1) ‘The overflow sectlon may be provlded anywherp when the stream banks
and the streambed at thp downstream toe of slope 1s comprlsed of

T rigid ‘bedrock.
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(2)

2) The ovorflow section is located in line of maximum depth when the

stream bank are fragile without rigid rockbeds. {Diagram 4-20(a))
3} The ovgrflow'section is loecated closer to the gside with the rockbed

vhen the rigid rockbed exists only on one side. {Diagram 4-20(b))
4) The overflow section is localed in a position where it will not

cause erosions when structures such as revetment works, residential

land, and arable land exist albﬁg the streambank downstream.

5) The overflow section is to be located in a position where are free

from the effects by the water flow when collapse areas exist in

the stream banks and hillsides upstream the dam. (Diagram 4-20(c))
Sl:lé,pe
Trapezoidal, arch, and rectangular shapes are seen in overflow section.
However,.ﬁrépezoidal_Shaped overflow section are most cpmmonly seen.
The width of “the overflow section should be increased as much as
possible to reduce the overflow depth in order to decrease falling
hydropower to minimize the washout toe of slbbe of the‘dam downstream.i
Furthermore, in streams with wide streambeds and large gravel discharge
volﬁmes, compound sectional shapes are employed.at times as.illusfrated
in Diagram'4~20(d) since gravel may sediment on the overflow section and

increase  turbulent flows.

Grdvel_

Gravel




(3)

¥

Rocl Overflow Collapso,drea‘:
Soction. or Frogion
INNNNWN _i

AN [N

(e¢) " o D
| Diagram 4-20 Location and Shape of Spillways

Cross Section

.The dimensions of overflow SCCthH Uenelally‘should be sufflclent
enough for runnlng off the maximum dlschazge during floods safely'WLth
extra space for mud flow and-d11ftwood taken in conblderatlon. The
maximum fiood'dischafge:is:determihed by the ﬁ&téfshed*areay
preoipitation, hillside gradient, forest cenditions, and the hillside
dévastation conditions. - |

A sampie method for determination of théJcross:sectiOH-of the overfiow

" section in case of open channel is explained as follows:

1) The maximum flood dischorge 0 is by Rational Formuia (equation 4-19).

2} The diameter of the'maximum.gravel intra-streambed is'seleotéd.
Generally, the average diameter of the largest sized inffa¥streambed
gravel thOught to havo been washed down is applled

3} The 011tlcal veloolty vg of the max imum gravel 1is derlved vg = Wy

{Equation 4 14) is to be used.

4)  The design accumulating gradlent I is estlmated. It should be

about one half of the present ex1st1n0 streambed gradlent.

5) A hypothetlcal overflow sectlon is determlned The follow1ng

calculatlons are to be performed using the valuea of 1) through 4)

.(a) The Cross sectlon area T is dorivod by the folloWIng equatlon

equation F =>~~1. o (4



(v)

The hydraullc radlus I is derived by the lollow1ng equatlon

2 4 2.2 :
equation ' R = AL J}‘ivgzi Al BVE (4-24)

.However, o and B8 are the coefficient of roughness of the
VB&zln 5 old Formula. This formula uses the Bazin' s old Formula

“in Bquablop {4-15) C to consolidate the quadlatlc equation of

R for derivation by the root Formula of the quadratic equation:

"R 2

. 1 2
td e R e} - —
equation | i I=Vg AT B RI = Vg

'C(f-l-‘R _ .
| > 12 > vglR - BVgd = 0

The webtted perimeler P is derived by the following equation:
_ . . _ .

' equatipg ' P=po. : : (4-25)

Based on the cross section area F, hydraulic radius R, and

wetted perimeter P derived, the cross sebﬁion is approximatéd

with extra room for the field site conditions taken in

cdnsideration.

6) Determlnatlon of the Overflow Cress Section

The followlng values at the estimated overflow section are to be

derlved ‘

.(a) The cross séction area E', Wetted Perimeter P', and hydraulic
radlus R' arc Lo be derived by Equatlon (4 6)

(b) * The smfcty factor n of the cross sectlon area 18 dEIIVEd by

: the following equation:
equation . : no=ET ' o (4-26)

{¢) The mean velocity v' is derived by Eqﬁatidns (4~11/12) and the
diséharge Q' is derived by Equation (4-8),

(d):'The safety factor of the dis¢harge n' is derived by the
followxng equatlon

Q! : '

equaulon. _ n' = 5 : s (4~27)

(e) The estlmated overflow section 18 selected for use when the

.safety fact01s n and n' are about two to five.

Reebtlmwte and recalculate for the selectlon of the overflow

section when the derived safety factor is 1nsufflclent.-
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(4) Protection of Overfloy Section’
The overflow section is worn.by the run-off gravel andfmay'becomé
destroyed by the impact_dfiboﬁlders'or by the pressure from the
flowing waber, Protégﬁion struptures‘are;therefbré.executed as
required. . . '

The followxno de5011bes tho various protect1on wo:k methods avwllable.

1) Stone Consolldatlon ‘
Closely consolidated rigid stone is used not only in wet masonry

dams but also for the overflow section. crown of concrete dams.

2) Rich Comcrete Mixture

. The crown is especially constructed by using yich mix concrete.

3) Other Methods _ _
- Other methods which use steel plqtes, old ra1ls, and fibre glass

bo%rds on ‘the Splllway c10wn are also avallable.

II, ¥Wing
The overflow bectlon is sufflclently to pass the maximum flood discharge.
However, it must be solidly constructed since. mudflow and dr]ftwood may
be generated more than expected and overf10w the sleeve. Furthelmore,
the crown of the dam w1ng in locations de¢011bed in the follow1ng is to
be provided w1th an apward 1ncllnat10n towalds the stream banks. (An
upward gradlent mist be provided:) '
(1) 1mmed1ately below hillside landsllde areas, {ii) dL mud FLow generated
areas, {iii) at driftwood run-off areas, and (iv) at curved areas of the
stream. ' _ '
‘The inclination in these cases is generally about the same as the design
accumulatlng gradient of the dam. The 1equ1red embedment depbh of the
wing into the stream banks is about 1 to 2 meters for bedrock and about
2 to 3 meters for soil and sand. Add1t1ona]1y, thc connectlng memher
of " the w1ng to the eream banks often is: dqmaped, resultlng in. the
destruct1on of the dam, and thcrefole must be relnforced by protection

works.
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(1)

Dam=Sections‘and_Conditions of Stability

Doﬁerminaﬁion:of the Dam Section

The selection of tho dam bect10n for linear gravity dams is- generally
accompllshed by selecblng tho height, crown width, downstream slope,

_mnd then Lhe upstream blOPO to athln a cross SeCthn satislying the

- soafety requllements. Tho dam base is determined along with these items.

1) Ilelghb _
The debelmnnatlon of the dam height is made based on Sectlon 3-(2)

"Dam Helght” descrlbed earlier,

2} Crown Width

' The crown width is deterhined by the run-off gravel dimensions,
‘gverflowing water depth, and the design accumulating gradient
upstream. The crown width is about 1.5 meters in ordinary devastated
stredams, over 2‘meters in locations wherc large boulders and ex-
cessive mudflow are expecte&, and about 1 meter in small streams

wi'‘th smaller sized gravel runéoff‘suéh as SIIRASU or ash.

3) Downstream Slope .
The downstleam slope must be steep in order to protect the slope
surface from damage by Lhe discharge and gravel, etc. overflowing
the. dam fall dlrectly on bhe front apron. Thé'sldfe'is about
slone 1at10 of 1:0.2 genelally and about slope ratio of 1:0.3

for lower dqms under 6 meter helght dam.

4') Upstleam Slope

The upstleam slope is determined in accordance w1th the ‘dam h91ght,
crown width, and downstream slope determined earller,'satlsfylng

the stability conditions for gravity dams.

5)  Dam Base Width

The dam base w1dth may be derived by the folloxlng eQuation when
the heigh%, crown width, upstream and downstxeam'310pes are
determined. ' | _ . _
B=b+{n+mh where B: Dam base width (4-28)
' ' . b: Crown width (1:n)
l:n:  Downstream slope :
Leme Upstreﬁm 51épé
h: - Dam height -
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(2)

Stability Conditions

The gravity;dam.resists variOus'externaL fdrces'with the weight of ‘the

dam body. These external forces may be segregated into the components

of hydraulie pressure and mud flow impact, sedimented sand . pressure,

and earthgquake force. However, only the hydraulic pressure is often

considered with the unit weight df:the wafer:eSﬁimhted“betwéén;1?2 +o

1,

8 t/m3. The:foilowing conditions must be Satisfied.in‘ordef:to

ensurre the safety of the dam against these external forces.

1)  Not fall _

2)  The dam body Has not bfokeh.

3} ‘The baseground has nbt bfokeu;

4) Not slideable | ' | _ _ |
These conditions are considered-satisfactorily for a.unit length of
the dam. |
1) Stability Against Falling

The action line of the resultant force Qf”ex%erhaliforce'and'the
'déad weight of the dém.quy.ﬁuSt be thrdugh'ﬁhé.dam'base to prevent
the dam from'f&lling Forward Hy external forces. Only'the hydrauiic_
pressure is to Ee considered as .the external force (OVeffloﬁing

water depth is to be disrqgarded)._'The S£ability check diagram
methéd is .described in the following paragraph. The cross section

of the dam is taken as ABCD as illustrated in Diagram 4-22.

Al

Diagram 4-21  Stability Check
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- With the length of the dam top AD as b, Lhe lenith of the dam base
"BC as B, the dam height as h, the slope of the DC plane as 1l:m,

and Lh@ unit weight of the flowing water as Y w, the overall

hydr&ullc pressure P actlng the DC plane per unit length may be

~derived by the following equatlon-from the Equation (4-5).

_(eQuation) : P % Y w h2 1 m2 _ (4-29)
ThlS 0v01a11 hyd14u1lc pressure acts the DC plane perpendlcularly,
and its acblng point is at point X, 1/3h dbOVQ the dam base.

With the uni b weight of the dam body as Y w, the dam dead wdight

'pel_unlt length bccome&.

..(gQuatiqn) : . W= % Yym (b+ B) h {4-30)

and acts in a vertical direction through the center of figure G,

AssﬁﬁeIA';and C' are connected from the extensionS of dam top AD

and dam base BC so that it becomes AA' = BC and CC' = AD in order
to derive the center of figure G.of the trmpc&oldal section’ ABCD.

Furthelmore, assume that M and N lie on Lhe medlan of dam top AD

and dam base BC. Thercfore, the intersecting p01nt G of the line
segmeﬁté ATCt and MN is the center of figure of the trapezoidal

ééction.-. '

Draw the acting line of the OVerall hydrau11c pressure actlng the

DC plane perpendlcularly through lent E and bhp actlng line of the
_dead wctght of the dam vertically frem G.

They intersect at point O in order o derive resultant force of

the overall hydraulic pressure P and the dead veight of the dam W

Bstablish force P line on the extension from O to EO and force W .

line on the extension of GO, and then draw OP! iine, OW' line by

‘cerlain scale size. Tulthelmore, by drawing a pavallelogram OP'R'W'

with these two sides, the length of the diagonal line OR' is the

size of the resultant force R of the overall hydraulic pfessure P
‘and the dead weight of the dam W. Therefore, it is safe from

.faliing forward whén the action line of the Tesultant force R

crosses the dam hase BC,

Stdbility check of tho Dam Body Aga1nst Destructlon _
The dam bodj-is broken eather by tensile force ‘on ‘the dam body or

By fﬁe‘dam*hody giving way 10 compressive force,
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" In order for the dam body to'bo.ffée'from‘tensiié foree, the

' resultant force of the dead WOigh+'aﬁd'thh hydfaulic'pressure must
be through the portion between middle two: poxnts in whlch trisect
the dam base. This - L11sect1ng point lS cqllod the core point and
the portionzbetween the mlddle_two‘pOInts is called,m;ddle thrd.
Now, . 1ssuming'bhat the perpendiculax Fdrce V acts point F'which'is
dlstance a ﬁw(y From B on the dam base BC- as'lllustlated in Dlaglam
4-23, the complebslve fOICe dlStlLbuLlOH on tho dam base hele
becomes Lhe max 1 hem compleSSLve force Pp at p01nt B and mlnlmum
compr3551ve force Po at p01nt ¢. The comple351ve force varies
linearly between these BC points. Pp and Pc.dfe described by:thé

followihg equations:
(equation) Pﬁ = (zf—.E%)'L ' '  (4-31)

2v
B

2V . 3a J
TR

Pe =

Diagram 4-23 Pressﬁre'Distributioh on the Dam Basge

in ordéf'fof_the-tehsile:forqe'to_ineffgctiveg Py > 0 and Pg >-0;
By analyzing this 2/33 ->a’ >'1/3B appears, and therefore, it is
proved that it'is satisf&éﬁor& whén:ﬁhe.pérpendicular:forCe V is
through the middle bhlrd of the dam Dbase’. .

'In order for the dam’ body to be safe from destructlan by - com-
..pre351ve force,‘thp.allowable compr9531ve gtrength K of the dam
material must be g:éafer ﬁhan:the.makimnm:comprqssive force Ip on

the dam body. - Thérgfore,'i£ is satisfied by7the'fdiloﬁing-equation:
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Covetion 2y da, - |
3 b —_— (2 o ==
equation ‘ K > B (2 B) (4-32)

Allowable compressive strength of concrote is listed in Chart 4-4.

Chart 4-4  Allowable Compressive Strength of Concreté

Alloﬁable

Allowable Stress . SLangth .
ouante S o Drength Summary
R t/m kg/cme
Allowable-compussive 550 55 Age 28 days 1/4 of
Strength Compressive Strength

Allowable Bending 30 o, Age 28 days 1/7 of

Tensile Strength Tensile Strength
.hllow@ble Bearing 600 60 Age 28 days 3/10 of

Stress Compressive Strength

3) . Stabilily Check for Base Ground Destruction
It s satiéfacﬁdﬁy when the allowable bedrinu power of the base
grOund 15 greater than the ‘maximum compre551ve force ar+1nn on the
base ground Land sub51dence and’ destructlon ocour when the base
ground allowable bearlng pover is imnsufficient. Addltlonally,
since the maximum’ comp1e581ve force on the dam base acts the base
.ground directly, K may be substltuted in Equation (4-32) as the

allowable bearing power of the base ground.

4) Stablllty'Check Against Sliding

| The force actlng t6 slide the dam body is the horizontal component3
Py of the ‘external force P. The force resisting the aforemeutloned
.1s the 1eact1ng f01ce by friction generated between the dam base :
and the basc ground " The magnltude of the 1eact4ng force by frlctlon
may ‘be ‘derived by multlplylng resultant force of the dead welght of
the dam body W and the perpendlcular component Py:of the external
force by the coefficient of friction £ of the friction between the
dam body and the base ground. Therefore, the reac%ing force by
frié£ion must be gleatel than the force acting to slide the dam body

in 0fder to maintain the safe conditions. The follomlng descrlbes

~the this as'én equation.
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(equation)

Tt may also be derived from the diagram.since Pvczix/

and Py = H'—“l—""—
1+ m? o

PH

£ (Py + W) > Py

Py W .
m

= P on Diagram.4—22. Additionally; Chart 4@6'1ists -

the coefficient of friction between the dam bddy and the base ground,

Lisbs the ‘allowable Bearing Power of

Chart 4-5
o the Ipdividual Types of Base Ground
_ Bearing | o Bearing
Type of Base Ground Power - || Type of Base Ground | : Pover
. ‘ t/me ' - T t/me
Hard Rock 200~300 || Normal Soil 3~10
Grahite'(Single Horizontal Bed e _
' Thicker Than 3m) - 350-1000) Clay o720
Porphyrite (Single Horizontal Bed |44 350 | patlast Mixed Clay | 530
Thicker Than 3m) - . _ T
Graywacke (Singlé Horizontal Bed : : P
Thickes Than 3m) 150 600 Ballast . 30 éO
L;mg‘Stone (Slpgle Horizontal Bed. 160~240 Sand Mixed Raliast 20-50
Thicker Than 3m) : : _ - : :
l_._ - . .
o | - S
Soft Rocks {Tulf, Sandstone, 70-150 | Normal Sand 10~40
Shale) ' T :
‘Sedimentary Rocks {Low Concretion) 50~60 Hard Clay 20~50
Congiomeiate Gravel ] . ' o S
: e | 70~80 | Wet Cl 15m
(High Comicretion) e 33: 5_29
Sand (High Concretion) TO~80 Mad )
Sandy Clay | 15~20
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- Chart 4-6  Coefflicient of Triction of
the Tndividual Materials

B _ lypc of Maherja] . | Coefficicﬁt'of Fficticn
chtween-Masonry and Masonry L 0.6 ~ 0.7
Between Good Quality Stone and Masonry - 0.6 ~ 0.7
“ﬁetwcen Bclicsf énd Masonry ) ' .0.5
Ectween-Sand'anﬂ Masonry _ | : 0.4
Between Dry Clay and Masonry 0.5
Between Wet: Clay and Masonry ' ' 0.3

6.

(1)

(2)

Dfainage Hole

Objéb%ive
The purpose’ of drainage hole is to shift the draicage and flowing
du11ng the construction of the dam and te reduce the hydlaullc pressure

on the dam body as well as upon the seepage pressure by sand sediment-

ation after completlon.

gbcation,‘Quantity and Dimensions of Drdinace lole

The 1ocatlon and quantity of dlalnaoe holcs vary in accordance with
the puzpose “of the drainage hole and the dam plannlng

A 51ngle drainage hole above the stleambed line is fufficient fDl dam
constructlon ONn narrov stleambeds. Several dlalnage holes must be
pIOVlded when the st;eambed is wide since the main waler stream shifts
w1th every flood. o ' _

Sevelal sma ll d1a1n&ce holes must be p10v1ded when the obgectlve is
to minimize thc hydraulic and seepage pressure In such a case, .
drainage holes of the bottom row are to be p:ov1ded on the streambed

line with the higher holes arfanged'in reeling form. The drainage

“holés here must be plovided with adcquate clearance with the mneighboring

hole and mist be not pelpendlcular line, Additionally, drainage holes
in the: top roy must be located 1.5 to 2.0 meters below the ‘overflow
Sectlon crown since they may beccme the cause of the dain destruction:

by the 1mpact of thc mud flow.
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fhe drainage hole of Lhe dam down sbleam is to be: d031gnod below the
base ground ol the dam up%troqm when consbluctlng stepped dams.

The dimensions of the drainage hole are bo bo squiciént'enbuphwfor
running of f neverml Floodq for a year, since 1t becomeq the weakest
point of the danm body when Lhe dlmenSLons ﬂre excesslve._ Generally
drainage holes are square or 10L[dngu1%1 w1Lh O.: to 0 4 mctor 51des
but are also sub%tltuted with circular v0151ons w1Lh 51m11ar secblonal
areas. Sgquare or ectangu111 dra1nago ho]es with 0.5 to.1.0 meter

- . sides are provided for till dams executod for sand bedlmentmtmon.

Protecting from Scouring

Tt is desirable for the dam base ground ﬁo be compfisedIOf"501id bédfbék..
However, dams often mist be consbructed on Uravel layers due to the
objective of the dam. TIn such a case, the front apron is Scoured by bhe=
flowing water and gravel ovelflownng the ddm.= Tt become a cause for the.-
destructlon of the dam when 1eft in such COnd]thn for" exbended 99110ds

of tlme 51nce the base ground also becomes seoured ' Therei01e, front
apron work, counter dﬁms, and llplap vork are pellormed to prevent the
scour, The selection of. the these works must be made in accordance with
the compdsition of the gravel.in the stréambed, dischdfgeg éhd:the dam

height.
Tront Apron'Wbrk'

- This work -is used to’ plevent the scour by Securlng the front apron
with concrete in dlregt connectlon ‘with: the donnsbream part of the dam,
This work 1s used in the downstream part of the stream when Lhe dlameter

of the run-off glavel and SLreambed gravel are small w1th large dlscharge

1) Length

. Front apron works are executc& in the palt where the dlscharge
overflowed dam and gravel Iall. ‘Thereforg,_bhe-dlstancg from .the
toe of downstream slope.to the déﬁ fbundation leﬁel where the
flow1ng water overilowlng the dam, overflow scctlon down is derived
by the f0110w1ng equatzon and is oxbended marglnally in order to
_loglcally derlve the lcngbh of the front apron. o

.'(Dlagram 4-25 refers. The front apron work helght is to’ be at a

evel 1dent1cal to the countel dam crown)
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equation _ E-A'VJ 2hxt) ~ nh (4-34)
_ - . g .
where :ﬂ' :  The length of the fromt apron from the toe of
~ dovnstream slope {m) _
‘h Thé effective fall of the dam(:) {m)

: Tha surface velocity of the flow1ng water leaving
thie dam (m/s)
t ¢ Overflow water depth (m)
g : Acceleration of gravity (9.8 m/S82)

(1:n): Down stream slope

The length of the front apron is executed by_experience'és

the . following,

lIncaSe of'low'dam, it'is 2 times total length of overflow water

.depth and the effective fall of the dam,

In case of tall dam, - it is 1.5 bimes total length of overflow

. water depth and the effective fall of the dam. .

5.4)':

'Thlckness

 'The thlckness of the front apron work has not yet been logically

and actually analyzed Tt is generally execuled with a thlckness'

of 0.5 to 1.0 meter by experience.

‘Front Apron,h01k,ls Genelally Concrete Stluctured

Additionally, wire cyllnders and wooden mattless are also used
where the discharge is minimal and only when_so;l and sand are.
runoff. 'Howevef, these lack durability and are -only considered as
temporafy_measurés; _Addiﬁionally, the gradient of the front apron
=is.ge'n:er'a,lly levéi,:but'is also sloped in accordance with streambed

slope when the.streamﬁed slope is eXcessive.

Vert]cal and Slde Walls

A vertical wall is p10v1ded at the tlp of the front apron for depth
of embedment since the downstreqm tlp of the front apron on gravel
ldyers becomes scoured

The_soft.ground in the sides of -the front apron becomes eroded

@ e

The height:from the‘ffon%'aprbn to the overflow sec¢tion crown.

.Prame constlucted w1th logs and fllled with boulders for sinking into
the streambed, :
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(2)

since thé_floﬁing water falling from tho-dam geﬁgi&ﬂés_turbuleﬁt-
flbws on the front apron. Thoreforﬂ,_SichWalls ure-pro#ided to
protect the both sides.  The height of the side walls musi be dén
termined so that theichdnnol section of ﬁhe front apron becomes
largei.thén the overflow seclion-of main dqn;  Additibna1ly,‘thé
crown of the side wall must be provided'with an hpward gradient
toward the upstream, The bottom part of the.part connecting_ﬁhé
side wall to the main dam must be far 0.5 to 1.0 meter from the
shoulder line of the dam everflow sectionf"This.is done to prefént_
~the side wall from destruction by the flowihg vater and gravel

overflowing the overflow section of main dam.

Counter Dam Wofk-(Secondary Weir) -

- Low dams provided in the dovonstream of the dam to prevent the front .

apron from becoming scouied are called counter dams and ‘the protected
dam is ealled bthe main dam. | | N _ _ '

A water cushion is provided bebween these dams to minimizé_the ihpdct
'dfﬁthe'falling gatef flow and gravel in order to pfgvent scouring,
This work is executed in the upstréﬁm of tpirents when the streanbed
is packed closely with boulders or when the diametef of thé run—off

gravel is large.

1) The Overlap Height of the Main and Counter Dams

The main and counter.daﬁ-heighfs must be over.lapped. ‘Po increase
uhne@essarily this_overlépping height .is not only uneconomical
because of the increased height of the coﬁnter,dam'but also causes
inéreased scour in thé-ddﬁnstreamiqf:the:coﬁnter dam. The overlap
height generally must be about 1/3 to 1/4 the height of the main
dam, (Diagram 4-25) '

Main Dam.

Counter Dam 2 - o
- Diagram 4-25 Main and Counter Dams
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2) The Interval betweon the Main and Counter. Damq

The interval is dotermlned in accordance with the Lalculated length

of: the apron.

(3) Joint Execution of the Front Apron and the Counter Dam

The front apron work ahd counter dam work are executed together when
constructlng a falrly tall dam in a stream wlth a large discharge and
largp sized gr@vel punoff, This is done in order to protect the front
{apron from abrasion and destruction by the boulders overflowing and

falling from the main dam by the water cushion of - the counter dam.

'(4) R1prap Worle

This is constructlon where concrebe hlocks and l%rge boulders are
'dropped 1nto the scourlng part of the front apron in lieu of front
apron works and counter damb to secure the these scouring part.
However, the: drorped materlals often become washed away and therefore,

this method should only be considered as a temporary measure .

8.  Volume Calculations of Parts of a Dam

(1) Torm and Cubic Volume Calculation
Calculations are made in the following ordeér:

1) Draw the front view and plane flguzebof the dam w1th side views
drawn at the sides and segregate the dam with. horizontal lines:
intersecting the p01nts where the shape of the dam changes on the

front view and side view.

2) Derive the top length £, bottom length L, and the height h of each
section on the front view. Additional.y, dellve the top width b

and the bottom width B of -each section on the slde view.

3) Derive the form area A of each section with the followihg equation:
. [ o :
(equation) _ A= =0 h . (4-35)
When these ave summed, it becomes the area of the surface of the
dam when the dam slope is perpendicular. Additionally, the area
when the slope ratio is l:n is deii?ed by_multiplying y/l+n2 by

the area in the perpendicular case. This area must be derived for
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both the up and downstream. ‘MoréoVéf; the areas*of the form Tor.

" the overflow section 31de and the drainage. hole must be derlved._

The total sum of  the af01ementlonod is the area nocessary for the

Torm of dam constructlon.
The 1nd¢v1dual dam bCLthH cublc volumes ﬂenerally de11ved by the

follow1ng equatbion:

%

However, when the shape of the segregated sect;ou is rectangule in

(equation) V=5 { 2 ( ﬁb + LB) + B'+fhh} t4436)

éither oné of the front or side view, the cubic volume 1s derived
by the following equation:
B+ b

(equation) . V=AZ— 7(4..37)

2
Addltlonally, when the shape of the 1eglegated sectlon 15 rectangule
in hoth dlagrams, the cubic volume is d911ved by bhe f0110w1ng
equation:. ”

(equatlon) V=AB B (4 38)

“ The cublc volume of Lhe dam is the total of the above volumes minus

‘the drainage hole volume.

(2) Base Excavation Volume Calculation

Caleulations are made in the following order:

1)

2)

‘Draw the front view of'the desigﬁéd dam into the cross sectional

diagram of the stream at the center llne of the dam overflow

section crown, AddltLonally, draw a side view at. the 51de.

Sepgregate the front‘view with perpendicular'llnes. These lines

are to be drawn where the shape of the dam base and the.gronnd

.'sufface.gradient change.

The.folloﬁing values must. derived for the individual blocks on +the

front viéw. . _ . L ‘ ) l _

a) Height h': The heigh£ from the dam base to-thclgrouhd surface
' 'a£ £he center of each block. '

b} Extehsion ,ﬁ;:-“The length of each_bidck.

The follow1ng values are to be derlved on the 51de view in the

TCPnter of’ each block

' -a); Add extra’ excavatlon space of the both s1des +o the dam base
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wndth for bottom w1dLh B,
b) 'Thc top wldth b' may be dorlved by the following cquatlon
agsuming that the slope of the ‘base excavation is lin.

(equation)" _ bt = B' + 2nh' _ (4-39)

A
—

Derive Ahe ssctional area of oach block by the following eguation:

B! + b'

(equation). ' Al = {4-40)

6) Derive.the:baseuéxcavation volume V' of the. individual blocks by
_the:foﬁlowing equation to sum them to derive the total base ex-
cavation volume ol the dam.

(eguation). Vo= AT R _ (4-41)

9. Dam Construction

Lately, concrete dams are most widely constructed. The following

explains the basic execution methods:

Construction Survey

The most importdant item'fdr-ﬁhe construction of a dam is to expedite
how efficienfiy, economicaliy, and safely the work éan be eiecuted.in
the limited construcfion period. Therefore, it is:higﬂly'important.to.
establish an effective prOJcct schedule based on the survey data - The
following listed surveys should be completed prioxr 1o deblanlng the
dam, However, further detailed surveys are neces&ary when constructing

relatively large scale. dams.

1) TopOgraphlc Survey .

'1/100 to 1/200 scale CroSs Sectlonml diagram at the center of the
dam is already completed at the d951gn stage of +the dam. Therefore,
detailed surveys. of the area in the vicihityuof the prdjected dam
_construction site must be pe1f01med prlor ‘to the exccution of the
w01k.: Expoqed bodlock, spur line, flow1ng water level position,

- and large bouldels, ete. are “then 1nscr1bed ‘onto the 1/500 to 1/1000
scale tOpOgl%pthﬂlChar+ of the ploJected dam construction site.
Add1t10n¢11y the temp01a1y d1velslon channel soil dumplng area,
cand material st01age area are to be 1ndlcated on the 1/500 to 1/1000

scale topographlc chalt of the surroundlng area.
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2) Gpological-Sﬁrvey
Detbailed survéys are reguired ﬁhen constiuctingitgll or ardh.type
dams, -th only the ‘bearing capacity of-a:grnvel‘layer or the type
of ‘vock in bedrock. is required to bo identified but faults and

fractured zones must also be thoroughly'survoyed,

'3)  Weather and Flow Regine Survey

Throughly survey the weather and 10w regime since they.effect the
vork period most critically. I'lood condltlons and low water periods
in particular are 10 bé-surveyéd over with data for long bériods |
of bime. These data are highly beneficial for determining the
execution period as well as=designiug the temporary coffef dam_qnd

temporary diversion channel.

4) Material Transportation Facility Sufvey

Most of the dam construction sites are located in aveas where
transportation is difficult. " Thereforeg_the quality of:the material
transportation:facility.greatly effects.the execution of the work.
The best_transpbrtdtion facility is a-road."Survey the width,
.gradient; curvature, and bridges as well as necessary improvements

and repairs when an existing road exists.

Temporary Coffer Dam and Pemporary Dlver510p Channel

The stream or river is blocked and is drained through the temporary
'divérsion channel during the execution of the work in order to
facilitate the work to attain certain 'dam execution: results.

The best blochlng and temporary diversion channel methods are se1ected
in acc¢ordance with general Judgcmont of the d1scharge, the topography,
soil nature, thickness of the streambed Sedlmentatlon of the prOJected
execution éite, an& the dimension of the dam. I{ is Satisféctory with
s0il bag blockade in streams with minimal discharge. -However,'figid
soil and . stone blockade, sheet pile blockade, and conerete blockade

are employed in streams with large discharge.

Diagram’4w26 dliémﬁzzéry‘DiVefsion Channel
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The overall stream current is blocked in the up and downstream of the
oxecutlon eLte and. the water is drained with steel or wooden conduits

or by a punmp when discharge is minimal in a narrow width stream.

: Addltlonally,-half:oi_the stream is blocked at a time to execcute the

work when ‘the discharge and the-width of the stream is . large.
Furthermore, drainage tunneis are provided al times when the streambed
width is”narrow in contrast to the discharge Ahd the dimension of the
dam-is large as well as the bhase excavation is deep..

The flow capaclty volume of the temporary diversion channel is to be
large enough to  Tun off the Tlood discharge during the execution

period based on the exccution survey data.
Base Bxcavation
The streambed is excavated down to expose'the bedroek or the gravel

layer is excavaled to an adequate depth to secure the bed for the

base when constructing the dam. This work is called the base excavation,

1) Gravel Bese'Fxoavetion
The unfixed soil layer is removed and to excavate the thick gravel
layer for 2 to 3 metels depth when the. streambed is COmpllsed of a
gravel 1ayer The base excavation width 1s to be dug wath 0.2 to
.0 4m extra’ space than the dam base w1dth for “the executlon of the
form. Addltlonally, the base excavetlon grddlent is to be safe
enough against falling by rainfall and river bed water. The bdse'
excavation slope 1at10 is to be between 1: O 4 to 1:0.8 in case of
soil. Mechanical excavetlon is recenbly more employed although
manual excavatlon is also poeslble._ However, unnecess aly excavation
Lvolume often occurs. when the entire excavatlon is accompllshed by
machinery. .
Furthermore, re- excavatlon oceurs in the streambed when it is left
unattended for a prolonged period of time after the excavation.
Therefore, the base excavation work is to he execuked in comblnatlon

with the concrete placing work schedule.

(2)_.Bedrock Excavation

Explosives are gen01a11y uSed to eXCdvate bedrock._ It.is imporiant
at this point to pay ¢ 1ose attentlon to prevent from loosening the

: bedrock in the vicinity of the dam foundation at thls p01nt
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. Therefore, the bedvoelk is o be oxcavated manually or with a rock

drill instead of oxPloqlveS upon cxcnvat1ng down" to “the | designed: .

Poundation height. Thc base 9x<av1blon depth is %o be determined

cin accordance with Lhe sbructura] quallby of the bedrock and -

weatheiing conditions as well as the GXLSLenoe of Faults and -
fractured zones. The dopth 0enor111y iz between 1.0 to 1.5 meter
The bedrock excavatjon slopc is to be perpendlcnl&r or about ratio
of 1:0.1. Supplementary excavation is noL performed at times. in
case of a hard bedrock. Moreover, Salety should be thoroughly

maintained when employing explosives.

Residual. Soil
The r951dudi soil is. to be primarily transported to the upotream’
of the dam wing with con51de1db10n gaven Lo :preclude this soil

from becomlng washed out dullng Tloods.

Base Ground

1) Grav 1 Base Ground _
The bottom is to be covered and packed w1Lh boulders, ballast and
gravel prlor to the dam constluctlon whei the dam supporting
foundation is comprised of graxgl. '
2) Bedrock Base Ground
- The bedrock su1face is to be thoroughly cleaned with wire brush
to make it rough, and is to be washed w1th wator Approx1mately
2 cm thick mortar is to be applied’ ‘on this qu1£‘dce in oxder to
erect the dam above this foundatlon. '
'3) Base ‘Ground Treatment
GrOund 1mprovement treatment is to bhe applied in order to prevent
ground sub31dence and devastation when the base ground 1s frdglle
~and soft. Piles are to be driven as pile foundatlon in case of a
gravel foundation,
Additionally, the’ groutlng method where . mortar, etc. are injected
by pres&ure is used in case of a bedrock
Cbnstruction=
i) Requlred Concrete Characterlstlcs

The followmng characterlstlcs are requlred for the concrete used
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~ for dam construction:

{a) . Compressive Strcngth‘and Water Cement Ratio
The compressive strength requirved for concrete dams is
generally said to be about 10 kg/cmz. The neéessary water
cement ratio derived from this compressive strength is con-
siderably greater than that.based on durability of concrete.
Therefore, the water/cement ratio is generally derived from

durability of_concreie.

(b} Durability and Waﬁertightness

Durability is highly important for dams constructed in violent
climatic vqriation areas due Lo the excessive surface weathering
and erosion generations. The watertightness and durability
are generaliy improved with greater unit cement volume and
lower unit water volume. Air entraining agent is used for
improving the durability and watertighiness with approximately
3% air vblume expected to be adequate.

(¢} ~ Abrasion and.Imﬁact Re#istance
The spillvay crown, downstream slope, and froﬁﬁzapron, etc.
which receive_abrasion.and impact ave applied with rich

. mixture conbrete, special concrete mixture, or special

treatment at times.

Mlx Design

Ready mixed concrete is often used 1ately.= In such casi, the mix
design condltlons are to be Spec1f3ed when ordellng upon selecblng the
ready mixed concrete factery. It is normal then for the concrete
manufacbu1ers to design the concrete ‘mix p10port1on in’ acoordance

with the sp901f1ed conditions. The follow1ng are the condltlons'

of the mix design“

(&) Cement ClRSSJf1cat10n

Normal Portland Cement, Moderate Heat Portland Cement,
Portland Blast Furnace Slag Cement, etc.

{(b) Maximum Size of Aggregate
Larger maximum 51ze aggregate is bettel 1n the case of a well—_
'gladed agglegate. It is generally said that max1mum size 150
mm aggregate is most suitable for the dam concrete. However,

40 . to 80 mm is the limit for ready mixed concrete.
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(¢) Slump _
Excessive bleedtng oceurs when large ‘slump concloto is used
although the workability mqy be FﬂC]llLﬂLed Thoreforc,
minimum slump concrete with the workab111ty still malntasned
is employed; Tt generally is about 5 em al Lhe concretbe
placing site. .

(a) Specified Concrete btlenth
It is said that the maximum comploss1ve %trenoLh of a glav1ty
type dam with a height of 1) meters is about 10 kg/cm and
about 40 to 55 kg/cm2 for an arch type dam, The specified
conc1eLe strength thelefoxc 1s Lhe conpressive btlongih de—
termined in aLCOIdance with the dﬂm height and the stream
condition added with. the rélative Saieby factors.

(¢) Water Cement Ratio
The water cement ratiolmusﬁ be'altcred-in_accérdance with the
dam construction location and the weather condition, ete.

- Tt genérally is about 58 to 62%.

Conerete Placlng

Wooden forms musi be thorcughly'wetbed with water and steel forms
must be coated with oil prior to the placement of concrete as
preparation work. Additionally‘ the part where the concrete is to

be placed must be spread with mortaxr,

One hour may have passed at times from the mixing when employing

ready mlxed concrete for placement. In such case, close attentlon

must be pald to prevent the material from separdtlng since the.

.slump and air volume become reduced durlng transportatlon.

Cable buckets ‘and portable vertical chutes are empioyed for: f]a31ng
the concrete. Although the slantlng shute 1s Irequently employed
due to-its ease of employment. However, it: should only be employed
when other methods are unemployablo since the material Lends to
become separated w1th this method. In such case, the concrete

shOuld not be dropped freely from helghts in excess of 1.5 meters.
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Diagfam 4-27  Concrete Placing

Additionally, the concrete should be placed in the ﬁlacemeht site
'ohly and should be avoided from movements of concrete, A layer

of conerete placement should be about 30 to 50 cm in'order to be
able to be. compactod as necessary, and the daily lift height should
be between 0.75 o 2 0 meters.

The 301nt where the concrete is joined by bho placement of fresh
‘donerete over the solid concrete is called the horizontal placement
joint. These horiZoﬁtal placement joints should be avoided from
belna placed in points QCde by exce581ve force as well as rear
the water level where exc0331ve heathorlnu oceurs since it tends

te become the wealkpoint of the'concrete-structures5 The- neceqsary:'
concrete age_fo}:Qlacing”additidhai concrete is dt least three days
for 1lift heights'under 1:m and Pive days for lift heights bétween
1.5 to 2,0 meters.

The concrete surface should be 501ubbed ulfh w1re brush within 24
hours from haldenlng while applylno waber in order to thoroughly
remove foreign objects and to make the surface roughness. The
concrete is then p]aced after lqylng mortar on thls prepared’ sulface.
-Crackes may become generatcd in lqrge concrete structures by the
:expan310n and contraction occurang durlng the hardening or the
f0110w1nﬂ tempera%ure changlng period or by the dlfferentlal
settlement of base ground. Flexible joints are therefore prOVJded
7 1n order to preclude this crack generation. Tt is safer to provide
these expans¢on JOlnbb every 15 meters fox crav1ty dams with dam

" body lengths in excess of 30 meters.
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St

Diagram-d—?S Flexible Joints
The width of the joints are to be .between 1 to 3 centimeters and
is to be filled with joint materials such as asphalt.

Compaction

The concrete. 1s to be compacted 1mmod1ately after plaCLHg. When

bompactlng w1th concrebe v1bra101s. they are to be perpend1cu1ar1y

inserted with less than 60 cm interval. The concrpte becomas free

of cubic volume reduction when the compactlng is sufficient, and

water upnears oni the mortar surface as well as the ¢oncrete exhibits

a uniformed blend appearance.

‘Curlna

AlthouOh it is felt as bhough the work ‘is completcd when the
concrete placement 15 flnlshed. However, curing: aiter the plwcement
13 also highly ‘important since the ‘guality of tho curing durlng the
aOlldlfylng procdss greatly effects the charmcter1at1cs of the

solidified concrete.

The adequate curing temperdture is between 10 to 200 cenblgrade.

Negative. efiects océur to the long term concrete strength and ihe

strength may becomc reduced when cured at temperatures in excess

of 35° centlgrade. Addlblonally, concrete becomes safe agaxnst

breezing once a. Strength of about 35 kg/cm is attalned although
the concrete freezos at about 30 Celslus.

The concrete does not harden and the strength remalns 1ow as well
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as the durability and the water (ightness become negatively effected

vhen the concrete surface dries. Rice strav mats, etc. are therefore

applied as well as water is sprinkled to maintain the surface damp

in order o prevent the concrete surface from desiccating. Water

sprinkling in this casec should he accomplished from above the rice

strav mats. The wooden Forms should also be thoroughly sprinkied

at this point. Moreover, water should be sprinkled as well as

straw mats should be applied as deemed appropriate even after the

form is‘removed. “The curing time for normal Portland'Cémént and
Moderate Heat Tortland Cement is about 14 days and about 21 days
for Portland Blast Furnace Slag Cement or whea flyash cement is

employed.

Gap~filling (MAZUME)

This is an important werk to fill the gaps generafea.during the
excqvatibn 6fzéﬁelbase'gr0und and the both sides stream banks.

Both the base ground and the parts of wing émbedmeﬁt_to stream

banks are filled with concrete in case of a rockbed base ground.

The base ground is filled with boulders and the parts of wing

embedment to stream banks are filled along the original ground line

with wet masonry retaining walls in case of gravel.

Diagram 4-29  Gap Filling
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1,

Secbion 4 Groundgsel Sill Woirle"

Objective

Since grmvol discharge From Lhe upbtream is few; tho qtr ambed may
hecome 10wered or the foundqtlons of rebnlnlng walls o othcr'structurob
may bhecome washed ouL in the downstredm reglonb of streoams where the
upstream region is stable or where Lhe resboratlon of devmsbatlon is
proares%ed. Therefore, S{ructurps constructed across the stream to
maintain the existing streambed from lowerlnc as well as 10 prevent
turbulent ilow dnd to secure the btreambed in the %11tdep051t reclons

are cwlled ground 5111 works.

Cross Section

The ground s:]l work is strucbura]ly almost identical to a so0il conservation
dam. Therofore, bhe ground 5111 work cross sectlon isg determlned in
accordance with the dam section calculation. Thp height generally is

2 to 3 meters, and is not to be excessively protruded on the streambed.

The crown uldbh is to be about 1.0 to 1.5 meters. Additionally, the
upstreﬁm gradlent is to be perpendlculax and the downstream sloped is

to be about ratio of 1:0.2.

Splllway and Sleeve

':The posltaon, shape, and SLCthH of the sp1lluay are determined in
accordance with those of. tho dam. The s]eeves are to be thoroughly
inserted into the banks in accordance with the haldness of the ground,

tlie strength of the retalnlug wall and the topography since the ground SL11

work is often executed in the downstream regions of fhe stream.

Diagram 4-30 Ground Sill Worlk -
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4,  Foundation

The rooting of the ground sill work foundation iz to be more than 1.0 meter
when the streambed is comprised of a gravel layer, and about 1.0 meter

when a rockbed or large boulders exist,

5. Washmout Prevention

Ap;ons are 1o be UlOVldOd when the streambed to be 1ppixed with bed sill
work is comprlsed of a gravel layer. The length of the apron is to be
two to three times the length of the head between the overflow and the
apron'sﬁrche. Additionally, the thickuness of the apron is to be about
0. 7 to 1. O meteor. PhrtﬁermOIe, the downstream edge is.to be provided
with a vertical ‘wall as weéll as side walls are to be provldod on the

banks of the apron when rockbeds are not expo%ed

6. Clearance

The streambed length that can be secured with a single bed sill work is
short since the bed sill work is geﬁerﬁlly low. Thefefbfe, bed s1il1l
works are often.designed in steps. In'sﬁch case, the cléaranée is to _
be déSigﬁed appropriately in combination with fhe héigh£ and'therdeéighed
streambed gradicnt  When assumino “the height of fﬁe'bed 5111l work to
be constant, the clearance may be der]ved by substltutlng the ‘ df‘

equation (4 21) as the distance.

Section 5 Révetment,.Spﬁf dyke and Channel Vorls

1. ._Reve_"tment

(1). ObJecb1v

Not only is the streambed but also the bans are eroded An,streams
:Thelefore, structulcs constructed along Lho stream on the banks 1n
order to prevent the banks from side ereosion are callad retalnlng walls.
Retalnlng walls are constructed in the concave sectlons of the banks
where the dlschalge impact, land-creep hillsides or ‘possible land —~creep
_hillsides, and the fragile sections of the banks where the dam sleeves

ave inserted. Additionally, retaining walls consbructed in -the .
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downstream are eXecubted in combination with Lhe ground sill-workfand
spurdyke as the main body of the chamnel work in owxder to prevent the

banks from devastalion.

(2) Variations

Retaining'walls may be classified into concrete, concrete block,
concrete frame, stone filled concrete,_wet masonry, stone consdlidation,
cylinder, and WleeT depending on the structura1 matorldliemployed.
Concrete, concrete block,'mnd met mdsonry reLalnlng walls among the
aforementioned are most commonly executcd‘_ Addltlonally, c#linder

and wackor retaining walls arve executed at times in smaller streams

with mlnlmal gravel discharge.

Diagram 4-31  Concrete Revetment works

Coﬁcfete'réfaining walls’are-executed.iﬁ areas where the soil on the
hlllSlde may move and where ample safety is requlred due to the
excesslve_dorsal pressure.  The slape gradlent is generally sufficient
'ratlo of 1:0.3 to 1:0.5. Furthermore, although the thickness is de—
'termlned in accordance with the 50il pressure, slope gradlent and
height, the average height is generally to be botween 0.3 +0.0.5 meter
w1th the foundatlon broad mnd the crown narrow. ‘Moreover, back filling
gravel. and weeplng are necessary in order to minimize the dorsal vater

and soil pressure.

{3) Graalent Line .

Curvatures are to be slow as much as. the topography allows when dem

termlnlng:uhe gra41ent=s 11ne of reventment. Addltionally the

() * The line of front slopé
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(4)

(6)

gradient lihe is to be isolated away from the land creeping hillfoot
to'brdvide sedimentation areas fqr the fallen earth when soil falling
from the hillside is expected alter the ekecution of revetméﬁt.
Both}ends in the ub and down stream of the revetments are to be well
wef&pbed into the banks to preclude the discharge entry to the rear

from the edges.

Height

Thp height of the revetment erown is to be 0.5 to 1.0 meter above the
designed water level ! so that the. crown does not becqmé overflown
by the discharge during floods. The height in the convex.parts of
curved flow areas are to be sufficiently high for safety since the

water level elevates considerably higher than the facing bank. = When

" designin: revetment in the upstream of dams and ground sill wirks, they
are to be erected in the some or higher heights as the crown of the

wing of these structures, Additionally, the ﬁpstream-parts are to be

raisad'along the designed streambed gradient.

- Foundation

The‘flOW'velocity incfeases in.ﬁhe viciﬁity 6f thé.fevetmenﬁg causing
the fohndation'to become eroded wheﬁ.revetment are.éonstructed.
Therefore, the revetment foundations are bu1led at least one meter
deeper than the d951gnated streambed helght The foundatlon of the
revetment at the upstream 3unct10n to the 51de work JS to’ be about
one’ meter below the overfjnh sectlon erown and have the same helght
as the-51dework_foundat10n in the downstream, and it is to be retreated

from:immédiateiy below the overflow section showlder according to the

'side w5113

Addltlonally foundation procedures such as pile drlv:ng, base logs,

and sbepped foundatlon,'etc. are used when the foundatlon is soft.

Scour Prevention

Rooting as well as hardenlng work are executed in areas in whlch
revetment. foundations are plone to become scoured by the discharge,

Side works are most desirable for root hardening constructlon,

The designed water level is water Jevel to be able to runoff with

' safety designed high water discharge in the stable river bed,

Maximum flood discharge in the past is employed as the designed
high water discharge.
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(1)

(2}

however, rubble, wood work matiress, and Various concrete blocks are
useéd for partlal scour prevention as well as Tor scour prbvenilnn in

gentle’ sbreambod gradlent areas.,

Spur dyke (Gfaiﬂ works )

Objective

Spur dykes are structures protruding towards the center of the flow o

from the banks and are constructed along with revetments, etc..

Objectives of this work are bo:
1 Isolaté the current from the banks to prevent evosion of the banks,

2  Reduce the flow velocity in order to sediment soil.

.3 Restrict the chamel width to suppress turbulent flows and drifts

to prevent side erosion.

This work is'géﬁéfally done in places with wide streambeds and géntle
streambed gradient. '
Variatioﬁs

pur:djkes-are segregafed-into Dérpéﬁd{CUl&r, upward, and dowﬁﬁard spur
dyke depending on “their direction of protrusion towards the cenber of
the flow as 111ustrated in Diagram 4- 32. Theseée thlee types eaeh

poesses exclu51ve features. ‘Soil Sed*mentatlon oceurs: between

the spur dyke, and the scour of the head is m1n1ma1 with perpendlcular
spur dyke. Soil sedimentation along the ‘banks and the spur dylke asg
well as the scour at the head of the SPUI dyke is 1argel for’ the upward
spur dyke. Soil sedlmantatlon between the spur dyke and the scour

of the head are minlmal with the downward spur dyke. Addlt1ona11y,
these are further segregated into ovelflow1ng spur dykes depending

if the dlschdrge overflows the spur dykes. " They may also be segretated
in accordance w1th,thelr structural material into concrete, concrete

block, wet masonry, cyllnder, and wood frame types, ete,
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Perpendicular I ] .

Spur dyke @ Water flow

Upward
 Spur dykel . . O

@ Erosion _ Sedi'm'en‘oa,‘ti.on

Diagram 4-32°  {roine

(3) ‘I‘ypo belec tlon

‘The type selection is gcncldlly pelfozmed as descrlbed neyt 'in éhdr£
stleambank slldlng areas in the upstleam, dowuwazd and non—overflow1ng
spur’ dykes are’ planned in the edge of the upstream of the land creeplng"
area in order to isolate the‘ﬂulront from the hillfoot to prevent the
land ecreepage from expandav - Additionally,. mu1t1p1e perpendicular
and nonmoverflOWLng spur dykes are planhed when land creep areas exist
for an" extended’ length along the streambank. The erosion of “the fa01ng
‘bank Sﬁould also be considered since the plannlng is usually performed
for one of +the banks in land 01eep1ng area%.
.Pe”pendlcular and non—overflowlng spur dykes are planned for the faC1ng
banks to face each other in soil sedimentation areas with wide streambeds
'where'thé movemenf of grével énd erosion of the bank are excessive by

the turbulent flow and drift.
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(4)

(5)

3,

(1)

(2)

Height

The height is generally designed so that the crown of the spar dyké does

not become overflowu during floods, Additionally, the crown is to be

‘provided with 1/10 bo 1/15 gradienl from the bank towards the center -

of the flow. Turthermore, the Foundation of the Lips are to be buried
deep and long into the strcambank in order to prevent ereosion of the

héad.

Length & Clearance

The length of spur dyke'is to be determined upon through investigatimh
of the chamnel and discharge conditions. Generally, it is'&esigned'
short for wildstreams, Spur dyles are. often provided conb;nuously and
the clearance is to bhe deielmlned w1th the length and direction of

1m€smmdﬁm,1meshmgﬂlﬁ'meCMTmtaMJweshmmmdgmdmut

takén'into consideration. The clearance may be extended if the Length

“of the groyne is long. The clearance is generally 1.5 to 2 times the

length of the spur dyke., The clearance is reduced in Lhe sub31ded bank

of the curvature and is widened in the protriuded bank.

Channel Works

Objebtive

Turbulenu flows become generated during flﬂOdS cauelng excessive side
and 10ng1tud1na1 er0510n and may cau&e dlSdsters in the 5011 sedl—
mentation area downstream. Therefore, the work to erect strucbures
to protect the bank and 1o secure the streambed by‘p10v1d1ng 8
constant flow channel to such sireams in order to preveni these

disasters is called channel work.

Design

The channel work may become buried or destroyed when the work is
executed in the upbtream in the devastated condition. Therefore,
s0il conservation Wworks are exacuted_upatream t0. reduce the gravel

run-off and restore the devastatgd-land'prior-to the ekécution'of

this work. Lurthermore, when- extens:ve time is needed for bhe re—

.storatlon of “the devastated land-or when urgency 1s requlred for the

restoration of dlsasters, the channel work is planned by erecting a
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‘dam for-soil conservation wear upstream.
Gradient

Maintain the gradieunt line as linear as possible when determining the
gradient line of channel work. Atta1n the largest Curvature radius

possible in the eventl that it must be curved,

Diagram 4-33  Channel Worls

Additionally, refrain from connécting curves with opposing directions
and provide straight sections in between.

These factors must be thoroughly followed when the grad1ent is
increased. The gradlents of both bankb must be’ pwrallel in order to
avoid the rapid’ change of Strnamw1dth. urthermore, in the Junctlon
p01nt of the. ma1n and tllbu%qry streams, the center line of these
streama must be 1ntercepted at a small angle 1nce turbulent fnlloﬁs
may be generated by the 1mpact of the ad301n1ng curreﬂts resulting in

the devastaticn of the banks when this angle is 1arge.

.Désign Aécumulatihg Gradient

Stable gradient are used for the design accumulating gradient to pfevent
s0il sedimentation as well as erosion of the streambed upon completion
of the channel work. This design accumulating gradient is designed
generally at: about 1/2 the original streambed gradient. The gradient
may be constant {rom the beginning to the end of the channel work when
the execulion distance is short. . However, the gradlent_must be varied
where the upstream gradient is steeﬁ and becomes gentle towards the

downstream when the construction distance is long. The difference
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(5)

between the existing and the design accunmulating gradient is to be

corrected with the lhead of the ground: sill work, Multiple ground sill

works with smaller heads should be designed in stead of a Tew' large

headed grownd sill works ab this poiut.

work Tybes

Si1l bed work as well as triple side- channe] w01k, ebe, are dome as

required by the condltlon of the stream m1ong with the erccbion of

revetment durlng channel w01k.

1)

2)

Stone Removal & Excdvmtion _

Large boulders’ on devasbated stleambeds are Lo be removed to dew
termine “bhe. ohanuel when ewecutlng channel work in’ accordance with'
the designed”® gladlng line, -AddltlonalIy, the stleambeﬂ seil must
be excavatbed at tlmes to form to de51gned “channel seotlon, This
is done because it is safer o lower the riverbed than to erect

embaakments in chammel work.

Ground $ill Work and Bed Gindle

Ground sill works ave executed (along with bed gindles at times)
the proteotion of the'revetment as well as to prevent stré@mbéd
erOblon when e\ecutlng channel worle.

The w1ng of the" ground 81ll work is to- be suff1c1ently inserted

~into bhe ground in order to border the channel works.

'Thls is done .is order to prevent the damage to the downstream of

the ground 5111 work in the event that a part of the channel work

is destroyed. Addltlonally, in areas proved Lo large volume of

'subSurface wafer, in case that the destruction of the channel work

may occure, drainage closed conduits are provided 1n addition- to
the ground 5111 work

Bed Gindles are done for the purpoqe of flxatlon ‘of original

-streambed_and the reinforcement of rebaining wall when the dlstance

of the ground siil work is long, and maj be;thoughb of as headless

-ground will work. Therefore; the corwn of this work is to be

aligned with the streambed during design.
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Diagfam 4-34  Channel Work (Concrete Block)

Triple Side Pave Channel Work _
The Sééuring advances when the streambed starts to settle and
theére is a danger of revedment destruction in narrow chamnel

streams where the revetment foundations are almost in contact with

‘each other. 'TIn such torrents, the stireambed is secured with stone

and concrete along wilh the construction of. revetments. = This is

called the txiple side paved channel work,
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CHAPTER V . LANDSL DR {LANDORERP ) PREVENT FON

SECTION LandSTide_Investigatimn

Actunl‘landslide condiiions cannot he feadilyzobservéd rom the ground
Surface_yigually.due_toiﬁhc cause heing the generation of the siiding surface
underground .. Thereforg;jin order to achiocve officient landeresp prevention,
the cause, exient, and moveinent conditions must be studied with the methads
described.in the following.

Landereep investigations may be zegregated into collecwion of existing daie,
weather resoqrbh, tepographic survey, geclogical survey, ground surface

shift survey, sliding surface survey and yrouri water survey.

1. Existing Data Collection

Landslide ‘occurence area often have a hisuvory of land movemenrn, since
the land in such areas are moved coniinuously or intermitiently over .
extended periods of time. Therefore, it iz necesszary to primarily study

the goneraﬂion_dates, extent, cause, and mocvement speeds thraugh loceal

ol
oo
-
[l
4]

tales, elc. in order to clarify the overall lard:

2,  Weather Research

Ra%nfall, earthquakes, and removed of slope

o+

known causes of landslides.. . However. i
frequent occur aftér rainfalls.” This is due o high correlation between

landslide &hift and precipitation. tTherefors. inve

" 311 weather research

precipitation is considered to be most important ¢

aspects.

3. Topographic Survey

The extent and range of the landereep may be observed on 1725,000 or

'1/50,000 scale topographical maps with exclusive creeping land Features
sueh ‘as ununiformed contour lines, as well as {noreased numbers of
SENMAIDA (thousand terraced fields) as illusiratbed iu'&iagram 5-1,.
swamps, -and ponds, These featuves arve also helpful 1n location and

detection of landereep areas where potential landereep phenomena are
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