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N-Line Numerical Model to Predict The Morphological
Changes around Groins System
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Abstract

A three-dimensional numerical model for predicting the beach evolution hes been
developed. A complete numerical model (SLMG2) was designed to represent most of the
hydrodynamic factors affecting the problem. The N-Line model was used lo simulate the
seditmen! (ransport at the vicinity of groins system and to predict the shoreline
morphological changes around it The wave computations include wave refraction,
diffraction and breaking The validity of the mode] has been confirmed by applying it to the
calculation of deformation of bottom topography around groins system. The comparison
between madel results and field data measurments showed a good ngreement and indicated
the flexibility of the model in handling such cases .

1. Introduction

Natural beaches are geaerally more or less in dynamical equilibrium; their
deformation due to change in wave climates is rather seasonal, featured by alternate erosion
and accretion. Once however, a structure is built near the shore, sediment budget on the
neighboring beach will be unbalanced and an irreversible deformalion will ofien take place.
Prediction of beach deformaticn is needed in order to prevenl eroston and siltation or to
take rationzl counter messures against them. Physical models used to be exclusively adopted
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for the prediclion, but they have been regarded to have some deficiencies such as high cost
and scaling problems. Numerical models are now gradually replacing physical modéls .

Numerical models of beach deformation will be classified , according to the object and
method of modeling, inlo two groups : shoreline model ( One Line Model ) and three
dimensione model ( N-Line Model). The shoreline models, often referred to as one-line
models, have been well developed and applied to many parctical problems!!3]. They may
however ot be used to predict local change of bottom topography, for which three-
dimensional models will be required. Few antempts to develop such general topographical
change models have been reported so far by such as Wang et al.(!5], Hanson et al (10,
Watanabel2!], Mizuguchi and Mori (18], in all of which quantitative verification of the
model is not given and the coruputation methods of waves, nearshore currents or sediment
transport rales can oot be regarded as adequate.

This paper presents a lhrea-dimensional predictive model of beach avalution, which has
been developed by using a new corputation scheme of both the wave field and modified
formuelae for local sediment transport rates. The applicability of the model will be
discussed through comparisons with field data measurments on the beach deformation
around groin gysterm.

11. Structure of The N-Line Beach Deformation Model

The preseuat model is to predict the three-dimensional beach deformation from the
spatial distribution of sediment transport rates, which are computed at local points, the
wave conditions caiculated in advance. The total model should therefore consist of two
subtuodels for : 1) waves, end 2) sediment transport and beach deformation.

In the previous modeis meationed above, the nearshore wave field has been computed by
the wave energy equation (Wang et al.[!5), Hanson et al.(10], Watanabel21]) or by the wave
ray method ( Mizuguchi and Mort [16i). These methods may pot be epplicsble to the
computation of wave {ield under general conditions of complicated bottom topography and
structure geometry. The author have recently developed a numerical model of the wave field
under combined refraction, diffraction and breaking, depending on the solution of the Mild-
Slope Equation (Tanaka 1990), which will be adopted in the present predictive model of
beach deformation as lhe submodel for the nearshore wave computations. For more details
of this wave model, refere to Sarhanl!8],

The submode! for sediment transpart and beach deformation will be describied in detail
in the following chapter. In the preseat model, the wave-current interaction and shore
flooding are not taken into account. Since the computations of waves and currents are lime-
consuming, it will not be practical to iterate them with those of beach deformation at a short
lime interval, and therefore the i-steady wave ill be assumed

111. Modeling of Sediment Transport and Beach Deformation
There are several methods of modeling bathymetric changes due to the presence of a
littoral barrier, An attempt can be made to mode! either the complete hydrodynamics and the
resulting sediment transpost or to use a combination of analytical and emperical sediment
transport equations. In this model tie secoud method was chosen due to the relative
simplicity and previous effectivness of this latter approach.
Al least two methods of employing sediment transport equations exist : a fixed longshore
and cross-shore grid system where the depth is allowed o vary, or a fixed longshore and



Mansourn Engineering Journal, Vol. 21,No.4, December, 1996, c:3

depth system where the cross-shore distance is allowed to change. The lafter system was
chosen for Ure niodel. This method represents bathymetric changes due to a liltoral barrier in
lerms of conlour displacements.

The model is an N-Line representation of the littoral zone in which the longshore
direction, x , is divided into equal segments, each Ax wn length. The bathymetry 1s
repregented by N-conlour lines, each of a specified depth, the location of which changes in
offshore location according (o equation of continuity. There are two coiponents of sediment
transport at each of Lhe contour lines, a longshore component, Q. , and an offshore
componerit, Q. Figure (1) is a definition sketch showing the beach profile representation n
a series of sleps and the planform prolile represeatation and nolaon used.

Governing Equations of Sediment Transport :-
Three basic equations are used to simufate the sediment transport and bathymetry
changes according lo the wave field . The equation of sediment continuity 1s :

Oy/6t + 1/m (6Q/0x + 6Q,/8y) =0 .. s s [ 1)
in which m is the beach slope.

It requires as input. knowledge of Lhe longshore and cross-shore components of sediment
transport. The lotal transport alongshore has been studied by several investigators and many
equalions exist However, the distribution of sediment transport across (he surf zone is not
well known as Thomton 1972(20], Kraus et al 1981114}, Fulford 1982('7}, [shida 1983{12!
and Kamphuis 1991031

Fulford!'7), based on laboratory dala frem Savage, developed a distribution of longshore
sediment transport across the surf zone for the case of straighl and parallel contour lines .
The final form of Fuiford's equation afler Perlin 1983 is

auly) = 3/[(1.25)2.(%)%] * (v + D2 = exp [ - ({y + D) /(1.25yy))?) {2}
in which y,, = the distance to be point of breaking;

f = constant to allow sediment tramsport above mean water line (MWL) (swash
transport or transport in region of wave setup) to be represented. This equation predicts the
relalive transport at point y. To oblan the fraction of transport between two y ceordinates,
e integral ofequ. {2} rom y, {0 y, must be used

Qo = exp { - ((yy + 0125 y))? |- exp [((y2 + D/(1.25 w))?] (3}

i which Q,p = is the dimensionless quantity of the longshore sediment transport.
¥1 . ¥2 18 the two limits as shown m figure (1).
To compute the value of the sediment transport between y, and y, in m4/sec., it must be

muftiplied by the total transport across a plan normal to the shorefine. The total longshore
gediment transport rale is determined with the modified CERC formula,

Q=C.Hy¥ . sin(2ay) {4}
where Q is the tolal longshore sediment transport rate given in m¥/sec.,
Hy, is the brenking wave height,
y subscript denoting the breaking condition,
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C is a coeflicient refated 10 the soil properties.
Hanson et al. (1989)(10), derived the vaive of C as follows:

C =(ay . sin 2ay, - 8, . cO5 Uy, .0Hy/0x) : {5}
where :
0y 38 Uie angle of breaking waves to the local shoreline.
a;& a, are two nondimensional coefficients and are given by,

ay =k/ {16.(5-1). (1-P)] (6}

87 = Kg/[8 . (S+1) (1-P) . 80 B ooreiris s {7)
where ky and ky = emperical coefficients. The dwgn value of k, typtca.lly lies between
0.58 to 0.77 by Karus et al. (1982) and k, is typically 0.50 to 1.0 times that ofk, .

S is the relalive deasity, P s the soil porosity, and tan {3 is lhe average botlom glope from
the shoreline 10 Uie depth of aclive longshore sand transport which is calculated asa
function of grain size. 6Hy/&x is the longsliore gradient in breaking wave beight

This contribution to the longshore transport rate was introduced into shoreline change
modeling by Ozasa (1980). The inclusion of the second term of eq. {5) provides an
improved imodeling results (Karus and Horkai 1983, Mimura et al. 1983)(101,

The second input required by the continuity equation is the onshore-offshore sediment
transport. The cross shore sediment transport rale was investigated by nany researchers and
they tried lo find areliable formula joining the different variables affecting the problen. In
this research, Bakker's formula (1968)(%] is used. This equation is wrillen as |

Q=8x.Cy.(y1-y2+Y) (8}
where :

Qy is the onshore-offshore sediment transport rate, Ax is (he space step between two
profiles normal to the shoreline as shown in figure (1). C, is the activily factor and y' is the
posilive equilibrium profile distance betweea y, and y,, determined from tie equilibrium
profile used in the numerical model .

DY) = AYYT e b e {9}
where A is the scale parameter. The scale parameter has been calculaled by Moore
(1982)("!} and it depends on the beach grain size;

A =041 (dgg )04, dgg<0.40

A=0.23 (dgg )32 ,040 s dgo < 10.0

A=0.23 (dgg )028, 10.0 < dsg < 40.0 (10}

A=046 (dgg )01, 40.0 < dsq
whiere dyq i the median nearshore beach grain size.

The value of C, inside the surf zone is given by Bakker} and equal to 3x10°6 m/sec. To
generalize Uiis equation outside the surf zone, the wave energy dissipation per unit volume
i8 used as a measure of movement of (ke bottom sediment. Inside the surf zone, the breaking
wave 18 the main cause of the wave energy dissipation. But outside the surfzone, the
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dominant mode of wave energy dissipalion is due lo botiom friction. The wave energy
dissipation by breaking waves, which is studied by Komar et al. in 1972, aod is given by D,
D, = 5/24.p.g¥2 K2 AV2 {11)
The wave dissipation by bottom friction is investigated by Nielsen (1983)(1], Sleath
(1985), Perlin (1983), and is given by D,

Dy=1/6.x).om. Ce. [H3. o3 /sinh3 kh ] {12}
where Cr is the bottom friction coefficient and o is Lhe surface tension .

The activity coefficient C, outside surf zone is given by
C, =Vw DyDy.C, ifh>h, (13}
in which o is a parameter relating to the efficiency with which breaking wave energy moves

the sediment bottom (0 <o < 1). The activity coefficient reduces rapidly with the increase
of water depth,

An implicit scheme that simultaneously solves the three governing e'quakiom, was
developedi2l. The total longshore transport equation is obtained

Qeij = exp ([ (h;.1 32 +Hy; .AY2)/ 1.25 by )%}

- exp ([(h; ;32 +Hy AY2Y1.25 1 ])) = €. H; 52 8D (208) oo {14}
ay, is the breaking wave sngle and is given by
= 8-302 - u, . {15)

where 0 is the averaged wave angle at location of Q,(i,) and o, is the local contour
orientation angle . Equation (14) could be written in the following form;

Q,;jﬂ“ﬂ!';‘-ainz[o-sm-ucﬂm) {16}

n+1 and n+1/2 denoting the time step number. The value of the contour orientation wave
angle could be calculated from the following equation

sin (ae™ V5= (172 (8 yo+ 1 -Ay0) ALBX)2 HAYIIV2Y oo {17}

Vol Ty R s cxa by AT e TR R Y

substitute from equation {17} into equation {16}, and assume that the change in the
deaominalor in equalion {17} is small for a reasonable lime step. The following equation is
obtained;

Quij™" - ¥ij. c08(26) . cos(or) . 1/(Ax2 +4y2)i/2 y, o+
+¥;;. cos(2 ). cos () . 1{AxT +ay2)V/2 y, ;i) W, 5 (2 sin ©.c0s 8).(2¢082 ec-1)
~\¥;,  €o8(20) . cos(o,) - 1/(Ax? +Ay2)!/2 (y; " -y ") =0 {18}
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To simplly equation {18}, put that
Bl = ¥;;- cos(20). cos(a) . 1/(ax? +ay?)! /2
82,j=-¥;;.(23in 8. cos 6} . (cos? e - 1)+ 81550 " - ¥ier g™)
Equation {18} could be written as;

Quy™! - (B1ij) %™+ (L) yias 4 = (3230 (19)

From equation {19), the lotal longshore sediment transport could be calculated and tis
equation could be considered as the final form of it in the model.
Also, the final form of the cross-shore sediment transport in the model 15 as follows;

Qyig™ 8355 [V Ly ™ * 9™ %™ - 9?1+ 7y ] (20)

Substitute from equations {19} and {20} into conlinuity equalion, Lhe following equation is
obtained,

Fig™ ! - g/ A= 1K Ax AR).[Qu T+ Qui P+ Quirr ™= Quin1 "+ Quig™!

+ Qi Quiger™ ' - Qpijer” | (21}

Equalion {21} is a weighled, centered scheme in which y; ;™! is computed using a
weighting of itself and its four adjacent grid. By wriling simullaneous equations, one for
each y;;, abanded mairix can be constructed. The banded matrix is solved to yield the new
velves of y .( L.e. the new conlour locations)

Model Construction
The model consists of one main program and ten subprograms. Figure (2) shows the
flow chart of the program ( SLMG2).

Boundary Conditions

- Longshore conditions : The longshore boundary conditions are treated by modeling a
sullicient stretch of shoreline so that effects of a structure’s presence are minmal. The y
values along these boundaries can therefore be fixed at their initial locations.

- Onshore-offshore conditions : [n this case both the onshore and offshore are separated
into two cases. In the onshore boundary condition, the berm and beach face are assumed lo
move m conjunction with the shoreline position. In the offshore boundary condition s
treated by keeping the contour line beyond the last simulated contour fixed, until the angle of
repose is exceeded.

- The structure boundary condition : There are no-flow boundary condition required at
each of Uie structure be modeledi3l. If tie contour lines advance to lie lip of the groin,
another portial-flow conditions are needed. The sand bypassing is taken inlo
congideration(®.9!.
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Model Verification :

The SLMG?2 model predicts the morphological changes around groins system afler any
particular simulation period. This wilt help in designing the groins system along eroded
beaches. To verify the model, the moniloring of El-Anish coastal area was used The
required inpul data are -

+ Wave Characteristics :

The wave heights, peniods, direclions and curations at deep waler are required as input
data. The recording of wave characteristics at Port-Said is used for the simutation during
the year. The wave dala during the period from April 1984 to July 1985 are tabutated,
arranged and the sequence of each slorm is taken into consideralion.

- Sediment and Beach Properties @

Soil ivestigation from Whe geoteciuncal map of El-Arigh coastal area shows a very deep
finn strata of cwourous sand with shells 2and organic mallersi®) . The soil is mostly silty
sand wilh specific weight in air equals to 1.55 ¥m3 . The mean Jiomeler (dsq) of soil ranges
from 0.08 lo 0.18 mm and the soil porosity is about 0.35. The activity coefficient inside the
surf zone is 3x10'6 pysec. The depth of closurs, which is the eritical depth of sea botoim
ctianges, is calculated with Hallermeser's equalion and equals to 4.0 ms. The berm height
ranges from 1.0 to 4.0 ms in some places along the shoreline of the simulated coastal area.
The beach slope equals to 1:40 in average. The value of scale parameter (A) ranges from
0.07100.12.

The value of Ax is equal to 25 ms. The pumber of simulated profiles are 57 sections.
The simulaled contour lines are equal to 8. The dimensions and positions of each groin are
leeded to the model, figure (3)

The sinwlated period is chiosen to match with the avaliable recording contour lines map.
This period is about 15 moathes, started from April 1984 to 17 July 1985 The mouitoring
of shoreline during the period from April 1984 to September 1984 was used lo calibrate the
model| and during the period from September 1984 to 17 July 1985 to verify the model. The
time step 1s clecked and is chosen to be 6.0 hours. This time step gives the most accurale
resulls,

The boundary conditions are required along the extremilies of the modeled area The
longshore boundaries can either be input as fixed or the sediment transport can be
specilied! 1) In this model , Jongshore boundaries are put lo be fixed. The onshore
boundary is treated by assuming lhat the berm and beach face are fixed relative lo the
shoreline contour. The olshore coatour is fixed unless (he angle of repose is exceeded.
Additional condilions are required along tha structure. There is no sedimeat transport aloug
the structure position in the lengshore direction (Q, =0.0)

Figures (4,5) show Lhe results of the simulation compared with the field observations.
These figures show good cababiiity of the model to simulale the sea bed changes at the
vicinily of groius system. Wilh reference lo these [igures, il is conciuded that the inodel
resulls show a good agreement with the measured ficld data. The sequence of storms have a
signilicant elfect on the final results of lhe sea bed configurations.
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To check the advance and the relarding of the sea bed bathymetry with relative to the
base line, ten bed profiles were compared with the field data Figures (6) to (15) indicate
the comparisons belween siulted and measured beach profiles. These figures shiow a good
agreement between theorehcal and field data with acceplable accuracy.

The results of the cumpmson approve the reliability of the model calculation model
scheme. Uwing (o the comparison resulls and under the calculation assumpations, the model
could be applied to many cases for the simulation of sediment transport around groins
system.

8
T r

Shili Woter Level

= fitld measurmeni
-« Coleulalod

Water Depin (mu)
i
g
T 71 ¥

T

-4,00 |-

=3 [ DR T T S N S T VOO O N S O S [ A N T W U0 0 T 0 2 A 0 A Y N T 0 OO
‘%.o 25.0 0.0 5.0 1000 1250 150.0 1750  200.0

Uliahore Ulsturcs (1na)

Fig. {Gl'Comﬂruon belween theoretical and field measurment
of sea bed profite No. (1)

2.00
WO e opoe o s :"E‘_Nf‘_(!_)_ _
r gt .l Slili Waler Level
7 00 3 :
B —— Ficld mecsurment
g —1.00 % ===~ Theorelcol
o ) H
.
o
-400
S50 s S50 500 750 1000 1250 150D 1750  200.0

Olishore Dislance (ms)

Flg.(7):Comparison between Lhcorclical and fleld measurment
of sea bed pro(ile No. (2}




Mansoura Engineering Journal, Vol. 21 No.4, Decenber, 1996, c.l13

2.00
1Q0 |- =
- 2 L St Water Leve!

= 0.00 z
£t a: .
£ -100 - g ’ 3 — Field moosurment
o - 2 s - Mheoielical
£=] B,
L -0 g
E §
¥ -3.00 |-

—400 |-

R U T T G G S U T T T N T W T I T A Y 0 O T Y O
'0%.0 25.0 50.0 50 100.0 1250 1%0.0 1750 W00
Otfshore Dislonce (ma)

Fig.(8):Comparison beiwmeen lheoretical and field meesurment
’ of sea bed profile No. (3

2.00
Groin No. (2)
—Hl—_'q' _________ \ Sill Wolzr Level

3

A
— e FiskS megsurment
S tical

o0

.00

-1,00

Snoreline Pobiuch

=200

woter Qeplh {ms)

[
-'4uo|-

-5 U S T SR N T T T 0 0 0 0 U B0 B O A O T A O A B A A A 1
%o 250 500 75.0 1000 1250 1500 1750 2000

Offshore Gislenca (ms)

Fig{9):Comparison between theorelical and fieid measurment
of sea bed profile No. (1)

L=]
<
L

tion

g

-1,00

-2.00

Woter Depih {ms)
Shol:nm P

8

—aco b

% PIN I U I RV W T I T T TN I T TR T (0 U A TN T T T T N U | .
%06 250 500 750 1000 1250 1500 1750 2000
Otishore Distance {ma)

Fig.{10):Comparison between theoretical and field measurment
of sca bed profile No. {




C.14 Sarhan ThE.A.

2.00
[ Cloin No. (3)
(K- i ool R g . m————
- ' Sl Water Lavel
- 000
£
- —. Fisld meoyurment
glw vaee Theoreticol
o
!-:.oo
g-}‘m L L LT
-4 00
(l!!||llt_Lll_lllllll|l|l!|ll.llll||t!_l_l.l
=509 750 500 750 1000 1750 1500 1750 2000

Otishors Oistonce (ma)

Fig.{1)):Comparison betwecn theorelical ond ficld measurment
of sea bed profile No. {6)

Sl Wolar Lavel

. Fisld meosurment
« ... Theorelical

-
Lt d TP

300 250 500 750 1000 1250 1500 1750 2000
Olfshore Distonce (ma)

Fig-(12):Comparison belween theoreticsl and field measurment
of aes bed profile No. (7)

100 E Croin No. (4)
'§]"-- T R SHl Waler Level
: \

'E 0.00 |8 -
=] ‘\ ‘ L )

-1.00 \ — Tield mogsurment
3 . R

-2.00 e '
i R \

=300 R l‘

_400 .‘-""--.* "--'l-uo ....... '|

S50 T s $80 250 1000 1750 1500 1750 2000
Qlishore Dislonce (ms)

Fig.(13):Comparison belween Lbeoretical and field messurment
of ses bed profile No. (8)




Mansoura Engineering Journal, Vol 21,No.4, December, 1996. C.15

b ;&},‘ = Sull Waler Lewel

e Finkd maosurmani
wees Theorelicol

Woter Qupin (ms)
1

LN
------

%6 250 00 750 1000 1350 1500 1750 2000
Offshore Distonce (ma)

Fig.(14):Comporison belween theoretical and fleld measurmeol
of ses bed proflle No. (9)

200
] . Goia: No: (3]
%r 3 . SNl Woter Levsi

T 000 [ T
£ X .
£ -1.00 X Vo flold meosurment
3 fhearelicat
2
3
£ -3.00

-400

- RTINS ST S S S U0 S T W T S W 0 B W T O M 0 T S AR R
506" 250 "0 750 1000 1250 1500 IS0 2000 .
Otishore Disloace (m3)

Fig.{15):Compserison belween Lhoorelical and field measurmentl
of ses bed profile No. {10)

Conclusions :

An N-Line shoreline morphology model (SLMG2 i
was d 0 31
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Notations

The following symbols arc used in this research,

* 15 the scale parameter ;
: are dimensionless coctlicicals :
“15 a coellicient related 1o the characienistics of the sotl properties ;
* 15 Lhe coefficient of bottom ficlion |
" is the activity [actor wnside (he surf zone |
" 18 die wave energy dissipation by breaking waves ;
13 the wave epergy dissipation by boftomn friction ;
- is the median gram size ;
119 the constant of integration. |
: the gmyatonal aceeleration |
18 the sull water depth ;
the wave height ;
15 the breaking water depth ;
" i the breaking wave height ;
: 15 a dimensionless coetticient
+ is the soil porosity ;
*13 the volume rate of longshore sediment Lransport ;
+15 the Jongshore component of sediment transport ;
215 Uie onshore-ofishore sediment transport |
. is the rate of sediment entering and leaving the profile from the
land and seaward boundanes
215 Lhe wave penod |
- honzootal coordinales ;
is the average separahion distance between the (wo lines when the
beach profile is in equilibrium .
. 15 the distauce 1o the poinl of breaking ;
.15 two limuts as shuwn w figuce (1) ;
¢ 15 the angle of breaking waves to the local shoreline |
1 13 the average bottorn slope from the shoreline to the depth of active tongshore
sand lransport ;
. 13 the incremental time step ;
. i§ Lhe incremental space step in Lhe x-direction |
<15 the wcremental space step w the y-direction |
.15 the angle between the contour lines and the x-axas |
; waoler density ;
218 the soil density ;
- is the surface tension ; and
: Lhe first partial derivative .






