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Summary:

Analysis of behavior of 3D Sandwich Composite Panel (3DSCP) subjected to flexure is
carried out using Finite Element software ABAQUS. Results are compared to
experimental results. Effect of shear connectors on behavior of 3DSCP is studied.
Volumetric ratio of shear connectors is increased by increasing Shear connectors
diameter or by reducing spacing among them. Improvements are analyzed via strain
distribution, load bearing capacity and deflection.

A simplified analysis method of 3DSCP subjected to flexure is studied. Behavior of solid
concrete slabs that has thickness equals to sum of both concrete layers of 3DSCP are
studied using ABAQUS. At the same load and having the same length, Deflection ratio
is considered stiffness ratio that correlates behavior of both samples. Stiffness ratio is
proposed to be used as stiffness modifier for the shell element to yield the same behavior
of 3D sandwich composite panel. Value for the stiffness modifier is proposed.


http://www.eng.cu.edu.eg/staffweb/ShowInstructorData.aspx?iid=785

-

Gras HAe—uda)
YOY/¥[o) i aadl) gyl
YovY/—[—- r—tal) )l
Aslaay) duxgl) ¢ i)
daudall 3)) ¢ A sl
el oyl — Gl e Jlay deal o B s g pdal)
Capdie = jujall ne AT deaa
sl 5 aslall jome daala ¢ ()2
il el = Gl ey deal a8 1 ¢ ptataal)
Copiia = jjall Mo a8 desna L
Ll 5 aslall peas daala = ()2
Sl el — e dedl deas o]
el Caiedl — aile daaasag o
Osla daala — dalied) ol pal) Al

DAl lg—is
"agial) il cad Ma ¥ AU Ll 7 1sN) ala !

UL ¢ aganall jeabiall Ayl ¢ Gaill cBlage ¢ caall Ziku 181 ¢ LS5l #150) AA clals)
ASall 11

D ) adla

Sl galiyes 53samall jealiall A alasinly agiall 50 Caad alad) 4006 LS5a #1501 dgle Jilas 2
Aol e Gaill cDlase il duhy e Alend) ChERY) il ae leaili lie s 5 ABAQUS
S e sead) Lz 3lall (o i sene e IS 8 Gl EBlia sl Lpenall Ll 53l Gy e 1)
S agd Al liluall Qs Gyyla e 308l de seadll 5 paill EDlase Ul 32l Byl ge 2Ll
o et p Uil low o LY s Al Gob oo ol dila e kel il Qs
Liaf .l gagl) Ji) 5 oY) Jand) 5030 Alladll 45 lalls diletia Clpn i i &3 5 . Jasagll 5 oaad¥) Jaal
Lo 5 daall i tie 22180 Tianae IS Leliias (b oo 151 UL o] Aavse Ay Ay ol
Lealaing) Sy A (paladlll 31 Api€ aladlll Jasas (g Al et ¢ Jodall it gl cpaladll) ()
Aacad) UL @il bylaal Jlaill el 3 agllaal 2y jast COLalasS



Disclaimer

| hereby declare that this thesis is my own original work and that no part of it has
been submitted for a degree qualification at any other university or institute.

| further declare that | have appropriately acknowledged all sources used and have
cited them in the references section.

Name: Ramy Abdel Rahem Ali Mohamed Date: 30/03/2022

Signature:



Dedication

I would like to express my deep and sincere gratitude to my supervisors Prof. Ahmed
Anis and Dr. Mohamed Abdulaziz for their continuous support, Patience and guidance.
Many thanks to my friends, colleagues at Misr University for Science & Technology
(MUSTians); you are like my big family.

My Mother: your tenderness and warmth are always supporting me.

My Sister: your sincere heartily wishes are pushing me forward.

My Wife: “A journey well shared is a journey well enjoyed”. Thank you, my pleasant
companion.

My Daughter: you came to light up my life. | thank Allah every morning for you.

My beloved Father, you still my source of inspiration. | can feel your soul surrounding
me.



TABLE OF CONTENT

DISCIAIMET ...ttt bbbt n et nns XI
DT [Tox U1 o] [PPSR XIl
TABLE OF CONTENT ..ottt bbbt I
LIST OF FIGURES ...ttt ettt v
LIST OF TABLES ... .ottt sttt na e VI
LIST OF SYMBOLS ...ttt VII
LIST OF ABBRIVIATIONS. ... .ottt VIl
LIST OF APPENDICES.......ccci ittt sttt IX
ABSTRACT .ottt bbbt bbbt r b enes X
1. INTRODUCTION ..ottt s 1
I =1 1= - | TSSO STST PSRRI 1
1.2.  Statement of the Problem: ... 1
1.3, SCOPE ANA ODJECHIVES: ....veeieeiieciecie et ae e nreas 1
1.3.1. SCOPE OF WOIKS ... 1
1.3.2.  ReSearch ODJECTIVES :......coeiiriiiiiieriiesee e 2
1.4.  Organization of the TheSIS: ... 2
2. 3D SANDWISH COMPOSITE PANELS SYSTEM DESCRIPTION............... 4
2.1, INTRODUCTION & .ottt ettt st naene e eens 4
2.2.  System COMPONENTS : ..ot 4
2.3. System ERECTION ... 5
2.3.1. Erection Method (1): Complete cast in-Situ Process: .........c.ccocvevveruenne. 5
2.3.2.  Erection Method (2): Precast panels construction process: ................. 6
3. BACKGROUND TO ANALYSIS OF 3D SANDWICH COMPOSITE
PAINELS ...ttt bbb r e 7
3.1, INTRODUCTION: ..ottt sttt 7
3.2. rEVIEW OF STRUCTURAL BEHAVIOR OF 3D SANDWICH
COMPOSITE PANELS: ..ottt 7
4. ANALYSIS OF 3D SANDWICH COMPOSITE PANELS SUBJECTED TO
FLEXURE ..ottt sttt st et abe s e s enee e 26
4.1 INTRODUCTION: ..ottt st 26
4.2. MODELING OF 3D SANDWICH COMPOSITE PANELS SUBJECTED TO
FLEXURE: ...ttt e ettt nbeeneene e eneas 26
4.2.1. Modeling of 3DSCP using ABAQUS:..........ccooiiiii e 26
O I o To (=] I o T SRRSO 27
4.2.1.2. Material PrOPeITIES:......coii it 29



4.2.0.3. ASSEMDBIY ..o s 32

4.2.1.4. ANAIYSIS STEPS: ..veiivieieiiecieeie et e et sra e nnes 33
A.2.0.5. UNITS SYSTBMI...iiiiiiiiieie ettt st be e nreas 33
4.3. Modeling of Panels tested by Benayoune, A.A. Abdul Samad, D.N. TRIKHA,
ALA. Abang ALL S.H.ML EHNNG: ..o 34
4.3.1. MOdel DESCIIPLION: ..ottt 34
4.3.2. Model VErfICAION: ......ccoiiiiiiiieeee e 37
4.4. EFFECT OF SHEAR CONNECTORS ON BEHAVIOR OF 3D SANDWICH
COMPOSITE PANELS SUBJECTED TO FLEXURE: ......cccccooiiiiiiiriesieeeieiees 38
4.4.1. ANAlYSIS PrOgram: ......cociveiiiie e eiie e ese et ste e nne e 38
4.4.2. Material QUANTITIES: ......ccveiiiie e 41
4.4.3. Analysis Models DeSCrIPLiON: .........cccoveiiriiinieieienese e 41
4.4.2. Analysis Models RESUILS: .........cccocviiiiiiee e 44
4.4.2.1. Strain Distribution and Composite ACHION: ........cccevereniieninireeeee, 44
A.4.2.2. DEFIECHION: ...eiii e 47
4.4.2.3. Load Bearing Capacity: ........ccccceieeieiiieiieie st 50
4.4.2.4. Load-Displacement Relationship: .........ccccoviiiiiniiiiien e 52
4.4.2.5. Slenderness Ratio EFfeCt:..........ccooeiiiiiieicccceee e 54
5. SIMPLIFIED ANALYSIS METHOD OF 3D SANDWICH COMPOSITE
PANELS SUBJECTED TO FLEXURE ......cccoiiiieece e 56
5.1 INTRODUCTION: ..ottt st 56
5.2. SIMPLIFIED ANALYSIS METHOD OF 3D SANDWICH COMPOSITE
PANELS SUBJECTED TO FLEXURE:......ccoiiiieiece e 56
5.2.1. 3DSCP SAMPIES: .....oeeivieie et 57
5.2.2. Solid Sections SAMPIES: ........ccceiiiiiiee e 58
5.2.3. MOdElS DESCIIPLION: ....c.viiiiiiiiieiieiete et 58
5.2.4. Analysis Models RESUILS: .........ccccoveiiiiiie e, 59
5.2.5. RESUILS DISCUSSION: ....veviiiiiieiienieie e sttt 62
6. CONCLUSIONS AND RECOMMENDATIONS ......coeiieieiecece e, 64
6.1, SUMMARY ..ottt bbb 64
6.2.  CONCLUSIONS: ...ttt sttt 65
6.3. RECOMMENATIONS FOR FUTURE RESEARCH: .......c.cocoviviieieieienn, 66
REFERENGCES ...ttt ettt sbe e 67
AL MOEI PATS: ..ottt 70
A.2. MOAEl ASSEMBLY ;..o ra e 71
A3 MAErialS INPUL: ... e re e 72
A4 MOl CONSEIAINTS: ..ottt sb e nreas 77
A5, MOl LOAUING: ..ottt 78
A.6. Model boundaries CONAITIONS: ..........cociiiiiiiiiiie e 79
ALT7. MOdel @NAIYSIS SEEPS: ...ttt et 79



