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ABSTRACT

In the existing design methods, consideration
is given only on the stochastic process of flood flows
i nposed on the structure to account for hydrologic risk
and the capacity of the structure is treated as determ -
nistic. This thesis presents conposite risk nodel s which
i ntegrated hydrol ogi c and hydraulic risks in the design
of spillway structure. Both static and dynam c risk nodel s
were devel oped and applied to Ogee Type Spillway. Wile
the static nodel concentrates on the occurrence of single
(worse) flood magni tude, the dynam c nodel takes into
account the repeated nature of the random fl ood magnitude
i nposed on the structure. Results show that risk eval uated
by the conventional method which only considers hydrol ogic
ri sk underestinates the risk of failure and this becones
significant when return period and safety factors are |arge.
Ri sk, safety factor, service life, and return period rel ationships
were established and these can be incorporated into optinisation

nodel for deternm ning mninumcost spillway systens.



(vii)

TABLE,  OF CONTENTS

TI1'MLE

DECLARATION

CEXTIFICATION

DEDICATION

ACKHNOWLEDGEMENTS

ABLTRACT

TABLE OF CONTENTS

LILT OF TABLES

LIST OF FIGURES

NOTATIONS

1.

141

1.2

14J

2.1

242

2e3

INTRODUCTION

Background of the Gtudy

Hesearch Objectives
Heagearch Yroblemn Porwulation

Scope of the Thesig

LITERATURE REVIEW
Hydrologic Risk

Hydraulie, Structural and keconomic Hisks

Composite hiak.Muuol

iv



Ja

Jel
3.2
Je3

3y

e

L1

l{03¢1

I

IJ oLl

Ll.LL.1

(viii)

THEORY UF STATIC AND BYNAMIC MODELS
befinition of Hisk nnd Reliability
Concept of Ltatic Medel

Concept of Dymamic Model

Estimation of Probability Distribution

Parameters By Firat Order Analysis

A CASE OF AN OGuE TYPE SPILLWAY
Hydrologic Model
Flood Frequency Analysis

Type of Probability Distribution for

Maximum flood f'lows
Log - Pearson Type 111 Distribution

Lognormal Distribution

<3 kxtreme Type 1 (Gumbel) Listribution

Hydrologic Model Verification
Kolmogorov = Gmirnov Test

Confidence Band

Hydraulics of Ogee Type Spillway
Spillway Lischarge Coefficient
Depth of Approach

bffect of Heaus differing from besign

Head

49

o8

i3

B



11.'-8-2

54242

Ledal

(ix)

Lifect of Upslroam Face Uhape

kffect of bownsblream Apron

Interference and LSubmergence
Contraction Coefficients

Pigr Contriction Coefficients

Abutment Conlractlion Cvefficients

Hydraulic Model (for Computation of

Frobability vistribution Farameters)

AFPLICATIUN OF Tiik Wiok THREOKRY TU

DADIN = KUwa Dall

General Features of the Dam

Purpose

Spillway

Hydrologiecal Hodel for Gongola iver

al Ladin = kKowa

Flood Frequency anilyuis

Hydrological lodel Verification
Kolmogorov = smirnov Test

Confidence pand

analysis of Hydroulie Unvertainties and

Bstimation of Sulected Probaubility

Distribution t.u uw ters

Hydraulic hodel iuation

Coefficient of Lischarge Viriable

\7

63

66



Yele]

6-

Lol

Le2

(<)

hegression Analysis for bischarge
Coefflolent

Contraction Coefficient Variable

First = Order inalysis for the
Computation of Coefficient of Varintion

of the Hydraulic kEquation

Determination of Hydraulie Hodel “rror

Computation of Coefficient of Variation

kgtimation of the uclected Probaubility

Listribution taramcters
Levelopment of slulic lLodel

Composite liiosk Computations for itatic

Model
bevelopment of Dynimic Model

L}
Composite Hisk Computations for Dynamic

Moudel.
Development of liyarologie hisk Hodel
Computation of liyurclogic lisk

Comparison of ilyurclogie Hisk and

Composite nisk

D1GCUGGION
sclection ol ilydrologic 'robabiltity i

betermination of upillway biscivuagpge wyu

Variables



(x1)

6.3 Btatio Componite Nisk Model * s s o » 110
(I Dynnmic Gomponldble giok Hodel ¢ w W e i
6.5 Comparison of llydrologic and

Cumposite Hisks P 11
Ts CONCLUGICNS b SUGGESTICNG P 114
Tal Conclusions " & s s a 1
Tel Suggestions 5 W e e 1y
HEFERENCES s W & lE @ 11y



1/ BLE

TABLLE

T'AN Ly

TABLL

TABLE

TLBLE

TABL

TLBLE

TABLE

TABLE

TAELE

5e11

-

(xii)

Lisl CUF  TaBllas

ftesult of the Flood Fregquency Analyoia

for Hiver Gongola at Dadin - Kowa
Hesult of the Kolmogorov = "Test tor
the Three LUvlected Dintributions
Table of Ilood Values for the
Construction of Confidcenece bBand
Values ot bischarge Coctticients
from Various Lources

Lischurge Coefficients from the fitted
bquations

Boundary Values for the Coefficients
ofs Digcharge

Boundiry and most Probable valuen
of Pier Contraction Coctficient

The iesressed Pier Cuntraction
Coefficient

Relative brror in Discharpe
Measurement

Coeftficient of Variation and Lhe
kxpected lean Capacity of the
Spillway

Parameters of Lognormil Lisbribution

for the LUpillway Capacity

I AL,

.h

Ti

ti




Al Lk

TAD Ll

TAELE

TAELE

Hell

513

5.15

(x111)

Itiok = Satety Foctor lelablonahilg
for the Static Model (Composite

Hisk)

Hisk = LGafety ftactor lelationshij

for the Dynamic Model

Results of Hydrolojsic lisk with

Various Head liatio

Comparison of Hydrologic Hisk

with Composite itisk

.'.

100

106

7



(xiv)

LIS UK FIGURES

ALK

F1GURE o Lond Heanistance Intercnoe Model % & 8 0

FIGURE 4ot 2 Longitudinal Profile of Ugee Type

Spillway 3w I

FlGUHE  He2 3 Spiliway Longitudinad Profile

Showing Tail Water Depth R L2

FIGURE 5.1 3 Map of North kastern Ligcrig

Showing badin - Kowi Dam . W e L

FIGURE 5.2 Dadin = howa Spillway General

arrangement and Plan View « s e e Ly

Ll

FIGURE S5.3a,b,c: Flood Frequency Curves for Annual

Flood Values of H., Gongola at

badin - howa Flotted in Gumbel,

Lognormal, and Log-bearson 111

Papers lespectively & W R 51
FIGURE S.4 . Head Discharge Kelation for

Upillway Shape of HNeglipgible

depth ol Approach PR | 67
FIGURE 5.5 @ Coelficients of Discharpe for

gtraight Ltandard bam Crest with

Ko Yelocity of Approach “ o o » oy
FIGURE 5.6 @ Discharge Coefficiente for

Vertical Faced lueal Cre:t € ® i e 69
FIGURE 5.7 ¢ Coelficients of Dischicrpe other

Lthan besign Head * e e v



PIGUIE

FIGU KR

FI1GUI

FIGURE

F1GUIE

F1GUKL

F1GULE

(xv)

Hell 8 Dadin = howa Hpillway Habing cruve ..

Led 8 CGouelilcients ol bischaipe lor obtalpht

Lam Crest with no Velocity of Approsch .

HelO 3 Boundary Value curven for Coelticient of
Lischurye v e
Hell 1 Cocllicientns of livra tor bifferent
shapes = 3
5.12 & PTriangular Distribution o W
513 Rigk - ovatety Factor lelationshiy
‘for slatic Hodel s e

S5.1a,b and ¢ ¢ wisk = Dafely Fuctor

tielationship for bynamic hludel . o

T

T

I

ul



The following

iy

by o,
a, ¢y
Cge C,

£,00)
()
fqo(uc)

{xvi)

NOTATION. |

symbols are used in this project.

1]

-

minimum, maximum and probable viloe oajpectively
in the triangulnr dinlribubtion;

Coefficient of discharpe and donim cicchape
coefficient.

Coefficient of skewness and variaiion
kxpected value of Ec

MHathematic model function of vicinblen

x1 to xi H

lxpected values of F( );

probability density function of loiing;
Cumulative distribution function of loadingg

Frobability density funclion of coilluiys;

Cumulalive probabilily function of !leods
Probability density function of ['loowd;
Frobability density function of 1 sistance;

Total head and desipn head resps
sbutment contraction coefficiont,

Ticr c.nlraction co

loading
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= AWffective crest length between gaute bays ;

= Howlnal vilue of lowd ing g

= Total olear lenglh ol orest between abubmenls ol plern

= No of pierp j

Oﬁ:i

HI

=1

Frobability density function;

Capacity of the spillway and its mom yvulues

Flood magnitude ;

hesistance of the structure and its meon value.
Hisk of the spillway.

lieliability of the Upillway ;

Keliability after n-occurence of lowding

iteliability at time t for dynamic modied

Hisk at time t for dynamic model.

Sample standard deviation j
Satety Factor ;

Heturn period

Variance of random variable 4,3
Mean rate of occurence of ewnly.

the location and Scale paramaters of Gunbel

distribution j
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oy By Y = the scale, shape and location parunilers of
log = pearson type 111 distribution;
u = population mean ;
M a? On - Mean and standard deviation of the trunciormed
|
variable 1ln X ;
a = Population standard deviation j
Ay b = = hydraulic model error and its mean vilue ;
Q = Coefficient of variation of ¢ ;
b ¢
C
fQ = Coefficient of variation of, X, }
(x,) ;
1]

Mouel coefficient of variation j
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CHAT I ONE

1 RUDUCTION kff??w '
AT SRay,,
¥ ’ . . _,lf ! res
' (, k‘_,. :l‘uhf\ly
1.1 Background of the Study ERSIy
Fluood veceurrence results In lorgo monelary dameagen, loon
of life, and the disruption of community sorviccs, Major doms

have failed as a result of flood magnitude exceeding the design
flood evenk. The American Water Works Associotion (1966) reported
that out of 293 dam failures in the US and olher countries since
1799, about 20% of the failures were due to faully spillway design.
In a more recent study of over 300 dam disasters,Cicioni et al,
(1973), it was found that 35% of Lhe failures were due to inadequate
spillway design.

The major concern of hydraulic struclures decigners is to
design structures that will be safe. Nonfailure does not nececpary
mean an efficient design. Frequently structures are over designed
and hence very safe, but also very expensive. An optimal design
of hydraulic structures is much desirable.

Through flood frequency analysis in the design of ut}uctureﬂ

within flood plain, adequate sizing of Lpillwuy could be achieved.



The simplest procedure In the freguency :malypieo calimilion of
gpillway design floods is to select a high return period au a
form of safety factor and use a theoretical prcbability
distribution to estimate the corresponding eventl voynilode,
This technique has been the practice of concidering the
hydrologic riﬁk in spillway design. DBut the rizk involved

in spillway systems is not only hydroloj;ic, but ulse hydraulie,
I

economic and structural risks.

The theoretical concepts of risk nnnlyres hiwve been

available for engineering practice for some time, however

the application of the theory for the concideration of hydro=-
logic and hydraulic risks in the design of hydraulic structures
is in its infancy. 1t has been applied to [leod conveyance
hydraulic structures such as storm sewers, culverts, wnd flood
leyees. This thesis is to apply the risk theory to integrate
both hydrologic and hydraulic uncertainties Llo facilitate the

optimal design of spillway structure,

1.2 lesearch Ubjectives
The conventional return period method of design of spillway

structure only considers the randemnesas of flood evenla and treatls
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the capzcity of ‘he siructure as deterministic, This

accounts for only hydrologic risk.

The intent of this thesis is @

(1)

(11)

(111)

163

the application of risk theory to integrate the
hydrologic and hydraulic uncertzinties, in the

design of spillway structure,

the selection of either Static or Dyn-mic Risk Model
to integr-te the two uncertainties into the deszign
of spillway siructure.

the establicha-nt of risk -~ safety relationships,
expected service life of the structure, and retum
periods which ;H'ill facilitate further studies on risk

based optimal design of spillway,

Research Problems Formulation

In order to meet the research objectives stated above,

the following recearch problems were identified 3

(1)

(2)

Selection ol hydrolozic model for annual meximm flow

g0 t4-% r e everts oo bo ectimried Poom 114 Fiiiad

Detemination of the chircteristiic prroneters of the
ndent =ndon variables of ihe o117V 32320
enuatione Tre independent v.rizbles 2re the model

error, coefficient of dischuxrge cnd the crest length

of the spillwy.
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(3) Porformanee of firat = order annlyrin Lo entimnle Lhn
monn and coefficient of variation ol tha deperdent
hydraulic variable of the hydraulic equation., The
varinble is the discharge capacity.

(4) Development of static and Dynamic l'oiels for risk
computations,

(5) Computations of risks, safety factors, expected cervice
life of project and return periois relntionship.

(6) Comparison of Gtatio and Dynamic VNoiela,

(1) Comparison of hydrologic risk and compouite risk,

1.4 Scope of the Thesis

The risl: theory is applied to thn ovnrflos (Opee)
spillway of Dadin — Kowa multipurpose dam, The dam i locntod
5 km north of the Dadin - Kowa Village near Combe on River

Gongola in Bauchi State.

Three distributions were selected among various distributions
used in hydrolopy to test their fite to River Gongola flool events,
They are Log - Pearson Type II1I, Lognorpal, Extremal Type 1 (Cumbel)
distributions, Only one of these distributions which saticfie the
molel verification test is used to develop the hyilroleo ic molel,

The theory of the three distributions ard model veriication are

presented in chaptler four,



5.
The composite risk considered in this s8tudy consists of

only hydrologie and hydraulic risks. Two- models are conzidered

in this study to describe the composite risk. They are static

and Dynamic Models. While the Static Model concentrates on the

occurrence of single {worse) loading, the dynamic model takes
intc account the repeated nature of the random loading impcsed
on the structure. In the development of dynamic model, the risk
theory is restricted %o random - independent loading and random-
fixed resistance of the spillway capacity. The theory of the two

models is presented in chapter three, The computation and the
: : b

comparison of hydrologic risk and composite risk are presented
in Chapter Five. The results, conclusions and suggestions are

discussed in chapters six and seven respectively.



CHAL'TEN  'IWO

LITERATURE  HEVIEW.

Hisk is an element that exists in 2ll wspectloo! enpineering
designs and planning, including water resources engineering. HRisk
in water resources engineering design cian be atltributed mainly to
Lhe Inhorently random behaviour of hydrolop o procesnen nuch an
flood, the lack of perfect knowledge about hydrologic process
involved, and the lack of complete control of design and operation
of hydraulic structures. This lack of knowledge is generally

referred to as uncertiinty.

2.1 Hydrologic Risk.

Hydraulic structures are desiymed with reference to some
natural events, sl.:uh as flood flows which are imposed on the
gtructure during its expected service lite. 'I'he natural evenls
are stochastic in nature due to their rimdomncess in occurrence,

The probability of the values of the rundom jhenomenon being
greater than-~the design flood is referrcd to ws the llydrologic hisk.

This risk has long been recognised in waler rccources engineering

practice. A safety fuctor in the form of iijh rcturn p riod hag



been the conventional wethod to wccount for the hydrolopgic ik,
Gumbel (19%%) mentioned Liw simple risk involved in wa hyacolic
deuipni the calculated vimple risk io a tunction ot denipn

prriod and service Lite ol Lhe pbructure,

In the risk evaluation there are two comnonly used
hydrologic riuk methodas  For the tirot nuulfl developed unin
the binomial law, the flood conveyance risk of a hydraulic
structure over an expected service life is expressed as

R(n, ) = 1 - [ --%]n — 2,1
in which T is the return period and n is the expectod service
life of the strugture kEq. 2.1 was used by Yen (197V) to develop
a series of curves relating risk to Lhe return jeriod and the
expected service lite for hydraulic structures., It is emphisized
in the paper that there is an additional risk due to limited
years of record, stochastic nature of the hydrologic system,

and techniques utilized in the mathematical processing of dila,

The second hydrologic risk method utilizes Lhe poisson
1

distribution for risk evaluation and this in expressed as ;3

Hy(t, 1) = 1 =exp ()

'P T il



U,

in which t is the time period of interest which could
be the expedted service life of the hydraulic structure,

and T is the design return period.

On the basis of eq. 2.2, Hall and Howell (1963) presented
a risk evaluation procedure. For a fixed service life (t or n),
the flow conveyance risk calculated by eq. 2.2 will asymptotically

converge to that calculated by eq. 2.1 as Lhe
return period T gets larger.

A frequently used approximation of risk resulting fron

eq. 2.1 is

in which n, and T are as defined before Gumbel.(1955) termed
this as the‘Design Quotient:

The probabilities referred to above are all probabilities
of occurrence of an event of a certain magnitude. Also of interest
is the average probability of occurence of all events above that

certain magnitude. The average probability of n' events which is

exceeded is given as

L L
R = - [1 $Em ey, B - 2.
n' n+1 n+1 n+1 n+l



in which n is the number of years of the expected project lite

of n years.

Bemapm (1967) has shown that this expression can be redueed

to

n+ T
27(n+1)
in which, and T are as defined before. Aus n approaches inlinity,

the average probability of ocecurrence becomen

Thus, in general, the average probability of occurrence
of all events above the -year event is approximated by the

probability of the 2T-year cvent.

When the probability of a hydrologic variable is described
by a probability distribution, it is usually expresscd as a

function of statistical parameters that determine the distribulion.

However, probabilities may neither be expressed in terms of the
statistical parameter of the variables nor of its initial probability

distribution. Such probabilities may be described
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a@ non-parametric or distribution free. Chow and Takne (1977)
developed a model using the non-parametric dpproach which is
also used to estimate the hydrologio risk. The probabilily
that the extreme event obmserved in N paat years would not be
equalled or exceeded in & future ! - ' 7 | '

N 1]
N+ M

It is noteworthy to mention here that the earlier exprogcions

are also non-parametric.

If it is required to estimate the event magnitude
corresponding to the design return period computed from, for
example, eq. 2.1, then a probability distribution must be :
assumed. To show the wide variation possible in theresults of
this assumption of a distribution, a design chavt which shows
the relationship between design quotient and the reduced variable

is presented by Gumbel, (1955) for various distributions. The

standard variable is given as

B o il
a — 2.8

in which X is the flood magnitude, ;1 is the population mean
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and 0 is the population mtandurd deviation, Tho donlin gquolient

is glven before in eq. 2.)

|
Hydrologic risk evaluation in water resources sblructures

has also been considered through Bayesian framework. 'Thias ise
known as Baye's hydrologic risk. Baye's methodoloyy provides a
framework for combining regional information with at - site
historical records. The method allows the consideration of

the uncertainties that constitute the risk of failure of
hydraulic structure. Some works have been cited in literature
which evaluated the hydrologic risk using Bayesian approach .
Wood (1975a) provided a procedure for analysing anl accounting
for hydrologic risk of coﬁpeting flood frequency models to
determine the optimal size of local flood protection by using
prior informntion from n regremsion model, hintorienl data, and

flood cost and damage functions.

All the above cited works have been the convintional ','

return period method of considering hydrologic risk in water E e

resources engineering designs.

242 Hydraulic, biructural, and Keconomic Risks

Tung and Mgys (1960a) pointed out thatin 17101 o to

hydrologic risk, there are other risks associated with water



resources systems, 'These are hydraulic, structural, (md economle
risks.,
(a) Hydraulic risk: Factors which are responsible [or hydraulic

(b)

(e)

risk are 3

(1) the error in the use of hydraulic equalion Lo describe
the hydraulic model. 7This error resulls {from the
complicated and unsteady nature of flow through or
over the hydraulic structure,

{(41)  the errors in construction (misalincment of a

| hydraulic structure), material variability causing
variations in the size and distribution of the surface

roughnesa etc,

Structural risk 3 Structural risk refers to the failure

from structural weaknesses. Such failures can be caused

by many factors such as (i) water saturation and loss
of soil stability, (ii) erosion or hydraulic scil failures,

(iii) wave action and (iv) hydraulic overloading.
|

kbeconomic risk ¢ This risk can be as a result of uncertainties

due to construction costs, damage costs, operation and main-

tenance costs, and inflation, etec.
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2.2, Composlte liisk Model

'he concept of composite risk which is the integration
of hydrologic and hydraulic risks or any other risk combination
such a8 hydrologic and economic and/or structural riske is in its
infancy in - water rescurces systems designs. This concept is
being considered in the design of hydraulic structures because
of the belief of the underestimation of risk of failure when

|

only hydrologic risk is considered. Such underestimated risk
can consequently undervalue the economic losses if {ailure cccurs.
Additionally, it is also possible that from the composite risk model,
risk - safety factor expected service life of the structure and
design return period interrelationships can be determined which
facilitate works in optimisation model design of hydraulie struotures.

Few works have been reported in literatures which integrated
various risks in the design of flood conveyance slructures, There
are two composite risk models which have been used in hydraulic
atructures design. They are static and Dynamic Modcls, Static
Models are models which consider a single (worse) hydrolopic event
throughout the expected service life of the structure whi l¢ dynamic
models consider the repeated application of the hydirolog fe event

over the expected service life of the structure,



1.

Tang and Yen (1972) proposed a static risk model where hydrologlo
and hydraulic risks associated with the hydraulic design of storm
pewers can be systematically analysed, combined, and lncorporaled
in the evaluation of the composite risk - knowledge of this risk

is essential in estimating the expected damages for properties

and inconvinience to the public due to floodihg over the expected
service period of the sewer system. Later, Tang, et al (1Y75)
incorporated this risk procedure into a dynamic programing approach

for the optimal risk - based design of storm sewer systems. In the

computation of risk values, lognovmal distributfion wre anoumed for
both hydrologic event and HStorm Sewers. From the findings in
that work, it was reported that expected damage cont io large when

a composite risk is considered. No comparison is male however between
the expected damage cost for composite risk and when only hydrologic

risk is considared.

Risk theory has also been applied to the desigm of drainage
culverts, Young, et al (19?&) developed an optimal model for high-
way drainage culverts that considered hydrologic and cvconomic risks,
This model was used to compute economic riska which are converted

to yearly flood risks by using appropriate probavilily tor each

flood. 1In this work hydraulic risk is neglected bul loovs (14979)
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lmproved Lhe work by lnoorporating hydvantio viak Inbo the optimal

risk design procedure of culvert systemn.

Similar work on risk computation for culvert desim was done
by Tung and Mays (1980). An extension of the work wun done by
considering dynamic (Time - Dependent) model which accounts for
the repeatability of hydrologic event (flood magnitude). In this
work, extreme value Type 1 distribution was assumcd for the hydro-
logic event, and lognormal distribution for the culvert capacity.
A series of curves for risk - safety factor, return peried and

expected service life were obtained for the drainage culvertis.

The composite risk concept has also been applied Lo another
flood conveyance ?t.ructura, flood levee systems. Tung and Mays
(19813) used the equations developed by Mays (1979) and Tung
and Mays (1980) for culvert systems, to design flood levee systems.
Two models were considered in that work, static and dynamic models,
The two models systematically analysed the hydrologic and hydraulie
risks involved in flood levce design. The cemponents of the hydro-
logic risk which are model and parameter uncertainties were high-
lighted. GStatistical gouodness - of fit techniques such as L.'hi-

square and Kolmogorov— Smirnov were suggested to account for the

hydrological model uncertainty, and the provision of confidence



1b.

lhfﬂil ol meleoled |ll'lllln|l||“¢’ disbtrtbul bons Lo obilaln Lhe hesl

fit distribution.

Another approach suggested in the same paper tocempute a
composite risk for both étatic and dynamic models is through
Bayesian framework. In this case, it was suggested that a

composite probability distribution of flood magnitude be used

instead of unly one bost - £it diots!V bl ng

The work of Tung and Mays (1981b) went a step [urther
to incorporate hydrologic and hydraulic risks into oplimal
design of fleood levee systems to obtain minimum cost ltveL
design. The risk-safety factor, expected service life, and
return period relationships developed in the earlier work of
Tung and Mays (1YU1a) were used in the oplimisation model,

In the paper the use of different design philosophies were
examinedj these include designs without considerins any risk,
designs connsidering only the hydrologic risk, and desi, us
considering a composite risk which combines both hydrolesic
and hydraulic risks. From the findings reported in this japer,
the annual expected damage cost computed by considering the
composite risk wus larger than that of considering: no 1isk,

or only hydrologic risk. This shows thal cconomi CONSOQUEnces



17.

of flood hazards can grossly be underestimated if no risk or

hydrologic risk only is conaidered.

Tung and Mays {1985) developed dynamic risk model for
flood 1§vee structure incorporating both hydrologic and hydraulic
risks using regional flood data. Dynamic model for composite risk
waa comparad with the conventional return pericd methods based on
binomial and poisson distributions eqs. 2.1 and 2.2. The comparison
shows that considering only the hydrologic risk underestimates the
risk of overtopping a levee. It is generally observed in that work
that hydraulic risk can not be ignored in riek evaluation when 148
contribution is moderate or large as related to the capacity of the
levee, Furthermore, & high price, in terms of a large value of
safety fgctor, is needed to improve the risk level when the
hydraulic risk is large than the case when the hydraulic risk

is emall for improving the total risk to the same degree,

The cited literatures on composite risk highlighted two

important things

(i) the application of compesite risk theory to hydraulic
structures which epablea the examination of interrelationships
between risk, safely factor, expected service life of the siructure,
and return period. fThis interrelaticﬁship is used in optimisation

to obtain minimum cost bydraulic siructures design.
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(l!) Lhe undereotimation of rink when only hydroloplae
risk is considered and the consequent wrong evalualion of the

economic losses of flood hazards.

Based on these two important points, the application
of the composlite risk theory to the design of spillway
structure will be considered in this thesis, to establish
the interrelationships between the risk, satety tuctor,
service life, and return period to facilitate further work
on the optimisation of spillway structure. It will also
address the underestimation of the risk when only hydrologic

risk is considered.



19.

CHAPTER THREE

THEORY OF STATIC AND DYNAMIC MODELE,

31 Definition of Risk and Heliability.

The risk of a hydraulioc component, subsystem, or syslem
1s defined as the probability that the loading 1 exceeds the
resistance r, i.e,; the probvability of failure. ueliabilitf
ie defined an the probabillty of the resintance exccedlng the
loading, i.e. the probability of survival,

The ma%hematical representation of thg risk R, can be

expressed as

R = P(L>x) = P(L-rx> 0) o= 3

whose Pr( ) refers to probability. The relationship

between risk and relimbility, B 1s
R = 1-R " — 3.2

The resistance of a hydraulic structure is essentially
the capacity of the structure and the leading is the magmitude
of flow over thé structure e.g. from a hydrologic cvenl. ‘Phe

magnitude of Ilood is the maximum annual flcod which is imposed



on Lhe structure. Thism {s denoted un « The vapucily of
%

the structure is the discharge capacity of a hydraulic structure.

Thin in denoled an Q“-

He-writing eq. (3.1) in terms of Q, and Q
R o= P Q> Q) = Plq, -q>0) - 3.3

3.2 Concept of Static Model,

The loading applied to many hydraulic structurecn in a

random variable and the repeated pumber of times such loading
occurs is unknown and random. If the distribution of the loading

and resistance is known,the resulting model is referred to as a

Load - HResistance Inference Model., Fig. 3.1

— M) |

at.}
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L

c;s

L
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o

K XX OOR o

value of Qd and Qc

Fig 3.1:

Load - Hesistance Inference Model.
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when a single loading fa applied or when bhe worse ging le
vlbreus in applied; the resulting reliability model in kuown
'5tatic lleliability MHodel' The reliability of a4 hydranlic atmaoture

can be expressed (Kapur ond Lamberson, 11777) na 2

(7 Q
ud C
[ i‘-i( (“'i ) ‘.J er(Qd)] "'l[l ”"t: o 'h

It =
&) 0
|
or
2= @
R = I fl". (I“Ivd) [ i.‘ (I“O)QQC] d q;] —— .
d (¢
0
<
u
and the risk is expressed as 3
) ) n_d
B = It;,d(u'd) J It(_ (L"c)d ol Ui = %6
. c
o
or . rm
w©
R o= |, (9) =
Wy © fL‘d(Qd)d Qd d (J,u Jo 'l
g
(=]
where £ () ana £ () weproaent U prebabd it
r'i-t: b

density functions of resictance and loadimy reapectively.
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ie]3 Congept of Dynumio Model

In the development of the reliability of static model
considered previously, a single worse loading is imposed on Lhe
hydraulic structure, Nynamic models Lake into account the
repeated nature of the random loading imposed on the structure;
and also the change of the distribution of resistance with time.
tince there is uncertainty about the loading and resistance
random variables with respect to time and loading cycles,
consideration for time - dependent risk model analysis is
Justified.

hepeated loadings are characterised by the time ecach
load is applied and the behaviour of time intervals between

the application of loadus. The occurences may be classified as:
(i) the lecads gre applied at known times t1, t2,..., tn'
In this case, the changes may follow a cyclic patterasuch as
seasonal changes. The cyole times are known exactly before
hand. The load occurrences may be constant or may vary trom
cycle to cycle. 'This is referred to as deterministic loading
cycle.
(ii) the loads are applied at random times. Thua in thia

|

case, the cycle times are random and independent rather than

known (deterministic).
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The uncertalnty aboul the lowdinyg wnd reslolance virbabilen
nay be claggified in the following three calegories, Kapur and
Lam berson (1977).* (i) deterministic; (ii) random - fixed;
and (iii) random = indcjendent. For deterministic calepury,
the variable assumep valdues that are exaclly known a priori,
This may suggest that the design process is fully controlled
which is not the case for hydraulic structures subjected to
hydrologic events. The iwo terms 'randcm - fixed' and 'random-
independent' are used to describe the Lwo uncertainties in the

I
loading and the resistonce random variables at any instanbt of
time; and also about the behaviour of the randem variables wilh
respect to time, Handom refers to the behaviour of the variable
with respect to time and the word 'fixed' means that the behaviour
of the random variable varies with time in a known manner., For
random = independent calegory, the variable is not only random
but unlike the random - fixed case, the successive values assumod
by the variable are statistically incvependent. Obscrvations of
one loading or resistance value gives no information awbout the
subsequent values., In otherwords, it means that the random

behaviour of structural resistance is independent of the loading



condition.

The dynamic reliability model consists of such components:
the design return period or the magnitude of design event; the
service life of the hydraulic structure, a safety factor; and
the probability density functions of the resistance as well as

the loading.

In dynamic reliability model computations, the objective
is to determine the reliability after n cycles or occurrences
of loading Rn i.e., the probability cof not having a failure
on any one of the n cycles or loadings. Because the loadings
on many hydraulic structures are basically independent hydrologic
events, the random - independent case for loading is considered

while the resistance is considered as random - fixed.

The model for deterministic cycles will be developed

which will lead into the model for random cycle times.

For deterministically known cycle times the reliability at time
t, R(t) is determined from the reliability after n cyclea or

occurrences of loading, “n as 1

1( t)

[ 4 < R r
Ro3 b <% 2t 3.8



where tn = the instant time at which the nth cycle occurs
ani R = K
n ——

R is given as

=)
I

n = F I (qd.1< uo) n (\t(],z( ‘Ch“.ﬂ (.{un'( u'c)

=
I

1f Q = mﬁx(gd R )y the distribution
dmax 1 n

Fn("‘d) of @ from eq. 3.9 is 3

>

where FQ (qu)' = cumulative distribution of the lcadings.
d

Ege 3411 can be solved by integrating the probability

distribution function, pdf, of the lcadings. For deterministic

cycles, the dynamic model is expressed, Kapur and Lamberson

(1977) as . «
¢ n
B, = J ch("*-c) F"’d(q’c)d g O, —
o
or
En = f'q.c(“c) [ f‘zd(“d)d ht{-.]n 4y -

4] o]

n I‘l max (Qd geeeny H,d ) HC -
1 n

7 (4y) =[Fﬁd(ad)]n | | -

39

3«11

3412
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Q¢
Using cummulative distribution function of fud(ud)dqu \
as Fo (Q)) 3 0
eq. 3.12 becomes
R, = | £y (9,) [ Fey(e)]” aq — 3
n Hc (+] d''c &
0

This reliability determined for n cycles is related
to random intervale of time i.e., if the cycle occurs at
random times, then

R(t) = }E"n(t) R —_— 315
n=o0

where Hn(t) is the probability of n loadings cccuring
in the time interval (0, t) and R is defined as before. Clearly,

the case of determinintic cycle timen in a ppecinl case of

eq. 3.15.

A poisscn distribution is used to describe the probability
of the number of events occuring in a given time interval. 'Thia
distribution is given as

W= e fue)” — 516

nl



in whioh o in Lhe parameter cqnal Lo Lhe mean

occurrence per unit time,

Other distributions could be applicable but they lead
to mwore complicated results. Tung (1985) used a binowmial
distribution to describe the scme process.

1

If the annual dala are used a = ".i 3
y

where Tr is the retwn pericd.
The mean and variance are both at where t can be

congidered as the expacted service lile of the hydrauliec

slructure.

For random - {ixed resitance and randem - independent

loading, substituting, eq. 3.14 and 3.16 in 3.1¢,

R(t) = [ e at) | e (o) [F, (« )} e — 3.17
: c' e %) e (-
n=o0 n ! d
0
re—arranging J.17 ; |
o Gt
B(t) = 1~.,4c(;,;c)‘i e [d;l. J:{ (uj)d..d]" dq
o 0 {d ‘ - = 310
3 nl
Qe
where F (u ) = f (@ )dy. .
‘i.d C 'lrd d o
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A3

implitying oeq. 318 3

)
w(t) = fuc("'c) exp (-ot [_1 - P.U,d(LtC)J )d:.c —  JulY

o

dely kstimation of Probability Distribubtion taraweters By Miiobe

Order Second lMoment Analysis.

The capacitly of 4 hydraulic structure io a fTuncltion o)
several components that are considered random variables. By

rerforming firat-order second moment analysis the estimates ot the

mean values and coefficients of variation of the hydraulic structure

can be determined.

In genera! function W, of random variables Wir Wopeeey W

whose properties are known can be expressed as 3

W= f(wl, Wy sees wn) —_— 4,20

The vectors of the expected values and of the standard

veviations of w Woy eeesy W = are denoted respectively as @

1’
b= (M By eent))

U = (ﬂl" 02’ .Onlqn)

Then by the Taylor's series expansion of eq. 3.20,



2
n
Qi (W= w)lwy- Hy) + R
j=1 1=0 Mg Myl

— 321 ;

where R = remainder.

Taking the expectation ol egq. 3.21 ;

W weept Y+ 3 %{ﬁ b;(ui-Ili)

i=1 & W= o1

g B Ry
o BOE L w0 )

‘ 0
= = H.
=1 i=1 § Bﬂj Y
+ E(R) . - 3.21b
11 Wis W, geesy W o are independent random valuea,

€ge 3+21 becomes 3

n 2
EW) = f£( "1"""":1) *2'1!' ¥ A f(w) v(wi) + u(R)

. ry, s, ' .
where V\Ji) # Lhe vord aece of the Independent v 1

Approximating by dropping the rewainder term, |
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Approximating by dropplng the remainder Lerm,

n

. 2
E(w) ¥ 1‘(1.11,...,un)+l— LAl - ()

i
i1 ow?
H:}i
—y 3.23
Ignoring the second term in eq. 3.23
E(W) % (1, caeey ”n) —_ 3.21)
but u ='|J1 geesay un .
l'. k“.l. 3.2h iB re—ﬂritten as
E(W) o £(1) —- §25

Now considering only the first two terms in eq. 3.21

and taking the variance, we have :

V(W) = v(£(w) +V E‘)_il!l (W =wy)
P ow

W= U .
1 lw=1u
noeo 2
v(w) = 7§ 3¢(¥) . (W) — 3.26
ol O +
= i Wet

Assuming that all the w, values are statistically

i



independent, eq. 3.26 can be simplified further to 1

g2 _ I‘ _iﬁil
v o=
1 1 w=H

using ﬂz = M)—

W
. 2
[E(w)]
where Qy = coefficient of variation.
. 2 2 2
. = w = l“l H - (3]
W) = Len1® of .

Sub eq. 3.28 in 3.27 ,

n
Qy = E

AL (W)
[*‘(”’)] 1=1[

W=M

n

3,08
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CHAPTER  FUUR

A CASE OF OGEE SPILLWAY

a1 Hydrological Model.

Lelat Flood Frequency Analysis,

The primary objectives of flood frequency analysis are
to determine the return periods and then to estimate the mamitudes
of events for design return periods beyond the recorded range.
The intermediary between these two objectives is the theoretical
probability diﬂtri%ution. The fitted distribution is then used
to estimate event magnitudes corresponding to return periods
greater than or less than those of the recorded eventa,

Maximum floods are accorded a ranking m, starting with
m = 1 for the highest value, m = 2 for the next highest value
and so on in descending order. The recurrence interval Tr can be

calculated by Weibull formula @ |

where m = event of ranking

n = number of events.
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The probability of exceedence F,u of an N-year event of

return period Tr is expressed as @

To establish the flood = frequency curve, the ranked
flood magnitudes are plotted against the plotting poaitions
(exceedence probability or return period) in probability
distribution papers. Probability distribution papers provide
properly scaled ordinates such that the cummulative distribution

function of the probability law plots as straight lines.

L.2 Types of Probability Distribution for Maximum Flood Flows

There are many theoretical distributions used in hydrology

to fit maximum flood events. Some of which are Log - Pearson Tyvpe
111 distribution, Lognormal distribution, and extreme value Type 1

distribution (Gumbel distribution). :
"ﬂ'l"-”\” ‘-"\'Ja\iul F
. CRRNIM O LIBRARY
UNIVERSITY

' " =

h.2.1 Log-FPearson Type 111 Distribution RiAy E.QEEJ;:

This distribution involves the transformaticen of random
variable x as a Pearson Type I1l from natural units to logarithmic

units. ‘The probability distribution function of the Log-Tearson



Type IlIdistribution is given as 1

e xritﬁ) ot (25 | =

wheres F(B) is juwee lunction

where @ , B , and Y are the scale, shape, locabliui paramcler rosyp.
The parameters of the distribution can be expressed, for

instance, as 1@

1 - a5

B = e E (lnxi‘- )o
no i=1
1 n

By A (1n X, =Y)
nw(B i=1

where ( ) d4s the psi function,

n =% (B 1) 53 :
. =1 (In X; - Y)

L.2.2 Lognormal Distribution,

This distribution involves the transformation of random
variable from natural units to logarithmic units. The transformed
variable X which is normally distributed is 1n X.

The probability density function pdf is given as 3
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&
P(X) = I J— exp | - %[lux s Il] - lgely

X Ao, g

n

where P Mean of the transformed random variable 1ln X

cn * Standard deviation of the transformed random

variable 1n X.

The justification of this distribution is cbviocus in
model fitting since some hydrologic variables exhibit a marked
right skewneas, partly due to the influence of natural phenomena
values greater than zero, or some other limits, are being uncon-
strained, theoretically in the upper range. In such cases,
frequencies will not follow the normal distribution but loﬂlrithmic.

The parameter, of the distributicn can be expressed as

2
M = explM + o_n_]
e
- 2 - r ", -

Le2.3 Extreme Type 1 {Gumbel)_birstributiun.

The exponential probability function of largest valucs

fits asymptotically the distributions of annual maximum £lood
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events.

The probability density function of this distribution
|

is expressed as 1@

= —L—ex b x-O(I - ex -x_(t
P(X) - p[ (32 ) P((Olz l))

where % is a measure of central tendency, and (!2 is a
concentration paramster.

The parameters of hie distribution can be expressed as @

o = 3_1‘(2 and 32 = (‘%)0'; where X is
the sample mean, and (is the Euler's constant, and ¢ is the

sample standard deviation.

4.3 Hydrologic Model Verification

To test the validity of any particular model pelectod

or chosen, quantitative rules that can lead to acceptance or

rejection of the hypothesised model are applied. Goodnesas = of

fit and construction of coniidence band are esgential Lools

for the validity test. Kolmogorov - Smirnov (K-3) test, and
Chi-square test are some of the Goodnegs - of it tests,
OUnly the thaor& of Kolmogoroy = Omirncv test is presented

and applied in this study. The K = 5 test does not require
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luwping of data, and comparing discpete categories, bul rulher
compares all the data in an unaltered form, Benjamin and Cornell

(1970).

h.3.1 Kolmogorov - Smirnoy Test.
This test concentrates on the deviations beliween the
hypothesised cummulative distribution function F{qi) and the

observed cummulative histogram ;

o) = =

where Qi = the ith largest observed value in the random

sample of size n
i = the largest observed value

n = gample size.
To perform the K = 5 test, the statintic used in 1@

n
D, = omax Q) - F(y) — L7

i=1 |

The hypothesis at a prescribed significance level « is stated as 3

Ho ] Qi has a specified distribution

H ¢ the distribution of “1 is other than that specified.

1



he form of cperating rule is 3

Accept the nuill hypothesis Bo if Dz < ¢ where € = critical
value.

1f the largest of the obaserved K - § test statiastic is greater
than the critical value at a choaen level of significance, the

null hypothesis is rejected.

he3e2 Coniidence Band

Confidence band is constructed for the fitted distri-
bution around the flood = frequency curves to determine the
reliability of points representing the annual maximum discharge

xmax for a recurrence interval Tr' The plotted positions

obtained from the line through the set of points in a sample,
gerves a8 the best estimate of the true position. But there
is @ pospibility of sampling error, and the true position might
be above or below i.e., there is @ chunce that an error has
been made in estimating the discharge of a {lood with a
recurrence interval of Tr'

1t is usually assumed that such sampling errors ave
normally distributed about the mean flood frequency curve,
With this assumption, an interval + xmax can be drawn within
there is a probability of say Fe that the true position of

Xmax lies. If this is computed for selected points and curves
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ure drawn, bands are deflned within which Lthere in « 10

certainty that the true discharge for a chosen probability

ol exceedence lies.

Approximate control curves which can be placed on
frequency curves was proposed by Beard (1962). The method
involved placing lines above and below the fitted curve to
form a reliability band. He published coefficients for
various levels of confidence which should be multiplied by the
standard deviation and then added or subtracted from the
discharges of the flood frequency curves for various percen-

tage of exceedence at a given level of significance.

ly 4y Hydraulics of Ogee Type Spillway,

An overflow spillway in a section of Lhe dam designed
to release excess water over the crest of the spillway. The
overflow (Ogee) spillway discharge capacity is expressed by

the equation

3. 3
= CL H/d m /sec - U8
e = n
where Qc = gaplllway discharge capacity ;
) | 1
c = coefficient of discharge (m "5 ');

L = elfective crest length between gate baye
i

and it is expressed as i



LO.
L = L - z(ukp . ka)” — L9

where 3

L = total clear length of crest between abubtments

t
and piers,
N = number of piers,
Kp = pler contracticn coefficient ;
Ka = abutment contraction ceoefficient,
H = total head on the crest, Fig. L.l
H is expressed as Hyp+ H (m) w  Li.10
|
where H, = design head on the crest (m)
H, = wvelocity head (m) in the approach channel
and it is expressed as @
2
o= 8 &= — el
2E
where v = velocity of water in the approach channel.
g = acceleration due to gravity.
h = height of spillway.

ihe ddeal longlitudinal proiile . W opillla
follow alung the sume curve as Lhe i - el lity
water nappe (Fige yel) Lo minimi: L ool il

surface., Houwever caubion must be | | i & i
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on Lhe surfuace which cian result to damages.
H
¥
h .‘/,
// -
T 4
Fig. 4«1 Longitudimal Frofile of the Spillway. |
J/2
= ; -z — e 2
Q t,(l.t z(ukp + ka)H)H 1ol

Since the hydraulic conditions for flow over a spillaay
are complicated and highly unsteady, a model error 2o is
incorporated into the discharge formula and each variable
of the formula can be treated as statistically independent

random variable. Thus Eq. L.12 is now re-written as 3

)

/2
@, = )\m U(bt - 2(Nkp + ka)ll)H — L.}
Lol Spillway Discharge Coefficient

The discharge coefficient C is influenced by a number
of factors. (i) velocity of approach (depth of approach);
(ii) relation of the actual crest shape to the ideal najpe
shape, (iii) the up=lr .1 faomslope, and (iv) the downstream
apron interference and submergence, Chow (1959).

LDepth of Approach,

For a high sharp = crested weir placed in o climnel,



Lhe veloe ity ol approanch fa amall and Lhe undernide of Lhe
nappe' [lowing over the weir attains maximum vertical
contraction. Au the approach depth o decreascd, Lhe
velocily of approach increases and the vertical contraction
diminishes. For sharp - crested weirs whose heights are
not less than about one = fifth the heads producing flows
|

over them, C remains fairly ccnstan! although the contraction
diminishes. For weir heights less than about one - fifth of
ithe head, the contraction of the flow becomes increasingly
suppressed and the crest coefficient decreusesn,

If the sharp crested weir coetficients are related Lo
the head measured from the point of maximum contraction

instead of the head above the creast, C ajplication to profile

of under nappe' for various approach velocities can be establishod

Chow (1959), and USBR (1974). The velocity of ajpproach is zero
or Hv = 0 if the height of spillway is greater than 1,33 H“,

Chow (1959)

kEffect of Heads differin: frowm Design Head

When the crest has been shaped for a head lavper or

smaller than the one under consideration, voefficient of
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discharge will difler from the deslign coelfliclent of dischuaree,

CD.

Design coefficient of discharge is the coefficient of
discharge at the design head, HIJ' A widened phape will resull
in positive pressures along the crest contact surlace, Lhereby
reducing the discharge, with a narrow crest shaje, ncgative

pressures along the centact surface will occur, resullbing

in an increased discharge.

The variation of Co as related to head ratio,
D
H_

H =

* iy

and USBR (1974).

are obtainable from Chow (1959),Croueer (1u0l),

Effect of Upslream Face Uhaje.

For small ratios of the approach dejyth to head on
ithe crest, sloping the upstream face of the overflow results
in an increase in'dischurge coefficient. For large ratioa Lhe
effect is a decrease in discharge cocfficient. Values of C
tor the equation applicable to spillways having sloping ustreiuns
with or without velocity of approach are obtainable from the

references quoted above,
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Effecl of Downakream Apron Inkerference and SBubmergence.

When the waler level below an overtlow welr in high
encugh to affect the discharge, the weir is said to be sub-
merged. The vertical distance from the crest of the overllod
Lo the downstiream wpron and the depth of flow in the downstreiun
channel, as it relates to the head pcol level, are factors which
alter the coefficienta of discharge. Fig. 4.2 shows the apron

and tail water depth, d

o R e
H——
Hp \
e ——— T Ty, Sy
) .
V
h %
. d
“ I
}-.
y
S R
VA7 (B A Gmv G auv v 4 r

iy

Yig. 4.2 Spillway Longitudinal profile showing tail water depth .

The USBR (1974) has classified the flow in submerged
round created weir into five distinct types according to the
flow condition prevalent in the downstream aprons (i) tlow will
continue at supercritical stage; (ii) a partial or incomplete

hydraulic jump will occur immediately downstream from the creast;
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(iii) a true hydraulic jump will occur (iv) a drowned jump
will occur in which Lhe high velocity jet will follow Lhe fn;a
of over flow and then continue in an erratic and fluctuating
path for a considerable distance under and through Lhe slower
water; and (v) no jump will occur the jet will break away
from the face of the overflow and ride along the surface for
a short distance and then erratically intermingle with the
slow moving water underneath. The relationship of the floor
position and downstream submergence which provides these

distinctive flows is obtainable from USBEH (1974).

Where the downstream flow is at supercritical stage
or where the hydraulic jump occurs, the decrease in coefficient
of discharge due partially to the back = pressure effect of the
downstiream apron and is independent of any submergence etfect

due to tail - water.

Submergence of spillway will reduce the coefficient
of the discharge of the corresponding unsubmerged flow,., The
rercentage of reduction is published in references quoted

earlier on,

Loyo2 ' Contraction Coetficients

In gated spillways, piers are needed to form the sides
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of Lthe gales. Tha efteol of tha plers o Lo conliacl the
flow, hence, to alter the effective crest length 1,.n of the

spillway.

Pler Contruotion Coelliclenls,

Contraction coefficients of piers differ depending
on the shapes of the piers, position of the pier nose,
approach depth of flow, and the operation of the adjacent
gates, The approximate values given by Creaéer (1964) ranges
from 0.1 for thick, blunt noses teo 0,04 for thin or pointcd
noses and 0.035 for round noses. These values apply to piers
having a thickneau‘uquul to about one~third the head on the
crest when all gates are opened. When one gate is open and
the adjacent gates are closed, these values become roughly 2.5
Limes larger.

The US Army kngineers Waterways Experiment Station
has conducted teats on different forms of pier nuse for
gspillways. The effect of nose = shape other than round-nose !
shape on contraction coefficient is shown. This shows the

i

variation of kp with 5 (Chow, 1947)

D

Abutment Contraction Coeificient

Coefficients of contraction for abutments are published



in USER, (‘I‘)'fh) for various types of abutment g

ka = 0.20 [for square abutments with head wall at

90°
k = Us10 for rounded abutments with
HD:C_ r Z0.50 HD; where r is the radius of
abutment.
I
ka. = 0 for rounded abutment r> 0.5 HD and headwall

ig placed not more than hso to the direction

of flow.

L.5 Hydraulic Model (For Computation of Frobability Distributicn

lurannheru[.

The probability distribution of flood conveyance structure
is assumed to be lognormal, Tung (19H80).
The probability distribution function(pdf)of lognormal

distribution as given before is :

. H 2
1, InX = 'n
I’(XJ - exp - ';( " )

1
Xvelo
Using the spillway capacity variable u‘(: in place of
A in the above equation,

= 1 (G w=U 2
i%(%) - ¢ exp _:_l;(ll! e n )

0 —e— — il
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The parinetora ol Lhe dintribution are @

i = moeang 0! the transforwed rwndom vaciable 1
[
3] e slundard deviations ot the transtormed random

variable ln Qc .

By the method of moments, lin and Un can be expresged tor instance

Benjamin and Cornell (1977) as 3

nz = T L
n be D)

e l—

! m in Qc -

I\Jl-‘-

2z

where Qo = mean capacity of the spillway

I

Q coelticient of variation of the spillvay cujacity.

We



4.

5.0 Applicalion of the Risk Theory to Ladin - Kowa Dam

In this chapter, the general featurcs of Dadin - Kowa
dam are highlishted, and the application of reliability Lheory
to the computation of compoesite risk for ctatic and dynamic models
are considered., Hydrologic risk is computed ad compared with

composite risk,

5«1 Ceneral Features of the Dam

The Dadin - Kowa dam is located 5 lnm north of Dudin - Vown,
village near Combe, on River Gongola in Dauchi Stte, Fig. Y.l
The reservoir extends from the dam site north - wards for a
distance of about 65 ﬁm, approximately to wvhere the exiating
Borno extennion railway line to Maiduguri crovses the Gongoln

River in the vicinity of Ashaka,

The main dam has a crest length of %20m with a base "3Un

wide and a dam top width of 8m.

The catchmtnt area of the Congola river is approximately

2
56,000 km~, 58.5% of which lies upstream of the dam.

2
The surface area of the reservoir ic WO km with a |
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live storage of 1.77 billion n3 of water. The reservoir

under noxmal operating condition will fluctuate betiween

low supply slevation 239.0m and full surply elevation

2L7+0m with occasional flood at elevation 2.9,0m.

Sel1.1

Purpose.

The project as conceived is capable of providing an

almost total control of Gongola River at Dadin - Kowa for

benefit of @

(a)

(£)

5.1.2

irrigated agriculture of about L1,,000 hectres of

b Ty

fertile lanﬁ downsiream of Dadin ~ Kowa anﬁ upstream
of the Kiri reservoir.

hydro - eleciric power generation. It has two turbines
with capacity 17 MW each.

facilities for fishing and fisheries developnent,

flood control and flow regulation,

domestic and industirial water supply to Gombe urban

érea as well as rural areas around the dam, and

recreation ana other sccio=economic benefits,

Spillng

The spillway crest mection includes three radial

gates 6w x 8 m high each seperated by two 2 m wide piers,
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Fig. L2 shows the longitudinal profile of the spillwuy.

The maximum discharge of the spillway is 1100 m%ﬁut rescrvoir
maximum flood level elevation (EL 24y asl) responding to the
head. The design head of the spillway is 10 m and its total

width is 22.0 m. 'The height of the spillway is 15.0 m.

562 Hydrological Model for Gongola liver at badin- howa.
£e2.1 Flood Frequency Analysis

Annual maximum flow data for River Gongola at Dadin-
Kowa for the period of 1956 = 1987 will be used for the
hydrologic model. 'The source of the data is the rocord
kept by the Hydrologic Division of Inland Water ways,
Federal Ministry of ‘Iransport, Lokoja.

The annual maximum floods are ranked starting with
m = 1 for the highest value and so on in descending order.
The probability of exceedence which is used as the plotting

.

o
position is then determined using

HX) = S

n+1
where r =  probability cof exceedence
m = order of the rank

n = sample size of the ungrouped data,
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For the plotting position of eq. 5.1, the rctuen

period is

The result of the computations is shown in ''able 5,1

-~

luble LHeo1:

5.3

nesult ol bhe Ploee Feegueney analysis fer

River Gongol.. ol Ledin = Rowiae 1,1
Year of q Order of Hetgrn Prob., ol
occurrence dj Hank m period exceedence
mjfsnc Ty P
1981 950 1 32.00 V.02
1953 910 2 16.00 V.0l
198Y 760 3 10.60 0.4l
1964 fe 3 L d.00 013
1985 700 5 6.4,0 Ua 16
1975 663 6 Se 30 0.19
1974 620 7 .60 0.2
1946 LUl 4 L. a0
1958 519 9 3.60 0.28
1962 578 10 3.20 0. 31
1961 555 11 2,90 O.3h
1980 5h4% 12 2,70 0. 30
1982 5o 13 2.46 0.
1967 517 14 2.79 0.k
1970 495 15 2.13 047
LBy 1§ 2.00 0,40

. 1965



Table 5.1 {Contd.)
Year of u Order of Keturn | Prob. of _
ocourrencs d_I Rank m ;.u-lr!:.i ol nxcondoneg
.
1971 W2 17 .48 V.83
1973 Lo 18 1.78 U.56
1969 4ny 19 l.6l Wby
1976 437 20 1.60 0.63
1951 4 36 21 .52 Q.66
1949 362 22 1.45 0,69
1979 360 23 1,39 0.2
1962 334 2l bod3 0.5
1960 328 25 .28 0.8
1963 323 26 1.23 0.0
1983 320 27 1.19 V.l
1972 310 28 1.14 U 08
1966 299 29 1.10 0.91
198) 180 30 .07 0.9
1987 iy i 1.0} Veyv

55,
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The moun dinohurge and the elundard deviationn ot Lthe
flood are then cohputed which will be used to estimaile Lhe
parameters of the fitted distribution.

The mean discharge

_ : i&
Q = . Q -
d n \ di

where n = nuwmber of years record

- 15LY;
Q= -
31

Qd = L99.74 mj/aoo.

The sample standard deviation

Y
= P
| g 32
i a
58 = 1687.14 «

Using the values of ‘lable 5.1, the ranked flood magnitudes
are plotted on probability distribution papers usin; Lthe plotting
positions. Three distributions are selected to fit the flood
magnitudes, Fig. 5.3a, 3 by, and 3 ¢ show the frejuency curves
for the three distributions. The curves are fittod by vicual

straight line melhod. (Yewjewich, 14/l).
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-

Discharge Gim3/sec)

8 & 588888

LOG~NORMAL PROBABILITY DISTRIBUTION

A i i i I3 i e

8

! L4 T

s&&&s&&&m&&aawm_omoue

requency

Fg.5.D Flood frequency curve for annual flood values of River Gongola at Dodin-Kowa, Bauchi State Dashed lines show zone
within which there & 90% chance that the true value for that ocourrence interval les
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Be2,2 Hydrolegic Nodel Yerificabion.
Among Lhe three fitted curves, it is requirved Lo usclect
the one that beat fits the flood magnitudes., Kolmojoroy -

Smirnov Test is performed for the models verification

1 Kolmogoroy = Smirnov Test,

The test statistic ie given as in eq. L./

n

1]2 = max [I F'(Qdi) - ]"(‘.‘di) '] .

i=1

F*qu) is the observed cummulative f{req. which is %,:
=

and F(Qu ) is the theoretical cummulative {requency which is
obtained from the fitted curves.
The hypothesis test is @

H & @ has a specific distribution,
o di

Hl t the distribution of uui ig not the one specified.
Accept the null hypothesis ﬁu if b, is less thian critical
value C, otherwise reject it.
The values of |1-"‘(qd - F{Qi)l for the three distribublions
1

are sghown in 't'able 4,.2,



Table 5.2: Hesult of the Kolmogornov-Smirnov Test for Lhe

Three Selected Distributionas,

(JIJ:II-I'VU:I '|'|I¢'Ult'|.|t|.lll cuminue Freq, | (g ) - F"{'Q'--}_-_-

Cumil . bnl--{. ) ( i-('..lu) | --___I’_].._. - d L

b‘(kdi):ﬁr Gumbel | Lognorm,. | Log=FPear | Gumbel JLognoom, Lop~tears
U0 30 0.0 JU 0.0 0.Ub6 UL oub V.l u.03
0.060 V.0l V. 0Ll 0.07% 0V.018 | LV.UIL U015
0,09 | o.110 | .94 0.15 0,016 | 0.0 F_r
0.13 0.140 0.13 0.18 0.01 V.U 0.05
0.16 0.150 0.151 0.20 0.01 0.0 0.0l
0.19 0.180 0.19 0.22 0,01 V.Ut 0.03
0.2¢ 0.25 0,22 0.27 0.0} 0.0U 0.0
0.25 0.29 0.26 0. 30 0.04 0.01 U.09
0.28 0.281 0.25 0.32 0.001 | 0.01 0.04
0. 31 0. 311 0.3 0.3 0.001 | V.00 0.03
0.3 0. 35 U. 3 0. 36 0.004 U LU 0.02
0.38 0.378 0.36 0.38 v.0CZ]| 0.02 0.00
041 Ue 390 Uy O U.U1 V.01 .00
0.4y 042 042 043 0.02° VUL U.01
047 Oalily 0.45 0.46 0.0 3 0.02 0.01
0.50 0.8 0460 U.51 0.02 0.0l 0.01
0.53 0.49 0.50 0.53 0.04 0.03 0.00
0.56 0.53 0.52 0.56 0.03 0.0 0.00
0.%9 0.50 U.54 V.57 0.0 0. u,02
0.63 0,5% 0.59 0.59 mu:nl-j("_ 0.0L 0.04
U.66 0.6l V.66 0.63 *~1~:x" u.05 0.0 3
0.69 0.70 0.72 0.70 u.01 0.03 0.01
0.72 .72 0.73 0.72 0.00 V.01 0.00
0.75 0.76 0.78 0.79 0.01 003 0.0l
0.78 0.79 ‘ 0.80 0.81 0.01 V.02 (N




Table 5.2

(Contd.)

62.

Ubgerved heoretical cumma, Freg. K 1., ) = ' ) l
cumu. Freq (i ) ! 4
Py, ) i
%y
b '% sumbel Lognorm.| Log=Fear | Gumbel | Lo morm. Log=beara
r
o.81 Ut .42 0.82 .U Uaul U Ul
0.8, PRIV 0.0} 0.83 0.0 0.0 ¢.0
0.88 Q.04 0.84 0.8 0.0 0.0 0.0l
0.91 0.87 0.68 0.855 0.0l 0.0} 0.055
0a94 0.9 0.987 0.986 U.03 0,053 0.0L46
0.97 V.90 0.99 0.992 0.01 0. 0.02




63.

The crilical valuen € is obtained trom X - 8 Lable (Yew jevich,
1978) at a level of significance « = 0.10 an 0.219.
The maximum deviations D2 for the three distributions

are shown below @

Distribution Max. bev. I? Critical Value
Gumbe 1 0.05%0 0.219
Lognormal 0,053 0.219
Log=Fearson 0.05%6 0.219

Since the maximum deviation for each of the model
is less than the critical value, the null hypothesis for
each model is accepted which means that the three diolri-
butions fit the annual maximum flood of Hiver- Gongola at

badin - Kowa.

Confidence band is constructed by multiplying the
sample standard deviation and the coefficient of stundard
deviation for upper and lower bands at significance lovel
® = 0,10, Beard (1962). He published the coefficirnla of
standard deviation as a function of percentage probability

and the number of year records.



6L .
Sample 3Standard leviation 85 = 187.14

Tatle 5¢3 Table of flood values for the construction of confidence band,

Percentage Probability Pw

1.0 10 50 9.9 9%

Cocefficient of 3.D, for Upper Band|0.70 | 0471 ©.29 | C.33 | U.L5

Coefficient of Se.u.for lower LDand |=0.45]-00 3| =0.30 | =043 [-C.T71

Deviations of Discharge (m3/sec)

Upper Band 131 88 51 62 I
Lower Band }Bh -62 |-51 | - 88 | =131
Q(m3/sec)

X
S Gumbel Lognormal Log-Pearson IIi
1.0 1306 1306 1301
10 868 838 : 938
Urper Band 50 521 526 S11
90.9 33e 332 33t
99 2hhy 269 251,
1.0 1086 1086 1186
10 688 688 788
Lower Band 50 L2h Lzh LO9
90.9 182 182 187

99 ¥ ' 5 39
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The dashed lines in Fig. 5.3a, 5. 1b, and 9. 3¢ show  Lhe
confidence band constructed for the three diastribulions.

For the Gumbel distribution, all the flood mo,mitudes
fall within the band. For the lognormal distributiong 1]
Lthe flood valucs {ill wilthin the confidence band except one
which lies on the lower band. And finally, for log~leciarson
type 111 distributions, two points fall ocut of the band while

three lie on the lower band.

Gumbel distribution is finally selected since all the
floed values fall within the band. 1t is considered the
best fit relative to the lognormal and log-Pearson distributions.

The probability density function ot the flood masmitude is

expressed as in eq. L.5.
(ay) = 51; exp [— (Ba= 1) - exp (- % ~" l):l
Cl:2? " 2

The parameters of the distribution @ y and @, are

given as :
Q- Ya, = Jo )o,
ay = WYt % =)oy
|

Ly9.7h 3 © = 187.14 3 ¥ = Guler's constant
%

p..C
"

0.5712,
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Thus 4, = \4”—-4“!.“& - 145.9 .
a, = L99.7h - 0.5772 (1kb.9) = L15.52.

53 Analysis of Hydraulic Uncertainties and ratimalion

of Selected Probability Distribution larametcers

5e3e1 liydraulic Model kquations.

The hydraulic model equation is given as in e.;. Li.1]

3
2
Q = Am c(lt -~ 2(Hkp . ka)H)H .

Coefficient of Discharge Variable .

To compute coefficient of discharge, Chow (1952) provided
. C H .
a curve Fig. 5.4 = v — for standard vertical face
’ CD 8 H‘.D
upstream, where 3
U = C(Coefficient of discharge for head H other

than the design hewd llD.

CIJ = design coefficient of discharge.
If the height of spillway h is greater than 1.}j ii” Chow (1959),
the effect of approach velocity on the coefiicient of
discharge is negligible, The height of spillwzy h for

Dadin -~ Kowa Dlam is 15.0 m. The design head = 10.0 m.
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Fig. 5.4 Head-discharge Relation for Standard Spillway Shape for

Negligible Depth of Approach (Chow,1959)
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Fig 5.5 Coefficents of Discharge for Stronght Standard dam

crests with no Velocity of Approach. (Creager, 1964)




Since h X .33 (10) mw 1 Lim the ettecl ol upslremm

depth of approach on discharge coefficient is negligible.

For this condition, Cy ias given by Chow (1957) aus
2+21, C can then be computed from C = CD(Hr) —_— 5.1

y : |
where QD is as defined before; HT = head ratio I/H“ .

Similar curve for the computation of coelticient ol

discharge for head other than the design head ia given by ;
Creager (1964). Fig. 5.5, for negligible depth of approuch
and for a standard vertical upstream face.
The value of C, given by Creager (1964) is 2.20
C is then computed from eg. 5.1

The USBR (197L4) provided a similar curve for the

computation of C, Fig. 5.7, for negligible depth o! i proach

and standard vertical upstream face. The C.U obtained |rom

the curve Fig. 5.6, is 2.16. C is again computed from eq. H.1.
From the spillway rating curve, Fig. 5.0 obtained from

Dadin - Kowa, € is 2,.,20.

D

The result of the computation of coefficient of

discharge C obtained from the above sources are pin Table S,
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Table §.4: Values of Discharge Coefficients from Various Sources,

Head ;atio Total Head Coefficée?;.gfuzi::?ﬁrge
H =2 H m ) -

r K Creager | Chow | USER | D. Kowa
0.3 3.0 1.85 | 1.85 | 1.90 1.95
0.4 L.0 1.92 | 1.93 ] 1.95 2.02
0.5 5.0 2,00 t 2,00 } 1.99 2.04
0.6 6.0 2.03 | 2.06 2.03 2.09
0.7 T.0 2.08 | 2.11 | 2.08 2,14
0.8 8.0 2.12 | 2.15 | 2.1Q 2.16
0.9 9.0 2,16 1 2.19 ] 2.14 2419
1.0 10.0 2.20 2.21 2,16 2,20
1.9 11.0 2.23 2.2& 2.20 224
1.2 12.0 2,26 | 2,27 | 2.21 2.26

From thé above table, it can be observed that values
of C differ for different sources under the same operating
flow conditions i.e. (negligible approach depth) and standard
vertical upstream face of the spillway. This confirms the

uncertainty in the use of the discharge coefficient variable

in determining the resistance of the structure,
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The influence of downstream submergence i oron
interterence on the coefficlent ot discharge is nelected
since the tail water depth is not high encugh to cause sub-
mergence. Fig. 5.9 shows the ccoefficients of dischir o lor

the various sources,

Regression Analysis for Discharge Coelticicnls

It is difficult to quaniify the tolerance limit of
the coefficienlts ¢l discharge. To compubte the toleoaw
limits, combining all the sources, a regression analysie is
done to establish the relationship between the head ratio “r
and C.

'he {form oif the proposed equation for the computation
of coefficient of discharge C is :

C= A+ 3B lIln Hr. — b2
where C = Coelficient of discharge.
A, B are repression constants,

To compute the regression constants, A, B, the tollowing

L3

expressions are used @

A = 2(¢)- B Zin Hrl
n Je
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' " and

b = al(le igc) -~

(In Hy) ¥ ()

are obtained

Creagert
Chow H
USBR 3

De Kowal

BY: 2
.nE (in Hr) -~ (L In ﬁr) |

Uaing duta from tuble L,3, the folluwing regreasion equntione

C = 2.195 + 0,297 ln Hr .

C = 2.215 + 0,305 1n Hr.

C = 2,63 4 0,232 1n Hoo

C - 202'0 + Uc219 ln. Hrl

of discharge shown in Table 5.5

Table L.5: Discharge Cuefficlents [row the fitted tyuations,

The fitted equations yield the following results of coefficient

Head ratioc bischarge Coefficienta, C

B, Creager | Chow | USBR Dadin Kowa
0.3 1.80 1.84 1.90 1.45
0.4 1.92 1.9 1.95 2.00
0.5 1.99 2.00 1,99 2.06
0.6 2.04 2.06 2,03 2,10
0.7 2.09 2.1 2.08 2.13
0.8 2.13 2.15 2.10 2.16
0.9 2.16 2.18 2.4 2,19
1.0 2.20 2.22 2,16 2422
11 2.22 224 2,20 2423
1.2 2.25 2.27 2.2l 2,25




where Cy = Upper boundary value of coefficient of
discharge.
c =  FProbable value of coefficient of discharge.

CI. = Lower boundary value of coefficient of

discharge.

Ay Ac' and ‘L are the upper, probable, and lower

. boundary values of the regression constant A.

By Bc' and BL are the upper, probable, and lower

|
boundary values of the regression constant B,

To obtain upper and lower boundary values Uu and UL'
the outer and lower continuous curves of Fig. 5.2 are adopted

respectively. The most probable curve for coefficient of
discharge - head ratio curve is taken as a continuous curve

Co, between the upper and lower boundary curves.

The resulting Cus Cc. and Cl‘curveu are shown in

Fig. 5.10-
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Table 5, 6 shows the boundary values of cooflfiolenlm of diwchurge

' J
C'I.l, CO and © L .

Table 5.6:. Boundary Values for the Cecflicients of Lischarge.

R T o, | ¢, C,
043 1.85 1.90 1.95
S0y 1.92 1.96 2.00
| 0.5 - 1.99 2,02 2.08
0.6 2,03 2,06 2.09
._0.7". 2.08 2.10 2.13
0.8 2,11 2,14 2.16
0.9 204 2,17 2a19
1.0 2417 2.19 2.22
ERE 2.19 2.22 2.2l
12 2.21 2,24 3.26

Regréaaion analysle is performed to fit equations tc the
three boundary value curves of fig. S.10. 1The regressed eguations

are shown below 1

Cc =  2.193 + 0.250 1n Iir H — 5.7
Cu = %2145 .+ 0,230 1n Hr
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19.
From equation 5.6 and 5.7, A lles between 2.167 and 2,217 nd

B lies between 0.230 and 0.263. The upper boundary value for

regreasion constant A“ = 2,215, the probable value '\c = 2,193,

and AL = 2,167, Similarly, Bu = 0.263; Bc = 0.2 and B, = 0.:

L

Contraction Coefficient Variuble

The effective crest length L, is expressed as in eq. 4.9

feeey L =L = z(uxp + k)R

Abutment contruction coefficient ka = 0 since the angle
of the headwall for the right abutment hjo, is less than L;')'o
and the radius of the left abutment r = 4.2 m is greater than
OubH) = 0.5(10) = 5.0 my USBR (197L).

The number of piers N = 2

Ege 4e13 is now written as :

4
Q = A, oL, - b,kpﬂ)ﬂ“ -

1J.
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Contruction coefficlant kp vary with nose shapes and head
ralio.Chow {1959) showa theae variations in a charl for diffarent
pier nose shapes,
' I

The pier nose shape for Dadin - Kowa spillway lies between
those of type 2 and type 3 given by Chow (1959). The Dadin- Kowa

FPler shape is thus approximated to lie between round-nvse type (2)

and oval-pointed nose type (3) piers.

The valuea of kp for type 2 ure designated as lower boundary
© values kL; and kp for type 3 aB the upprer boundary values. The
nost probable values of kp are designated ap kc.

Table 5.7 sbows the variations of the bounda:y values with

the head ratio.

Table 5.7: Boundiary and most Probuble vilucs of lier Contraction
HI’ KL KC |.‘L'I.l.
0.3 0,064 0.070 0.078
0.4 0.049 0.053 0.058
0.5 0.031 0.037 0. 0lY
0.6 0,02y 0.030 0.035
0.7 0.018 0.023 0.028
0.8 0.010 0.017 0.02
{{,. o 0.9 0.00kL u.Ul 0.018
o 1.0 -0.001 0.003 0.011
1.1 ~0.008 -0.00kL 6003
: 1.2 -0.013 -0, 008 -( . 002
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lguations are fitted to these values using regresaion

aticlysisg wwt the fullowing resulte are oblalnoy,

l:L =

k =
¢

k =
u

- 0.0025 ~ 0.054 1n Hr 1

0.00hT = 0054 In It .~ 4.9

0.0098 - 0,054 In H_ . |

]

'he regremaed equations yield the following result,

Table 5.8.
5-8 -

The regressed Fler contraction coefficientas.

© Table &
Hr KL Kc u
0.3 0.063 0.068 0.07Y
. 0.4 |, 0.046 0.053 0.059.
0.5 | 0,035 0.0} U.OLT
0.6 0.025 0.032 0.0 37
0.7 0.017 0.02Y4 U.U29
U.B U010 0,017 0.022
0.9 0.003 0.010 0.016
1.0 |-0.003 0.005 C.010
1.1 | -0.008 § -0.0003 | w.o0b
1.2 [ =0.012 | =0.005 | -0.0005
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Fig. H411 shows the contraction coefficients for picra ot
varioun shapen. *
In general, eq. 5.9 for boundary values of Ku' hp and hl

can be re-=written as 3

Kp = KA - U.U)Ll in Hr - — be 0

where K‘ lies between = 00,0025 and U.00YB. 'The most probable

value of KA = 0,0047.

bYe3.2 PFirst Urder Analysis for the Computation of Loetfficienls

ol Variation of the liydraulic kgquation

The hydraulic egquation whose variables are to be analysed
can now be expressed after the substitution of eq. 5.2, and

5.10 in eq. H.U as 13

4

= l 1 p— p— L — L
G, n(‘" + B In Hr){lt hli(hA 0,054 )1n H )H Het1

Firat - order analysis of eqg, H.11 in performed to
determine the mean and coefficient ol variation of the componeunts

uncentainty. The component variables are A, B, Lt, KA and xm.

From eq. j3.25, the expected values of eq. L.11 is

expresged ag 3
G, = imu + B 1n (L, - LH(E, - 0.08 In B )u — 5412

le- arranging eq. L.12






