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ABSTRACT 

Initheibuildingiofimanyilargeiconcreteidamsiacrossitheicountry.iSignificantidamicrackingcanihaveimajorienviro

nmental,ieconomiciandisocialiconsequences.iCollapseiofihighiconcreteidamimayicauseiseriousiharmitoieconomi

cidevelopmentiasiwelliasisafetyiofitheipeople;itherebyinecessitatingitheineediforiresearchionisafetyiandistability

iofihighiconcreteidamiunderihighiwateriandiseismiciconditions.iInithisiproject,itheiconcreteigravityidamiofiKoy

naiwasiusediasianiexample,iusingitheiABAQUSiprogramibasedionitheiextendedifiniteielementimethoditoianaly

zeitheiKoynaidamiunderistaticiandidynamiciconditionsiwhichihasibeenicommonlyiusediforitheistudyioficrackig

rowth.iAnianalyticalipredictionioficrackipropagationiiniconcreteigravityidamsiisipresented.iTheitwodimensional

iseismicinumericalistudyiwasidoneiusingiacceleration-time records from iKoynai earthquake iini1976i dam 

concreteicrackingirangeiandicrackingiwereidiscussediduringiaiseismicitime.iTheilocationsithatiareieasyitoigener

ateicracksiareiillustratedifromitheianalysisianditheifindingsishowedithat,iduringiseismiciactivityitheiKoynaidami

wasiratheriunsafe.iAlso,itheiparametricistudyiofiKoynaidamihasibeenistudiedibyiapplyigearthquakeifromidowns

treamiside.iTheifindingsiofiparametricistudyishowedithat,itheieffctiofidownstreamisideiisimaximum.iTherefore,i

theiresultsiofitheiworkicaniprovideiaivalualeiguideiforitheidesigniandi operationiofitheidamisystem. 

Keywords:iVerticali ground imotion, Horizontal ground motion, iDynamic iImplicit iAnalysis, 

Abaqusi2017. 

 

INTRODUCTION 

Dams are considered to be man-made structures created across a stream, a river, or an estuary for the purpose of 

preventing water from flowing. The main reasons for constructing dams are the supply of drinking water to human 

settlements, irrigation of arid and semiarid lands, or providing water required in industrial processes. They can 

also be used to control water flow to generate more hydroelectric power and to prevent the excessive discharge 

caused by rainstorms and melting snowpacks. Moreover, some of their benefits include deepening river waters for 

easier navigation of large barges and ships and increased water retention so that crops can thrive even during 

droughts.Dams do not only have hydroelectric power generation uses but also provide a lake that is helpful for 

tourism, as people swim in the lake or go fishing, or take part in boating activities. A multipurpose dam is one of 

these kinds of water control structures. In general, concrete gravity dams stretch over a valley along an 

approximately straight alignment and solely counteract the lateral pressure caused by the retained water with their 

mass. The application of concrete dams for water storage, irrigation use, and power production has been extensive 

and considerable in the economic growth of the country.  
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Fig.1:I Groundimotion 

Vertical ground motion and horizontal ground motion 

Earthquakes are classified into vertical and horizontal depending on the nature of shaking. In a vertical earthquake, 

the shaking is in an up-and-down motion while in a horizontal earthquake, the shaking is sideways. The 

significance of vertical ground motion on seismic design has been given less importance than horizontal 

movements. One of the main reasons is that people are convinced that the vertical component is much less 

significant than the horizontal ones. Vertical ground motion continues to be studied as analytical and field 

evidence mounts regarding its effects on structural response, resulting in a growth of interest in understanding 

vertical earthquake ground motions and their effects on structures. 

Objectives of the study 

The objectives of the study are: 

1. Studying the behaviour of a concrete gravity dam without accounting for soil-structure interaction during 

horizontal ground motion. 

2. The study focuses on analysing the behaviour of a concrete gravity dam solely based on horizontal and vertical 

ground motion, without taking into account the interaction with the soil structure. 

3. To study the behavior of the concrete gravity dam, taking into account the interaction between the soil structure 

and the horizontal ground motion. 

4. To study the behavior of a concrete gravity dam in combination with horizontal and vertical ground motion to 

take into account soil structure interactions. 

 

General  

In the non linear time history analyses, two scenarios are taken into account: one involving only horizontal 

acceleration and the other involving both horizontal and vertical acceleration. For each scenario, variations are 

observed in a number of parameters such as acceleration velocity, gravitation speed, displacement angle and 

Vertical Displacement. The results obtained are shown in the plots below:  
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                          (a) RSN 126 HGM                                (b) RSN 126 HGM + VGM                     

    
                                (c) RSN 160 HGM                              (d) RSN 160 HGM + VGM  

 

                   

    
                                (e) RSN 165 HGM                               (f) RSN 165 HGM + VGM 
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                                 (g) RSN 753 HGM                              (h) RSN 753 HGM + VGM    

       

                                       (i) RSN 825 HGM                            (j) RSN 825 HGM + VGM     

             

                                     (k) RSN 1063 HGM                            (l) RSN 1063 HGM + VGM                    

           

                                    (m) RSN 4108 HGM                            (n) RSN 4108 HGM + VGM         

Fig. 2.1 Damage failures in dam strcture subjected to seven earthquakes without considering soil structure 

interaction            
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Relative vertical displacement in dam with soil structure interaction subjected to different ground motions. 

The relative vertical displacement of a dam, taking into account the interaction between soil structures and ground 

motion, is shown in fig.4.5 below. For two cases, i.e. horizontal ground acceleration and II horizontal plus vertical 

ground acceleration, the relative vertical displacement is observed. The results show that, compared to the 

horizontal ground acceleration case, relative vertical displacement is maximum for both horizontal and vertical 

accelerator cases. 

  

                        (a) RSN126 Earthquake                                  (b) RSN160 Earthquake                  

 

                    (c) RSN165 Earthquake                             (d) RSN753 Earthquake   

  

 

                   (e) RSN825 Earthquake                                    (f) RSN1063 Earthquake 
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(g) RSN4108 Earthquake 

Fig. 2.2 The relative vertical displacement in dam strcture subjected to seven earthquakes without considering 

soil structure interaction   

Comparison of percentage difference of relative acceleration for HGM and HGM+VGM. 

As shown in Table 4.1 below, the relative acceleration of the concrete gravity dam for HGM and HGM+VGM 

cases is compared and their percentage differences are calculated. Without taking into account the interaction 

between the soil structure and the structure, the eight different earthquakes are applied to the structure. The results 

show that there is percentage increase in relative horizontal and relative acceleration in (HGM+VGM) case for all 

earthquakes. 

Table 2.1: Comparison of percentage difference of relative acceleration 

RSN Relative horizontal acceleration Difference 

(%) 

Relative vertical acceleration Difference 

(%) HGM HGM + VGM HGM HGM + VGM 

RSN 126 20.48 26.51  29.44 % 9.90 35.23 2.55 % 

RSN 160 27.76 27.33 -1.54 % 19.95 20.54 2.95 % 

RSN 165 13.76 16.01 16.35 % 4.13 7.80 88.9 % 

RSN 753 29.38 25.96 -11.64 % 17.78 17.18 -3.37 % 

RSN 825 35.20 51.34 35.85 % 21.63 32.37 49.65 % 

RSN 1063 27.40 34.65 26.45 % 14.39 32.74 1.27 % 

RSN 4108 15.06 15.30 1.59 % 6.87 15.89 1.37 % 

 

Table 2.2: Comparison of percentage difference of relative displacement 

RSN Relative horizontal displacement Difference 

(%) 

Relative vertical displacement Difference 

(%) HGM HGM + VGM HGM HGM + VGM 

RSN 126 187.63 224.88 19.85 % 61.38 62.19 1.38 % 

RSN 160 274.82 295.28  7.44 % 69.85 66.26 -5.14 % 

RSN 165 63.25 63.75 0.075 % 12.67 12.39 -2.22 % 

RSN 753 154.23 56.53 -63.34 % 72.35 191.75 1.65 % 

RSN 825 183.56 253.36 38.02 % 31.21 36.52 17.01 % 

RSN 1063 241.42 285.11 18.09 % 192.96 231.20 19.81 % 
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RSN 4108 97.24 92.59 -4.78 % 14.92 15.10 1.20 % 

 

CONCLUSION 

The seismic behavior of concrete gravity dam structure with and without considering soil-structure interaction is 

studied in the present study. There are seven different earthquakes in the gravity dam. i) horizontal ground 

acceleration (HGM) and ii) horizontal plus vertical ground acceleration (HGM+VGM). The observations give rise 

to the following conclusions :  

• The damage failure is more significant for RSN 1063. 

• The relative horizontal acceleration is maximum in case of horizontal plus vertical ground acceleration case 

compared to horizontal ground acceleration case. 

• The relative vertical acceleration is maximum in case of horizontal plus vertical ground acceleration case 

compared to horizontal ground acceleration case. 

• The relative horizontal displacement is maximum in case of horizontal plus vertical ground acceleration case 

compared to horizontal ground acceleration case. 

• The relative vertical displacement is maximum in case of horizontal plus vertical ground acceleration case 

compared to horizontal ground acceleration case. 

• The maximum percentage increase in relative horizontal acceleration for RSN 165 is  35.85 %. 

• The maximum percentage increase in relative vertical acceleration for RSN 825 is       88.9 %. 

• The maximum percentage increase in relative horizontal displacement for RSN 825 is 38.02 %. 

• The maximum percentage increase in relative vertical displacement for RSN 1063 is  19.81 %. 

REFERENCES 

[1] De Falco, M. Mori and G. Sevieri (2018). “Simplified soil-structure interaction models for concrete 

gravity dams”. 6th European Conference on Computational Mechanics (ECCM 6) 7th European 

Conference on Computational Fluid Dynamics (ECFD 7) 11 – 15. 

[2] A. De Falco, M. Mori, and G. Sevier (2019). “Soil-structure interaction modeling for the dynamic 

analysis of concrete gravity dams”. 7 th ECCOMAS Thematic Conference on Computational Methods 

in Structural Dynamics and Earthquake Engineering, M. Papadrakakis, M. Fragiadakis (eds.). 

[3] Aniket R. Tidke, Shrabony Adhikary and Ehsan Noroozinejad Farsangi (2022). “Influence 

of earthquake excitations on concrete gravity dams founded on homogeneous and layered foundation”. 

Innovative Infrastructure Solutions, 7:338. https://doi.org/10.1007/s41062-022-00940-7 

[4] Aniket R. Tidke, Shrabony Adhikary and Ehsan Noroozinejad Farsangi (2022). “On the seismic 

performance evaluation of dam-foundation-reservoir system for the effect of frequency content and 

foundation flexibility”. Ocean Engineering 247, 110586. https:/ /doi.or g/10.101 6/j.oc eane ng. 20 22 

.110586 

[5] Chen Wang , Hanyun Zhang, Yunjuan Zhang, Lina Guo, Yingjie Wang and Thiri Thon Thira Htun 

(2021). “Influences on the Seismic Response of a Gravity Dam with Different Foundation and Reservoir 

Modeling Assumptions”. Water, 13, 3072. https://doi.org/10.3390/w13213072 

http://www.iejrd.com/
https://doi.org/10.1007/s41062-022-00940-7
https://doi.org/10.1016/j.oceaneng.2022.110586
https://doi.org/10.1016/j.oceaneng.2022.110586
https://doi.org/10.3390/w13213072


 

www.iejrd.com                                                  SJIF: 7.169 8 

 E-ISSN NO: 2349-0721 

International Engineering Journal for Research & Development 
Vol. 9            

Issue 1 
 

[6] Djamel Ouzandja, Fatiha Benkechida, Toufiq Ouzandja and Hamza Belhaded (2014). “Study of dynamic 

soil-structure interaction of concrete gravity dams”. Second European conference on earthquake 

engineering and seismology, Istambul, 25-29. 

[7] Emad Norouzzadeh Tochaei, Todd Taylor and Farhad Ansari (2020). “Effects of near-field ground 

motions and soil-structure interaction on dynamic response of a cable-stayed bridge”. Soil Dynamics and 

Earthquake Engineering, 133, https://doi.org/10.1016/j.soildyn.2020.106115 

[8] Farzad Naseri and Ahad Bagherzadeh Khalkhali (2018). “Evaluation of Seismic Performance of 

Concrete Gravity Dams Under Soil-structure-reservoir Interaction Exposed to Vertical Component of 

Near-field Earthquakes During Impounding”. (Case study: Pine Flat Dam). J. Civil Eng. Mater. App, 2 

(4), 181-191. 

 

 

http://www.iejrd.com/
https://doi.org/10.1016/j.soildyn.2020.106115

