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Abstract 

 
Since all natural forces act dynamically into the structures, structural analyses and optimizations under such loads seem 

impossible due to various variables, non-linear time dependent constrains and objective functions. The static loads are 

an appropriate replacement for the dynamic or earthquake loads because of their facilities in practical applications. Due 

to such facilities, most of the constructional codes are intended to use equivalent static loads rather than dynamic loads. 

However; in some cases code’s relations are over-designed and non-economic. On the other hand, structural dynamic 

analyses have a lot of information and output interpretations in which, are difficult and time-consuming process. 

  Thus, the main aim of this paper is to find accurate static loads in which are equivalent to the corresponding 

dynamic loads. Using such loads would be a desirable option for structural optimization which requires too much 

calculation. In this paper, an approach is proposed for transformation of seismic loads (in the form of seismograph) into 

equivalent static loads based on the finite-element method. Using the implemented code in the MATLAB environment 

and then solving a optimization sub-problem (sequential quadratic programming), transformation of seismic loads into 

equivalent static load, would be available.  

This code has the capacity to perform modal analysis and to calculate the displacements of structural nodes via 

Beta Newmark method for two dimensional continuous, structural systems. The most crucial task in calculation of 

equivalent static loads is finding location of acting static loads that need engineering judgments. 

The greatest advantage of this method is that, it is easy to use for optimizing structures under dynamic loads. By 

this code, all two dimensional plane stress or plane strain structures such as gravity dams, columns, beams, retaining 

wall, etc., could be optimized. To show the transformation strategy of seismic loads into equivalent static loads a 

numerical example has been illustrated. 

With the mentioned methodologies, the structural optimizations of two dimensional structures for earthquake 

loadings are now available. The proposed methodologies in this paper could be applied for three-dimensional structures 

with small modification and mesh generation. Therefore, the users should be modified and edited the developed code 

for three-dimensional continuous applications.   
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  ِمذِٗ .1

 

٘ب تذت ا٠ٓ ثبس٘ب،  ٚ تذ١ًٍ عبصٖ اؽتٗتّبِٝ ١ٔشٚ٘بٜ ٚالؼٝ دس عج١ؼت، ِب١٘ت د٠ٕب١ِىٝ د

دؽٛاس ٚ   ٘بٞ خشٚجٟ ص٠بدٞ ثٛدٖ ٚ تفغ١ش ٚ اعتفبدٖ اص آٔٙب داساٞ اعلاػبت ٚ دادٖ

٘ب تذت ثبس٘بٜ اعتبت١ىٝ، ا٠ٓ ثبس٘ب  تش عبصٖ ثبؽذ. ثٗ د١ًٌ تذ١ًٍ عبدٖ ثش ِٟ بْصِ

٘بٜ د٠ٕب١ِىٟ  تٛإٔذ جب٠گض٠ٓ ِٕبعجٝ ثشاٜ ثبس٘بٜ د٠ٕب١ِىٝ ثٗ ؽشط دفظ ّ٘بْ پبعخ ِٝ

افضاس٘ب ثشاٞ ثبسگزاسٞ اعتبت١ىٟ ثخٛثٟ  ِٛجٛد دس ٔشَ ٘بٞ ٘ب ٚ اٌگٛس٠تُ ثبؽٕذ. سٚػ

عّت اعتفبدٖ اص  ٘بٞ عبختّبٟٔ ثٗ ٔبِٗ ثذ١ًٌ ١ّ٘ٓ عبدگٟ، ث١ؾتش آ١٠ٓ   .  أذ تٛعؼٗ دادٖ ؽذٖ

أذ. ١ٌىٓ دس ثشخٟ ِٛاسد،  د٠ٕب١ِىٟ، عٛق دادٖ ؽذٖ جبٞ ثبس٘بٞ ثبس٘بٞ اعتبت١ىٟ ثٗ

 گشدٔذ. ثبلا ثٛدٖ ٚ ثبػث غ١شالتقبدٞ ؽذْ عشح ِٟ اٞ دعت ٔبِٗ سٚاثظ آ١٠ٓ

سٚٔذ سٚثٗ سؽذٞ سا تجشثٗ وشدٖ اعت. عبصٖ ٘ب دس عبٌٙبٞ اخ١ش  عبصٞ ث١ّٕٙٗ٘چ١ٕٓ 

ثشخٟ ثبس٘بٞ د٠ٕب١ِىٟ تٛعظ  ثشاٞ٘ب  أٛاع ِختٍف عبصٖ عبصٞ ث١ٕٙٗدس تذم١مبت پ١ؾ١ٓ، 

عبصٞ اعتبت١ىٟ  وٗ ث١ٕٙٗ . دس فٛستٟ[1]أجبَ ؽذٖ اعت پش ٘ض٠ِٕٗذمم١ٓ  ثب أجبَ ِذبعجبت 

٘ب دس  عبصٞ عبصٖ ث١ٕٙٗ ٓ،ػلاٖٚ ثشا٠د١ًٌ عٌٙٛت دس ِذبعجبت، ثشادتٟ لبثً أجبَ اعت. ثٗ

ثذ١ًٌ  .[1]ثبؽٕذ ٘بٞ وٛچه ِم١بط لبثً تذ١ًٍ ٚ ثشسعٟ ِٟ دٛصٖ د٠ٕب١ِىٟ، تٕٙب ثشاٞ عبصٖ

 ِذبعجبت گشاد٠بْل١ٛد ث١ؾّبس ٚ ّ٘چ١ٕٓ ِؾىلات  ظٙٛس ٚصِبْ  دسِتغ١١ش  گزاسٞٚجٛد ثبس

ٕبختٗ ؽذٖ ٚ ؽ سا٠جد٠ٕب١ِىٟ ثب سٚؽٙبٞ  ثشاٞ ثبس٘بٞ عبصٞ ث١ٕٙٗ دس دٛصٖ د٠ٕب١ِىٟ،

سعذ. ثٕبثشا٠ٓ، لاصَ اعت جٙت عٌٙٛت دس ػ١ٍّبت ث١ٕٙٗ عبصٞ، سٚؽٟ لبثً  دؽٛاس ثٕظش ِٟ

اع١ّٕبْ ٚ عبدٖ وٗ ؽشا٠ظ ٚ پبعخٙبٞ ِؾبثٗ ثبس د٠ٕب١ِىٟ اػّبٌٟ ثٗ عبصٖ سا ثٛجٛد ِٟ 
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