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Figure 1- The conceptual model of the research methods.
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Figure 2- Photogrammetry of the physical model of protective structure of Genaveh port before
and after tests.
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Figure 3- Procedures of the physical model setup of the protective structure of Genaveh Port.
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Table 1- Characteristics of waves using modeling of the Genaveh Port.

. Direction of the Effective wave Design wave height .

Selected profile breakwater height (hs) g (m) g Wave period (S)
157 2.67 2.67 6.8
180 2.53 2.53 6.9
P6 Section 270 242 242 5.9
292 2.34 2.34 6.4
315 2.71 2.71 6.4
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Table 2- The weight ranges of rocks in 1:20 scale used in the modeling of the armor layer of the
Genaveh Port.

Rock component Weight range of Dimension range of
ratio armor layer (gr) armor layer (cm)
25% 326 - 380 5.33-5.61
25% 380 - 435 5.61-5.87
25 % 435 - 489 5.87-6.1
25 % 489 - 543 6.1-6.32
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Table 3- The weight ranges of rocks in a 1:20 used in the modeling of the filter layer of the Genaveh

Port.
Rock component ratio Weight range of Dimension range of
filter layer (gr) filter layer (cm)
50 % 32.6-70.5 2.48-3.2
50 % 70.5 - 108.7 3.2-37
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Figure 4- Represents a) the profile shape before test, b) the profile after test, ¢) the intersection of
profiles after the 9 test.
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Table 4- Resultant data on the interaction of waves in front of the paddle and reaching waves to the

model.
Wave Bed elevation Elevation
Test No. Return Period (yr) . Period (s)  related to Chart  of design Depth (m)
height (m) Datum (m) (m)
T1A 50 in high tide 2.7 7 5 2.7 1.7
T1B 50 in high tide 2.7 7 5 2.7 1.7
T1C 50 in high tide 2.7 7 5 2.7 7.7
T2A 50 in low tide 2.2 7 5 Low tide 5
T2B 50 in low tide 2.2 7 5 Low tide 5
T2C 50 in low tide 2.2 7 5 Low tide 5
T3A One year 15 5.2 5 2.7 1.7
T3B One year 15 5.2 5 2.7 1.7
T3C One year 15 5.2 5 2.7 1.7
T4*1.20A 1.2 *50 in high tide 3.24 7 5 2.7 1.7
T4*1.20B 1.2 *50 in high tide 3.24 7 5 2.7 7.7
T4*1.20C 1.2 *50 in high tide 3.24 7 5 2.7 7.7
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Figure 6- Diagram of the relationship of the
stability parameter and significant wave
height.

32 oy @b 5 b A ol b,
bl s b o e Sl 5 (S lapShzse
W )}bA‘.‘ J-ALC 99 U"‘ ] L&no)'L..; U"‘ S Sdes
5 e Glrgys ply o (Shzge L8, 550 L
ol i)l Bl abys slglyz o rse oyl

el g K0S 4 5 S Jale g

Elevation (m)

99.99 ‘]m/\

99,59 —

o s (Jlods Zlgol ply 40 0glS jusy sblis> glaojlw gylly

by ol jo asdad 0 Cosdge wlal 5 b olul> o)
oS sl ) ¢ i o line blis 4,
R LI S YL T (PSE R S R
3O T gl g, 5l eslaiul (O JSE) ol eolail
(VNP) Ol,en g 455, gl Alewgds gl o
Jae 50 eyl Y bl pwyp e
BUNS I S PR IR By SV VL. LR X L] Py
Ohles g &g Alwsay oal ad) S LS4 s,
solaiwl (NS) (6,laubl oo anmlxe lp (Y415)

10059

100,49

10039 =

2
5

100.19 -

100.09 "'\\-k

0 01 02 03 04 05 06 07 08 09 1 11 12 13 14 15

Profile length (m)
—— Profile_Before Profile_After

o Eomad J5B 50 0310F 5 Ol punti diged O S
&3l mad 9051 50 03l
Figure 5- Representative changes in the slope

profile of physical model structure observed
during the 9™ test.

9031 &Y (55l A Sl
ol sl byl slagazles (o Spes 5l (SO

oS og lyge,l LY (gilul dmie (hagh
9 L”)ﬁ"’)—‘ L_';.'.])ls 9 c;)‘\-\-,{l-,g Courog EMJGL&J
Sl A oy (b 55T slacaase
OSdzge soojlu o Slee (gu)p jsliieds a)ga)]
°3<‘-54€ ‘Q;L; Glaw 6L°5)~ )—3‘)-3 L ‘Sil.woojs
Goll Ao ol o5, (ol slagl > 5 2lse!
Coglio 5 lodaz boad cwyy Sk ojge)]
Jiml alal g el slog,s ply o LS
5 s bl b cov bl opl L olralr
as oly ylas L%;;iuj =l cwl 556sS >ge
@ et jsba a5 glul diw Bilal )5

4 Benchmark



VFeF 3l IFA ls 5Ll Y 55l (YA 5590

4 VIA plp Hs gloal L YLOT Ll i o 5001 &Y
blys a5 0g b 0 (nl e gylLE 5y
e VIV ply o YLl VY Lyls olp gyl
FY0) L 5 j5b (iegh mlo ol walys
b syl oy 9 logygesl £55 Joe sl oo
5 sk ORRgR 0 o awlis egh onl mls
thio wasobtl ghie i (Y:Y0) o K
o3l o Geed 3 3 S gae I, Sudp
oudodmin j30)l Y g0 g kS 4 9o glul
e (VoV0) Glen 5 0l (gl guls ol
o @mls b Sk llid s g skl
Syls cillas yiogh

629595 9 $9,YL dmiow Judoxi 5 LS

el Anlie 1 e Bas legh opl o
2 b boSozse ;o glsl oV allalejl
Slosige Slawlre 51 sanl cavoss e 59,V
sl s coo 5 b gt <l bl sl
gloel o Vb anslie mls oy boSozse (b
ol Slasbns 3l ol Casoty b b olaylejl o
@ b °)9—‘u;’° pold ploage olp 1) G
5 oS dwslie gl Sl b 1) aisle;]
) baSagee o ,Mes duin 5 Pk sladoe
51 oael Casods it Como 85luil LS g 5leaige
50 Sy Judmv 5 alRasle;l JShar Slawle
eB Ol Sopd slobsl Lo J
9 9 Fae Dyl pslie Glesige Sleslxe
Fhb 5 adsl slmgin @l e
99y 99 ol ol eolaiwl e (Sizee slaojle
Fl)5 5 e o b cow (oS5 Ko,
Al ales zlasl il o ol 5l cbla> (6l
oo 50 s 0y G (Shzge By 5l glgsl jgee
5o zleel T 5o a8 sl (500 sleejle o Slae
§ end i gloojle b oSizes b 0y5%
@ gl 5l chend g om0 s I 1) 345 (65,1
Silga)asS (oo e Jbo b o (s (o Seo

J/'Z‘%TU*J‘,‘;}

ojlw 55lwly p Zgo ks 5l
Sadd ol g zlgel 9y i slagail o
Ol cpl W)l08 50 Sazee sleosle 5,
sad )0 ojle )lul lp a5 vgd o el
5 dlae JS5,5 olul il @ L8 i
‘5‘>‘).|o PR joves; Q.g.‘ b GlLAA Canglin uwljsl
Ay 0ed e g ll Ao l3El a Ailgs oo
Ole olhas o i slag,s b ablis sl o5l
2 Gl Ao Gl geslis Wb obals
v oS ol wline Lulis jo wihs gaid
Sy Sazge ool b maldl s lab
5%&&@&41.3)&9.).&5@&@‘)‘5%
0,55y ojle 4 Badey zlael &5 al il y0 094
og guls ‘u;‘““)“ Oz 50 0l Coenl ‘q;;fsa
4 dlgee ol mme pSojlal g (Sizse
SaS o5l (sogb 5 LK bl G S ol
Ol bLI) Wb b Sizse (b by jo a8
Mo 09 (o B b (6,0l i 5 03y (il
asLlw wf 0’9 GLQ’L;‘-”-L.’ o as @L&to)’b o
059 9 okl els @ 5l cwl (Sew g e
5SS lys cpl jo 2ee g9 dpy ail wlas
3 eolaiwl b b ojle i lagasds o dol .ol
S9 b sy B ogl >k geglie 5 15,5 wllas
2 6ol b oty aily S ablie glosl i
2 9ol ojle a4 (ge sy s o 0)ly (S
Ao b oo Gl (mee (S i ol
gy ol plp 50 ojle Cuoglin B3l0sl SSbo (5 luk
Ll ool b lp in gbbyy o 9 cul
bk 6‘459?4’. b Lmui.ucy ‘5.>‘).|o Sb L)Maljsl
Silwainge oy ik elel p Gl dw a5
9 WS ©d> Soe jebas |y Zlgel (69,5 Silgn B ogl
3088 S S ol b sal> 3
Sl 5 380 bl wb b Sizge mamo >,b
b cd)s a0 lul diw g ohg ok ol
polie zloal (69, g (Shue Olpss ply 5o o5l



U”%Tm&’% 0B gls (Il glgol p2lp 50 09l jus (Bl slaojlw 55wl

g ol 4wl gyan sleojle Shb 4o gyl 6oby oSl Wiy s omyay cpl (Y010 Sk
09.....» (5‘0)-’5 ..\...ul.l M‘\) Lﬂbo)Lm 9 UT )LJ) 63)
—=—RUN UP LEVEL - ABS(Ru2%)

Run up level

T T T T T T T !
0 1000 2000 3000 4000 5000 6000 7000 8000
Time (s)

T1A HISS d.ul.o)T ) Ru2% 9 = lyb 30 eul S 59,YL Aol - S0
Figure 7- The comparison of the designed wave run-up and Ru2% of the T1A test.
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Figire 8- The comparison of the designed wave run-up and Ru2% of the T2B test.
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Figure 9- The comparison of the designed wave run-up and Ru2% of the T3C test.
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Figure 10- The comparison of the designed wave run-up and Ru2% of the T4B test.
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Figure 11- The comparison of the designed wave run-up and Ru2% of the T4C test.
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Figure 10- The results of the overtopping waves from the breakwater.
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Extended Abstract

Introduction and Goal

Coastal areas in the foothills of coastal watersheds are important due to the presence of a
considerable portion of the watershed's inhabitants, serving as a hub for of services and
production between the inland parts of the country and abroad, as well as for sea-oriented
activities. On the other hand, the coastal zone is affected by erosion and deformation due to the
inherent lithology of rock units and coastal landforms, as well as the hydrodynamic conditions
of waves. Therefore, sea-oriented activities are carried out under the shelter of protective
structures, especially breakwaters. The aim of this research was to investigate the stability of
rock mass coastal protection structures under the impact of waves from the northern Persian
Gulf.

Materials amd Methods

In classifying protective structures, two aspects are considered: structural characteristics and
their constituent materials, and the arrangement and location of breakwaters. To achieve the
goal of this research, the stability of a profile of the protective structure of the Genaveh Port
with the highest impact surface of the breaking waves near the head of the breakwater with a
specific wave pattern was tested using a modeling method in the wave simulation laboratory of
the National Institute of Soil Conservation and Watershed Management. The port of Genaveh in
the northern Persian Gulf is of great commercial and fishing importance.

Article Type: Research Article

*Corresponding Authors’ E-mail: gharibreza4@yahoo.com

Citation: Stability of Coastal Protection Structure in Genaveh Port under the Northern Persian Gulf
Waves Condition. Watershed Management Research. 38(3): 16-39.

DOI: 10.22092/wmrj.2025.367798.1604

Received: 09 April 2025, Received in revised form: 07 May 2025, Accepted: 21 June 2025

Published online: 23 September 2025

Watershed Management Research, Vol. 38, No. 3, Ser. No: 148, Autumn 2025, pp. 16-39.

Publisher: Fars Agricultural and Natural Resources and Education Center ©Author(s)

e



https://orcid.org/0000-0001-6599-1480
0009-0003-0427-0606
https://orcid.org/0009-0008-9880-0562
0000-0001-7584-9285
file:///C:/Users/Lenovo/Downloads/00000000000
mailto:gharibreza4@yahoo.com

Watershed Management Research Vol. 38, No.3, Ser. No: 148, Autumn 2025

Given the challenges such as severe wave interference, coastal erosion, and poor performance of
breakwaters against the prevailing waves in the region, it is necessary to more closely examine
the stability of protective structures in this area. The breakwaters of this port play a vital role in
the stability and safety of the port basin; therefore, analyzing their behavior under different
hydrodynamic conditions using modeling in the wave-making flume can provide valuable
consequences in optimizing the design and performance of these structures. In this study, the
dimensions of the armor layer of the protective structure (breakwater) of the port of Genaveh
were determined. The weight of the rock blocks was one of the influential metrics in selecting
the most appropriate option for the armor. The important metrics in the design of the protective
structure and rubble mound breakwater were divided into three categories: environmental
metrics (related to waves), hydraulic metrics, and structural metrics. The damage to the armor
layer (ha) was estimated by counting the number of displaced armor blocks or by measuring the
eroded area of the armor layer in the transverse profile. The method of calculation the index was
based on condition without displacement of armor blocks that were shaken individually or those
that were displaced, individually, from their original location by a small and specific amount.
The run-up (Ru) and rundown (Rd) levels of water on the slope of the structure are created in
each wave impact. These levels are defined relative to the static level and are among the
important design metrics. Modeling was implemented using a two-dimensional wave generator
flume with a length of 33 m and a width of 5.5 m, with a water intake capacity of up to 1.5 m
depth. The structural dimensions were scaled down to a scale of 1:20. The hydrodynamic
conditions for the stability assessment of the selected profile included the JONSWAP irregular
wave spectrum with a return period of 50 years, an effective wave height (Hs) of 2.7 m, and an
amplitude of 6 seconds. This specification with a factor of 1.2 was also used to account for very
critical conditions. These waves were radiated for 100 to 110 minutes, equivalent to 1500
breakwater, and in four conditions: high tide (sea tide with wind and wave surge), low tide, one-
year return period, and 1.2 times of high tide on the selected profile (P6). The changes resulting
from the impact of breakwater were investigated by taking before and after profile photographs
using the image measurement method.

Results and Discussion

The results of the physical model to study the stability of the coastal protection structure
designed for the northern wave conditions of the Persian Gulf showed that the height and slope
design for the construction of Genaveh Port were acceptable. In other words, the design
presented for the construction of the protection structure in the Genaveh region was reliable
from both functional and structural perspectives. On the other hand, in this design, the armor
layer of the protection structure was changed in the slope profile and partial settlement in the
filter layer under very critical conditions. <:During tests related to high tide conditions, an mean
of 88% of the observed run-up was at or below the design head of the structure. Displacement of
armor layer pieces was also observed only at conditions equivalent to 1.2 times high water and
to a very limited extent. Also, after 1300 waves of radiation, the filter layer gradually settled.
These conditions were consistent with a 100-year wave return period. Therefore, it was
necessary to redesign the structure with a higher height and heavier stone dimensions.
Conclusion and Suggestion

In this research, using the physical model of the Genaveh Port protective structure, the
interaction of different wave conditions on the structure, especially the rock mass armor layer,
was successfully measured, and stable conditions were predicted for implementation and cost
reduction for the implementing agency (Ports and Maritime Organization, PMO). Therefore, in
conditions where the breakwater are very critical and coincide with the highest astronomical
tide level, the protective structure of Genaveh Port breaks. Therefore, it is recommended that the
implementing agency prevent users from traveling along the breakwater and consider other
protective measures. In addition, it is suggested that the method used in this study be used to
optimize and develop protective structures in other similar coastal areas in the northern Persian
Gulf.

Keywords: Coastal protection structure, rubble mound breakwater, stability of the structure, the
northern Persian Gulf
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