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Abstract 

A new generation of Ultra High Performance Concrete (UHPC) named 

Reactive Powder Concrete (RPC) was developed in the last decades, which offers, 

superior strength, durability and ductility. One of the main differences between 

other concretes and RPC is that the latter requires mechanical models capable of 

taking tensile behavior into account for structural application to enable the material 

to be fully exploited.  

The present research represents an experimental and theoretical contribution 

to the understanding of the tensile and bending behavior of RPC. An experimental 

investigation is carried out to specify and investigate some mechanical properties 

of RPC which are particularly required as input data for structural design. These 

properties include compressive strength, direct tensile strength, splitting tensile 

strength, flexural tensile strength, flexural toughness and static modulus of 

elasticity. In addition, the complete stress-strain relationships in tension and 

compression of RPC are established and general equations for expressing such 

relationships are obtained. On all these properties of RPC which are investigated in 

this research, the effects of three variable parameters are carefully studied and 

discussed which are the superplasticizer type (Sikament®-163N and PC200), silica 

fume content SF (0%, 10%, 15%, 20%, 25%, and 30%) and steel fibers volume 

fraction Vf (0%, 1%, 2% and 3%).  Proposed expressions relating the mechanical 

properties of RPC with each other are established in this research using the 

technique of regression analysis based on the data obtained from the present 

research work. And finally analytical study is devoted to establish a simple 

equation for predicting the nominal bending moment capacity (Mn) of singly 

reinforced rectangular RPC sections. The proposed Mn equation is derived based 

on idealized stress blocks for both compression and tension. 

The experimental results indicated that using PC200 in an RPC mix rather 

than Sikament®-163N gave a much lower w/cm ratio. Accordingly the cylinder 

compressive strength, direct tensile strength, splitting tensile strength and flexural 
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tensile strength with PC200 were higher by 12.97%, 6.30%, 7.59%, and 9.18% 

respectively than that with Sikament®-163N admixture. 

It was found from the experimental test results that increasing the steel fibers 

volume fraction Vf from 0% to 3% and the silica fume content SF from 0% to 30% 

increase the cube compressive strength by 9% and 34%, cylinder compressive 

strength by 12% and 41%, direct tensile strength by 238% and 17%, splitting 

tensile strength by 258% and 16% and flexural tensile strength by 217% and 19% 

respectively. 

The experimental results of the compressive stress-strain relationship obtained 

for different RPC mixes, showed that increasing the silica fume content caused the 

ascending part of the compressive stress-strain curve to become steeper giving 

higher modulus of elasticity as well as an apparent increase in compressive 

strength, but there was no clear effect on the value of its corresponding strain. It 

was also found that the addition of steel fibers slightly increased the slope of the 

ascending portion of the stress-strain curve, but there was a clear increase in strain 

at peak stress and an increase in ductility. 

With regard to the tensile stress-strain relationship of RPC, it was found that 

the three main variables of the present investigation had no significant effect on the 

shape of the ascending part of the stress-strain curve, while the descending part of 

the curve was found to be considerably affected by the volume fraction Vf of the 

steel fibers used. Increasing Vf from 0% to 3% resulted not only in increasing the 

area under the tensile stress–strain curve, but also increased both the maximum 

tensile strength from 3.64 to 12.32 MPa and its corresponding strain from 0.00009 

to 0.00373. Two nonlinear equations are suggested in this research to model the 

ascending and descending part of the tensile stress-strain relationship which are 

found suitable to represent the tensile behavior of the RPC mixes. 

A simple and accurate equation for the prediction of the nominal bending 

moment capacity Mn of plain and singly reinforced rectangular RPC sections is 

derived which shows good agreement with the flexural test results performed in the 

present research and some previous investigations on RPC beams. 
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 الخلاصة

ذُ ٚاٌزٞ اٌفؼاٌح  اٌّساح١ك تخشسأح ٚاٌّسّٝ الأداءفائمح اٌخشسأح  ِٓ اٌعذ٠ذ اٌع٠ً١ؼرثش 

 أحذاْ  .لحِط١ٍ١ح ِرفٛٚد٠ِّٛح ٚ ٠ٛفش ِماِٚح ١ِضاخ ػذ٠ذج فٙٛ رٚفٟ اٌؼمٛد الاخ١شج  ذط٠ٛشٖ

 ٠حراض الأخ١ش إٌٛع أْ ٘ٛ اٌفؼاٌح اٌّساح١ك خشسأح لاخشٜ ٚا اٌخشسأحأٛاع  الاخرلافاخ اٌشئ١س١ح ت١ٓ

فٟ  واًِادج تشىً اٌّاسرغلاي  ِىا١ٔحلإ فٟ الاػرثاس اٌشذ سٍٛن ػٍٝ أخز لادسج ١ِىا١ٔى١ح ِٛد٠لاخاٌٝ 

 .ٔشائ١حالا ٌرطث١ماخا

اٌفؼاٌح.  ٌخشسأح اٌّساح١كء الأحٕاٚ اٌشذ سٍٛن ٌفُٙ ٔظش٠حٚ ػ١ٍّح ِساّ٘ح اٌحاٌٟ ٌثحسا٠مذَ 

 ٌفؼاٌحا ٌخشسأح اٌّساح١كاٌخٛاص ا١ٌّىا١ٔى١ح  تؼض ٚٚطف ٌرحذ٠ذذحشٞ ػٍّٟ إظشاء  ذُ ح١س

 اٌشذ ِماِٚحٚ الأضغاط ِماِٚح اٌخٛاص٘زٖ ٚلذ شٍّد  .ٔشائٟالا اٌرظ١ُّذٍه اٌرٟ ٠رطٍثٙا  خظٛطا

ضافح إ اٌسراذ١ىٟ. اٌّشٚٔح ِؼاًِٚ الأحٕاء طلاتحٚ شذ الأحٕاءِماِٚح ٚ ِماِٚح شذ الأشطاسٚ اٌّثاشش

, ٌشذ ٚالأضغاط ٌخشسأح اٌّساح١ك اٌفؼاٌحافٟ حاٌرٟ  ٔفؼايالإ-ٌلإظٙاداٌّرىاٍِح اٌؼلالح ذُ ا٠عاد  إٌٝ رٌه

 اٌفؼاٌحٌىافح خٛاص خشسأح اٌّساح١ك وزٌه فأٗ  ِؼادلاخ ػاِح ٌٍرؼث١ش ػٓ ٘زٖ اٌؼلالاخ. ٠عادذُ اوّا 

اٌٍّذْ  ٔٛع اٌرٟ ٟ٘ذُ تؼٕا٠ح دساسح ِٕٚالشح ذأش١ش شلاز ِرغ١شاخ ٚفٟ ٘زا اٌثحس,  ذمظ١ٙااٌرٟ ذُ 

, ٪00 ,٪ 01٪, 00٪, 0( اٌّىصفح اٌس١ٍىاِحرٜٛ اتخشج ٚ (Sikament ®-163N, PC200) قاٌّرفٛ

ت١ٓ  ذشتظ ػلالاخ٠عاد ذُ ااضافح اٌٝ رٌه  (.٪0, ٪0, ٪0 ,٪0ٔسثح الا١ٌاف اٌفٛلار٠ح )ٚ )00٪,01٪

 (regression analysisذذاد )سذح١ًٍ الا ذم١ٕح تاسرخذاَ اٌّساح١ك اٌفؼاٌح ٌخشسأح اٌخٛاص ا١ٌّىا١ٔى١ح

 ذح١ٍ١ٍح دساسحذُ اظشاء . ٚاخ١شا اٌثحس اٌحاٌٟ أػّاي ِٓ اٌرٟ ذُ اٌحظٛي ػ١ٍٙا اسرٕادا إٌٝ اٌث١أاخ

 ِسرط١ٍح ٌّماطغ  (Mn)الالظٝ الأحٕاء الاسّٟ ػضَ ٠ّىٓ تٛاسطرٙا احرساب ِؼادٌح تس١طح ٠عادلإ

 ظٙادا ورًذثٕٟ  ػٍٝاػرّاداً  اشرمالٙا ذُلذ  اٌّمرشحح Mn ِؼادٌح اِْفشدج اٌرس١ٍح ِٓ ٘زٖ اٌخشسأح.

 اٌشذ.ٚ ٔضغاطالا ٌىً ِٓ  ّٛرظ١حٔ

الً  اٌّاء اٌٝ الاسّٕدوأد ٔسثح  PC200 تٛظٛد اٌٍّذْ اٌّرفٛق  اٌّخرثش٠ح أٔٗ إٌرائط ظٙشخأ

 ٔضغاط الاسطٛأحا ِماِٚح تٕاءاً ػ١ٍٗ فاْٚ, Sikament ®-163N اٌٍّذْ اٌّرفٛق ِٕٙا تٛظٛدتىص١ش 

 أػٍٝ تٕسثح وأد  PC200 ِغ شذ الأحٕاءِماِٚح ِماِٚح شذ الأشطاس ٚٚ اٌّثاشش اٌشذ ِماِٚحٚ

 .Sikament ®-163N ِٕٙا ِغ ػٍٝ اٌرٛاٌٟ 3,02٪ٚ 1,13٪ٚ 0,00٪ٚ 00,31٪

 ٪0 اٌٝ ٪0ٔسثح الا١ٌاف اٌفٛلار٠ح ِٓ  وً ِٓ أْ ص٠ادج ٔرائط اٌفحٛطاخ اٌّخرثش٠ح ٚظذ ِٓ ٌمذ 

ِماِٚح  وً ِٓ ص٠ادجفٟ اٌخٍطح اٌخشسا١ٔح ٠ؤدٞ اٌٝ ٪ 00إٌٝ  ٪0ِٓ ِحرٜٛ اتخشج اٌس١ٍىا اٌّىصفح ٚ

 اٌشذ ِماِٚحٚ ٪30ٚ ٪ 00تٕسثح  سطٛأحالا ِماِٚح أضغاطٚ ٪03ٚ ٪ 3تٕسثح  اٌّىؼة أضغاط
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تٕسثح  شذ الأحٕاءِماِٚح ٚ ٪00ٚ  ٪012تٕسثح  ِماِٚح شذ الأشطاسٚ ٪01ٚ  ٪002 تٕسثح  اٌّثاشش

 .اٌرٛاٌٟػٍٝ  03٪ٚ ٪ 001

ٌخٍطاخ خشسأح  الأضغاط أفؼاي-إظٙاد ػلالحاٌرٟ ذُ اٌحظٛي ػ١ٍٙا ِٓ  اٌؼ١ٍّحإٌرائط اظٙشخ 

-اٌعضء اٌظاػذ ِٓ ِٕحٕٝ الإظٙادتض٠ادج ِحرٜٛ اتخشج اٌس١ٍىا اٌّىصفح فاْ أٔٗ  اٌّساح١ك اٌفؼاٌح اٌّخرٍفح

اٌٝ ص٠ادج ٚاضحح فٟ ِماِٚح تالاضافح  ,سراذ١ىٟ اػٍٝ ِشٚٔحِؼاًِ ِؼط١اً  شذ أحذاساً الأفؼاي ٠ظثح أ

 f الأضغاط
′
c ٌٓٙاظاحثح الأفؼاي اٌّ ٚاضح ػٍٝ ل١ّح ذأش١ش١ٌس ٕ٘ان  ٌٚى εoٚ . ٚظذ أ٠ضا أٌْمذ 

لأفؼاي, ٌٚىٓ ٕ٘ان ا-اٌعضء اٌظاػذ ِٓ ِٕحٕٝ الإظٙاد١ًِ  ػٍٝ ل١ٍلا ذؤشش اٌفٛلار٠حإضافح الأ١ٌاف 

 f ٌّماِٚح الأضغاط اٌمظٜٛ اٌّظاحثح εoالأفؼاي  ل١ّحص٠ادج ٚاضحح فٟ 
′
c   ٟاٌّط١ٍ١حٚص٠ادج ف. 

اٌصلاز  اٌّرغ١شاخ ٚظذ أْفمذ , ٌخشسأح اٌّساح١ك اٌفؼاٌح  اٌشذ أفؼاي-إظٙاد ٠خض ػلالحٚف١ّا 

فٟ , الأفؼاي-الإظٙاد ِٕحِٕٝٓ اٌظاػذ  اٌعضء شىً وث١ش ػٍٝ ٌُ ٠ىٓ ٌٙا ذأش١شٌٍثحس اٌحاٌٟ اٌشئ١س١ح 

 اٌفٛلار٠ح ٌلأ١ٌاف إٌسثح اٌحع١ّحرغ١ش ت وث١ش ٠رأشش تشىً ّٕحٕٝآٌِ إٌاصي  أْ اٌعضءٚظذ ح١ٓ 

ص٠ادج اٌٝ  لاذؤدٞ  ٪0إٌٝ  ٪0ِٓ اٌفٛلار٠ح  الأ١ٌاف ٔسثح أْ ص٠ادج وّا أظٙشخ إٌرائط .اٌّسرخذِح

 0,03ِٓ  اٌمظٜٛ اٌشذ ِماِٚح وً ِٓ أ٠ضاذض٠ذ  حسة ٚأّافاٌشذ  ٔفؼايا-إظٙاد ِٕحٕٝ ذحد اٌّساحح

 ٌمذ ٚظذ اْ اٌّؼادٌر١ٓ ٚ .0,00010اٌٝ  0,00003 ِٓ ٌٙا ٚالأفؼاي اٌّظاحة MPa 00,00اٌٝ 

 اٌشذ سٍٛن ٌرّص١ً ِٕاسثح اٌشذ أفؼاي-إظٙاد ِٓ ِٕحٕٟ إٌاصياٌظاػذ ٚاٌعضء  ٌّٕزظحاٌّمرشحح  اٌلاخط١ح

 .اٌّساح١ك اٌفؼاٌح ٌخشسأح

غ١ش  ِسرط١ٍح ٌّماطغ  Mnالالظٝ الاسّٟ ػضَ الأحٕاء اظٙشخ اٌّؼادٌح اٌّشرمح لاحرساب 

اٌرٟ أظش٠د فٟ ٔحٕاء فحض الأرائط ِٓ خشسأح اٌّساح١ك اٌفؼاٌح ذٛافما ظ١ذا ِغ  ِسٍحح ِٚفشدج اٌرس١ٍح

 ػرثاخ خشسأح اٌّساح١ك اٌفؼاٌح.الأخشٜ ػٍٝ اٌساتمح  اٌثحٛزٚتؼض  اٌحاٌٟ اٌثحس
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