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Fig. 2. Interaction of beach groundwater and swash flow [11]
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Fig. 1. Relative location of surf and swash zones
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Fig. 4. Wave flume and laboratory instrumentation
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Design factor Soo bl r Hs
% cm  cm sec cm
High level 15 3» 3 17 8
Low level 10 25 25 12 4
PCCwithSDL 0.134 -011 0.142 -0.153 0.821

Table 1. The limits of design factors and Pearson's correlation
coefficients (PCC)
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1 Design Of Experiments
2 One Factor at A Time (OFAT)
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Xq Hy Hg T hy hy So Ju_uj Xq Hy Hg T hy hy So J;iu).]
cm cm cm sec cm cm % cm cm cm sec cm cm %
021 729 6 1.45 30 30 12.50 26 029 767 6 1.45 30 30 15.00 1
023  7.05 6 145 30 30 12.50 27 -009 607 516 134 279 321 1355 2
024 711 6 1.45 30 30 12.50 28 035 831 684 134 279 321 1355 3
027 721 6 1.45 30 30 12.50 29 -023 691 516 156 279 321 1355 4
013 6.82 6 1.2 30 30 12.50 30 039 877 684 156 279 321 1355 5
031 514 4 1.45 30 30 12.50 31 -015 617 516 134 279 279 1355 6
022 936 8 1.45 30 30 12.50 32 038 796 684 134 279 279 1355 7
026 724 6 1.45 35 30 12.50 33 -032 685 516 156 279 279 1355 8
-019 639 516 134 279 321 1145 34 043 867 684 156 279 279 1355 9
066 792 684 134 279 321 1145 35 -016 669 516 134 321 321 1355 10
018 643 516 156 279 321 1145 36 040 745 684 134 321 321 1355 11
-012 827 684 156 279 321 1145 37 -026 607 516 156 321 321 1355 12
018 587 516 134 279 279 1145 38 044 873 684 156 321 321 1355 13
-027 725 684 134 279 279 1145 39 -010 652 516 134 321 279 1355 14
024 666 516 156 279 279 1145 40 042 775 684 134 321 279 1355 15
-010 820 684 156 279 279 1145 41 -033 663 516 156 321 279 1355 16
033 622 516 134 321 321 1145 42 048 813 684 156 321 279 1355 17
-027 822 684 134 321 321 1145 43 017 718 6 145 25 30 12.50 18
051 645 516 156 321 321 1145 44 037 6.96 6 145 30 25 12.50 19
-014 858 684 156 321 321 1145 45 -033  7.95 6 1.7 30 30 12.50 20
018 6.06 516 134 321 279 1145 46 001 7.69 6 145 30 35 12.50 21
-027 807 684 134 321 279 1145 47 017 731 6 1.45 30 30 12.50 22
040 643 516 156 321 279 1145 48 027 7.36 6 1.45 30 30 12.50 23
-022 825 684 156 321 279 1145 49 012 725 6 1.45 30 30 12.50 24
032 731 6 1.45 30 30 10.00 50 018 7.36 6 1.45 30 30 12.50 25

Table 2. Values of design factors, breaking wave height and sedimentation position of swash zone in experiments

3 Root Mean Square (RMS)
4 Design-Expert software

Significance model
2 Predicted Root Mean Square
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Abstract:
The Swash zone, as extreme area of inner surf zone, influences coastal area and coastal structures. It is
defined as the part of the beach between the minimum wave run-down and maximum wave run-up. It
constitutes a beach area where waves dissipate or reflect their remaining energy after traveling towards the
shore. The role of Swash zone is influenced by incoming waves from surf zone, the geometry of beach face
and the interaction between beach groundwater and surf zone. The review of Laboratory researches indicated
that wave height and period, beach slope, grain size distribution of beach material, still water level (SWL),
beach groundwater level, the hydraulic conductivity of beach influence on the evolution of sand beaches. In
a few laboratory researches, experiments are designed with One Factor at a Time method (OFAT) and the
gualitative effect of parameters of regular wave height and period, SWL and beach groundwater level, and
beach slope are investigated on nearshore evolution.
In this research, experiments are designed using Central Composite Design (CCD) of Response Surface
Method (RSM). CCD is a type of response surface design that present very good predictions in the middle of
the design space. Important properties and features of CCD are orthogonality, rotatability and uniformity.
The quantitative effects and interactions of irregular wave height and period, beach groundwater level and
SWL, and beach slope on beach profile evolution is examined in a sandy beach by 50 experiments designed
with CCD. The experiments were carried out in a wave flume with a length of 16 m and width of 1 m at
Hydraulic laboratory of Tarbiat Modares University. The experimental setup is designed to simulate varying
beach groundwater level and SWL, and course sand (d50=0.8mm) is selected for beach material. Analysis of
hydrodynamic data of the experiments indicated that the type of breaking waves is plunging wave and the
hydrodynamic status of the swash zone is intermediate condition. The starting point of swash sedimentation
(SWS) is extracted from the mean of the beach profiles evolution.
By analyzing experiments' SWS using CCD, a cubic model is suggested with 95% of confidence level and
predicted R-squared of 0.86. The results of model revealed that groundwater level has no significant effect
on SWS. Wave height is the most influential factor affecting SWS. Increasing wave height results in the
rapid movement of this position to upper beach.
By increasing wave period, SWS got away from coastline in small wave heights, and conversely SWS came
close to coastline in high wave heights. This indicates that there is a significant interaction between wave
height and period. By increasing water depth flume, SWS came close to beach in small wave heights and it
got away from beach in high wave heights, which indicates that there is a mild interaction between wave
height and still water level. According to the results, increasing of wave period and still water level increase
and decrease the rate of wave height effect, respectively. When the beach slope was 12.5%, SWS got away
from the sea and came close to the coastline.

Keywords: Swash Zone, Response Surface Method, Laboratory Model, Sedimentation Position Of Swash
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