
ABSTRACT 

The application of composite materials to structures nowadays presented the 

need for engineering analysis and modeling to understand failure mechanisms. 

Modern automotive industry reveals that plastics can be reinforced to form new 

materials which can exhibit similar mechanical properties required for structural 

components of a vehicle, compared to metals. Glass fiber reinforced polymer 

(GFRP) multidirectional composite laminates are vital for tensile and flexural 

strength of structures where mechanical properties can be optimized. The 

following laminates were produced with hand layup technology: [+45° / -45°] s, 

[0° / 45° / 90°] oriented [+45° / -45° / 90°] s, denoted as G4, G16 and G26 

respectively. Prepared samples were tested for tensile, flexural and drop weight 

tests using relevant ASTM standards. The experimental results showed a 

significant improvement in the mechanical properties of G26 foil. The tensile and 

bending strengths were higher than those of G16 and G4. As expected, this is 

ultimately due to the longitudinal orientation of the fibers in G16. Three finite 

element (FE) models of G4, G16 and G26 were also established under the 

influence of a low velocity using specialized software. Different energies 3, 9 and 

15 J were applied to the samples. The finite element (FE) curve obtained by 

simulation was analyzed and compared to the (Force- Displacement)  FD curve 

obtained experimentally. The level of higher values of forces obtained from scalar 

is almost identical to the level of maximum force values obtained from 

experimental tests. However, there was difference in level of displacement 

between them. Highest power obtained from G26, followed by G16, then G4. The 

bumper performance was determined by FE analysis taken for mechanical 

properties and applied to the software (Abaqus). The G26 design is the best for 

absorbing bumper energy. More tests and analysis are recommended to confirm the 

relationship and to validate economic feasibility. 
 

 

 

 

 

 

 



 

 

 المستخلص
 ٗاىَْزخت اىْٖذسٜ اىخحيٞو إىٚ اىحاخت اىحاضش اى٘قج فٜ اىٖٞامو عيٚ اىَشمبت اىَ٘اد حطبٞقاث أدث

 حق٘ٝت َٝنِ أّٔ اىحذٝثت اىسٞاساث طْاعت حنشف. الاسخخذاً ٗ اىخطبٞق فٜ اىفشو اىٚ اىَؤدٝت اٟىٞاث ىفٌٖ

 ىيَ٘اد اىٖٞنيٞت ىيَنّ٘اث ٍطي٘بت ٍَاثيت ٍٞناّٞنٞت خظائض حظٖش أُ َٝنِ خذٝذة ٍ٘اد ىخشنٞو اىبلاسخٞل

 الاحدإاث ٍخعذدة( GFRP) اىضخاخٞت بالأىٞاف اىَق٘ٙ اىب٘ىَٞش سقائق حعخبش. باىَعادُ ٍقاسّت  اىَشمبت

 بخقْٞت اىخاىٞت اىعْٞاث إّخاج حٌ. اىَٞناّٞنٞت اىخظائض ححسِٞ َٝنِ حٞث ىيٖٞامو ٗالاّثْاء اىشذ ىق٘ة حٞ٘ٝت

s s[[0 ° / 45 ° / 90 [° 45- / ° 45 +]   :اىٞذٗٛ اىخظْٞع
0

 ،s +[45  °- /45  ° /90 ° ] ٍ٘خٖت   

 باسخخذاً ٗاىظذٍت ٗالاّحْاء اىشذ اخخباساث إخشاء  حٌ. اىخ٘اىٜ عيٚ G4 ، G16 ٗ G26 بـ إىٖٞا ٝشُاس

. G26 ىشقائق اىَٞناّٞنٞت اىخ٘اص فٜ ٍيح٘ظاً ححسْاً اىخدشٝبٞت اىْخائح أظٖشث. اىظيت راث ASTM ٍعاٝٞش

 إىٚ اىْٖاٝت فٜ ٕزا ٝشخع ، ٍخ٘قع ٕ٘ مَا. G16 ٗ G4 فٜ اىَ٘خ٘دة حيل ٍِ أعيٚ ٗالاّحْاء اىشذ ق٘ٙ ماّج

 G4 ٗ G16 ٍِ( FE) اىَحذٗدة اىعْاطش ٍِ َّارج ثلاثت إّشاء أٝضًا حٌ. G16 فٜ ىلأىٞاف اىط٘ىٜ الاحدآ

ٗ G26 15 ٗ 9 ٗ 3 اىَخخيفت اىطاقاث حطبٞق حٌ. ٍخخظظت بشاٍح باسخخذاً اىَْخفضت اىسشعت حأثٞش ححج 

 اىَحاماة طشٝق عِ عيٞٔ اىحظ٘ه حٌ اىزٛ( FE) اىَحذٗد اىعْظش ٍْحْٚ ححيٞو حٌ. اىعْٞاث عيٚ ج

 الأعيٚ اىقٌٞ ٍسخ٘ٙ ٝنُ٘ ٝناد. حدشٝبٞاً  عيٞٔ اىحظ٘ه حٌ اىزٛ FD( الإصاحت  -اىق٘ة) بَْحْٚ ٍٗقاسّخٔ

 ٍِ عيٖٞا اىحظ٘ه حٌ اىخٜ اىقظ٘ٙ اىق٘ة قٌٞ ىَسخ٘ٙ ٍطابقاً اىعذدٝت ٍِ عيٖٞا اىحظ٘ه حٌ اىخٜ ىيق٘ٙ

 عيٖٞا اىحظ٘ه حٌ ق٘ة أعيٚ. بَْٖٞا اىْضٗذ ٍسخ٘ٙ فٜ اخخلاف ْٕاك ماُ ، رىل ٍٗع. اىخدشٝبٞت الاخخباساث

ٍِ G26 ، حيٖٞا G16 ، ٌث G4 .ٌححيٞو خلاه ٍِ اى٘فٞش أداء ححذٝذ ح FE اىَٞناّٞنٞت ىيخظائض اىَأخ٘ر 

 بئخشاء ٝ٘طٚ. طذاًاه طاقت لاٍخظاص الأفضو ٕ٘ G26 حظٌَٞ(. Abaqus) اىبشّاٍح عيٚ ٗحطبٞقٔ

 .الاقخظادٝت اىدذٗٙ ٍِ ٗاىخحقق اىعلاقت ىخأمٞذ ٗاىخحيٞلاث الاخخباساث ٍِ اىَضٝذ
 

 
 


