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CHAPTER 6 

CONCLUSION 

 

SECTION ONE 
RUBBERIZED CONCRETE AT LOW VOLUME FRACTIONS 

 
 Cube compressive strength is strongly affected by the change of the studied 

parameters and their levels. In general, as expected, the cube compressive 

strength decreases gradually with the increase in rubber content.  

 

 Rubberized concrete yields a ductile mode of failure comparing to that of 

conventional concrete.  

 

 The addition of silica fume increases the compressive strength significantly.  

 

 The change in rubber type slightly affects compressive strength of rubberized 

concrete.  

 

 For rubber surface treatment, the effect on compressive strength is hardly 

significant.  

 

 From the effect of two factors interactions, the best compressive strength is 

obtained by the combination of these factor levels; C30 concrete grade, 0.5% 

rubber volume fraction and the addition of 10% silica fume as a replacement of 

cement by weight. 

 

 The actual cube compressive strengths of the mixes, which are not included in 

the principle block, are very close to the calculated expected values from the 

classical method of analysis. Thus, the 1/9 fractional factorial of 3^5 design is 

applicable and can be used to predict the compressive strength or any other 

property conducted in the study for any treatment combination.  

 

 For slump test results, rubberized concrete achieves slump varies from 10 mm 

to 60 mm as compared to 30 mm to 32 mm for control mixes without rubber.  

 

 Rubberized concrete that contains rubber particles at 1.5% volume fraction gives 

slightly higher slump values than that of 2.5% rubber.  

 

 Rubber type has the most significant effect on slump values. Fiber 8 yields high 

slump of 43mm as compared to 27mm and 17mm for crumb rubber and Fiber 4, 

respectively.  

 

 The surface treatment of rubber particles has the least effect on slump values of 

the studied parameters.  
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 For static modulus of elasticity, almost all the rubberized concrete mixes yield 

lower static modulus of elasticity than the control mixtures.  

 

 Rubber volume fraction has the most significant effect on the static modulus of 

elasticity, while rubber type has the lowest effect on the static modulus of 

elasticity.  

 

 The results reveal that, the elastic modulus of rubberized concrete decreases 

gradually with increase in rubber content.   

 

 Impact resistance of rubberized concrete improves significantly with the 

addition of rubber particles comparing to normal concrete.  

 

 The impact resistance of rubberized concrete with fibrous rubber seems to be 

suitable for applications where high impact resistance is required. 

 

 The surface treatment of rubber particles has the least effect on Impact resistance 

of the studied parameters.  

 

 From the effect of two factors interactions, the best impact resistance is obtained 

by the combination of these factor levels; C30 concrete grade, 2.5% rubber 

volume fraction and the addition of 0.2% polypropylene fiber. 

 

 Flexural toughness is also improved by the addition of rubber particles. Also 

the concrete mass was able to withstand loads even when it was highly cracked. 

 

 Rubber type has a significant effect on flexural toughness, as rubber fibers yield 

to improve flexural toughness of rubberized concrete. 

 

 From the effect of two factors interactions, the best flexural toughness is 

obtained by the combination of these factor levels; C30 concrete grade, 2.5% 

rubber volume fraction and the addition of 0.2% polypropylene fiber. 

 

 For abrasion resistance, all rubberized concrete mixes have abrasion resistance 

comparable to control mixtures.  

 

 Rubberized concrete with crumb rubber yields the best abrasion resistance 

comparing to that of rubber fibers.  

 

 The addition of silica fume enhances the abrasion resistance of rubberized 

concrete significantly.  

 

 

SECTION TWO 

In the second section of the research, rubber was used at high portions in concrete as 

sand replacement by volume. Also, the properties of rubber-cement and rubber-

epoxy composites were investigated.  
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RUBBERIZED CONCRETE AT HIGH VOLUME FRACTIONS OF 

SAND REPLACEMENT 

 
 Thermal conductivity decreases significantly with the increase in rubber 

content for rubberized concrete, as the reduction in k-value at 100% fine 

aggregate replacement is 58.6%.  

 

 The ACI model for thermal conductivity of concrete is not applicable for 

rubberized concrete as the actual k-values are lower than the values derived 

from the ACI model. 

 

 The implementation of rubber particles into concrete improves the sound 

insulation properties by 69% at 100% fine aggregate replacement. 

 

 The maximum reduction in density was recorded by 20% at 100% replacement 

of fine aggregate. Also, the absorption increases with the increase in rubber 

content. 

 

 Compressive strength decreases significantly when rubber particles are used 

as fine aggregate replacement. The maximum reduction in compressive strength 

for rubberized concrete is 93% at 100% fine aggregate replacement.  

 

  Impact resistance yields the same reduction for rubberized concrete.  

 

 Despite of the reduction in impact resistance, the number of blows 

corresponding to the crack propagation improves with the increase in rubber 

content.  

 

 Flexural strength of rubberized concrete decreases significantly with the 

increase in rubber content. Furthermore, large deformations are recorded for 

rubberized concrete, especially at high rubber contents.   

 

RUBBER-CEMENT AND RUBBER-EPOXY COMPOSITES 

 
 Rubber composites have distinguished thermal and sound insulation 

properties. As the average thermal conductivity of rubber-cement and rubber-

epoxy composites are 0.47 and 0.25, respectively.  

 

 The sound attenuation coefficient of rubber-cement and rubber-epoxy 

composites varies significantly with the change in rubber type. 

 

 The average dry unit weight of rubber-cement and rubber-epoxy composites 

are 1200 and 900 kg/m
3
, respectively. Thus rubber composites may be 

considered as a lightweight material, based only on the unit weight test results. 

 

 Rubber-epoxy composites exhibit a significant elastic behavior especially for 

Fiber 8 and Fiber 4 as it retains to its original dimensions after unloading. Thus, 

it may be suitable to be used as contraction and expansion joints. 
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RECOMMENDATIONS 

- It is recommended to study the durability properties of rubberized concrete at 

low volume fractions with different types of rubber particles, as rubberized 

concrete seems to be promising in terms of freezing and thawing resistance. 

 

- Further investigation is needed to study the damping capacity of rubberized 

concrete at different rubber contents, as rubberized concrete is expected to 

improve the damping capacity of concrete. 

 

- The new composites of rubber-binder, especially rubber-epoxy, conducted in 

this investigation are very promising in terms of sound and thermal 

insulation, so more investigation is required to determine other properties like 

sound absorption, damping capacity and impact resistance. Also, more 

investigation is required for rubber-epoxy composites to predict its behavior 

as contraction and expansion joints. 
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IV 

 

 يهخض انجحش

 استخدام بودرة المطاط الناتج من الاطارات فى الخرسانة كمادة انشائية
 
 

 :حيقذوال -

 

انٓذف انشئيغٗ يٍ ْزا انجحش ْٕ اػبدِ اعزخذاو حجيجبد انًطبؽ انُبرغّ يٍ رقطيغ الاؽبساد انًغزؼًهّ فٗ رطجيقبد 

حيش اَّ يٕعذ كًيخ ْبئهخ يٍ الاؽبساد انًغزؼًهّ انزٗ نيظ نٓب اعزخذاو ٔ يٕعذ . يخزهلّ فٗ يغبل انُٓذعّ انًذَيخةّ 

ٔثُبء ػهٗ انذساعبد انغبثقّ رى إعشاء ػذِ ؽشق لإعزخذاو حجيجبد . طؼٕثّ فٗ انزخهض يُٓب أ اػبدح اعزخذايٓب

انًطبؽ انُبرغّ يٍ رقطيغ الاؽبساد فٗ اَزبط انخشعبَخ انًطبؽيخ ٔ كزنك رى ػًم يشكجبد عذيذح يٍ انًطبؽ ٔالاعًُذ 

 .ٔانًطبؽ ٔالإيجٕكغي ثغشع اعزخذايٓب فٗ انزطجيقبد انغيش اَشبئيخ

 

 :انجبة الأٔل

 

يؼشع حغى انًشكهخ انجيئيّ انزٗ يؼبَٗ يُٓب انؼبنى ٔ ثبلأخض دٔل انؼبنى انضبنش يٍ رشاكى يخهلبد الاؽبساد ٔ رضايذْب 

 . ٔ كزنك يشًم يقذيخ ػٍ أعجبة اعزخذاو حجيجبد انًطبؽ فٗ انخشعبَخ. عُٕيب

 

 :انجبة انضبَٗ

 

يقذو َظشح ػبيّ ػٍ كًيبد يخهلبد الاؽبساد فٗ دٔل انؼبنى انًخزهلخ ٔثبنزحذيذ فٗ يظش ٔ كزنك يزُبٔل يكَٕبد انًطبؽ 

أيؼب رى ركش انذساعبد انغبثقّ انًخزظخ ثإػبدح . ٔ انطشق انًزؼبسف ػهيٓب ػبنًيب فٗ إػبدِ رذٔيش يخهلبد الاؽبساد

 .رذٔيش حجيجبد انًطبؽ فٗ انخشعبَخ ٔ يذٖ رأصيشْب ػهٗ خٕاص انخشعبَخ انًخزهلخ

 

 :انجبة انضبنش

 

يخزض ثبنجشَبيظ انؼًهٗ ٔ خٕاص انًٕاد انزٗ رى اعزخذايٓب فٗ انجحش يٍ أعًُذ ٔ سكبو خشٍ ٔ سكبو َبػى ٔ كزنك 

انيبف انجٕنٗ ثشٔثيهيٍ ٔ حجيجبد انغيهيكب فيٕو ٔ حجيجبد انًطبؽ ٔ انطشق انًغزخذيخ نهًؼبنغخ انغطحيّ نحجيجبد 

انغضء الأٔل يٍ انجشَبيظ انؼًهٗ يؼشع َغت انخهؾ ٔالاخزجبساد انزٗ رى اعشاؤْب نهخشعبَخ انًطبؽيخ ٔانزٗ رى . انًطبؽ

ٔ رى ػشع رظًيى انخهطبد نٓزا انغضء ثبعزخذاو . فيٓب اعزخذاو حجيجبد انًطبؽ ثُغت ػئيهخ كإػبفخ نهخشعبَخ

 .رظًيى انزغبسة ثبنزحهيم انغضئٗ ؽشيقخ 

 :ٔ انًزغيشاد انًخزهلخ انزٗ رى دساعخ رأصيشْب ػهٗ خٕاص انخشعبَخ انًخزهلخ ْٗ 

  (30 ٔ 25 ٔ 20سرجخ  )رأصيش رغيش سرجّ انخشعبَّ  -

 % ( 2.5ٔ % 1.5ٔ % 0.5 )رأصيش رغيش َغجّ اػبفّ حجيجبد انًطبؽ  -

 (انيبف انجٕنٗ ثشٔثيهيٍ ٔ حجيجبد انغيهيكب فيٕو  )رأصيش الاػبفبد انًخزهلخ ػهٗ انخشعبَّ انًطبؽيخ  -

 يى 4.75 يى ٔ انيبف يقبط 2.35 يى ٔ انيبف يقبط 4حجيجبد كشٔيّ يقبط  )رأصيش رغيش شكم حجيجبد انًطبؽ  -

) 

 ٔانًؼبنغّ ثجٕنٗ فيُيم NaOHانًؼبنغّ ثًحهٕل قهٕٖ  )رأصيش َٕع انًؼبنغخ انغطحيّ نحجيجبد انًطبؽ   -

 (PVA اعيزبد

 

ٔ انغضء انضبَٗ يٍ انجشَبيظ انؼًهٗ يزُبٔل اعزخذاو حجيجبد انًطبؽ كإحلال نهشكبو انُبػى ثُغت كجيشح فٗ انخشعبَخ ٔ 

ٔيشًم أيؼب رلظيم َغت . كزنك  خٕاص انًٕاد انًغزخذيخ فٗ يشكجبد انًطبؽ يغ الاعًُذ ٔ انًطبؽ يغ الايجٕكغٗ

 .انخهؾ ٔ انزغبسة انزٗ رى اعشاؤْب نذساعخ انخٕاص انًخزهلخ

  

o b e i k a n d l . c o m



 

V 

 :انجبة انشاثغ

 

يخزض ثؼشع ٔ رحهيم انُزبئظ نلاخزجبساد انزٗ رى إعشاؤْب ػهٗ انخشعبَخ انًطبؽيخ انزٗ رحزٕٖ ػهٗ َغت ػئيهخ يٍ 

ٔ رى رحهيم انُزبئظ ثبعزخذاو ؽشيقخ رظًيى انزغبسة ثبنزحهيم انغضئٗ ٔ رى ػشع انُزبئظ . حجيجبد انًطبؽ انًخزهلخ

كزنك رى دساعخ رأصيش انزذاخم ثيٍ انؼٕايم انًخزهلخ . ثبنزلظيم ٔ رأصيش رغيش كم ػبيم ػهٗ خٕاص انخشعبَخ انًطبؽيخ

ٔ كزنك رى اعزُزبط َزبئظ . ػهٗ خٕاص انخشعبَخ ٔ ػشع كم يًب عجق ثشكم كبفٗ ثطشيقخ انغذأل ٔ انًُحُيبد

كًب رى ػًم رغبسة نجؼغ ْزِ انخهطبد ٔ يقبسَزٓب يغ انُزيغخ .  خهطخ216انخهطبد انزٗ نى يزى رُليزْب ٔ ْٗ 

 %.10 انٗ 4انًغزُزغخ ٔ كبَذ َغجخ انخطأ فٗ حذٔد يٍ 

 

 :انجبة انخبيظ

 

ٔ يخزض ثذساعخ ٔرحهيم انُزبئظ انخبطخ ثبلاخزجبساد انزٗ رى اعشاؤْب ػهٗ انخشعبَخ انزٗ رى اعزخذاو حجيجبد انًطبؽ 

كزنك يشًم انجبة رحهيم َزبئظ الاخزجبساد انخبطخ ثًشكجبد انًطبؽ يغ الاعًُذ . فيٓب كإحلال ثبنحغى نهشكبو انُبػى

 .ٔانًطبؽ يغ الإيجٕكغٗ

 

 :انجبة انغبدط

 

ٔ يشًم يهخض لأْى الاعزُزبعبد انزٗ رى انزٕطم انيٓب يٍ الاخزجبساد انًخزهلخ انزٗ رى اعشاؤْب خلال انجحش ٔانزٗ يٍ 

 :ثيُٓب

 :ثبنُغجخ نهخشعبَخ انًطبؽيخ انزٗ رحزٕٖ ػهٗ حجيجبد انًطبؽ ثُغت ػئيهخ -

يًكٍ اػبفخ حجيجبد انًطبؽ ثُغت طغيشح انٗ انخشعبَّ ثذٌٔ حذٔس اَخلبع كجيش فٗ يقبٔيخ انؼغؾ خظٕطب  -1

لأٌ الاَخلبع فٗ انًقبٔيخ يضيذ ثشكم يهحٕظ يغ صيبدح َغجخ انًطبؽ فٗ . فٗ انخشعبَخ راد انشرت انؼبنيخ

 . انخشعبَخ

رحغٍ يهحٕظ فٗ يقبٔيخ انخشعبَخ يغ اػبفخ انغيهيكب فيٕو َظشا نُؼٕيّ حجيجبرّ يقبسَخ ثبلأعًُذ يًب يضيذ يٍ  -2

 . قٕح انزشاثؾ يغ حجيجبد انًطبؽ

انزغيش فٗ شكم حجيجبد انًطبؽ ٔ ؽشيقخ انًؼبنغخ نيظ نّ رأصيش يهحٕظ ػهٗ يقبٔيخ انؼغؾ يقبسَخ ثبنؼٕايم  -3

 . الأخشٖ

رى رغغيم اَخلبع يهحٕظ فٗ يؼبيش انًشَٔخ الاعزبريكٗ نهخشعبَخ انًطبؽيخ يقبسَخ ثبنخشعبَخ انؼبديخ خظٕطب  -4

 . يغ صيبدح َغجخ انًطبؽ فٗ انخشعبَخ

رحغٍ كجيش فٗ يقبٔيخ انخشعبَخ نهظذو يغ صيبدح َغجّ انًطبؽ فٗ انخشعبَخ خظٕطب يغ اعزخذاو أنيبف انًطبؽ  -5

 .  يى4.75راد يقبط 

يزبَخ انخشعبَخ انًطبؽيخ رضيذ ػٍ انخشعبَخ انؼبديّ َظشا نزحًهٓب اعٓبداد اػبفيخ حزٗ ثؼذ رؼشػٓب نهششٔخ  -6

ٔ رى يلاحظخ اٌ أنيبف انًطبؽ راد انًقبط الاكجش رؼطٗ أفؼم انُزبئظ يقبسَخ ثبلإَٔاع الاخشٖ يٍ . َزيغخ انزحًيم

 .حجيجبد انًطبؽ

 

 :ٔ ثبنُغجخ نهخشعبَخ انًطبؽيخ انزٗ رحزٕٖ ػهٗ َغت كجيشح يٍ حجيجبد انًطبؽ كإحلال نهشيم -

رى رغغيم اَخلبع كجيش فٗ عًيغ انخٕاص انًيكبَيكيخ نهخشعبَخ يغ صيبدح َغجخ احلال انًطبؽ نهشكبو انظغيش ٔ أٌ  -1

 %.100ػُذ َغجخ إحلال % 90الاَخلبع فٗ يقبٔيخ انؼغؾ قذ يظم انٗ أكضش 

ثبنشغى يٍ الاَخلبع فٗ انخٕاص انًيكبَيخ نهخشعبَخ انًطبؽيخ ػُذ اعزخذاو َغت إحلال كجيشح إلا آَب اظٓشد  -2

 .رحغٍ يهحٕظ فٗ خٕاص انؼضل نهظٕد ٔ انحشاسح

 

 :ٔ ثبنُغجخ نًشكجبد انًطبؽ يغ الاعًُذ ٔ انًطبؽ يغ الإيجٕكغٗ -

رجيٍ يٍ انذساعخ ايكبَيّ اعزخذاو يشكجبد انًطبؽ ٔالاعًُذ ٔ يشكجبد انًطبؽ ٔالايجٕكغٗ كًٕاد عيذح نهؼضل  -1

 .انظٕرٗ ٔ ػضل انحشاسح

ٔكزنك رى انزٕطم انٗ ايكبَيخ اعزخذاو يشكجبد انًطبؽ ٔ الايجٕكغٗ فٗ انلٕاطم الاَشبئيخ َظشا نًشَٔزٓب  -2

  . انلبئقخ
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