Predicting Compressive Strength
of HSC Using ANNs

ABSTRACT
The advancement of materials technology has led to production of higher grades of
concrete strength. The application of High Strength Concrete “HSC” in civil
engineering structures has increased significantly. The principal reasons for its
popularity are economy, superior strength, increased stiffness and great durability.
The production of HSC requires better quality for the basic material and additional
special materials such as: silica fume, Fly Ash, super plasticizer and extra quality
control procedures.
Obtaining test values (after 28-day) of the strength of concrete takes time and high
cost, for these reasons Artificial Neural Networks (ANNs) were used to predict
compressive strength of High Strength Concrete (HSC).
Artificial Neural Networks (ANNs) modeling technique was used in this research
to predict compressive strength of High Strength Concrete “HSC”. One ANN
Model was built of three layers feed-forward with back propagation system and
consists of seven input nodes, seven hidden layer nodes and one output node. The
ANN Model was developed for predicting compressive strength of cubes at the age
28 days by the Optimization Modeling System "Solver" in the Microsoft Office
Excel 2010 and using 193 set of actual and reliable data collected from previous
studies. Strength of concrete is tested after 28 days (cube test).
The studied parameters were matched with literature, and were found to be in a
good agreement. Furthermore the ANN was used to study the impact of factors
influencing the compressive strength.
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As a result, compressive strength values of High Strength Concretes can be
predicted in the multilayer feed forward artificial neural networks model without
attempting any experiments in a quite short period of time with tiny error rates.
It is found that Artificial Neural Networks is a powerful tool in solving problems
containing multiple variables, and has a good ability in performing parameters
analysis.
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اﻟﻤﻠﺨﺺ
أدى اﻟﺘﻄﻮر ﻓﻰ ﺗﻜﻨﻮﻟﻮﺟﯿﺎ اﻟﻤﻮاد اﻟﻰ اﻧﺘﺎج درﺟﺎت ﻋﺎﻟﯿﺔ ﻣﻦ ﻗﻮة اﻟﺨﺮﺳﺎﻧﺔ .اﺳﺘﺨﺪام اﻟﺨﺮﺳﺎﻧﺔ ﻋﺎﻟﯿﺔ اﻟﻘﻮة ﻓﻰ
اﻟﻤﻨﺸﺂت اﻟﻤﺪﻧﯿﺔ ازداد ﺑﺸﻜﻞ ﻛﺒﯿﺮ .اﻻﺳﺒﺎب اﻟﺮﺋﯿﺴﯿﺔ ﻟﻜﺜﺮه اﺳﺘﺨﺪاﻣﮭﺎ ھﻲ اﻟﺘﻮﻓﯿﺮ ,ﻗﻮة ﻋﺎﻟﯿﺔ ,ﺟﺴﺎءة
ﻣﺘﺰاﯾﺪه ودﯾﻤﻮﻣﺔ ﻛﺒﯿﺮة .إﻧﺘﺎج اﻟﺨﺮﺳﺎﻧﺔ ﻋﺎﻟﯿﺔ اﻟﻘﻮة ﯾﺘﻄﻠﺐ ﺟﻮدة اﻓﻀﻞ ﻟﻠﻤﻮاد اﻻﺳﺎﺳﯿﺔ و اﺳﺘﺨﺪام ﻣﻮاد
ﺧﺎﺻﮫ اﺿﺎﻓﯿﺔ ﻣﺜﻞ ﻏﺒﺎر اﻟﺴﯿﻠﯿﻜﺎ  ,اﻟﺮﻣﺎد اﻟﻤﺘﻄﺎﯾﺮ ,واﻟﻤﻠﺪﻧﺎت ﻓﺎﺋﻘﺔ اﻟﺴﺮﻋﺔ ,واﺟﺮاءات ﺿﺒﻂ ﺟﻮدة اﺿﺎﻓﯿﺔ.
اﻟﺤﺼﻮل ﻋﻠﻰ ﻗﯿﻢ اﻻﺧﺘﺒﺎر ﺑﻌﺪ  28ﯾﻮﻣﺎ ﻣﻦ ﻗﻮة اﻟﺨﺮﺳﺎﻧﺔ ﯾﺴﺘﻐﺮق وﻗﺘﺎ طﻮﯾﻼ وﺗﻜﻠﻔﺔ ﻋﺎﻟﯿﺔ ،ﻟﮭﺬه اﻷﺳﺒﺎب ﺗﻢ
اﺳﺘﺨﺪام اﻟﺸﺒﻜﺎت اﻟﻌﺼﺒﯿﺔ اﻻﺻﻄﻨﺎﻋﯿﺔ ﻟﻠﺘﻨﺒﺆ ﻟﻘﻮة اﻟﻀﻐﻂ ﻟﻠﺨﺮﺳﺎﻧﺔ ﻋﺎﻟﯿﺔ اﻟﻘﻮة.
ﻓﻲ ھﺬا اﻟﺒﺤﺚ ﺗﻢ اﺳﺘﺨﺪام اﻟﺸﺒﻜﺎت اﻟﻌﺼﺒﯿﺔ اﻻﺻﻄﻨﺎﻋﯿﺔ ) (ANNsﻛﺘﻘﻨﯿﺔ ﻧﻤﺬﺟﺔ ﻟﻠﺘﻨﺒﺆ ﺑﻘﻮة اﻟﻀﻐﻂ
ﻟﻠﺨﺮﺳﺎﻧﺔ ﻋﺎﻟﯿﺔ اﻟﻘﻮة .ﻟﻘﺪ ﺗﻢ ﺑﻨﺎء ﻧﻤﻮذج واﺣﺪ ﻣﻦ ﺛﻼث طﺒﻘﺎت ذو اﻟﺘﻐﺬﯾﺔ اﻷﻣﺎﻣﯿﺔ و ﻧﻈﺎم اﻟﺘﻮﻟﯿﺪ اﻟﺨﻠﻔﻲ
وﯾﺘﻜﻮن اﻟﻨﻤﻮذج ﻣﻦ ﺳﺒﻊ ﻋﻘﺪ ﻛﻤﺪﺧﻼت ،ﺳﺒﻊ ﻋﻘﺪ ﻓﻲ اﻟﻄﺒﻘﺔ اﻟﻤﺨﻔﯿﺔ وﻋﻘﺪة واﺣﺪة ﻛﻤﺨﺮﺟﺎت .ﻟﻘﺪ ﺗﻢ
اﺳﺘﺤﺪاث ﻧﻤﻮذج  ANNﺑﻮاﺳﻄﺔ ﻧﻈﺎم اﻟﻨﻤﺬﺟﺔ ﻟﺘﺤﻘﯿﻖ اﻟﻨﺘﯿﺠﺔ اﻟﻤﺴﺘﮭﺪﻓﮫ ﻓﻲ ﺑﺮﻧﺎﻣﺞ اﻻﻛﺴﻞ
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وﺑﺎﺳﺘﺨﺪام  193ﻧﺘﯿﺠﺔ ﻣﻦ اﻟﻨﺘﺎﺋﺞ اﻟﻤﻌﻤﻠﯿﺔ اﻟﻔﻌﻠﯿﺔ واﻟﻤﻮﺛﻮق ﺑﮭﺎ و اﻟﺘﻲ ﺗﻢ ﺟﻤﻌﮭﺎ ﻣﻦ اﻟﺪراﺳﺎت اﻟﺴﺎﺑﻘﺔ.ﻗﻮة
اﻟﺨﺮﺳﺎﻧﮫ ا ُﺧﺘﺒﺮت ﺑﻌﺪ  28ﯾﻮم )اﺧﺘﺒﺎر اﻟﻤﻜﻌﺐ(.
اﻟﻌﻮاﻣﻞ اﻟﻤﺘﻐﯿﺮه اﻟﻤﺪروﺳﺔ ﻣﺘﻄﺎﺑﻖ ﻣﻊ اﻻطﺎر اﻟﻨﻈﺮي ,و و ُ ﺟﺪ ان اﻟﺘﻮاﻓﻖ ﺟﯿﺪ ,اﺿﻒ اﻟﻲ ذﻟﻚ ان اﻟﺨﻼﯾﺎ
اﻟﻌﺼﺒﯿﺔ اﻻﺻﻄﻨﺎﻋﯿﺔ ا ُ ﺳﺘﺨﺪﻣﺖ ﻟﺪراﺳﺔ ﺗﺎﺛﯿﺮ اﻟﻌﻮاﻣﻞ اﻟﺘﻲ ﺗﺆﺛﺮ ﻋﻠﻲ ﻗﻮة اﻟﻀﻐﻂ.
وﻧﺘﯿﺠﺔ ﻟﺬﻟﻚ ،ﯾﻤﮑﻦ اﻟﺘﻨﺒﺆ ﺑﻘﯿﻢ ﻗﻮة اﻟﻀﻐﻂ ﻟﻠﺨﺮﺳﺎﻧﺔ ﻋﺎﻟﯿﺔ اﻟﻘﻮة ﻓﻲ ﻧﻤﻮذج اﻟﺸﺒﮑﺎت اﻟﻌﺼﺒﯿﺔ اﻻﺻﻄﻨﺎﻋﯿﺔ
ﻣﺘﻌﺪد اﻟﻄﺒﻘﺎت إﻟﯽ اﻷﻣﺎم دون إﺟﺮاء أي ﺗﺠﺎرب ﻓﻲ ﻓﺘﺮة زﻣﻨﯿﺔ ﻗﺼﯿﺮة ﺟﺪا ﻣﻊ ﻣﻌﺪﻻت ﺧﻄﺄ ﺻﻐﯿﺮة.
و ُ ﺟﺪ ان اﻟﺸﺒﻜﺎت اﻟﻌﺼﺒﯿﺔ اﻻﺻﻄﻨﺎﻋﯿﺔ أداة ﻓﻌﺎﻟﺔ ﻟﺤﻞ اﻟﻤﺴﺎﺋﻞ اﻟﺘﻰ ﺗﺤﺘﻮى ﻋﻠﻰ ﻋﺪة ﻣﺘﻐﯿﺮات وﻟﮭﺎ ﻣﻘﺪرة
ﺟﯿﺪة ﻟﺘﺤﻠﯿﻞ اﻟﻤﺘﻐﯿﺮات.
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