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ABSTRACT

Clause 5.7.1.3 of the Canadian Highway Bridge Design Code (CHBDC) specifies an equation for
the calculation of transverse moment intensity (My) in the deck slab cantilever due to truck loading
in a slab-on-girder bridge system. Also, it states that the transverse moment intensity shall be
assumed 2My for the locations within a distance equal to cantilever length of the transverse free
end of the deck slab cantilever. However, CHBDC design values do not consider the effects of
barrier length, variable thickness of the barrier wall and shape of the cantilever’s edge stiffening
on the response. In addition, the longitudinal moment on the deck slab cantilever due to truck
loading is as yet unavailable. Thus, a parametric study was conducted, using the finite element
modelling, to investigate the effect of these key parameters in the transverse and longitudinal
moments at the region of the transverse free edge of deck slab cantilever. Based on the data
generated from this parametric study, imperial equations for the transverse and longitudinal

moments at the transverse end of the deck slab cantilever were deduced.



ACKNOWLEGEMENT

I would first like to take this opportunity to express my deepest gratitude and special thanks to my
supervisor Dr. Sennah who has supported me throughout my thesis with his patience, knowledge,
invaluable guidance, comments, and suggestions. It is with great excitement that | look forward to

working with Dr. Sennah at the Ph.D. level.

| would also like to express my appreciation to my husband for the invaluable help, continuous

support and encouragement he provides not just during my study, but all over my life.

Finally, the financial support from V-rod Canada Inc. and Ryerson University is greatly

acknowledged.



TABLE OF CONTENTS

AUTHOR’S DECLARATION ...ttt I
ABSTRACT ..t b e ennes ii
ACKNOWLEGEMENT ..ot v
TABLE OF CONTENTS ...ttt %
LIST OF TABLES ... s IX
LIST OF FIGURES ...t xiii
LIST OF APPENDICES. .......co ottt XXiii
NOTATIONS ...t srr e snn e XXVi
CHAPTER ONE ...ttt 1
1 INTRODUCGCTION ..ottt 1
L1 GBNEIAL ...t 1
1.2 TREPIODIEM ... 1
1.3 ReSEArCh ODJECLIVE .....ooviieiciiece ettt ettt 2
S Too] o[- I 1Yo PSSR 2
1.5  Contents and Arrangement OF thiS STUAY..........ccoviiiriiiiieire e 3
CHAPTER TWO ..ottt sttt st 4
2 LITERATURE REVIEW ... 4
2.1 GBNEIAL ... 4
2.2 SAWKO @Nd Ml (LO71) ..o e 4
2.3 Bakht and HOHaNd (L976).......c.cooiiiiie it 5
2.4 Jaeger and BaKnt (1990) ........ooiiiiiiieieie e 6
2.5  Dilger et al. (1990) ......coueiiiiiiieiieieeee et 8
2.6 MUFEE €11 (1993) ...vvooeeeeeeeoeeeeeeeeeeeeeeeeeseeeeesee s eee s s s eeseeeees e eeeseeeeseeeess e eeseeee s eeseens 8



r ATt O G <) DO OO 12

P T (1= To N (1 ) LTRSS 12
2.9  Canadian Highway Bridge Design Code ProviSION.........ccoceieiiiirisieiienenese e 12
CHAPTER THREE ...t 16
3 FINITE ELEMENT ANALYSIS ... 16
Bl GBINEIAL ...t bbbttt ane s 16
3.2 Finite-Element Analysis Method ............ccovioiiiiiiii e 16
3.3 SAP2000 COMPULET PIOQIaIM ...ciiiviiiiiieiiiie st e ssireesieessieeessbeeesnbeesssbeesssaesssssessssseesnsneesns 17
3.4 SAP2000 SOFtWare and APLL.......cooiiieeie e 19
3.5  Finite Element Modelling of Deck Slab Overhang............ccccooviiininieieieenc s 20
351 ASPECE RALIO .....iiuiiiiicie ettt nraens 22
3.5.2  Material MOGElING.......ccoviiieicc e 22
3.6 Types of barrier CONTIGQUIATIONS. ........coueiiiitiiiiiiiiecee e 22
3.7 LOAAING CBSES ...ttt bbbttt bbbt bbbt b e bbb 23
3.8 Dynamic Load AIIOWENCES.........cccueiiiieieieiie ettt ettt e e nas 27
3.9  Sensitivity Study on Location of Maximum Transverse and Longitudinal Moment in the
CaANLIIEVET SIAD ... s 27
3.10 Sensitivity study for Effect of Thickness of Barrier on the Response..........c.cccccveeveeneenee. 37
3.10.1 Analysis of Transverse MOMENT ..........cooiiiriiirieieiese e 38
3.10.2 Analysis of Longitudinal MOMENT .........cccooiiiiiiiiiiee s 41
3.10.3 Analysis Of DefIECHION.........ccvi i 43
3.11 Sensitivity Study on Ratio of External Transverse Moment to Internal Transverse
IVIOMIBNT ...ttt 45
CHAPTER FOUR ...ttt 47
4 RESULTS FROM PARAMETRIC STUDY ....coooiiiiiiiiec e 47
A1 GBNEIAL ...t 47
4.2  Cantilever-Barrier Arrangements for parametric StUdy .........cccoccevivereneninne e 47

Vi



4.3 Analysis Of Transverse IMOMENT ..........ccoiieieiiie it 49

4.3.1 Effect of stiffening Arrangement ............ooooiiiiiiinieiee e 49
4.3.2 Effect of Barrier LENGN ..o 49
4.3.3 Effect of slab thickness for various tapered slab thickness ratio .............cc.ccccevevieenen. 52
4.3.4 Effect of Cantilever Length.........cccooiiiiiciece e 54
4.4  Analysis of Longitudinal MOMENT..........ccoviiiiiiiieiieeee e 61
4.4.1 Effect of stiffening Arrangement ............ooooiiiiiiinieee e 61
4.4.2 Effect of Barrier LENQGN .......ccvviiiiiicee e 61
4.4.3 Effect of slab thickness for various thickness ratio.............cccccoeereiiiiensinencsee 64
4.4.4 Effect of Cantilever LENGEN.........ccoiiiii e 66
45  ANalysiS OF AEFIECTION .....c..oviiiiiiee s 73
4.5.1 Effect of stiffening Arrangement ............ccooiiiieiieie e 73
4.5.2 Effect of Barrier LENQGEN .......ccvoiiiiiiicee e 73
4.5.3 Effect of slab thickness for various thickness ratio............ccccoevririininiiniicnc e 76
4.5.4 Effect of Cantilever Length and S1ab RatiO ..........ccoviiiiiiiiiiiic 78
4.6  Results comparison with CHBDC and previous research’s Works...........ccccovvevviieiinnnnn. 85

4.7  Comparison between results for external moments from this research with internal

MOMENtS FrOM MICOVIC FESUILS .......veveiiciiieciese e 87

O R 141 1 1 (=Y 0 T I o o 1= OSSR 88
O O | ¢ o ST 90
A.7.3  TL-2 DAITIET ettt bbbttt e e bbb b 92
A.T4  TLA DAITIEE ottt b b 94
R I I o U oL PSR 96
A.7.6  TL-D DAIMIET ottt bbbt bbb 98
4.8  DeVveloped EQUALIONS ......cccooiiiiiiiiieieiee sttt bbb 100
CHAPTER FIVE....... ottt 107

vii



5 CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE
RESEARCH ..ot 107
TN N C 1= 1T - | S TUP PRSPPSO 107
ST O] o 11 o] o ISP PRRTPRPRN 107
5.3  Recommendation for FUture RESEAICH.........cccoiiiiiiiiiie e 109
Appendix (A): Summary of Parametric Study .........cccccceviviiiiiicsie e 110
Appendix (B): Sample Code of SAP2000 APl ........ccccooiiiiiiieceecee e 183
RETEIENCES ..ot ne s 191

viii



LIST OF TABLES

Table 2-1: Maximum cantilever moments due to CL-625 loading condition included dynamic

l0ad allowanCes, (CSA, 2014) .....uiiie ettt st ae e sb e be e e e e ee e aree e 14
Table 3-1: Dynamic load allowance per CHBDC (2014)......cccoooueiiriiinieiiee e 27
Table 3-2: Range of Parameters considers for studying the effect of barrier thickness ............... 37
Table 3-3: Results of sensitivity study on external to internal moment ratio..............ccccceevveenee. 46
Table 4-1: Range of parameters considered in this StUAY ..........cccevveriiieniiere e 48
Table 4-2: Effect of stiffening arrangement on transverse MOMEeNt ...........coovvveeiereneiesesenennns 49

Table 4-3: Effect of barrier length on transverse moment of slab cantilever with unstiffened edge

Table 4-4: Effect of barrier length on transverse moment for slab cantilever with a curb........... 50

Table 4-5: Effect of barrier length on transverse moment for slab cantilever with TL-2 barriers 50

Table 4-6: Effect of barrier length on transverse moment for slab cantilever with TL-4 barriers 51

Table 4-7: Effect of barrier length on transverse moment for slab cantilever with TL-4 parapet 51

Table 4-8: Effect of barrier length on transverse moment for slab cantilever with TL-5 barrier. 51

Table 4-9: Effect of slab thickness on transverse moment for slab cantilever with unstiffened

iX



Table 4-11: Effect of slab thickness on transverse moment for slab cantilever with TL-2 barrier

Table 4-15: Effect of stiffening arrangement on longitudinal moment..............ccccceceiveiieieenenn, 61

Table 4-16: Effect of barrier length on longitudinal moment for slab cantilever with unstiffened

Table 4-17: Effect of barrier length on longitudinal moment for slab cantilever with a curb...... 62

Table 4-18: Effect of barrier length on longitudinal moment for slab cantilever with TL-2 barrier



Table 4-23:

Table 4-24:

Table 4-26:

parapet.......

Table 4-27:

Table 4-28:

Table 4-29:

Table 4-30:

Table 4-31:

Table 4-32:

Table 4-33:

Table 4-34:

Table 4-35:

Table 4-36:

Table 4-37:

Effect of slab thickness on longitudinal moment for slab cantilever with a curb ..... 64

Effect of slab thickness on longitudinal moment for slab cantilever with TL-2 barrier

.................................................................................................................................... 66
Effect of stiffening arrangement on deflection............cccccoove i 73
Effect of barrier length on deflection for slab cantilever with unstiffened edge....... 74
Effect of barrier length on deflection for slab cantilever withacurb ....................... 74
Effect of barrier length on deflection for slab cantilever with TL-2 barrier ............. 74
Effect of barrier length on deflection for slab cantilever with TL-4 barrier ............. 75
Effect of barrier length on deflection for slab cantilever with TL-4 parapet............ 75
Effect of barrier length on deflection for slab cantilever with TL-5 barrier ............. 75
Effect of slab thickness on deflection for slab cantilever with unstiffened edge....... 76
Effect of slab thickness on deflection for slab cantilever with a curb...................... 76
Effect of slab thickness on deflection for slab cantilever with TL-2 barrier............. 76

Xi



Table 4-38: Effect of slab thickness on deflection for slab cantilever with TL-4 barrier............. 77

Table 4-39: Effect of slab thickness on deflection for slab cantilever with TL-4 parapet............ 77

Table 4-40: Effect of slab thickness on deflection for slab cantilever with TL-5 barrier............. 77

Table 4-41: Maximum cantilever slab transverse moment (My) due to unfactored CL- 625 truck

wheel loads (Ip included) for slabs with unstiffened edge..........cccocevviiiinininieie 85

Table 4-42: Percentage difference between results from this research with CHDBC and

IV GOV TG S TESULES ..ttt nennnnnnnen 85

Table 4-43: Empirical equations for transverse and longitudinal moments in deck slab cantilevers
due to CL-625 truCK [0A0ING .....c.eiiiiieiecii sttt e e beere s 101

xii



LIST OF FIGURES

Figure 2-1: Notation employed by Sawko and Mills. (Adopted from (Xiao, 1997)) ........ccccvvvrnnne 5
Figure 2-2: Values of A’ for various thickness ratio (Adapted from Bakht and Holland, 1976).... 6
Figure 2-3: Notation for deck slab overhang. (Adapted from (Jaeger & Bakht, 1990))................. 7

Figure 2-4: Partial cross section of bridge demonstrating bending moment reinforcement in deck
slab overhang and internal panel of deck slab, (Adapted from Mufti et al, (1993)).........c.cccuvene. 8

Figure 2-5: (a) Boundary condition assumption for internal deck slab. (b) Notation for cantilever

slab and internal panel. (Adapted from Mufti et al, (1993)) ......cooeiiiiiiiiiiiiee 9
Figure 2-6: Evolution of various method; (adapted from Parr, (1993)) .....cccooveviiiiiieieiiecees 11
Figure 2-7: Notation for cantilever slab (CSA, 2014) ........cooveiiiieiieieeeceece e 14
Figure 2-8: Calculation of A values (CSA, 2014) ......cccooiiiiiiieieiese et 15
Figure 3-1: Four-node quadrilateral shell element..............cooiiiiiiii 18
Figure 3-2: Internal moment sign convention at local coordinate of shell element...................... 19

Figure 3-3: Schematic diagram of the FEA modeling showing the centerline approach for

modeling the edge-stiffened cantilever slab ... 20

Figure 3-4: Schematic Diagram showing varying thickness of the cantilever slab modeling...... 21

Figure 3-5: Schematic diagram showing the tapered barrier wall with 50 mm length of finite

elements of equal average width for each segment of the barrier height.............cccccooviiiniinn. 21

Xiii



Figure 3-6: Barrier configurations considered in this StUAY ..........ccccovviviiiieiicie e 23

Figure 3-7: (a) CL-W truck loading, (b) CL-W truck (CSA, 2014a) .......cccevverriiieiierieciesieennens 25

Figure 3-8: Lane 10ading (CSA, 20148) ......ccceoeieieiiiiiieieeeeiee sttt 25

Figure 3-9: Location of the applied load beside the inner side of the barrier wall and the

centreling of the FE MOGEIING .........c.coi i 25

Figure 3-10: Plan views of the deck slab cantilever with different loading cases...........c........... 26

Figure 3-11: Coordinate origin (0,0) located at corner of transverse free end (where axel load
applied) and longitudinal free edge of cantilever slab ... 28

Figure 3-12: Transverse moment versus barrier length due to axle 4 loading on unstiffened

cantilever slab of L5 M IENQLN .........coi i 29

Figure 3-13: Transverse moment versus barrier length due to axles 2 and 3 on the unstiffened

cantilever slab of 1.5 M IENQIN ......ooiiii e 29

Figure 3-14: Transverse moment versus barrier length due to axles 1, 2, 3 and 4 on the

unstiffened cantilever slab of 1.5 M IENGtN .......ccooiiiiic e 30

Figure 3-15: Transverse moment versus barrier length due to full truck loading with 5 axles on
the unstiffened cantilever slab of 1.5 M IENQN .......ooviiiiiii 30

Figure 3-16: Longitudinal moment versus barrier length due to axle 4 on the unstiffened

cantilever slab of 1.5 M IENGEN .......oooiii e 31

Figure 3-17: Longitudinal moment versus barrier length due to axles 2 and 3 on the unstiffened

cantilever slab of 1.5 M IENQIN ......ocoiii e 31

Xiv



Figure 3-18: Longitudinal moment versus barrier length due to axles 1, 2, 3 and 4 on the

unstiffened cantilever slab of 1.5 M 1eNgtN .......ccoooiiii i 32

Figure 3-19: Longitudinal moment versus barrier length due to full truck loading with 5 axles on
the unstiffened cantilever slab of L5 m length..........cccooiiiiiiii 32

Figure 3-20: Transverse moment versus barrier length due to axle 4 for the stiffened cantilever
SIab OF 1.5 M IBNGLN ..o e 33

Figure 3-21: Transverse moment versus barrier length due to axles 2 and 3 on the stiffened
cantilever slab of 1.5 M IENQIN ......ooiiii e 33

Figure 3-22: Transverse moment versus barrier length due to axles 1, 2, 3 and 4 on stiffened

cantilever slab of L5 M IENQLN .........coi i 34

Figure 3-23: Transverse moment versus barrier length due to full truck loading with 5 axles on
stiffened cantilever slab of 1.5 M 1ength ..o 34

Figure 3-24: Longitudinal moment versus barrier length due to axle 4 on stiffened cantilever slab
OF LE M IBNQLN .o ettt e e be e te e e e sreeanas 35

Figure 3-25: Longitudinal moment versus barrier length due to axles 2 and 3 on the stiffened
cantilever slab of 1.5 M IENQIN ......oooiii 35

Figure 3-26: Longitudinal moment versus barrier length due to axles 1, 2, 3 and 4 on stiffened

cantilever slab of 1.5 M IENGEN .......oooiii e 36

Figure 3-27: Longitudinal moment versus barrier length due to full truck loading with 5 axles on
stiffened cantilever slab of 1.5 M 1ength ..o 36

Figure 3-28: Notation used iN Table 3-2........c.oooiiiieiie e 37

XV



Figure 3-29:

Maximum transverse moment versus ratio of Ig/ls for slab cantilever with TL-2

0L 1] USSP TP PRSP 39
Figure 3-30: Maximum transverse moment versus ratio of Ig/ls for slab cantilever with TL-4

0L L4 T OSSOSO 39
Figure 3-31: Maximum transverse moment versus ratio of Ig/ls for slab cantilever with TL-4
QLU 01 O R PTRPTPRTPR 40
Figure 3-32: Maximum transverse moment versus ratio of Ig/ls for slab cantilever with TL-5

0T L4 T OSSR 40
Figure 3-33: Maximum longitudinal moment versus ratio of 1B/IS for slab cantilever with TL-2

O L 1] OSSP PRPRRO 41
Figure 3-34: Maximum longitudinal moment versus ratio of IB/IS for slab cantilever with TL-4
0 L T USSP 41
Figure 3-35: Maximum longitudinal moment versus ratio of Ig/ls for slab cantilever with TL-4

QT2 U 01 PRI 42
Figure 3-36: Maximum longitudinal moment versus ratio of IB/IS for slab cantilever with TL-5

0 L T USSR 42
Figure 3-37: Maximum deflection versus ratio of Ig/ls for slab cantilever with TL-2 barrier ..... 43
Figure 3-38: Maximum deflection versus ratio of Ig/ls for slab cantilever with TL-4 barrier ..... 43
Figure 3-39: Maximum deflection versus ratio of Ig/ls for slab cantilever with TL-4 parapet.... 44
Figure 3-40: Maximum deflection versus ratio of Ig/ls for slab cantilever with TL-5 barrier ..... 44
Figure 4-1: (a) Notation used for the cantilever overhang (b) 3D viewing of cantilever slab...... 48

XVi



Figure 4-2: Effect of cantilever length on transverse moment for slab cantilever with unstiffened

Figure 4-3: Effect of cantilever length on transverse moment for slab cantilever with a curb..... 55

Figure 4-4: Effect of cantilever length on transverse moment for slab cantilever with TL-2 barrier

Figure 4-6: Effect of cantilever length on transverse moment for slab cantilever with TL-4

QLU 01 PRSP 57

Figure 4-7: Effect of cantilever length on transverse moment for slab cantilever with TL-5 barrier

Figure 4-8: Effect of tapered slab thickness ratio on transverse moment for slab cantilever with
unstiffened edge (Lb=12m, Lc=21.5m, t1 = 200 MM)..coriiiiiiiiiiiiiieieseeeeeee e 58

Figure 4-9: Effect of tapered slab thickness ratio on transverse moment for slab cantilever with a
curb (Lo =212 m, Lc = 1.5 M, 11 = 200 IMM).eoiiiiiiiiiiieieeee et 58

Figure 4-10: Effect of tapered slab thickness ratio on transverse moment for slab cantilever with
TL-2 barriers (Lo =12 m, Lc = 1.5m, t1= 200 MM)..coiiiiiiiiiiiieieeesee e e 59

Figure 4-11: Effect of tapered slab thickness ratio on transverse moment for slab cantilever with
TL-4 barrier (Lb =12 m, Le = 21.5m, 11 =200 MM) c.ooiiiiieiiceceeseee e 59

Figure 4-12: Effect of tapered slab thickness ratio on transverse moment for slab cantilever with
TL-4 parapet (Lo =12 m, Le = 1.5 M, t1 = 200 MM) .eoiiiiiiiiiiieiieeee e e 60

XVii



Figure 4-13: Effect of tapered slab thickness ratio on transverse moment for slab cantilever with
TL-5 barrier (Lb =12 m, Le =1.5m, t1 = 200 MM) ..ottt 60

Figure 4-14: Effect of cantilever length on longitudinal moment for slab cantilever with
UNSTITTENEA BUGE ...ttt b e 67

Figure 4-15: Effect of cantilever length on longitudinal moment for slab cantilever with a curb 67

Figure 4-16: Effect of cantilever length on longitudinal moment for slab cantilever with TL-2

DI IO ..o —————— 68

Figure 4-17: Effect of cantilever length on longitudinal moment for slab cantilever with TL-4

D T T <.ttt e e e e ——— e e e e e e e e —————aae e e e a e ————— 68

Figure 4-18: Effect of cantilever length on longitudinal moment for slab cantilever with TL-4

[OL2 L 101 P TSP UPR PP 69

Figure 4-19: Effect of cantilever length on longitudinal moment for slab cantilever with TL-5

D T T <. et e e e e ——— e e e e e e —————— 69

Figure 4-20: Effect of tapered slab thickness ratio on longitudinal moment for slab cantilever
with unstiffened edge (Lo =12 m, Lc = 1.5m, t1 = 200 MM) .ooooiiiiiiiiiiiieeeeee s 70

Figure 4-21: Effect of tapered slab thickness ratio on longitudinal moment of slab cantilever with
acurb (Lo =12m, Lc=1.5m, t1 = 200 MM) .eoniiiiiiiiiieiee et e 70

Figure 4-22: Effect of tapered slab thickness ratio on longitudinal moment for slab cantilever
with TL-2 barrier (Lo =12 m, Lc =1.5m, t1 =200 MM) ...oiiiiiiieiieceee e 71

Figure 4-23: Effect of tapered slab thickness ratio on longitudinal moment for slab cantilever
with TL-4 barrier (Lo =12 m, Lc =1.5m, t1 =200 MM) ...ooiiiiiiiiiiiee e 71

xviii



Figure 4-24: Effect of tapered slab thickness ratio on longitudinal moment for slab cantilever
with TL-4 parapet (Lo =12 m, Le = 1.5m, t1 = 200 MM)..ooiiiiiiiiiiiieieieneeee s 72

Figure 4-25: Effect of slab ratio on longitudinal moment for slab cantilever with TL-5 barrier (L
=12mM, Le=1.5mM, t1 = 200 MM) oottt et e et eena e 72

Figure 4-26: Effect of cantilever length on deflection for slab cantilever with unstiffened edge 78

Figure 4-27: Effect of cantilever length on deflection for slab cantilever with a curb................. 79

Figure 4-28: Effect of cantilever length on deflection for slab cantilever with TL-2 barrier....... 79

Figure 4-29: Effect of cantilever length on deflection for slab cantilever with TL-4 barrier....... 80

Figure 4-30: Effect of cantilever length on deflection for slab cantilever with TL-4 parapet...... 80

Figure 4-31: Effect of cantilever length on deflection for slab cantilever with TL-5 barrier....... 81

Figure 4-32Effect of tapered slab thickness ratio on deflection for slab cantilever with
unstiffened edge (Lo =12 m, Lc = 1.5m, t1 = 200 MM)..ooiiiiiiiiiiiiiiiieseeeeeeeee e 81

Figure 4-33: Effect of tapered slab thickness ratio on deflection for slab cantilever with a curb
(Lo =12m, Lc=2.5mM, 112 200 MM ctiiiiiiiiiiieiee ettt 82

Figure 4-34Effect of tapered slab thickness ratio on deflection for slab cantilever with TL-2
barrier (Lo =12 m, Le = 1.5m, t1 =200 MM) .ottt 82

Figure 4-35: Effect of tapered slab thickness ratio on deflection for slab cantilever with TL-4
barrier (Lo =12 m, Lc = 1.5m, t1= 200 MM) c.ooiiiiiiiiiiieie e e 83

Figure 4-36: Effect of tapered slab thickness ratio on deflection for slab cantilever with TL-4
parapet (Lo =12 m, Le = 1.5m, t1 =200 MM) c.eoiiiiiiiiiiiieieeee e 83

Xix



Figure 4-37: Effect of tapered slab thickness ratio on deflection for slab cantilever with TL-5
barrier (Lo =12 m, Le = 1.5 m, t1 =200 MM) .ottt e 84

Figure 4-38: Comparison between CHDBC moment and Micovic’s results with those from the
current study for slab cantilever with unstiffened edge and tapered slab thickness ratio of 1 ..... 86

Figure 4-39: Comparison between CHDBC moment and Micovic’s results with those from the

current study for slab cantilever with unstiffened edge and tapered slab thickness ratio of 0.75 87

Figure 4-40: Comparison between CHDBC moment and Micovic’s results with those from the

current study for slab cantilever with unstiffened edge and tapered slab thickness ratio of 2 ..... 87

Figure 4-41: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with unstiffened edge (Lc=1m)............... 88

Figure 4-42: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with unstiffened edge ( Lc =1.5m)............ 88

Figure 4-43: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with unstiffened edge (Lc=2m) ............... 89

Figure 4-44: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with unstiffened edge ( Lc =2.5m)............ 89

Figure 4-45: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with a curb (Lc =1m) .ocoovoiiiiiiiieiinns 90

Figure 4-46: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with acurb (Lc=1.5mM) oo 90

Figure 4-47: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with a curb (Le=2 M) .ocoovviiiiiiiiiinie. 91

XX



Figure 4-48: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with a curb (Lc =2.5mM)..cccvciviiviviiennen.

Figure 4-49: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-2 barrier (Le=1m)....cccccvvvrnnennee.

Figure 4-50: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-2 barrier (Lc=1.5mM)....ccccceneeee.

Figure 4-51: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-2 barrier (Lc =2 M)

Figure 4-52: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-2 barrier (Lc=2.5mM)....cccoveneeee.

Figure 4-53: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-4 barrier (Lc=1m)....cccocvvvrnnene

Figure 4-54: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-4 barrier (Lc=1.5m).....ccccevenene

Figure 4-55: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-4 barrier (Lc =2 M)

Figure 4-56: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-4 barrier (Lc=2.5mM).ccccoevvnnnee.

Figure 4-57: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-4 parapet (Lc=1m).....ccccocvrenene

Figure 4-58: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-4 parapet (Lc =1.5m)...............

XXi



Figure 4-59: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-4 parapet (Lc =2 mM)......ccceevevneenee. 97

Figure 4-60: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-4 parapet (Lc=2.5M).....cccevennee 97

Figure 4-61: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-5 barrier (Le=1m)..cccccccvevvnnnee. 98

Figure 4-62: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-5 barrier (Lc=1.5m)......c.cceeeee 98

Figure 4-63: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-5 barrier (Lc=2mM)..ccoovvevenenee. 99

Figure 4-64: Ratio on external moment obtained from the current study and internal moment

obtained from Micovic’s results for slab cantilever with TL-5 barrier (Lc=2.5m)......ccccceeeee 99
Figure 4-65: FE results versus developed equations for cantilever slab with TL-5 barrier........ 104
Figure 4-66: FE results versus developed equations for cantilever slab with TL-4 barrier........ 104
Figure 4-67: FE results versus developed equations for cantilever slab with TL-2 barrier........ 105

Figure 4-68: FE results versus developed equations for cantilever slab with TL-4 parapet....... 105

Figure 4-69: FE results versus developed equations for cantilever slab with curb ................... 106

Figure 4-70: FE results versus developed equations for cantilever slab with unstiffened edge. 106

XXii



LIST OF APPENDICES

Table A-1: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment in
Unstiffened Cantilevered Slab of Length 1 m .......ccoviiiiiiii e 111

Table A-2: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment in
Unstiffened Cantilevered Slab of Length 1.5m .......cccooiiiiiiiin i 114

Table A-3: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment in
Unstiffened Cantilevered Slab of Length 2m ... 117

Table A-4: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment in
Unstiffened Cantilevered Slab of Length 2.5m ... 120

Table A-5: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment in
Cantilevered Slab with Concrete Curb of Length 1m.........c.cccooiiiieiiiiiiiccce e 123

Table A-6: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment in
Cantilevered Slab with Concrete Curb of Length 1.5 Moo 126

Table A-7: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment in
Cantilevered Slab with Concrete Curb of Length 2 M........cccccooieiiiiiciececece e 129

Table A-8: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment in
Cantilevered Slab with Concrete Curb of Length 2.5 M. 132

Table A-9: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment in
Cantilevered Slab with TI-2 Barrier of Length L m........ccccooiiiiiiiiii e 135

Table A-10: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-2 Barrier of Length 1.5 M.......cccoooiiiiiiiiiie e 138

xxiii



Table A-11: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-2 Barrier of Length 2 M.......ccccooviieiiieiee e 141

Table A-12: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-2 Barrier of Length 2.5 M.......ccooiiiiiiii 144

Table A-13: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-4 Barrier of Length 1 mM......cccccooiiviiiiiiieece e 147

Table A-14: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-4 Barrier of Length 1.5 M.......cccooiiiiiiiiiiiee e 150

Table A-15: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-4 Barrier of Length 2 M.......ccccooiiviiiiiiiee e, 153

Table A-16: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-4 Barrier of Length 2.5 M. 156

Table A-17: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-4 Parapet of Length 1 M .......ccccooiiiiiiiiiiecc e, 159

Table A-18: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-4 Parapet of Length 1.5 M ..o 162

Table A-19: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-4 Parapet of LENgth 2 M ........cccooiiiiiiiiiic e 165

Table A-20: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-4 Parapet of Length 2.5 M ..o 168

Table A-21: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-5 Barrier of Length 1 ... 171

XXV



Table A-22: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-5 Barrier of Length 1.5 M......cccccooiviiiiiiiiee e, 174

Table A-23: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-5 Barrier of Length 2 m........ccooiiiiiiiiic 177

Table A-24: Summary of Maximum deflection, Transverse Moment and Longitudinal Moment
in Cantilevered Slab with TI-5 Barrier of Length 2.5 M., 180

XXV



bbase

CHBDC

Lb
Lc

Mx

NOTATIONS

Coefficient obtained from graphical design charts to
compute transverse moment intensity, My
(CSA 2014)

Coefficient obtained from graphical design charts to
compute transverse moment intensity, My
(Bakht and Jaeger, 1985)

Coefficients based on different ratios of S/S¢ for
values of t1/t> to determine My (Mufti et al., 1993)
Coefficient obtained from graphical design charts to
compute transverse moment intensity, My

(Bakht and Jaeger, 1985)

Barrier wall thickness

Barrier wall base width

Transverse distance of load from supported edge of
cantilever slab (CSA 2014); lowercase in
previous studies

Canadian Highway Bridge Design Code

Young’s modulus; modulus of elasticity
Modulus of elasticity of concrete
Compressive strength of concrete

Finite Element Analysis

Moment of inertia of barrier wall

Moment of inertia of slab

Length of barrier
Length of cantilever deck slab

Longitudinal moment
Transverse moment

Centre-to-centre spacing of longitudinal girders

Transverse distance of the free edge to the supported
edge of cantilever slabs (CSA 2014)

XXVi



t1
t2
td
tr

Slab thickness at the free end of the cantilever
Slab thickness at the root of the cantilever
Thickness of slab

Slab thickness ratio, t2 / t1

X coordinate of point evaluated on a cantilever slab
(CHBDC 2014)

Y coordinate of a point evaluated on a cantilever slab
(CHBDC 2014)

XXVii



CHAPTER ONE
1 INTRODUCTION

1.1 General

The deck slab cantilever extends in the bridge’s transverse direction from exterior girder in a slab-
on-girder bridge system, perpendicular to the direction of traffic. While the deck slab overhang
adds aesthetical value, it also proves to be an economical solution due to reducing the deck slab
width between longitudinal girders. Additionally, the cantilever overhang is typically designed to
vary in height, with it cross-section tapering to a smaller value at its free edge. Extensive research
was conducted over the years to analyze cantilever slabs in a simplified appreciable loss. Majority
of these simplified methods are based on calculating the transverse moment due to applying wheel
loads on the internal portion of cantilever slabs, however, this research focuses on investing the
structural response of cantilever overhang due to applying truck loading near the transverse free
end of the slab (i.e. construction joint) and developing imperial equation for transverse and

longitudinal moments based on the obtained results.

1.2 The Problem

The intensity of the transverse negative moment (My) at the interior location of the deck slab
cantilever can be determined as stipulated in Clause 5.7.1.3 of the Canadian Highway Bridge
Design Code, CHBDC, (CSA, 2014a) using moment equation or in table format. Nevertheless,
the task of determining transverse moment at the location of bridge expansion joints, or within a
distance equal the slab cantilever length, Sp, of the transverse free edge, was simplified in the
CHBDC by assuming the design moment in this region as 2 My. However, the downside of this

Clause can be summarized as follows:

1- It does not consider the effect of increasing length of barrier.
2- The equation is limited to either unstiffened deck slab cantilever edge or stiffened edge with
Jersey barrier, while CHBDC specifies barrier shapes, namely: TL-5, TL-4, TL-2 and TL-1.



These barrier shapes have different cross-section area and flexural stiffened based on the
associated design loads due to vehicle impact and traffic volume in the bridge.

CHBDC does not refer to the longitudinal moment in the deck slab cantilever at the interior
locations or near the transverse free end of the cantilever slab.

As a result, a practical-design-oriented parametric study was carried out in this research, using
the commercially available SAP2000 finite element software, on more than 2400 deck slab
cantilevers to study the peak intensity of transverse and longitudinal moment, as well as the
deflection resulted from the applied wheel loads at the region of their free end (i.e. where the
bridge expansion joint exists).

1.3 Research Objective

The aims of this research are as follows:

1-

Conduct a practical-design-oriented parametric study, using the 3D finite element modeling,
of the cantilever deck slabs in the slab-on-girder bridge system to investigate their behavior
when subjected to truck loading conditions at the region of their free end.

Perform a comparison between obtained results for external moments and the corresponding
results for internal moment obtained from CHBDC and Micovic (2016) to investigate the
accuracy of the simplified method of analysis specified in CHBDC at free end.

Develop equations to calculate the external transverse and longitudinal moment based on the

studied geometries and truck configuration.

1.4 Scope of work

The scope of this research comprises of carrying out a literature review of previous research work,

textbooks, design codes and standards of practice associated with unstiffened as well as stiffened

edge of the cantilever deck slab subjected to truck loading.

Moreover, the study includes a series of sensitivity studies conducted to investigate the accuracy

of obtained data from SAP2000 software, location of peak intensity of transverse and longitudinal

moment, the effect of barrier thickness, and the loading case that produces the maximum moment



intensity. Next, a parametric study was conducted, using SAP2000 software, on cantilever
overhangs subject to CHBDC truck loading at its free transverse end to investigate the effect of
different parameters on the response. The key parameters considered in this study include
cantilever length, barrier length, slab thickness, slab tapered thickness ratio and end-stiffening
configurations. Then, a comparison between the generated data and corresponding data from
CHBDC and Micovic’s research work was conducted to scrutinize the accuracy of the ratio of 2
for the external-to-internal moments stated in CHBDC. Finally, a set of more reliable equations
for the transverse and longitudinal moments at the free end of the deck slab cantilever was deduced.

1.5 Contents and Arrangement of this study

In this study, Chapter 1 is an introductory Chapter which sheds light on the research’s problem,
scope and its main goals. Chapter 2 describes the simplified methods utilized for determining the
moment intensity in the deck slab cantilever as well as reviews previous research works and
methods provided in CHBDC. Chapter 3 explains the concept of the finite element method and
SAP2000 software utilized in the modeling and analyzing of the deck slab cantilever, loading
cases, and sensitivity studies conducted to examine the approach of modelling. Chapter 4
demonstrates the results of the parametric study conducted on the cantilever deck slab, and the
comparison of the generated data with CHBDC and Micovic’s research work. Also, it presents the
developed equations to determine the resulting moment. Chapter 5 summarize the findings of this

study, outlines conclusions and presents recommendations for future research.



CHAPTER TWO
2 LITERATURE REVIEW

2.1 General

A lot of study has been conducted over time on figuring out the intensity of bending moment due
to wheel loads on bridge cantilever overhang to produce a user-friendly method that can be adopted
instead of applying more rigorous methods. Generally, these simplified methods are based on
assumption of ‘isolating the deck slab overhang from the internal slab panels of the bridge on
fixed supports retrained from any movement and rotation. As it the comparisons between the
results from simplified methods with rigorous methods such as FE Analysis shows, the percentage
error is insignificant. In addition, X direction refers to the direction of traffic flow and parallel to
the root of cantilever and Y direction is perpendicular to bridge girders; as a result, My indicated
the traverse moment. Also, the slab materials presumed homogeneous and isotropic. In this
chapters, the practices on developing simplified expressions for determining transverse moment
due a concentrated load on cantilever slab is reviewed, and the way how Canadian Highway Bridge
Design Code (2014) are based on these investigations is clarified.

2.2 Sawko and Mill (1971)

Sawko and Mill (1971) presented a manual method for calculating hogging moment (My) due to a
concentrated load (P) on an isotropic deck slab overhang with uniform thickness. The relationship

they suggested, included hyperbolic function (cosh), and is in the form of:

M. - PA’ 1
g T lcosh A’ (%/%) (2-1)




Where A'is a function of the location of the load (P) to the fixed edge. The negative sign shows
that the top fiber is under tension. Other components are described in Figure 1.1. However, this
method only can be applied for determining the bending moment at unyielding supports at the root
of cantilever overhang, therefore designers were not able to use this expression for calculating the

moment all over cantilever slab.
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Figure 2-1: Notation employed by Sawko and Mills. (Adopted from (Xiao, 1997))

2.3 Bakht and Holland (1976)

Since, the equation developed by Sawko and Mills (1971) is only restricted for determining the
bending moment along the root of the cantilever overhang with uniform thickness, Bakht and
Holland (1976) developed a semi-graphical solution based on the assumption of an elastic
cantilever overhang with isotropic material. This simplified solution for cantilever slab with
concentrated loads presented results similar to classical method; however, it can be applied for
calculating moment intensity all over the deck slab overhangs with linearly varying thickness. The

formula is in the form of:



1

cosh

Where P is the intensity of applied load. Coefficient A’ is function relative to the position of the
load (P) with respect to the root of cantilever slab and it depends on: the thickness ratio tr =t2/t1,

A'x
(c—y)

¢ =c/aand y, = y/r. A can be found through graphical charts (Figure 2-2).

Bakht (1981) demonstrated that above equation by Bakht and Holland (1976) cannot be applied to
the edge-stiffened deck overhangs with finite length. As can be seen on Figure 2-2. the charts

Bakht and Holland (1976) produced is restricted to the variation of A’ for unstiffened cantilever

(2-1)

slabs; nevertheless, Bakht (1981) prepared charts for edge-stiffened cantilever overhangs.
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Figure 2-2: Values of A’ for various thickness ratio (Adapted from Bakht and Holland, 1976)

2.4 Jaeger and Bakht (1990)

Surprisingly, in spite of the fact that the results given by Bakht and Holland (1976) were confirmed
by other rigorous methods, such as Finite Element Analysis, the hyperbolic function (cosh) of the




previous method was extracted empirically; as a result, Jaeger and Bakht (1990) replaced the
relationship by an algebraic function from linear elastic solution which is easier to apply than
former expression. In this method, My can be calculated as below:

_ A (c—y)*
T 2 {(C_y)z-l_(%x)z}

g (2-2)

Where P is magnitude of applied load. c is the distance between applied load and root od
cantilever slab. Other notation shown on Figure 2-3. For the concentrated load at the tip of the

cantilever overhang where c=s, this formula becomes:

_ 2P (s—»*
R (O N IR 2:3)

A,
Where D' = EY and s is distance between root and tip of cantilever overhang.

Figure 2-3: Notation for deck slab overhang. (Adapted from (Jaeger & Bakht, 1990))

Even though, this method seems to be user friendly and appealing to engineers and designers, the
maximum moment magnitude which determined by this method is exaggerated from real value.

Since this method, is based on assumption of fully fixity at the clamped edge of the cantilever slab.



2.5 Dilger etal. (1990)

Dilger et al. (1990) evaluated the assumption of unyielding supports at the root of cantilever slab.
For this purpose, they used FE Analysis, and modeled the cantilever slab as a separate part. They
proved that the maximum hogging moment for the rather thin and deep webs was 40% higher than
the real value, if it is calculated based on the assumption of full fixity at the root of cantilever slab.
However, it is interesting to note that a flexible restrain produced smaller hogging moment at the

clamped edge, especially for short cantilever slab span, and loads near to supports.

Dilger el al (1990) applied the same equations that Bakht and his coworkers used, but they
introduced a new value for B which is A’/2. Coefficient B is the function of t;, ¢, yr and a new
parameter Sy = S/Sc. Sy is the ratio of internal slab to cantilever slab. In addition, they added a
stiffness factor. All of previously discussed methods including Dilger et al (1990) measures of
bending moment in cantilever overhang, and do not give any information on the intensity of

hogging moment in the first internal panel.

2.6 Mufti et al (1993)

As noted above, the methods developed by Bakht and Holland (1976), and Dilger et al. (1990) can
be used only for determining moment in the cantilever slab, not the first internal panel.
Nevertheless, Mufti et al. (1993) proposed a simplified method for determining the intensity of

hogging moment in the first internal panel due to a concentrated load on the deck slab overhang.

reinforcement for
cantilever moment

S Sc

internal panel ~ overhang

Figure 2-4: Partial cross section of bridge demonstrating bending moment reinforcement in deck
slab overhang and internal panel of deck slab, (Adapted from Mufti et al, (1993))



Mufti et al (1993) solved the problem based of some simplification. For instance, they reached to
the point that, the girders can be supposed to be non-deflecting; furthermore, it can be assumed

that the deck slab is simply supported over the girder close to external girder.

=
B A. |
L —
A A '
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j— — 1€ >
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Figure 2-5: (a) Boundary condition assumption for internal deck slab. (b) Notation for cantilever
slab and internal panel. (Adapted from Mufti et al, (1993))

Based on such these simplification, Mufti et al (1993) proposed two equations for finding the

magnitude of the bending moment in both cantilever overhang and first internal panel as follows:

_ ZPBC [ (C - yc)4 I

ye m |[(c —y)? + (Bcx)?)? (2-4)
v _ _2PB: c*(S —y*
yiT g I[CZ(S —yi)i+ Sz(Bix)z]zl (2-5)

Equation 2-5 is for finding hogging moment intensity in the cantilever slab and equation 2-6 is for
calculation of transverse moment in the internal panel due to the concentrated load applied on
cantilever slab. Value of B and Bi can be found through tabulated tables Mufti et al (1993)
prepared. Figure 2-5(b) demonstrated the notation used in above relationships. It is interesting to

note that, Mufti et al (1993) proved that variation the peak intensity of transverse moment My



cannot turn into linear relationship, even for larger value of S¢/S, unlike the common postulate of

linear variation the peak intensity of My.

Sylvain Parr (1993) demonstrated the development of deck slab overhang from Sawko and Mills
(1971) to Mufti et al (1993) shown in Figure 2-7.
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Figure 2-6: Evolution of various method; (adapted from Parr, (1993))
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2.7 Parr (1993)

A computer program named ANCAS which developed by Parr (1993), was built on the simplified
method by Mufti et al (1993). This program designed for determining transverse moment
intensities of the cantilever portion and first internal panel of slab-on-girders bridges due to
OHBDC or the CS-W truck loads on the deck slab overhang. The purpose of this program was to
facilitate the calculations proposed by simplified methods which discussed in this chapter. ANCAS
is acronym derived from Analysis of Cantilever Slabs, and is written in FORTAN 77.

Later, Parr (1993) extended ANCAS to ANDECAS which is an acronym for Analysis and Design
of Cantilever Slabs which is written with the same computer language (FORTAN 77). ANDECAS
employed the same procedure used by ANCAS; however, it included design capabilities, such as,
ability to find design moments, and specify the required steel area corresponding to the design
moments for each section. This program is limited to the analysis and design of cantilever
overhangs without edge-stiffening; nonetheless, Parr (1993) pointed out in his thesis that, the
program could be used for cantilevers with stiffened edges, provided that new tables of coefficient
A would be developed.

2.8 Xiao (1997)

Xiao (1997) worked on improving program ANDECAS developed by Parr (1993). The program
expanded by Xiao (1997) named ANDECS4 which can be used for edge-stiffening deck slab as
well. In this program, the maximum moment intensity was calculated by a close-form solution
versus the time-consuming iterative process employed by ANDECAS. Also, ANDECAS4
included user defined truck load function, in order to be used worldwide. Also, it abled to calculate
the moment intensities for a fully clamped cantilever as well as design the tensile reinforcement

made of fiber reinforced polymer.

2.9 Canadian Highway Bridge Design Code Provision

The CHBDC provision for determining on transverse moment (My) due to a concentrated load on
deck slab overhang is built on the discussed methods in this chapter such as, Bakht and Holland
(1976), Dilger et al (1990) and Mufti et al (1993). The expression, which adopted in the second

12



edition of the OHBDC (MTO 1983) for finding the bending moment in cantilever overhang due

to a concentrated load is as a form of:

PA’ 1
M, =— A x (2-6)
cosh W

However, as discussed previously, Jaeger and Bakht (1990) proposed a more attractive and easier
to apply algebraic relationship than the above equation; thus, the equation including the hyperbolic
function has been replaced with algebraic equation in the latest version of CHBDC (2014). In
addition, A’ in the former formula has been changed to 2A to be in consistency with Jaeger and
Bakht (1990) and other publication. As per clause 5.7.1.3 of CHBDC (2014) the magnitude of
traverse moment My for a cantilever overhand with a uniform or varying thickness ratio can be

found through the expression as followed:

2PA

i+ 25 &

M, =

Where, P is magnitude of concentrated load on cantilever, A is a coefficient can be found through
graphical charts (Figure), and depends on factors such as thickness ratio, and ratio of distance of
load (p) to the root of cantilever slab and cantilever span length; other notation demonstrated on
the Figure 2-8.

Another option specified by in clause 5.7.1.3 of the CHBDC (2014) for determining the transverse
moment intensity due to the CL-625 Truck., is to obtain the corresponding value from Table 5.15

provided in this clause. The table can be used for both stiffened and unstiffened edge.

Additionally, as it can be observed, the methods discussed in this chapter from Bakht and Holland
(1976) to Mufti et al (1993) can be used only when the load are far from cantilever free edge.

Bakht et al (1979) presented a simplified method for the case when the loads apply near the

13



transverse free edge of cantilever slab, however this method was tedious to apply, since it needed
another set of coefficients. For this reason, CHBCD (2014) makes the task of designers easer, by
proposing that the bending moment at the cantilever part within a distance of Sp from the transverse
free edge of cantilever slab should be taken twice the calculate moments (My) for which the rest
of cantilever overhang is designed. However, this part of CHBDC (2014) is subject of investigation

for this research, and in next chapters some studies for validity of this part.

0.30m

-]
-]

1.8 m—

—| |

Figure 2-7: Notation for cantilever slab (CSA, 2014)

Table 2-1: Maximum cantilever moments due to CL-625 loading condition included dynamic
load allowances, (CSA, 2014)

Unstiffened edge Edge stiffened with New Jersey
barrier

Maximum My, KN.m/m Maximum My, KN.m/m
Sp, M re=1.00 re=0.75 rr=0.5 re=1.00 re=0.75 re=0.5
1.00 41 43 44 37 41 45
1.50 43 47 51 34 37 41
2.00 53 57 60 35 39 43
2.50 60 65 70 37 40 43
3.00 92 99 107 70 74 77

Note: Value obtained fory =0,C =Sp-0.75
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CHAPTER THREE
3 FINITE ELEMENT ANALYSIS

3.1 General

The Finite Element Method (FEM) is a computerized method based on numerical technique.
Complicated problems can be solved by this method, to generate valid results in comparison with
experimental discovery. For that reason, the finite element analysis method is vastly used by code
writers and designers. Also, the finite element analysis is a suggested method by CHBDC in
accordance with Clause 5.9.1. FEM can solve problems by dividing the body into finite elements
with associated nodes which are similar to original system. These elements can be summarized as

follows:

1- One dimensional elements or linear elements;
2- Two dimensional elements, such as triangular or quadrilaterals;
3

4- Simple axisymmetric triangular and quadrilateral elements used for axisymmetric problems.

Three dimensional elements; and

Finite element analysis involves obtaining element stiffness matrix relating the nodal vector
displacement to nodal allied forces by various methods, namely: a) direct equilibrium or stiffness
method, and b) work or energy method. Nowadays, there are well-known and reliable finite
element analysis software in the market, among them: SAP2000, ETABS and ABAQUS software.
SAP2000 software (CSI, 2015) is a reliable software that can be widely used for solving day-to-
day problems to complex models. SAP2000 software version 17 was employed in this research to
execute the sensitivity and parametric studies on structural behaviour of deck slab overhangs. The
variables which are taken into account in this study includes barrier length, cantilever length, slab
thickness, tapered slab thickness ratio and diverse types of edge stiffening for cantilever slabs.

3.2 Finite-Element Analysis Method

As mentioned earlier, FEM is a numerical method for solving a wide range of problems from
engineering field to mathematical physics. It can be used for structure analysis, heat transfer, fluid
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flow, mass transport, and electromagnetic potential. In addition, problems which consist of
complicated geometries, loading and material properties which is not solvable by analytical
solution involving partial differential equations, can be solved by the FEM. The finite element
method involves taking some steps to solve problems. The first step is discretizing a whole model
to smaller parts, called finite elements, to produce equivalent system of smaller bodies, which
interconnected at points called nodes. In the finite element method, the element types, the kinds of
loads to be applied, and type of boundary conditions or supports are specified by the users.
However, other steps are executed by the computer automatically. The next step is selecting a
displacement function. Linear, quadratic, and cubic polynomials are vastly employed because of
simplicity. Then, the strain/displacement or stress/strain relationship is defined to derive an
equation for each finite element. Then, the element stiffness matrix and equations relating nodal
forces to nodal displacement are extracted by applying force equilibrium conditions for an element
along with force/deformation relationships. Lastly, the global stiffness matrix can be produced

from combining basic element’s matrix, using methods, such as direct stiffness method in form of:
[P] = [K][U] (3-1)

Where P is the node load vector, K is the global stiffness matrix and U is the nodal displacement
vector. As it can be seen, this matrix demonstrates the relationship between nodal force and
displacement. It is interesting to note that the finite element analysis can be used to solve both
elastic and inelastic problem. For the elastic problem, the solution is straightforward and can be
directly gained by applying load. However, for non-linear problems, the analysis involves a

different numerical method and materials non-linearity.

3.3 SAP2000 Computer Program

SAP2000 is one of the most reliable software which used for finite element analysis. This software
is famous worldwide for its ability to solve a wide range of problems including static or dynamic
problems, and linear or nonlinear analysis. SAP2000 finite element library includes six element
types, namely: frame element, shell element, plane element, solid element, Nllink element and
Asolid element. The type of element which was utilized in this study to simulate the cantilever
slab and barrier wall is the shell element shown in Figure 3-1 and its thickness defined as the slab

thickness or barrier thickness. In addition, the next step after selecting the type of elements is to
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understand the sign conversion presented by SAP2000 manual for shell element internal forces,
stresses and moments. Figure 3-2 shows the sign convention for positive internal moment. Also,
it is noted that these shell element internal moments are moments per unit length acting on the

mid-surface of the shell elements.

For the purpose of investigating the accuracy of intensity and direction of obtained moments from
SAP2000 software, a sensitivity study was conducted by applying a unit load per meter of the
cantilever slab and comparing the generated results for transverse and longitudinal moment, as
well as defection, to exact solution. According to this study, M22 and M11, depicted in Figure 3-

2, were taken as transverse and longitudinal moments in all analysis, respectively.

Bxis3 A

P it Asis 1

Face 6: Top (+3 faca)

Faca 5: Botbom (-3 faca)

i1

Figure 3-1: Four-node quadrilateral shell element

(https://wiki.csiamerica.com/display/kb/Shell, n.d.)
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Figure 3-2: Internal moment sign convention at local coordinate of shell element

3.4 SAP2000 Software and API

In this study, SAP2000 software version 17, which is a powerful tool for the finite element analysis
is employed in combination with Application Programming Interface (API). API is created to
enable users to create a spreadsheet, plugin, or third-party-application, and is compatible with most
major programming languages. API is used in this research to analysis more than 2400
computerized modeling and to automate the process required to acquire customized analysis and
results with providing a path for two-way exchange of model information with Microsoft excel

which includes Visual Basic Application (VPA).

It is good to note that, this tool plays a key role in this study, otherwise the process of collecting
data from specified nodes from modelling could be time-consuming and rigorous task. The VPA
codes can be written in Microsoft Excel to find transverse and longitudinal moments as well as
deflection for various cantilever-barrier configurations with changing parameters. The sample

codes, which used in this study presented in Appendix B.
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3.5 Finite Element Modelling of Deck Slab Overhang

In this study, over 2400 finite element modeling were created by SAP2000 software for the purpose
of sensitivity and parametric studies. Similar to the approach used to develop the simplified
methods explained in the literature review Chapter, the cantilever deck slabs was created by
isolating it from the rest of the bridge deck slab on the slab-on-girder bridge system and restraining
its end at the centre of the exterior girder against rotations and movements along the cantilever
root. Thin shell element with six degrees of freedom at nodes was employed to model the cantilever
slab and the cast-in-place concrete barriers. Also, centerline approach was used for modeling the
deck slab and barrier wall, considering rigid joint between them. Figure 3-3 depicts a schematic
diagram of the finite element modelling of the barrier-deck slab cantilever system using the

centreline approach with the thickness of each element extruded to obtain surface stresses and
contour lines if required.

Figure 3-3: Schematic diagram of the FEA modeling showing the centerline approach for
modeling the edge-stiffened cantilever slab
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With respect to number of elements used in the modeling, 50x50 mm element size was utilized
and element thickness equal to either the thickness of the barrier wall or the deck slab cantilever.
For the deck slab with constant thickness, the thickness of shell element was considered as
thickness of the deck slab, while for tapered deck slab, the slab was divided into five areas through
its length to simulate the body of a linear varying cantilever overhang as shown in Figure 3-4.
Average thickness of these areas was considered as the thickness of the shell elements. The same
approach is used for creating tapered barriers. Therefore, for each 50 mm segment of the barrier
wall along the height, an average wall thickness was assigned as the thickness of shell element
through the barrier to replicate the cross sectional variation of tapered wall as shown in Figure 3-
5.

Figure 3-4: Schematic Diagram showing varying thickness of the cantilever slab modeling

Figure 3-5: Schematic diagram showing the tapered barrier wall with 50 mm length of finite
elements of equal average width for each segment of the barrier height
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3.5.1 Aspect Ratio

In general, the ratio of the longest dimension to the shortest dimension of a quadrilateral element
is called aspect ratio. According to the literature review, the inaccuracy of the solution increases
by rising the aspect ratio (Logan, 2012). This demonstrates that the results are expected to be close
to exact solution for the elements with smaller aspect ratio, ideally close to 1. Consequently, as
explained earlier, the 50x50 mm finite elements with aspect ratio of 1 were used to simulate
cantilever overhang and barrier wall. However, in some areas like the base of tapered barriers, this

number increased to a maximum of 1.1.

3.5.2 Material Modeling

Material properties for the barrier wall and the deck slab cantilever were employed in this study
are defined as linear elastic and isotropic. The material is defined in SAP2000 software and a
unique name was assigned to it. Also, mesh reinforcement was not considered for the modeling.
The defined material properties utilized for cantilever slab and barriers by SAP2000 software are

as follows:

» Compressive strength of concrete (f'c) was taken as 30 MPa
> The specific weight of concrete (yc) was assumed as 24 kN/m?®

» The modulus of elasticity of concrete (Ec) was determined through following formula:

Ec = 4500,/f/ (3-2)

» Poisson’s ratio (v) was considered as 0.2

3.6 Types of barrier configurations

Figure 3-6 illustrates the different geometric shapes of barriers with their denoted names.
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Figure 3-6: Barrier configurations considered in this study
3.7 Loading Cases

In this study, CL-625 truck load was applied near the free edge of deck slab overhang 300 mm
away from the inner (traffic) side of the barrier, curb or parapet as depicted in Figure 3-6. CHBDC
defines two types of CL-W loading as follows:

1) CL-W truck which is the idealized five-axle truck as shown in Figure 3-7. W is shown in Figure
3-7(a) represents the gross load of CL-W truck in kilo-Newton, while Figure3-7 (b)
demonstrates the wheel spacing, weight distribution, and clearance envelope of the CL-W
truck.

2) CL-W lane load which is defined as per clause 3.8.3.1.3 of CHBDC and consists of a CL-W
truck with each axel reduced to 80% of the original value and superimposed within a uniformly
distributed load of 9 kN/m over 3.0 m wide as shown in Figure 3-8.
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In this study, CL-625 axel load was applied at region of the transverse free end of the cantilever
slab. Instead of applying point loads, a physical footprint of 600x250 mm utilized for each axel
was considered in the modelling. The magnitude of the load of each axel was then divided by the
footprint area to calculate area pressure of the footprint in mega-pascal. In addition, the edge of
axel footprint was applied at the distance 300 mm away from the inner (traffic) side of the barrier
wall as depicted in Figure 3-9. Moreover, the loading cases which used in this research are
demonstrated in Figure 3-10. These loading cases are meant to determine the greatest moment at
the fixed end of the deck slab cantilever, given the change in axle loadings, spacing of axles,

number of axles to be considered and the corresponding dynamic load allowance.

Axle no. 1 2 3 4 5
cLw [ 004w oawoiw 0.14W 0.12W Wheel loads
; 0.08W  0.2W 0.2W 0.28W 0.24W Axle loads
25 62.5 62.5 87.5 75  Wheel loads, kN
cLe2s—L 125 125 175 150  Axle loads, kN
36m [1.2m| 6.6 m | 6.6 m
- T o o
- 18 m > (a)
025m | | | |
U E_I v H
S = M— I i I i . S iy I
b1 | L
PR T N I S
T J L T J
_J | 025m _ ||, 025m [240m 1.80 m 0.60 m
(Typ. (Typ.) (Typ.)
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Figure 3-7: (a) CL-W truck loading, (b) CL-W truck (CSA, 2014a)
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Figure 3-9: Location of the applied load beside the inner side of the barrier wall and the

centreline of the FE modeling
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As it can be seen from Figure 3-10, only loading cases with one wheel applied, since maximum
cantilever length (Lc) investigated in this study was 2.5 mm. As a result, there was no enough space

to fit loading cases with two wheels.

©
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(a) Cantilever slab with truck axle 4
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(b) Cantilever slab with truck axles 2 and 3
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J

Barrier Length
M 6%0 300
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(d) Cantilever slab with full truck loading

Figure 3-10: Plan views of the deck slab cantilever with different loading cases
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3.8 Dynamic Load Allowances

Table 3-1 shows the dynamic load allowances (Ip) specified by CHBDC. By applying the dynamic
load allowance for each loading case, the load applied to the cantilever slab can be calculated as

follows:

Wheel load = P (1+Ip) (3-3)

Table 3-1: Dynamic load allowance per CHBDC (2014)

One axel Two axels Three axels Fouraxels Five axels

Dynamic Load Allowance, Ip 0.4 0.3 0.25 0.25 0.25

3.9 Sensitivity Study on Location of Maximum Transverse and Longitudinal
Moment in the Cantilever Slab

This study was carried out to investigate the location of maximum transverse and longitudinal
moment due to CL-625 loading conditions near the transverse free end of the deck slab cantilever.
The calculated moment herein is taken as the average moment values from the 1 m strip at the
location of maximum moment for each loading case. This greatest average may be calculated from

the following, as an example:

» 500 mm from each side of maximum moment if the distance from the maximum moment
value is greater than 500 mm from the free end of the cantilever slab.

» 400 mm from one side of the location of maximum moment and 600 mm from other side
(i.e. one side may be greater in length than the other side, measured from maximum
moment location).

» All the 1000 mm is from one side of the greatest moment value, if it is at the free end.

Another aim of this investigation was to find out which loading case amongst the cases shown in
Figure 3-10 produces the greatest transverse and longitudinal moment. This study was conducted
on two types of cantilever slab, namely: unstiffened cantilever overhang, and cantilever slab

stiffened with TL-4 parapet. The barrier length (Lb) and the cantilever length (Lc) were considered
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as 20 m and 1.5 m, respectively. A constant slab thickness of 200 mm was assumed (i.e. t; = 1).
Separate SAP2000 files were created for each loading case. The coordinate origin was placed at
free longitudinal edge of cantilever slab so the fixed edge at the root is 1.5 m from origin in vertical
direction as shown in Figure 3-11.

Figure 3-11: Coordinate origin (0,0) located at corner of transverse free end (where axel load
applied) and longitudinal free edge of cantilever slab

The developed FE models were analysed, and the results were recorded for both transverse and
longitudinal moments in both transverse and longitudinal direction in excel spreadsheet with the
help of API application. Then, 3D plot was created by SigmaPlot software version 13.0 from the

generated date from modelling.

As it can be seen thorough the 3D graphs presented in in Figures 3-12 through 3-27, axel 4 with
the first loading case in Figure 3-10 produced the maximum transverse and longitudinal moments
for both unstiffened cantilever slab and edge-stiffened deck slab overhang with TL-4 parapet. In
addition, the maximum moment in both transverse and longitudinal direction occurred at the

cantilever slab’s fixed edge near the transverse free end where the axel load applied.

Figures 3-12 through 3-15 illustrate the transverse moment intensity in kN.m/m due to different
loading case for the unstiffened cantilever slab. Transverse moment was plotted in Z axis versus
cantilever length in X axis, and barrier length in Y direction. Also, Figures 3-16 through 3-19 show
the longitudinal moment intensity for the same cantilever slab configuration. Figures 3-20 through
3-23 and Figures 3-24 through 3-27 demonstrate the transverse and longitudinal moment,

respectively, for the cantilever slab stiffened with PL-4 parapet.
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Figure 3-12: Transverse moment versus barrier length due to axle 4 loading on unstiffened
cantilever slab of 1.5 m length
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Figure 3-13: Transverse moment versus barrier length due to axles 2 and 3 on the unstiffened
cantilever slab of 1.5 m length
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Figure 3-14: Transverse moment versus barrier length due to axles 1, 2, 3 and 4 on the
unstiffened cantilever slab of 1.5 m length
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Figure 3-15: Transverse moment versus barrier length due to full truck loading with 5 axles on
the unstiffened cantilever slab of 1.5 m length
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Figure 3-16: Longitudinal moment versus barrier length due to axle 4 on the unstiffened
cantilever slab of 1.5 m length

Moment (kN.mm/mm)

N -30
25
. -20
N -15
[ -10
-5
(—] O

5

= 10

Figure 3-17: Longitudinal moment versus barrier length due to axles 2 and 3 on the unstiffened
cantilever slab of 1.5 m length

31



Moment (kN/mm/mm)

I -30
N -20
I -10
. 0

=== 10
== 20

Figure 3-18: Longitudinal moment versus barrier length due to axles 1, 2, 3 and 4 on the
unstiffened cantilever slab of 1.5 m length
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Figure 3-19: Longitudinal moment versus barrier length due to full truck loading with 5 axles on
the unstiffened cantilever slab of 1.5 m length
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Figure 3-20: Transverse moment versus barrier length due to axle 4 for the stiffened cantilever
slab of 1.5 m length
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Figure 3-21: Transverse moment versus barrier length due to axles 2 and 3 on the stiffened
cantilever slab of 1.5 m length
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Figure 3-22: Transverse moment versus barrier length due to axles 1, 2, 3 and 4 on stiffened
cantilever slab of 1.5 m length
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Figure 3-23: Transverse moment versus barrier length due to full truck loading with 5 axles on
stiffened cantilever slab of 1.5 m length
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Figure 3-24: Longitudinal moment versus barrier length due to axle 4 on stiffened cantilever slab
of 1.5 m length
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Figure 3-25: Longitudinal moment versus barrier length due to axles 2 and 3 on the stiffened
cantilever slab of 1.5 m length
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Figure 3-26: Longitudinal moment versus barrier length due to axles 1, 2, 3 and 4 on stiffened
cantilever slab of 1.5 m length
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Figure 3-27: Longitudinal moment versus barrier length due to full truck loading with 5 axles on
stiffened cantilever slab of 1.5 m length
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3.10 Sensitivity study for Effect of Thickness of Barrier on the Response

Another sensitivity study was conducted to evaluate the effect of both constant and tapered barrier
thickness on maximum transverse moment, longitudinal moment and deflection. The types of
barriers considered in this study include TL-2, TL-4 barrier, TL4 parapet, and TL-5 barrier.
Dimensional parameters considered for the purpose of this investigation are demonstrated in Table

3-2 with notations shown in Figure 3-28.

Table 3-2: Range of Parameters considers for studying the effect of barrier thickness

Lc (M) Lb (M) t1 (mm)  t/ty b (mm) H (mm)
TL-2 15,25 6, 12 250 1 200, 225, 250 775
TL-4 15,25 6, 12 250 1 200, 225, 250 915
(Barrier)
TL-4 15,25 6, 12 250 1 250, 300, 350 915
(Parapet)
TL-5 15,25 6, 12 250 1 200, 225, 250 1140

2 t B
el i

[ Ll

t

Figure 3-28: Notation used in Table 3-2
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First, the finite element modeling of the cantilever deck slabs with varied parameters and edge
stiffening configuration were created by SAP2000 software. Maximum transverse moment,
maximum longitudinal moment and, maximum deflection were calculated by the method of 1 m
strip which explained previously. Then, these numbers were plotted versus the ratio of second
moment of inertia of barrier wall (Ig) to second moment of inertia of the cantilever slab (Is) on
separate graphs for different edge stiffening arrangement. For tapered barrier, Ig can be calculated
through finding the moment of inertia for composite areas using the parallel — axis theorem. Is can
be simply determined as follows:

(Lc - bbase) * t13 (3'3)
12
Where L. is cantilever length, bpase is barrier wall thickness at the barrier-deck junction, and t is

Iy =

cantilever slab thickness as shown in Figure 3-28.

3.10.1Analysis of Transverse Moment

Figures 3-19 through 3-22 present the plots of maximum transverse moment against Ig/ls for a
cantilever slab with changing parameter for L. and Ly, and various edge-stiffening configuration
which were considered in this study. As it can be observed, increase in barrier thickness does not
have a significant effect on the magnitude of maximum transverse moment. For instance, for a
cantilever slab with TL-4 parapet with cantilever length of 1.5 m and barrier length of 12 m, the
negative transverse moment decreased by 8.16% (from 67.7 kN.m/m to 62.17 kN.m/m) when Ig/ls
changes from 20 to 30. For the cantilever slab with other types of barrier, this percentage difference

was around 5%.
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Figure 3-29: Maximum transverse moment versus ratio of Ig/ls for slab cantilever with TL-2
barrier
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Figure 3-30: Maximum transverse moment versus ratio of Ig/ls for slab cantilever with TL-4
barrier
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Figure 3-31: Maximum transverse moment versus ratio of Ig/ls for slab cantilever with TL-4
parapet
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Figure 3-32: Maximum transverse moment versus ratio of Ig/ls for slab cantilever with TL-5
barrier
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3.10.2 Analysis of Longitudinal Moment

Figures 3-23 through 3-26 demonstrate the plot of maximum longitudinal moment versus lg/ls for
a cantilever slab with variable Lc and Ly and different barrier shapes. It can be observed that the
magnitude of longitudinal moment is very low in comparison with transverse moment. Also, one
may observe that the change in the amount of longitudinal moment with the change of Ig/ls is more

pronounced for cantilever length of 2.5 m than for cantilever length of 1.5 m.
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Figure 3-33: Maximum longitudinal moment versus ratio of IB/IS for slab cantilever with TL-2
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Figure 3-34: Maximum longitudinal moment versus ratio of 1B/IS for slab cantilever with TL-4
barrier
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Figure 3-35: Maximum longitudinal moment versus ratio of Ig/ls for slab cantilever with TL-4
parapet
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Figure 3-36: Maximum longitudinal moment versus ratio of IB/IS for slab cantilever with TL-5
barrier
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3.10.3 Analysis of Deflection
Figures 3-23 through 3-26 demonstrate the plot of maximum deflection of the deck slab cantilever

versus Ig/ls with variable L and Ly and different barrier shapes. Similar trend to the change of

longitudinal moment with Ig/ls is observed. In general, the maximum deflection in some cases for

2.5 m cantilever length changed by around 10% as a result of changing barrier wall thickness.
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Figure 3-38: Maximum deflection versus ratio of Ig/ls for slab cantilever with TL-4 barrier
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Figure 3-40: Maximum deflection versus ratio of Ig/ls for slab cantilever with TL-5 barrier
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3.11 Sensitivity Study on Ratio of External Transverse Moment to Internal
Transverse Moment

As described in literature review, according to CHBDC Clause 5.7.1.3, designers shall take the
transverse moment intensity in the region of the free end of the deck slab cantilever as double of
My . In the case, the wheel loads apply at the distance Sp equal to the cantilever length from the
free end of the cantilever slab. This sensitivity study was conducted to scrutinize whether the ratio
of external moment (i.e. the moment due to applying load near the free end of the cantilever
overhang) to the internal moment (i.e. the moment due to applied truck loading to the internal

portion of cantilever slab) remains under 2 or exceed this number.

For this purpose, unstiffened cantilever slabs with barrier length of 20 m, slab thickness of 200
mm, and the tapered slab thickness ratio of 1 was created by SAP2000 software. The cantilever
lengths considered in this sensitivity study were taken as 1, 1.5, 2, and 2.5 m. Also, the four
loading cases shown in Figure 3-10 were applied near the free end of the cantilever slab to
determine the external moments. To obtained the internal transverse moment, the same loading

cases shown in Figure 3-10 were applied to the internal portion of deck slab cantilever.

Table 3-2 summarizes the results obtained from the FE modelling in the form of the external and
internal transverse moments as well as the ratio between then as My(Ext.) to My(Int.). It should be
noted that the maximum moment ratio is obtained based on the largest moment intensity obtained
from the four loading cases shown in Figure 3-10. Results shown that the external/internal
transverse moment ratios are 1.47, 1.90 1.94 and 1.97 for deck slab cantilever lengths of 1, 1.5, 2
and 2.5 m, respectively. All these values are less than 2 which makes CHBDC specified value
conservative for all cased considered in this sensitivity study. One may also observe that this
moment ratio increases with increase in deck slab cantilever length. Moreover, it can be observed
that loading case with axle 4 provides the greatest transverse moment for cantilever length of 1
and 1.5 m. However, the loading case with the first four axles provide the greatest transverse
moment at interior location for cantilever lengths of 2 and 2.5 m. On the other hand, loading case
with axle 4 and loading case with axles 2 and 3 provide the greatest transverse moment at exterior

location for cantilever lengths of 2 and 2.5 m, respectively.
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Table 3-3: Results of sensitivity study on external to internal moment ratio

Axle4 | 3098 | -4548 | 147 7.81 -2.20 0.28
Axle23| -2428 | -38.20 4.19 -1.50
1000 f)z"g . | 2347 | -4056 6.97 -1.61
Axle
1234, | 2166 | -34.80 6.97 -1.68
5
Axle4 | -4363 | 8307 | 1.90 18.58 417 0.22
Axle23| -4139 | -77.47 10.31 311
1500 f"z"g , | 4244 | 7414 16.55 321
Axle
1234, | -39.07 | -6365 1651 -3.19
5
Axled | -4825 | -105.75 | 1.94 25.86 5.35 0.21
Axle23| -51.99 | -105.25 16.17 -4.38
2000 '1“)2"2 g | 5457 | -9473 22.83 -4.19
Axle
1234, | -4369 | -81.36 22.49 -4.09
5
Axled | -50.74 | -120.64 | 197 31.54 5.87 0.19
Axle23| -58.69 | -125.45 21.84 5.14
2500 f)z"g , | 6371 | -108.95 27.24 -4.61
Axle
1234, | -4795 | -9362 26.81 -4.47
5
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CHAPTER FOUR
4 RESULTS FROM PARAMETRIC STUDY

4.1 General

Structural response of the cantilever deck slab was analyzed using finite-element-modeling. A
parametric study performed on 2400 cantilever overhang prototypes to investigate the transverse
and longitudinal moment, and deflection. The cantilever slabs were analyzed using SAP2000
software to evaluate their structural response when subjected to CHBDC (2014) CL-625 near their

transverse free edge. The main parameters considered in this study included:

» The type of edge stiffening

» The slab thickness and thickness ratio

» The length of cantilever slab in transverse direction (L)
» The length of barrier (Lb)

Moreover, a comparison between the obtained results from finite-element modeling and
corresponding results from the simplified method of analysis of cantilever slab stated in CHBDC
(2014) including Table 5.15 from CHBDC (2014) is conducted. Also, the acquired results from
this parametric study was compared to the corresponding results from the previous study which
done by Micovic (2016). Micovic (2016) investigated the structural response of cantilever deck
slab due to applying Canadian Highway Bridge Design truck loading (CL-625) on the internal
portion of the cantilever overhang.

4.2 Cantilever-Barrier Arrangements for parametric study

As mentioned earlier, variable geometric conditions were considered to investigate the effect of
these parameters on structural response of the cantilever deck slab included transverse and
longitudinal moment intensity and deflection, when the cantilever deck slab is subjected to
CHBDC truck loading near its transverse free end. Also, Table 4-1 presents the range of key
parameters considered in this study, while Figure 4-1 demonstrates the notation used for cantilever
slab in Table 4-1.
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Figure 4-1: (a) Notation used for the cantilever overhang (b) 3D viewing of cantilever slab

Table 4-1: Range of parameters considered in this study

b H
Lc(m) Ly (m) t1 (mm) to/t1 (mm) (mm)
568 200, 225,
TL-5 1,15,2,25 AL 250,300, | 1,1.2,15,2 225 1140
10, 12
350
5 6.8 200, 225,
TL-4 (Barrier) | 1,15,2,25 P 250,300, | 1,1.2,15,2 225 915
10, 12
350
5 6.8 200, 225,
TL-4 (Parapet) | 1,1.5,2,25 PN 250,300, | 1,1.2,15,2 300 915
10, 12
350
5 6.8 200, 225,
TL-2 1,15,2,25 PR 250,300, [1,1.2,15,2 225 775
10, 12
350
5 6.8 200, 225,
Curb 1,15,2,25 PR 250,300, [1,1.2,15,2 300 400
10, 12
350
568 200, 225,
Unstiffened 1,15,2,25 A 250,300, [1,1.2,15,2 N/A N/A
10, 12 350
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4.3 Analysis of Transverse Moment

This section presents the effect of different geometry conditions on the maximum transverse
moment intensity in deck slab cantilever. These parameters included edge stiffening configuration,
slab thickness, tapered slab thickness ratio, cantilever length and barrier length.

4.3.1Effect of stiffening Arrangement

Table 4-2 presented the applied transverse moment in the deck slab cantilever with unstiffened
edge, followed by the percentage change in this moment with the inclusion of stiffened edge of
different types. It can be observed that edge stiffening arrangement reduces the intensity of
maximum transverse moment significantly when compared to that for slab cantilevers with

unstiffened slab, as expected.

Table 4-2: Effect of stiffening arrangement on transverse moment

Unstiffened Curb TL-2 barrier TL-4 barrier TL-5barrier TL-4 parapet

-83.07 kN.m -16.29% -30.07% -31.84% -35.56% -50.27%

Maximum transverse moment for L. = 1.5 m, Ly = 12 m slab thickness (t1) = 250 mm,
slab ratio (to/ty = 1)

4.3.2Effect of Barrier Length

Tables 4-3 through 4-8 demonstrate the effect of barrier length on maximum transverse moment
of the deck slab cantilever with different edge stiffening conditions. One may observe that the slab
deck cantilever with unstiffened edge maintained almost the same transverse moment with
increase of barrier length from 5 to 12 m as depicted in Table 4-3. However, for slab cantilevers
with stiffened edge, the applied transverse moment decreases with increase in barrier length.
However, the effect of barrier length is significantly decreasing with the increase in in the size of
the barrier at the stiffened edge. For example, the maximum moment decreases by 7.86%, 17.55%,
20.49%, 21.93% and 23.93% for cantilever slabs with curb, TL-2 barrier, TL-4 barrier, TL-4

parapet and TL-5 barrier, respectively.
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Table 4-3: Effect of barrier length on transverse moment of slab cantilever with unstiffened edge

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

L=1m -45.48 0.00% 0.00% 0.00% 0.00%

L.=1.5m -83.08 -0.01%  -0.01% -0.01% -0.01%

L.=2m -105.90 -0.12%  -0.14% -0.15% -0.15%

L.=25m -126.77 -0.75%  -1.02% -1.04% -1.04%

Maximum transverse moment in KN.m for slab thickness (t1) = 200 mm, slab ratio (t2/t1) = 1.

Table 4-4: Effect of barrier length on transverse moment for slab cantilever with a curb

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

L=1m -31.77 -0.15%  -0.20% -0.21% -0.21%

L.=1.5m -66.97 -0.92%  -1.39% -1.46% -1.46%

L=2m -88.96 -2.18%  -3.69% -4.00% -4.06%

L.=2.5m -114.29 -3.54%  -6.70% -7.62% -7.86%

Maximum transverse moment in kN.m for slab thickness (t1) = 200 mm, slab ratio (t2/t1) = 1.

Table 4-5: Effect of barrier length on transverse moment for slab cantilever with TL-2 barriers

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

L=1m -24.68 -0.98% -1.52% -1.60% -1.61%

L.=1.5m -58.82 -3.11% -5.80% -6.54% -6.72%

L.=2m -81.38 -4.88% -10.13% -12.20% -12.95%

L.=2.5m -108.82  -5.46% -12.37% -15.88% -17.55%

Maximum transverse moment in kN.m for slab thickness (t1) = 200 mm, slab ratio (t2/t1) = 1.
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Table 4-6: Effect of barrier length on transverse moment for slab cantilever with TL-4 barriers

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

L=1m -24.22 -1.49% -2.49% -2.68% -2.71%

L.=1.5m -57.97 -3.85% -7.65% -8.96% -9.38%

L.=2m -80.57 -5.53% -12.02% -15.01% -16.33%

L.=25m  -108.46 -583% -13.65% -18.08% -20.49%

Maximum transverse moment in KN.m for slab thickness (t1) = 200 mm, slab ratio (t2/t1) = 1.

Table 4-7: Effect of barrier length on transverse moment for slab cantilever with TL-4 parapet

L,=5 L,=6 L,=8 L, =10 Ly=12

L=1m -36.19 -2.21% -3.89% -4.27% -4.35%

L.=1.5m -43.10 -4.70% -9.70% -12.46%  -12.46%

L.=2m -85.96  -6.08% -13.50% -17.28% -19.16%

L.=2.5m -115.44 -6.01% -14.16% -19.03% -21.93%

Maximum transverse moment in kN.m for slab thickness (t1) = 200 mm, slab ratio (t2/t1) = 1.

Table 4-8: Effect of barrier length on transverse moment for slab cantilever with TL-5 barrier

Ly=5 L,=6 L,=8 L, =10 Ly=12

L=1m -23.72 -2.25% -4.13% -4.65% -4.78%

L.=1.5m -57.10 -4.70% -9.97% -12.27%  -13.22%

L.=2m -79.78  -6.22% -14.13% -18.35% -20.58%

L.=2.5m -108.08 -6.21% -15.03% -20.53% -23.93%

Maximum transverse moment in KN.m for slab thickness (t1) = 200 mm, slab ratio (t2/t1) = 1.
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4.3.3Effect of slab thickness for various tapered slab thickness ratio

Tables 4-9 through 4-14 demonstrate the effect of slab thickness for various tapered slab thickness
ratio on maximum transverse moment of the deck slab cantilever. One may observe that the slab
deck cantilever with unstiffened edge maintained almost the same transverse moment with
increase of slab thickness from 200 to 350 mm as depicted in Table 4-9. On the other hand, for
slab cantilevers with stiffened edge, the applied transverse moment increases with increase in slab
thickness. For example, the maximum moment increases by 11.24%, 17.05%, 18.62%, 22.97%
and 20.04% for cantilever slabs with curb, TL-2 barrier, TL-4 barrier, TL-4 parapet and TL-5
barrier, respectively. However, the rate of increase in this moment with the increase in slab
thickness is significantly decreasing with the increase in in the tapered slab thickness ratio at the
stiffened edge. The above observations are presented later in graphical format in Figures 4-8
through 4-13.

Table 4-9: Effect of slab thickness on transverse moment for slab cantilever with unstiffened
edge

t1=200 t1=225 1t1=250 t:=300 t1=350

(mm) (mm) (mm) (mm) (mm)
tr=1 -83.07 0.00% 0.00% 0.00% 0.00%
tr=1.2 -85.99 0.00% 0.00%  0.00% 0.00%
tr=15 -89.07 0.00% 0.00% 0.00% 0.00%
tr=2.0 -92.32 0.00% 0.00%  0.00% 0.00%

Maximum transverse moment in KN.m for L,=12 m, L. =2 m.

Table 4-10; Effect of slab thickness on transverse moment for slab cantilever with a curb

t1=200 t=225 t.=250 =300 t1=350

(mm)  (mm)  (mm)  (mm)  (mm)
tr=1 -65.99  2.98%  537%  8.89%  11.24%
tr=1.2 -70.00  252%  451%  7.37%  9.24%
tr=15 -74.46  1.99%  353%  570%  7.08%
tr=2.0 -79.32  1.40%  246%  3.90% = 4.78%

Maximum transverse moment in KN.m for Lo =12 m, L = 1.5 m.
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Table 4-11: Effect of slab thickness on transverse moment for slab cantilever with TL-2 barrier

t1=200 t1=225 1t21=250 t.=300 t1=350

(mm) — (mm)  (mm)  (mm)  (mm)
tr=1 -54.87  394%  7.36%  12.89%  17.05%
tr=1.2 -59.68  3.55%  6.58%  11.40%  15.04%
tr=15 -64.46  3.03%  556%  9.48%  12.27%
tr = 2.0 -70.07  2.37%  429%  7.16%  9.12%

Maximum transverse moment in KN.m for Lp=12 m, Lc = 1.5 m.

Table 4-12: Effect of slab thickness on transverse moment for slab cantilever with TL-4 barrier

=200 t1=225 t1=250 t1=300 t1=350

(mm)  (mm)  (mm)  (mm)  (mm)
tr=1 5253  413%  7.79%  13.88%  18.62%
tr=1.2 5728  379%  7.10% 12.50%  16.62%
tr=15 -62.15  330%  6.14% 10.64%  13.97%
tr=2.0 -67.98  267%  490% 831%  10.72%

Maximum transverse moment in KN.m for Lp=12 m, Lc = 1.5 m.

Table 4-13: Effect of slab thickness on transverse moment for slab cantilever with TL-4 parapet

t1=200 t=225 1t.=250 =300 t1=350

(mm) — (mm)  (mm)  (mm)  (mm)
tr=1 3773 5.02%  9.49% 17.01%  22.97%
tr=1.2 -61.66  4.65%  8.73%  15.47%  20.69%
tr=15 -67.54  4.14%  7.71% 13.47%  17.80%
tr=2.0 -7490  3.44%  633% 10.83%  14.07%

Maximum transverse moment in KN.m for Lp=12 m, L = 1.5 m.
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Table 4-14: Effect of slab thickness on transverse moment for slab cantilever with TL-4 parapet

=200 t1=225 t1=250 t1=300 t1=350

(mm) — (mm)  (mm)  (mm)  (mm)
tr=1 4955  4.21%  8.04%  14.65%  20.04%
tr=1.2 -54.14  396%  7.52% 13.55%  18.37%
tr=15 -59.00  3.57%  6.72% 11.93%  15.96%
tr=2.0 -65.02  3.02%  560% 9.74%  12.80%

Maximum transverse moment in KN.m for Lp=12 m, Lc = 1.5 m.

4.3.4Effect of Cantilever Length

Figures 4-2 through 4-7 demonstrate the effect of increasing the cantilever length on maximum
transverse moment induced by truck loading close to the transverse free edge of cantilever slab
with 12 m barrier length, constant slab thickness of 200 mm, and varied cantilever length of 1 m,
1.5m, 2 m, and 2.5 m. The obtained results for maximum transverse moment plotted on vertical
axis versus the barrier length in meters on X axis for all types of edge-stiffening arrangement
considered in parametric study. As it can be observed that the increase in cantilever length
increases the induced moment intensity. Also, with increase in cantilever length, the presence of

transverse moment extends farther into the slab cantilever longitudinal length.
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Figure 4-2: Effect of cantilever length on transverse moment for slab cantilever with

unstiffened edge
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Figure 4-3: Effect of cantilever length on transverse moment for slab cantilever with a curb
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Effect of cantilever length on transverse moment for slab cantilever with TL-4 barrier
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Figure 4-6: Effect of cantilever length on transverse moment for slab cantilever with TL-4
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Figure 4-7: Effect of cantilever length on transverse moment for slab cantilever with TL-5 barrier
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Figure 4-8: Effect of tapered slab thickness ratio on transverse moment for slab cantilever with
unstiffened edge (Lb=12 m, Lc = 1.5 m, t1 = 200 mm)
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Figure 4-9: Effect of tapered slab thickness ratio on transverse moment for slab cantilever with a
curb (Lb =12 m, L¢ = 1.5 m, t; = 200 mm)
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Figure 4-10: Effect of tapered slab thickness ratio on transverse moment for slab cantilever with
TL-2 barriers (Lb =12 m, L¢ = 1.5 m, t1 = 200 mm)
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Figure 4-11: Effect of tapered slab thickness ratio on transverse moment for slab cantilever with
TL-4 barrier (Lp =12 m, L¢ = 1.5 m, t; = 200 mm)
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Figure 4-12: Effect of tapered slab thickness ratio on transverse moment for slab cantilever with
TL-4 parapet (Lb =12 m, L¢ = 1.5 m, t1 = 200 mm)
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Figure 4-13: Effect of tapered slab thickness ratio on transverse moment for slab cantilever with
TL-5 barrier (Lp =12 m, L¢ = 1.5 m, t; = 200 mm)
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4.4 Analysis of Longitudinal Moment

Similar to Section 4.3 in this thesis, this section provides information on the effect of key
parameters considered in parametric study on the longitudinal moment intensity due to wheel loads
near the transverse free edge of the cantilever deck slab. Results show that the intensity of negative
longitudinal moment is very small in comparison with the hogging moment created in the

transverse direction.

4.4.1Effect of stiffening Arrangement

Table 4-15 presented the applied longitudinal moment in the deck slab cantilever with unstiffened
edge, followed by the percentage change in this moment with the inclusion of stiffened edge of
different types. It can be observed that edge stiffening arrangement reduces the intensity of
maximum longitudinal moment significantly when compared to that for slab cantilevers with

unstiffened slab, as expected.

Table 4-15: Effect of stiffening arrangement on longitudinal moment

Unstiffened Curb TL-2 barrier TL-4 Barrier TL-5barrier TL-4 Parapet
-4.96 KN.m -33.47% -52.62% -56.05% -60.48% -62.70%

Maximum transverse moment for L. = 1.5 m, Ly = 12 m, slab thickness (t1) = 250 mm, tapered
slab thickness ratio (t2/t1) = 1.

4.4.2Effect of Barrier Length

Tables 4-16 through 4-21 demonstrate the effect of barrier length on maximum longitudinal
moment of the deck slab cantilever with different edge stiffening conditions. One may observe
that the slab deck cantilever with unstiffened edge maintained almost the same longitudinal
moment with increase of barrier length from 5 to 12 m as depicted in Table 4-16. However, for
slab cantilevers with stiffened edge, the applied longitudinal moment decreases with increase in
barrier length. However, the effect of barrier length is significantly decreasing with the increase in
in the size of the barrier at the stiffened edge. For example, the maximum moment decreases by
6.33%, 17.46%, 20.94%, 22.78% and 24.95% for cantilever slabs with curb, TL-2 barrier, TL-4
barrier, TL-4 parapet and TL-5 barrier, respectively.
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Table 4-16: Effect of barrier length on longitudinal moment for slab cantilever with unstiffened
edge

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

Le=1m -1.73 0.00% 0.00% 0.00% 0.00%
L.=1.5m -4.96 0.00% 0.00% 0.00% 0.00%
L.=2m -7.99 -0.02%  -0.02%  -0.02% -0.02%

c=2.5m -8.12 -0.20% -0.23%  -0.23% -0.23%

Maximum longitudinal moment in kN.m for slab thickness (t1) = 200 mm, slab ratio (t2/t1) = 1.

Table 4-17: Effect of barrier length on longitudinal moment for slab cantilever with a curb

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

L.=1m -1.21 -0.17% -0.23%  -0.23% -0.23%
L.=1.5m -2.99 -0.98%  -1.44%  -1.50% -1.51%
L.=2m -5.90 -1.84%  -3.02%  -3.23% -3.27%

L.=2.5m -7.13 -297%  -550%  -6.17% -6.33%

Maximum longitudinal moment in kN.m for slab thickness (t1) = 200 mm, slab ratio (t2/t1) = 1.

Table 4-18: Effect of barrier length on longitudinal moment for slab cantilever with TL-2 barrier

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

L.=1m -0.88 -097%  -1.52% -1.60% -1.61%
L.=1.5m -2.24 -456%  -8.25% -9.21% -9.44%
L.=2m -5.09 -5.16% -10.38% -12.31% -12.97%

L.=2.5m -6.72 -5.55% -1250% -1591% -17.46%

Maximum longitudinal moment in KN.m for slab thickness (t1) =200 mm, slab ratio (t2/t1) = 1.
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Table 4-19: Effect of barrier length on longitudinal moment for slab cantilever with TL-4 barrier

L,=5 L,=6 L,=8 L, =10 L,=12
L=1 -0.86  -1.36% -2.25% -2.43% -2.47%
L.=1.5 -216  -5.88%  -11.36%  -13.15%  -13.70%
L.=2 -5.00 -6.00%  -12.65%  -15.54%  -16.75%

L.=2.5 -6.68  -6.06%  -14.14% -18.59% -20.94%

Maximum longitudinal moment in kN.m for slab thickness (t1) = 200 mm, slab ratio (t2/t1) = 1.

Table 4-20: Effect of barrier length on longitudinal moment for slab cantilever with TL-4 parapet

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

Le=1m -1.39 -2.34%  -4.10% -4.51% -4.59%
L.=1.5m -1.87 -6.44% -12.96% -15.46% -16.35%
Le=2m -5.45 -6.55% -14.20% -17.92% -19.71%

L.=25m -7.04 -6.25%  -14.79% -19.83% -22.78%

Maximum longitudinal moment in KN.m for slab thickness (t1) = 200 mm, slab ratio (t2/t1) = 1.

Table 4-21: Effect of barrier length on longitudinal moment for slab cantilever with TL-5 barrier

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

Le=1m -0.85 -1.81%  -3.37% -3.82% -3.94%
L.=1.5m -2.09 -7.43% -1533% -18.60% -19.91%
L.=2m -4.91 -6.90% -15.15% -19.34% -21.47%

L.=2.5m -6.64 -6.59%  -15.89% -21.54% -24.95%

Maximum longitudinal moment in KN.m for slab thickness (t1) = 200 mm, slab ratio (t2/t1) = 1.
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4.4.3Effect of slab thickness for various thickness ratio

Tables 4-22 through 4-14 demonstrate the effect of slab thickness for various tapered slab
thickness ratio on maximum longitudinal moment of the deck slab cantilever. One may observe
that the slab deck cantilever with unstiffened edge maintained almost the same longitudinal
moment with increase of slab thickness from 200 to 350 mm m as depicted in Table 4-22. On the
other hand, for slab cantilevers with stiffened edge, the applied transverse moment increases with
increase in slab thickness. The above observations are presented later in graphical format in
Figures 4-20 through 4-25.

Table 4-22: Effect of slab thickness on longitudinal moment for slab cantilever with unstiffened
edge

=200 t1=225 t1=250 t1=300 t1=350

(mm) (mm) (mm) (mm) (mm)
tr=1 -4.96 0.00% 0.00%  0.00% 0.00%
tr=1.2 -5.16 0.00% 0.00% 0.00% 0.00%
tr=15 -5.38 0.00% 0.00%  0.00% 0.00%
tr=2.0 -5.62 0.00% 0.00% 0.00% 0.00%

Maximum longitudinal moment in kKN.m for Ly =12 m, Lc =2 m.

Table 4-23: Effect of slab thickness on longitudinal moment for slab cantilever with a curb

t1=200 t=225 1t1=250 =300 t1=350

(mm) — (mm)  (mm)  (mm)  (mm)
tr=1 294  657%  12.24% 21.06%  27.29%
tr=1.2 -328  551%  10.11% 17.10% 21.88%
tr=15 -367  432%  7.82% 12.95%  16.34%
tr = 2.0 412 304%  541% 873%  10.83%

Maximum longitudinal moment in KN.m for Ly=12m, Lc=1.5m.
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Table 4-24: Effect of slab thickness on longitudinal moment for slab cantilever with TL-2 barrier

t1=200 t1=225 1t1=250 11=300 t1=350

(mm) — (mm)  (mm)  (mm)  (mm)
tr=1 203  820%  1579% 29.20%  40.16%
tr=1.2 238  7.10%  1356% 2457%  33.73%
tr=15 -278  580%  10.94% 19.45%  26.03%
tr = 2.0 -326  450%  837% 14.58%  19.08%

Maximum longitudinal moment in KN.m for Lp=12m, Lc = 1.5 m.

Table 4-25: Effect of slab thickness on longitudinal moment for slab cantilever with TL-4 barrier

=200 t1=225 t1=250 t1=300 t1=350

(mm) (mm) (mm) (mm) (mm)
tr=1 -1.87 8.53%  16.53% -84.19% -89.30%
tr=1.2 -2.21 7.35% 14.24%  -90.53% -93.64%
tr=15 -2.61 6.18% 11.77%  -95.01% -96.67%
tr=2.0 -3.10 4.80% 9.10%  -97.80% -98.55%

Maximum longitudinal moment in kKN.m for Ly =12 m, Lc = 1.5 m.

Table 4-26: Effect of slab thickness on longitudinal moment for slab cantilever with TL-4
parapet

t1=200 t=225 t.=250 =300 t1=350

(mm) (mm) (mm) (mm) (mm)
tr=1 -1.56 9.36% 18.12%  33.89% 47.32%
tr=1.2 -2.73 8.31% 15.97%  29.48%  40.66%
tr=15 -3.20 7.16% 13.63%  24.83%  33.80%
tr=2.0 -3.81 5.87% 11.02%  19.46%  25.89%

Maximum longitudinal moment in kKN.m for Ly =12 m, Lc = 1.5 m.
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Table 4-27: Effect of slab thickness on longitudinal moment for slab cantilever with TL-5 barrier

=200 t1=225 t1=250 t1 =300 t1=350

(mm)  (mm)  (mm) (mm)  (mm)
tr=1 167 8.72%  17.07%  32.52%  46.32%
tr=1.2 200  761% 1481%  28.02%  39.44%
tr=1.5 239 6.49%  1256%  23.26%  32.13%
tr=2.0 290  523%  9.95%  18.07% 24.54%

Maximum longitudinal moment f in KN.m or Ly=12m, L, =1.5m.

4.4.4 Effect of Cantilever Length

Figures 4-14 through 4-19 demonstrate the effect of increasing the cantilever length on maximum
longitudinal induced by truck loading close to the transverse free edge of cantilever slab with 12
m barrier length, constant slab thickness of 200 mm, and varied cantilever length of 1 m, 1.5 m, 2
m, and 2.5 m. The obtained results for maximum longitudinal moment plotted on vertical axis
versus the barrier length in meters on X axis for all types of edge-stiffening arrangement
considered in parametric study. As it can be observed that the increase in cantilever length
increases the induced moment intensity. Also, with increase in cantilever length, the presence of

longitudinal moment extends farther into the slab cantilever longitudinal length.
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Figure 4-14: Effect of cantilever length on longitudinal moment for slab cantilever with
unstiffened edge
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Figure 4-15: Effect of cantilever length on longitudinal moment for slab cantilever with a curb
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Figure 4-16: Effect of cantilever length on longitudinal moment for slab cantilever with TL-2
barrier
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Figure 4-17: Effect of cantilever length on longitudinal moment for slab cantilever with TL-4
barrier
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Figure 4-18: Effect of cantilever length on longitudinal moment for slab cantilever with TL-4
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Figure 4-19: Effect of cantilever length on longitudinal moment for slab cantilever with TL-5
barrier
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Figure 4-20: Effect of tapered slab thickness ratio on longitudinal moment for slab cantilever
with unstiffened edge (Lo =12 m, L = 1.5 m, t1 = 200 mm)
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Figure 4-21: Effect of tapered slab thickness ratio on longitudinal moment of slab cantilever with
acurb (Lp =12 m, L¢=1.5m, t1 = 200 mm)
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Figure 4-22: Effect of tapered slab thickness ratio on longitudinal moment for slab cantilever
with TL-2 barrier (Lo =12 m, Lc = 1.5 m, t; =200 mm)
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Figure 4-23: Effect of tapered slab thickness ratio on longitudinal moment for slab cantilever
with TL-4 barrier (Lp=12 m, Lc =1.5m, t; = 200 mm)
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Figure 4-24: Effect of tapered slab thickness ratio on longitudinal moment for slab cantilever
with TL-4 parapet (Lo =12 m, Lc = 1.5 m, t; =200 mm)
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Figure 4-25: Effect of slab ratio on longitudinal moment for slab cantilever with TL-5 barrier (Lo
=12m, Lc=1.5m, t; =200 mm)
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4.5 Analysis of deflection

Similar to analysis of transverse and longitudinal moments, a serious of tables and graphs are

presented in this section to demonstrate the effect of key variables on the induced deflection.

4.5.1 Effect of stiffening Arrangement

Table 4-28 presented the maximum deflection of the deck slab cantilever with unstiffened edge,
followed by the percentage change in this deflection value with the inclusion of stiffened edge of
different types. It can be observed that edge stiffening arrangement reduces the intensity of
maximum deflection significantly when compared to that for slab cantilevers with unstiffened

slab, as expected.

Table 4-28: Effect of stiffening arrangement on deflection

Unstiffened Curb TL-2 barrier TL-4 Barrier TL-5barrier TL-4 Parapet
-2 -68.00% -75.50% -77.00% -79.00% -79.50%

Maximum deflection (mm) for L. = 1.5 m, Lp = 12 m slab thickness (t1) = 250 mm, slab ratio
(to/tr) = 1.

4.5.2Effect of Barrier Length

Tables 4-29 through 4-34 demonstrate the effect of barrier length on maximum deflection of the
deck slab cantilever with different edge stiffening conditions. One may observe that the slab
deck cantilever with unstiffened edge maintained almost the same deflection with increase of
barrier length from 5 to 12 m as depicted in Table 4-29. On the other hand, for slab cantilevers
with stiffened edge, the maximum deflection decreases with increase in barrier length. However,
the effect of barrier length is significantly increasing with the increase in in the size of the barrier

at the stiffened edge.
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Table 4-29: Effect of barrier length on deflection for slab cantilever with unstiffened edge

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

Le=1m -0.41 0.00% 0.00% 0.00% 0.00%
«=1.5m -2.01 -0.03% -0.04%  -0.04% -0.04%
L.=2m -5.01 -0.30% -0.38%  -0.38% -0.38%

L.=2.5m -10.85  -1.53% -2.19%  -2.25% -2.25%

Maximum deflection (mm) for slab thickness (t1) = 200 mm, slab ratio (to/t1) = 1.

Table 4-30: Effect of barrier length on deflection for slab cantilever with a curb

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

L=1m -0.18 -0.41% -0.57% -0.58% -0.59%
L=15m -1.17 -1.74% -2.93% -2.93% -2.93%
L.=2m -1.14 183.85% 176.46% 174.79% 174.43%
L=25m -8.21 -5.50% -10.38% -11.88% -12.32%

Maximum deflection (mm) for slab thickness (t1) = 200, slab ratio (t2/t1) = 1.

Table 4-31: Effect of barrier length on deflection for slab cantilever with TL-2 barrier

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

L.=1m -0.12 -2.371%  -38.77% -3.99% -4.02%
L.=1.5m -0.95 -521%  -9.83% -11.19% -11.56%
L.=2m -2.94 -6.85% -14.12% -17.08% -18.21%

L.=25m -7.65 -1.72%  -16.67% -21.03% -23.12%

Maximum deflection (mm) for slab thickness (t1) = 200, slab ratio (t2/t1) = 1.
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Table 4-32: Effect of barrier length on deflection for slab cantilever with TL-4 barrier

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

Le=1m -0.12 -3.43%  -5.85% -6.35% -6.45%
L.=1.5m -0.93 -6.24% -12.47% -14.74% -15.51%
L.=2m -2.91 -7.56% -16.23% -20.28% -22.14%

L.=25m -7.62 -8.08% -17.88% -23.11% -25.94%

Maximum deflection (mm) for slab thickness (t1) = 200, slab ratio (t2/t1) = 1.

Table 4-33: Effect of barrier length on deflection for slab cantilever with TL-4 parapet

L,=5 L,=6 L,=8 L, =10 Ly=12
L=1 -0.23  -3.65% -6.55% -1.27% -1.42%
L.=15 -0.84 -6.05%  -1255%  -1529%  -16.38%
L.=2 -352 -7.14%  -1559%  -19.95%  -22.21%

L.=25 -8.70  -7.59%  -16.78%  -21.91%  -24.95%

Maximum deflection (mm) for slab thickness (t1) = 200, slab ratio (to/t1 = 1)

Table 4-34: Effect of barrier length on deflection for slab cantilever with TL-5 barrier

Lb=5m Lb=6m Lb=8m Lb=10m Lb=12m

Le=1m -0.11 -5.083%  -941% -10.69% -11.03%
L.=1.5m -0.91 -7.46% -15.83% -19.61% -21.27%
L.=2m -2.88 -8.37%  -18.65% -24.14% -27.13%

L.=2.5m -7.58 -8.51% -19.29% -25.53% -29.33%

Maximum deflection (mm) for slab thickness (t1) = 200, slab ratio (t2/t1) = 1.
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4.5.3 Effect of slab thickness for various thickness ratio

Table 4-35: Effect of slab thickness on deflection for slab cantilever with unstiffened edge

t1=200 t1=225 t1 =250 t1 =300 t1 =350

(mm) (mm) (mm) (mm) (mm)

tr=1 -2.01 -29.77%  -48.80%  -70.37%  -81.34%
tr=1.2 -1.36 -29.77%  -48.80%  -70.37%  -81.34%
tr=15 -0.83 -29.77%  -48.80%  -70.37%  -70.37%
tr=20 -0.42 -29.77%  -48.80%  -70.37%  -81.34%

Maximum deflection (mm) for L, = 12 m, L = 2 m for TL-5 barrier shape

Table 4-36: Effect of slab thickness on deflection for slab cantilever with a curb

t1=200 t1=225 t1 = 250 t1 =300 t1 =350

(mm) (mm) (mm) (mm) (mm)

tr=1 -1.14 -25.91%  -43.65%  -65.32%  -77.26%
tr=1.2 -0.79 -26.37%  -4429%  -65.99%  -77.83%
tr=15 -0.50 -26.90%  -45.03%  -66.76%  -78.47%
tr=20 -0.26 -27.54%  -4590%  -67.63%  -79.19%

Maximum deflection (mm) for Lp=12m, Lc=1.5m

Table 4-37: Effect of slab thickness on deflection for slab cantilever with TL-2 barrier

t1=200 t1=225 t1 =250 t1 =300 t1 =350

(mm) (mm) (mm) (mm) (mm)

tr=1 -0.84 -24.58%  -41.68%  -63.04%  -75.17%
tr=1.2 -0.60 -2499%  -42.28%  -63.74%  -75.41%
tr=15 -0.38 -25.52%  -43.05%  -64.60%  -76.58%
tr=20 -0.21 -26.22%  -44.05%  -65.69%  -77.54%

Maximum deflection (mm) for Ly=12m, Lc=1.5m
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Table 4-38: Effect of slab thickness on deflection for slab cantilever with TL-4 barrier

11=200 t1=225 t1=250 t1=300 t1 =350

(mm) (mm) (mm) (mm) (mm)

tr=1 -0.79 -24.32%  -41.26%  -62.50%  -74.63%
tr=1.2 -0.57 -24.68%  -41.79%  -63.14%  -75.22%
tr=15 -0.36 -25.15%  -4250%  -63.95%  -75.98%
tr=20 -0.20 -25.81%  -43.46%  -65.03%  -76.95%

Maximum deflection (mm) for Ly=12m, Lc=1.5m

Table 4-39: Effect of slab thickness on deflection for slab cantilever with TL-4 parapet

11=200 t1=225 t1=250 t1=300 t1 =350

(mm) (mm) (mm) (mm) (mm)

tr=1 -0.70 -24.33%  -41.25%  -62.46%  -74.57%
tr=1.2 -0.75 -24.63%  -41.71%  -63.01%  -75.10%
tr=15 -0.49 -25.05%  -42.33%  -63.75%  -75.79%
tr=20 -0.27 -25.66%  -43.23%  -64.79%  -76.74%

Maximum deflection (mm) for Ly=12m, Lc=1.5m

Table 4-40: Effect of slab thickness on deflection for slab cantilever with TL-5 barrier

11=200 t1=225 t1 =250 t1 =300 t1 =350

(mm) (mm) (mm) (mm) (mm)

tr=1 -0.72 -24.16%  -40.96%  -62.02%  -74.09%
tr=1.2 -0.52 -24.41%  -41.34%  -62.50%  -74.56%
tr=15 -0.33 -24.77%  -41.89%  -63.17%  -75.20%
tr=20 -0.18 -25.31%  -42.70%  -64.14%  -76.11%

Maximum deflection (mm) for Ly=12m, Lc=1.5m
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4.5.4 Effect of Cantilever Length and Slab Ratio
From the graphs illustrated in Figure 4-26 to Figure 4-31, it is obvious that cantilever length

increase is one of main contributors on increasing deflection. This result is anticipated, since like

cantilever beam subjected to force at its free end, larger cantilever length can lead to deflection
increase.

Graphs in the Figure 4-32 to Figure 4-37 shows the deflection due to wheel loads at the free
transverse edge of cantilever slab decreased as slab ratio increased. This result can be anticipated

as increasing section rigidity cause reduction in deflection.
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Figure 4-26: Effect of cantilever length on deflection for slab cantilever with unstiffened edge
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Figure 4-27: Effect of cantilever length on deflection for slab cantilever with a curb
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Figure 4-28: Effect of cantilever length on deflection for slab cantilever with TL-2 barrier
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Figure 4-29: Effect of cantilever length on deflection for slab cantilever with TL-4 barrier
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Figure 4-30: Effect of cantilever length on deflection for slab cantilever with TL-4 parapet
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Figure 4-31: Effect of cantilever length on deflection for slab cantilever with TL-5 barrier
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Figure 4-32Effect of tapered slab thickness ratio on deflection for slab cantilever with
unstiffened edge (Lb=12 m, Lc = 1.5 m, t1 = 200 mm)
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Figure 4-33: Effect of tapered slab thickness ratio on deflection for slab cantilever with a curb
(Lb=12m, Lc=1.5m, t; =200 mm
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Figure 4-34Effect of tapered slab thickness ratio on deflection for slab cantilever with TL-2
barrier (Lo =12 m, Lc = 1.5 m, t; = 200 mm)
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Figure 4-35: Effect of tapered slab thickness ratio on deflection for slab cantilever with TL-4
barrier (Lo =12 m, Lc = 1.5 m, t; = 200 mm)
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Figure 4-36: Effect of tapered slab thickness ratio on deflection for slab cantilever with TL-4
parapet (Lo =12 m, Lc = 1.5 m, t; = 200 mm)
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Figure 4-37: Effect of tapered slab thickness ratio on deflection for slab cantilever with TL-5
barrier (Lo =12 m, Lc = 1.5 m, t; = 200 mm)
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4.6 Results comparison with CHBDC and previous research’s works

Tables 4-41 and 4-42 show the comparison between results obtained from the parametric study

with the corresponding results from Table 5.15 in CHBDC of 2014. Also, these tables compare

the obtained results with corresponding results from Micovic (2016) for internal moment intensity.

Since Clause 5.7.1.3 of CHBDC specifies that the external moment in transverse direction should

be taken as twice times of the calculated internal moment, the acquired results from CHBDC and

Micovic are multiplied by 2 to compare them with results taken from this research. The results are

also presented in graphical format in Figures 4-38 through 4-40. One may observe that the results

from the current study for the transverse moment intensity at the free end of the deck slab cantilever

is almost identical to those specified in CHBDC for deck slab cantilever more than 1.5 m.

However, the specified values in CHBDC are significantly greater than those obtained from the

current study for cantilever lengths between 1 and 1.5 m.

Table 4-41: Maximum cantilever slab transverse moment (My) due to unfactored CL- 625 truck
wheel loads (Ip included) for slabs with unstiffened edge

CHDBC (kN) Micovic (2016) Results (kN) Current Results (kN)
Spm =1 n=075 n=2 =1 r=0.75 rn=2 =1 n=075 n=2
1.00 82.00 86.00 88.00 51.22 58.66 56.70 45.48 47.03 48.56
1.50 86.00 94.00 102.00 73.94 78.25 83.88 83.07 87.53 92.32
2.00 106.00 114.00 120.00 89.56 95.12 102.48 105.75 11251 119.95
250 120.00 130.00 140.00 113.60 119.31 126.93 12545 133.27 140.59

Table 4-42: Percentage difference between results from this research with CHDBC and

Micovic’s results

% Diff. with CHDBC

%o Diff. with Micovic’s results

=1 r=0.75 =2 =1 r=20.75 =2
-44.54% -45.32% -44.82% -11.21% -19.83% -14.36%
-3.41% -6.89% -9.49% 12.35% 11.85% 10.06%
-0.24% -1.31% -0.04% 18.08% 18.28% 17.05%
4.54% 2.52% 0.42% 10.43% 11.70% 10.76%
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Figure 4-38: Comparison between CHDBC moment and Micovic’s results with those from the
current study for slab cantilever with unstiffened edge and tapered slab thickness ratio of 1
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Figure 4-39: Comparison between CHDBC moment and Micovic’s results with those from the
current study for slab cantilever with unstiffened edge and tapered slab thickness ratio of 0.75
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Figure 4-40: Comparison between CHDBC moment and Micovic’s results with those from the
current study for slab cantilever with unstiffened edge and tapered slab thickness ratio of 2

4.7 Comparison between results for external moments from this research
with internal moments from Micovic results

This part of the study investigated the ratio of calculated external moment from this study to the
corresponding internal moment obtained from Micovic (2016) by producing graphs illustrated in
Figure 4-41 to Figure 4-64. The ratio of external moment to internal moment are plotted in Y axis
against the barrier length in X axis. The graphs were created for all cantilever lengths and types of
edge stiffening barriers considered in this study. Also, the line for Mex/Mint = 2 was added to the
graphs as stated by Clause 5.7.1.3 of CHBDC. As it can be observed from the graphs, the
comparison between the obtained external moment and internal moment from finite element
analysis shows that the ratio of Mex/Mintis below 2 for cantilever length equal to 1 m. On the other

hand, for cantilever length equal to, or greater than, 1.5 m, this moment ratio exceeded 2.

87



4.7.1Unstiffened Edge
Figure 4-42 to Figure 4-45 shows the ratio of external moment to internal moment for the

unstiffened slab with variable barrier length and cantilever length
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Figure 4-41: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with unstiffened edge ( Lc = 1 m)
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Figure 4-42: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with unstiffened edge ( Lc = 1.5 m)
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Figure 4-43: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with unstiffened edge ( Lc=2 m)
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Figure 4-44: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with unstiffened edge ( Lc = 2.5 m)
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4.7.2 Curb
Figure 4-46 to Figure 4-49 shows the ratio of external moment to internal moment for the cantilever

slab stiffed with curb with variable barrier length and cantilever length.
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Figure 4-45: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with a curb ( Lc =1 m)
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Figure 4-46: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with a curb ( Lc= 1.5 m)
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Figure 4-47: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with a curb ( Lc=2 m)
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Figure 4-48: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with a curb ( L¢ = 2.5 m)
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4.7.3 TL-2 barrier
Figure 4-50 to Figure 4-53 shows the ratio of external moment to internal moment for the cantilever

slab stiffed with TL-2 barrier with variable barrier length and cantilever length.
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Figure 4-49: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-2 barrier ( Lc =1 m)
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Figure 4-50: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-2 barrier ( Lc = 1.5 m)
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Figure 4-51: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-2 barrier ( Lc =2 m)
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Figure 4-52: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-2 barrier ( Lc = 2.5 m)
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4.7.4 TL-4 barrier

Figure 4-54 to Figure 4-57 shows the ratio of external moment to internal moment for the cantilever

slab stiffed with TL-4 barrier with variable barrier length and cantilever length.

2.10

2.00

1.90

1.80

1.70

lVIEX/MIn

1.60

1.50

1.40

L.=1m
__________________________MExt{MJut_:_ ____________________
(CSA, 2014)
_______________________ 1*
_______________________ .._______._______ b o ——— b - —
0 2 4 6 8 10 12 14

Barrier length (m)

Figure 4-53: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-4 barrier ( L =1 m)
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Figure 4-54: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-4 barrier ( Lc = 1.5 m)
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Figure 4-55: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-4 barrier ( Lc =2 m)
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Figure 4-56: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-4 barrier ( Lc = 2.5 m)
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4.7.5 TL-4 Parapet

Figures 4-57 through 4-60 show the ratio of external moment to internal moment for the cantilever

slab with TL-4 parapet considering variable barrier length and cantilever length.
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Figure 4-57: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-4 parapet (L. =1 m)
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Figure 4-58: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-4 parapet (Lc = 1.5 m)
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Figure 4-59: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-4 parapet (Lc = 2 m)
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Figure 4-60: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-4 parapet ( Lc= 2.5 m)
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4.7.6 TL-5 barrier
Figure 4-62 to Figure 4-65 shows the ratio of external moment to internal moment for the cantilever

slab stiffed with TL-5 barrier with variable barrier length and cantilever length.
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Figure 4-61: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-5 barrier (L =1 m)
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Figure 4-62: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-5 barrier ( Lc = 1.5 m)
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Figure 4-63: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-5 barrier ( Lc =2 m)
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Figure 4-64: Ratio on external moment obtained from the current study and internal moment
obtained from Micovic’s results for slab cantilever with TL-5 barrier ( Lc = 2.5 m)
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4.8 Developed Equations

Base on the data obtained from the parametric study, empirical equations ware developed for
various cantilever-barrier configuration. These equations developed for both transverse moment
(My) and longitudinal moment (My). For the unstiffened cantilever slab, two variables, namely:
cantilever length (Lc) and tapered slab thickness ratio, were considered for developing equations,
While, the equations for end stiffened cantilever slab were developed created considering four
variables, namely: cantilever length, barrier length, slab thickness and tapered slab thickness ratio.
Table 4-43 demonstrates the developed equations for determining the transverse and longitudinal
moment intensity for different cantilever-barrier configurations considered in this study. In
addition, these equations can be applied to the parameter ranges considered in this research. The
coefficients of these equations were calculated utilizing least square regression line method
embedded in Microsoft Excel software. Figure 4-65 shows the accuracy of the equations by
comparing the results from finite element analysis with the developed equations. It should be noted
that the barrier length was not considered in these equations since the form of the equation used in
the regression analysis led to a power of zero for the barrier length, Lc. It is recommended to

propose other equation format so that the barrier length can be included in the equation.
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Table 4-43: Empirical equations for transverse and longitudinal moments in deck slab cantilevers

due to CL-625 truck loading
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Figure 4-65: FE results versus developed equations for cantilever slab with TL-5 barrier
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Figure 4-66: FE results versus developed equations for cantilever slab with TL-4 barrier
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Figure 4-67: FE results versus developed equations for cantilever slab with TL-2 barrier
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Figure 4-68: FE results versus developed equations for cantilever slab with TL-4 parapet
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Figure 4-69: FE results versus developed equations for cantilever slab with curb
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Figure 4-70: FE results versus developed equations for cantilever slab with unstiffened edge
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CHAPTER FIVE

5 CONCLUSIONS AND RECOMMENDATIONS FOR
FUTURE RESEARCH

5.1 General

Clause 5.7.1.3 of the Canadian Highway Bridge Design Code of 2014 proposed an equation for
the calculation of the transverse moment in deck slab cantilever due to truck loading at middle
portion of cantilever overhang, in addition, it states at the location within the distance of equal to
the cantilever of transverse free edge of the slab, the transverse moment intensity shall be assumed
twice times the transverse moment obtained from the above mention equation. However, it does
not consider the effect of length of barrier wall and slab thickness. In addition, the amount of the
longitudinal moment in the deck slab cantilever is as yet unavailable. As a result, a practical
parametric study was conducted utilizing the finite-element software SAP2000 to investigate the
structural response of the cantilever overhang, when subjected to truck load at its free edge. The
key parameters considered in this study included, barrier length, cantilever length, slab thickness,

tapered slab thickness ratio, different end stiffening arrangements.

5.2 Conclusion

Based on the results from parametric study, the following conclusions would be drawn as

follows:

1. The maximum moment intensity due to applying CHBDC truck loading for both
unstiffened and stiffened edge slabs occurs at the root of cantilever slab (i.e. fixed edge)
near the transverse free edge (i.e. where load applied).

2. The maximum moment intensity in both transverse and longitudinal direction induced by
axel 4 which is the heaviest axel of CL-625 truck, although for the cantilever length of 2.5
m, two axels (axels 2, 3) produce the maximum moment intensity in both direction.

3. The moment in the longitudinal direction is very small when compared with transverse

direction.
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10.

End stiffening barrier plays a key role in reducing both the transverse and longitudinal
moments.

Increasing barrier length does not have effect on moment intensity created in the
unstiffened slab. Thus, the moment intensity obtained from this study can be directly
compared with the corresponding value in the CHBDC of 2014 for unstiffened slab, since
the effect of the barrier length is not considered by CHBDC. However, the trend is different
for edge-stiffened slabs. The increase in barrier length reduces the transverse moment
intensity up to 24% when TL-5 barrier applied.

The peak value of the moment does not change by increasing the slab thickness for
unstiffened slabs, nonetheless, the value increased when end stiffened barriers considered,
and the rate of change is higher for the slabs with constant thickness. Similarly, increasing
the slab tapered slab thickness ratio has similar effect on increasing the moment intensity.
Increasing cantilever length resulted in increasing the moment intensity.

The comparison of obtained results with corresponding results from CHBDC for the
unstiffened slab demonstrates that CHBDC overestimates the results for cantilever length
of 1 m by almost 45%.

The calculated ratio of external moments generated from this research to corresponding
internal moments obtained from Micovic (2016) using finite elements method shows that
this ratio in some cases exceeds 2, especially for cantilever length of equal or over 1.5 m.
As a result, it can be said that the CHBDC underestimates the external moment by taking
it as the twice value of the internal moment (My).

The empirical equations were developed based on data generated from the parametric study
to best fit the data. The developed equation includes few key parameters including
cantilever length, barrier length, slab thickness and tapered slab thickness ratio. It should
be noted that the barrier length was not considered in these equations since the form of the
equation used in the regression analysis led to a power of zero for the barrier length, Lc. It
is recommended to propose other equation format so that the barrier length can be included
in the equation.
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5.3 Recommendation for Future Research

» Study the moment intensity in deck slab cantilever due to AASHTO-LRFD truck
loading conditions.

> Revisit the developed equations in this thesis to include the effect of the barrier
length in the response.

> Develop equations for the maximum deflection due to CHBDC truck load at free

edge of cantilever slab.
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Appendix (A): Summary of Parametric Study

110



Table A-1: Summary of Maximum deflection, Transverse Moment and Longitudinal

Moment in Unstiffened Cantilevered Slab of Length 1 m

Cantilever length: 1.0 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.41 -45.48 -1.73
240 1.2 -0.27 -46.51 -1.83
300 15 -0.16 -47.54 -1.93
400 2 -0.08 -48.56 -2.06
225 225 1 -0.28 -45.48 -1.73
270 1.2 -0.19 -46.51 -1.83
337.5 15 -0.11 -47.54 -1.93
450 2 -0.05 -48.56 -2.06
250 250 1 -0.21 -45.48 -1.73
300 1.2 -0.14 -46.51 -1.83
5 375 15 -0.08 -47.54 -1.93
500 2 -0.04 -48.56 -2.06
300 300 1 -0.12 -45.48 -1.73
360 1.2 -0.08 -46.51 -1.83
450 15 -0.05 -47.54 -1.93
600 2 -0.02 -48.56 -2.06
350 350 1 -0.08 -45.48 -1.73
420 1.2 -0.05 -46.51 -1.83
525 15 -0.03 -47.54 -1.93
700 2 -0.01 -48.56 -2.06
200 200 1 -0.41 -45.48 -1.73
240 1.2 -0.27 -46.51 -1.83
300 15 -0.16 -47.54 -1.93
400 2 -0.08 -48.56 -2.06
225 225 1 -0.28 -45.48 -1.73
270 1.2 -0.19 -46.51 -1.83
337.5 15 -0.11 -47.54 -1.93
450 2 -0.05 -48.56 -2.06
250 250 1 -0.21 -45.48 -1.73
6 300 12 0.14 4651 -1.83
375 15 -0.08 -47.54 -1.93
500 2 -0.04 -48.56 -2.06
300 300 1 -0.12 -45.48 -1.73
360 1.2 -0.08 -46.51 -1.83
450 15 -0.05 -47.54 -1.93
600 2 -0.02 -48.56 -2.06
350 350 1 -0.08 -45.48 -1.73
420 1.2 -0.05 -46.51 -1.83
525 15 -0.03 -47.54 -1.93
700 2 -0.01 -48.56 -2.06
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Cantilever length: 1.0 m

Barrier length Slab thickness ta/ts A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -0.41 -45.48 -1.73
240 12 -0.27 -46.51 -1.83
300 15 -0.16 -47.54 -1.93
400 -0.08 -48.56 -2.06
225 225 -0.28 -45.48 -1.73
270 12 -0.19 -46.51 -1.83
337.5 15 -0.11 -47.54 -1.93
450 -0.05 -48.56 -2.06
8 250 250 -0.21 -45.48 -1.73
300 12 -0.14 -46.51 -1.83
375 15 -0.08 -47.54 -1.93
500 -0.04 -48.56 -2.06
300 300 -0.12 -45.48 -1.73
360 12 -0.08 -46.51 -1.83
450 15 -0.05 -47.54 -1.93
600 2 -0.02 -48.56 -2.06
350 350 1 -0.08 -45.48 -1.73
420 12 -0.05 -46.51 -1.83
525 15 -0.03 -47.54 -1.93
700 -0.01 -48.56 -2.06
200 200 -0.41 -45.48 -1.73
240 1.2 -0.27 -46.51 -1.83
300 15 -0.16 -47.54 -1.93
400 -0.08 -48.56 -2.06
225 225 -0.28 -45.48 -1.73
270 12 -0.19 -46.51 -1.83
337.5 15 -0.11 -47.54 -1.93
10 450 -0.05 -48.56 -2.06
250 250 -0.21 -45.48 -1.73
300 1.2 -0.14 -46.51 -1.83
375 15 -0.08 -47.54 -1.93
500 2 -0.04 -48.56 -2.06
300 300 1 -0.12 -45.48 -1.73
360 12 -0.08 -46.51 -1.83
450 15 -0.05 -47.54 -1.93
600 2 -0.02 -48.56 -2.06
350 350 1 -0.08 -45.48 -1.73
420 12 -0.05 -46.51 -1.83
525 15 -0.03 -47.54 -1.93
700 2 -0.01 -48.56 -2.06
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Cantilever length: 1.0 m

Barrier length Slab thickness to/ts A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -0.41 -45.48 -1.73
240 1.2 -0.27 -46.51 -1.83
300 1.5 -0.16 -47.54 -1.93
400 -0.08 -48.56 -2.06
225 225 -0.28 -45.48 -1.73
270 1.2 -0.19 -46.51 -1.83
3375 15 -0.11 -47.54 -1.93
450 -0.05 -48.56 -2.06
12 250 250 -0.21 -45.48 -1.73
300 12 -0.14 -46.51 -1.83
375 15 -0.08 -47.54 -1.93
500 -0.04 -48.56 -2.06
300 300 -0.12 -45.48 -1.73
360 12 -0.08 -46.51 -1.83
450 1.5 -0.05 -47.54 -1.93
600 -0.02 -48.56 -2.06
350 350 -0.08 -45.48 -1.73
420 1.2 -0.05 -46.51 -1.83
525 15 -0.03 -47.54 -1.93
700 2 -0.01 -48.56 -2.06
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Table A-2: Summary of Maximum deflection, Transverse Moment and Longitudinal

Moment in Unstiffened Cantilevered Slab of Length 1.5m

Cantilever length: 1.5 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -2.01 -83.08 -4.96
240 1.2 -1.36 -85.99 -5.16
300 15 -0.83 -89.08 -5.38
400 2 -0.42 -92.32 -5.62
225 225 1 -1.41 -83.08 -4.96
270 1.2 -0.96 -85.99 -5.16
3375 | 15 -0.58 -89.08 -5.38
450 2 -0.30 -02.32 -5.62
250 250 1 -1.03 -83.08 -4.96
300 1.2 -0.70 -85.99 -5.16
> 375 | 15 -0.42 -89.08 5.38
500 2 -0.22 -92.32 -5.62
300 300 1 -0.60 -83.08 -4.96
360 1.2 -0.40 -85.99 -5.16
450 15 -0.25 -89.08 -5.38
600 2 -0.13 -92.32 -5.62
350 350 1 -0.38 -83.08 -4.96
420 1.2 -0.25 -85.99 -5.16
525 1.5 -0.25 -89.08 -5.38
700 2 -0.08 -92.32 -5.62
200 200 1 -2.01 -83.08 -4.96
240 1.2 -1.36 -85.99 -5.16
300 15 -0.83 -89.07 -5.38
400 2 -0.42 -92.32 -5.62
225 225 1 -1.41 -83.08 -4.96
270 1.2 -0.96 -85.99 -5.16
3375 | 15 -0.58 -89.07 -5.38
450 2 -0.30 -02.32 -5.62
250 250 1 -1.03 -83.08 -4.96
6 300 | 1.2 -0.70 -85.99 5.16
375 15 -0.42 -89.07 -5.38
500 2 -0.22 -92.32 -5.62
300 300 1 -0.60 -83.08 -4.96
360 1.2 -0.40 -85.99 -5.16
450 15 -0.25 -89.07 -5.38
600 2 -0.13 -92.32 -5.62
350 350 1 -0.37 -83.08 -4.96
420 1.2 -0.25 -85.99 -5.16
525 15 -0.25 -89.07 -5.38
700 2 -0.08 -92.32 -5.62
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Cantilever length: 1.5 m

Barrier length Slab thickness t/ts A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -2.01 -83.07 -4.96
240 12 -1.36 -85.99 -5.16
300 15 -0.83 -89.07 -5.38
400 2 -0.42 -92.32 -5.62
225 225 1 -1.41 -83.07 -4.96
270 1.2 -0.96 -85.99 -5.16
3375 15 -0.58 -89.07 -5.38
450 2 -0.30 -92.32 -5.62
8 250 250 1 -1.03 -83.07 -4.96
300 1.2 -0.70 -85.99 -5.16
375 15 -0.42 -89.07 -5.38
500 2 -0.22 -92.32 -5.62
300 300 1 -0.60 -83.07 -4.96
360 1.2 -0.40 -85.99 -5.16
450 15 -0.25 -89.07 -5.38
600 2 -0.13 -92.32 -5.62
350 350 1 -0.37 -83.07 -4.96
420 1.2 -0.25 -85.99 -5.16
525 15 -0.25 -89.07 -5.38
700 -0.08 -92.32 -5.62
200 200 -2.01 -83.07 -4.96
240 1.2 -1.36 -85.99 -5.16
300 15 -0.83 -89.07 -5.38
400 -0.42 -92.32 -5.62
225 225 -1.41 -83.07 -4.96
270 1.2 -0.96 -85.99 -5.16
3375 15 -0.58 -89.07 -5.38
10 450 2 -0.30 -92.32 -5.62
250 250 1 -1.03 -83.07 -4.96
300 1.2 -0.70 -85.99 -5.16
375 15 -0.42 -89.07 -5.38
500 2 -0.22 -92.32 -5.62
300 300 1 -0.60 -83.07 -4.96
360 1.2 -0.40 -85.99 -5.16
450 15 -0.25 -89.07 -5.38
600 2 -0.13 -92.32 -5.62
350 350 1 -0.37 -83.07 -4.96
420 12 -0.25 -85.99 -5.16
525 15 -0.25 -89.07 -5.38
700 2 -0.08 -92.32 -5.62
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Cantilever length: 1.5 m

Barrier length Slab thickness tofts A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -2.01 -83.07 -4.96
240 1.2 -1.36 -85.99 -5.16
300 15 -0.83 -89.07 -5.38
400 2 -0.42 -92.32 -5.62
225 225 1 -1.41 -83.07 -4.96
270 12 -0.96 -85.99 -5.16
3375 | 15 -0.58 -89.07 -5.38
450 2 -0.30 -92.32 -5.62
12 250 250 1 -1.03 -83.07 -4.96
300 1.2 -0.70 -85.99 -5.16
375 15 -0.42 -89.07 -5.38
500 2 -0.22 -92.32 -5.62
300 300 1 -0.60 -83.07 -4.96
360 1.2 -0.40 -85.99 -5.16
450 15 -0.25 -89.07 -5.38
600 -0.13 -92.32 -5.62
350 350 -0.37 -83.07 -4.96
420 12 -0.25 -85.99 -5.16
525 15 -0.25 -89.07 -5.38
700 2 -0.08 -92.32 -5.62
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Table A-3: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Unstiffened Cantilevered Slab of Length 2m

Cantilever length: 2 m

Barrier length Slab thickness tofta A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -5.01 -105.90 -7.99

240 1.2 -3.45 -110.17 -8.27

300 15 -2.14 -114.85 -8.57

400 2 -1.13 -119.95 -8.89

225 225 1 -3.52 -105.90 -7.99

270 1.2 -2.42 -110.17 -8.27

337.5 15 -1.51 -114.85 -8.57

450 2 -0.79 -119.95 -8.89

250 250 1 -2.57 -105.90 -7.99

300 1.2 -1.77 -110.17 -8.27

5 375 | 15 -1.10 -114.85 857

500 2 -0.58 -119.95 -8.89

300 300 1 -1.49 -105.90 -7.99

360 1.2 -1.02 -110.17 -8.27

450 15 -0.64 -114.85 -8.57

600 2 -0.33 -119.95 -8.89

350 350 1 -0.94 -105.90 -7.99

420 1.2 -0.64 -110.17 -8.27

525 15 -0.40 -114.85 -8.57

700 2 -0.21 -119.95 -8.89

200 200 1 -5.00 -105.78 -7.99

240 1.2 -3.44 -110.11 -8.27

300 15 -2.14 -114.82 -8.57

400 2 -1.13 -119.95 -8.89

225 225 1 -3.51 -105.78 -7.99

270 1.2 -2.42 -110.11 -8.27

337.5 15 -1.50 -114.82 -8.57

450 2 -0.79 -119.95 -8.89

250 250 1 -2.56 -105.78 -7.99

6 300 | 1.2 -1.76 -110.11 -8.27

375 15 -1.10 -114.82 -8.57

500 2 -0.58 -119.95 -8.89

300 300 1 -1.48 -105.78 -7.99

360 1.2 -1.02 -110.11 -8.27

450 15 -0.63 -114.82 -8.57

600 2 -0.33 -119.95 -8.89

350 350 1 -0.93 -105.78 -7.99

420 1.2 -0.64 -110.11 -8.27

525 15 -0.40 -114.82 -8.57

700 2 -0.21 -119.95 -8.89
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Cantilever length: 2 m

Barrier length Slab thickness tofta A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -5.00 -105.75 -7.99

240 1.2 -3.44 -110.09 -8.27

300 15 -2.14 -114.82 -8.57

400 2 -1.13 -119.95 -8.89

225 225 1 -3.51 -105.75 -7.99

270 1.2 -2.42 -110.09 -8.27

3375 | 15 -1.50 -114.82 -8.57

450 2 -0.79 -119.95 -8.89

250 250 1 -2.56 -105.75 -7.99

300 1.2 -1.76 -110.09 -8.27

8 375 | 15 1,10 1114.82 8.57

500 2 -0.58 -119.95 -8.89

300 300 1 -1.48 -105.75 -7.99

360 1.2 -1.02 -110.09 -8.27

450 15 -0.63 -114.82 -8.57

600 2 -0.33 -119.95 -8.89

350 350 1 -0.93 -105.75 -7.99

420 1.2 -0.64 -110.09 -8.27

525 15 -0.40 -114.82 -8.57

700 2 -0.21 -119.95 -8.89

200 200 1 -5.00 -105.75 -7.99

240 1.2 -3.44 -110.09 -8.27

300 15 -2.14 -114.82 -8.57

400 2 -1.13 -119.95 -8.89

225 225 1 -3.51 -105.75 -7.99

270 1.2 -2.42 -110.09 -8.27

3375 | 15 -1.50 -114.82 -8.57

450 2 -0.79 -119.95 -8.89

250 250 1 -2.56 -105.75 -7.99

10 300 | 12 176 -110.09 -8.27

375 15 -1.10 -114.82 -8.57

500 2 -0.58 -119.95 -8.89

300 300 1 -1.48 -105.75 -7.99

360 1.2 -1.02 -110.09 -8.27

450 15 -0.63 -114.82 -8.57

600 2 -0.33 -119.95 -8.89

350 350 1 -0.93 -105.75 -7.99

420 1.2 -0.64 -110.09 -8.27

525 15 -0.40 -114.82 -8.57

700 2 -0.21 -119.95 -8.89
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Cantilever length: 2 m

Barrier length Slab thickness tofta A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -5.00 -105.75 -7.99

240 1.2 -3.44 -110.09 -8.27

300 15 -2.14 -114.82 -8.57

400 2 -1.13 -119.95 -8.89

225 225 1 -3.51 -105.75 -7.99

270 1.2 -2.42 -110.09 -8.27

3375 | 15 -1.50 -114.82 -8.57

450 -0.79 -119.95 -8.89

12 250 250 -2.56 -105.75 -7.99

300 1.2 -1.76 -110.09 -8.27

375 15 -1.10 -114.82 -8.57

500 -0.58 -119.95 -8.89

300 300 -1.48 -105.75 -7.99

360 1.2 -1.02 -110.09 -8.27

450 15 -0.63 -114.82 -8.57

600 -0.33 -119.95 -8.89

350 350 -0.93 -105.75 -7.99

420 1.2 -0.64 -110.09 -8.27

525 15 -0.40 -114.82 -8.57

700 2 -0.21 -119.95 -8.89
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Table A-4: Summary of Maximum deflection, Transverse Moment and Longitudinal

Moment in Unstiffened Cantilevered Slab of Length 2.5m

Cantilever length: 2 .5m

Barrier length Slab thickness to/ty A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -10.85 -126.77 -8.12

240 1.2 -7.43 -130.94 -8.27

300 15 -4.61 -135.60 -8.41

400 2 -2.44 -140.78 -8.52

225 225 1 -7.62 -126.77 -8.12

270 1.2 -5.22 -130.94 -8.27

3375 15 -3.24 -135.60 -8.41

450 2 -1.71 -140.78 -8.52

250 250 1 -5.55 -126.77 -8.12

300 1.2 -3.80 -130.94 -8.27

5 375 15 -2.36 -135.60 -8.41

500 2 -1.25 -140.78 -8.52

300 300 1 -3.21 -126.77 -8.12

360 1.2 -2.20 -130.94 -8.27

450 15 -1.37 -135.60 -8.41

600 2 -0.72 -140.78 -8.52

350 350 1 -2.02 -126.77 -8.12

420 1.2 -1.39 -130.94 -8.27

525 15 -0.86 -135.60 -8.41

700 2 -0.45 -140.78 -8.52

200 200 1 -10.68 -125.83 -8.10

240 1.2 -7.36 -130.31 -8.26

300 15 -4.59 -135.24 -8.41

400 2 -2.43 -140.61 -8.52

225 225 1 -7.50 -125.83 -8.10

270 1.2 -5.17 -130.31 -8.26

3375 15 -3.22 -135.24 -8.41

450 2 -1.71 -140.61 -8.52

250 250 1 -5.47 -125.83 -8.10

6 300 1.2 -3.77 -130.31 -8.26

375 15 -2.35 -135.24 -8.41

500 2 -1.24 -140.61 -8.52

300 300 1 -3.17 -125.83 -8.10

360 1.2 -2.18 -130.31 -8.26

450 15 -1.36 -135.24 -8.41

600 2 -0.72 -140.61 -8.52

350 350 1 -1.99 -125.83 -8.10

420 1.2 -1.37 -130.31 -8.26

525 15 -0.86 -135.24 -8.41

700 2 -0.45 -140.61 -8.52
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Cantilever length: 2.5 m

Barrier length Slab thickness ta/ta A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -10.61 -125.48 -8.10

240 1.2 -7.33 -130.12 -8.26

300 15 -4.58 -135.16 -8.41

400 2 -2.43 -140.59 -8.52

225 225 1 -7.45 -125.48 -8.10

270 1.2 -5.15 -130.12 -8.26

337.5 15 -3.22 -135.16 -8.41

450 2 -1.71 -140.59 -8.52

250 250 1 -5.43 -125.48 -8.10

300 1.2 -3.75 -130.12 -8.26

8 375 15 2.34 1135.16 8.41

500 2 -1.24 -140.59 -8.52

300 300 1 -3.14 -125.48 -8.10

360 1.2 -2.17 -130.12 -8.26

450 15 -1.36 -135.16 -8.41

600 2 -0.72 -140.59 -8.52

350 350 1 -1.98 -125.48 -8.10

420 1.2 -1.37 -130.12 -8.26

525 15 -0.85 -135.16 -8.41

700 2 -0.45 -140.59 -8.52

200 200 1 -10.61 -125.46 -8.10

240 1.2 -7.33 -130.11 -8.26

300 15 -4.58 -135.15 -8.41

400 2 -2.43 -140.59 -8.52

225 225 1 -7.45 -125.46 -8.10

270 1.2 -5.15 -130.11 -8.26

337.5 15 -3.22 -135.15 -8.41

450 2 -1.71 -140.59 -8.52

250 250 1 -5.43 -125.46 -8.10

10 300 1.2 -3.75 -130.11 8.26

375 15 -2.34 -135.15 -8.41

500 2 -1.24 -140.59 -8.52

300 300 1 -3.14 -125.46 -8.10

360 1.2 -2.17 -130.11 -8.26

450 15 -1.36 -135.15 -8.41

600 2 -0.72 -140.59 -8.52

350 350 1 -1.98 -125.46 -8.10

420 1.2 -1.37 -130.11 -8.26

525 15 -0.85 -135.15 -8.41

700 2 -0.45 -140.59 -8.52
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Cantilever length: 2.5 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -10.60 -125.45 -8.10
240 1.2 -7.33 -130.11 -8.26
300 15 -4.58 -135.15 -8.41
400 2 -2.43 -140.59 -8.52
225 225 1 -7.45 -125.45 -8.10
270 1.2 -5.15 -130.11 -8.26
3375 | 15 -3.22 -135.15 -8.41
450 -1.71 -140.59 -8.52
12 250 250 -5.43 -125.45 -8.10
300 1.2 -3.75 -130.11 -8.26
375 15 -2.34 -135.15 -8.41
500 -1.24 -140.59 -8.52
300 300 -3.14 -125.45 -8.10
360 1.2 -2.17 -130.11 -8.26
450 15 -1.36 -135.15 -8.41
600 -0.72 -140.59 -8.52
350 350 -1.98 -125.45 -8.10
420 1.2 -1.37 -130.11 -8.26
525 15 -0.85 -135.15 -8.41
700 2 -0.45 -140.59 -8.52
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Table A-5: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with Concrete Curb of Length 1m

Cantilever length: 1 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.18 -31.77 -1.21
240 1.2 -0.12 -33.05 -1.33
300 15 -0.07 -34.41 -1.46
400 2 -0.04 -35.79 -1.61
225 225 1 -0.13 -32.39 -1.26
270 1.2 -0.09 -33.59 -1.37
3375 | 15 -0.05 -34.84 -1.49
450 2 -0.03 -36.08 -1.63
250 250 1 -0.10 -32.89 -1.29
300 1.2 -0.07 -34.02 -1.40
5 375 15 -0.04 -35.17 -1.52
500 2 -0.02 -36.31 -1.65
300 300 1 -0.06 -33.63 -1.35
360 1.2 -0.04 -34.63 -1.45
450 15 -0.02 -35.64 -1.56
600 2 -0.01 -36.61 -1.68
350 350 1 -0.04 -34.13 -1.39
420 1.2 -0.03 -35.04 -1.48
525 15 -0.02 -35.93 -1.58
700 2 -0.01 -36.79 -1.70
200 200 1 -0.18 -31.72 -1.21
240 1.2 -0.12 -33.02 -1.32
300 15 -0.07 -34.40 -1.46
400 2 -0.04 -35.78 -1.61
225 225 1 -0.13 -32.36 -1.25
270 1.2 -0.09 -33.57 -1.37
3375 | 15 -0.05 -34.83 -1.49
450 2 -0.03 -36.08 -1.63
250 250 1 -0.10 -32.87 -1.29
6 300 1.2 -0.07 -34.01 -1.40
375 15 -0.04 -35.17 -1.52
500 2 -0.02 -36.31 -1.65
300 300 1 -0.06 -33.62 -1.35
360 1.2 -0.04 -34.63 -1.45
450 15 -0.02 -35.64 -1.56
600 2 -0.01 -36.61 -1.68
350 350 1 -0.04 -34.13 -1.39
420 1.2 -0.03 -35.03 -1.48
525 15 -0.02 -35.93 -1.58
700 2 -0.01 -36.79 -1.70
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Cantilever length: 1 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.18 -31.70 -1.21
240 1.2 -0.12 -33.02 -1.32
300 15 -0.07 -34.39 -1.46
400 2 -0.04 -35.78 -1.61
225 225 1 -0.13 -32.35 -1.25
270 1.2 -0.09 -33.57 -1.37
3375 | 15 -0.05 -34.83 -1.49
450 2 -0.03 -36.08 -1.63
250 250 1 -0.10 -32.87 -1.29
300 1.2 -0.07 -34.00 -1.40
8 375 | 15 20.04 35.17 152
500 2 -0.02 -36.31 -1.65
300 300 1 -0.06 -33.62 -1.35
360 1.2 -0.04 -34.63 -1.45
450 15 -0.02 -35.64 -1.56
600 2 -0.01 -36.61 -1.68
350 350 1 -0.04 -34.13 -1.39
420 1.2 -0.03 -35.03 -1.48
525 15 -0.02 -35.93 -1.58
700 2 -0.01 -36.79 -1.70
200 200 1 -0.18 -31.70 -1.21
240 1.2 -0.12 -33.01 -1.32
300 15 -0.07 -34.39 -1.46
400 2 -0.04 -35.78 -1.61
225 225 1 -0.13 -32.35 -1.25
270 1.2 -0.09 -33.57 -1.37
3375 | 15 -0.05 -34.83 -1.49
450 2 -0.03 -36.08 -1.63
250 250 1 -0.10 -32.87 -1.29
10 300 | 12 -0.07 -34.00 -1.40
375 15 -0.04 -35.17 -1.52
500 2 -0.02 -36.31 -1.65
300 300 1 -0.06 -33.62 -1.35
360 1.2 -0.04 -34.63 -1.45
450 15 -0.02 -35.64 -1.56
600 2 -0.01 -36.61 -1.68
350 350 1 -0.04 -34.13 -1.39
420 1.2 -0.03 -35.03 -1.48
525 15 -0.02 -35.93 -1.58
700 2 -0.01 -36.79 -1.70
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Cantilever length: 1 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.18 -31.70 -1.21
240 1.2 -0.12 -33.01 -1.32
300 15 -0.07 -34.39 -1.46
400 2 -0.04 -35.78 -1.61
225 225 1 -0.13 -32.35 -1.25
270 1.2 -0.09 -33.57 -1.37
337.5 15 -0.05 -34.83 -1.49
450 -0.03 -36.08 -1.63
12 250 250 -0.10 -32.87 -1.29
300 1.2 -0.07 -34.00 -1.40
375 15 -0.04 -35.17 -1.52
500 -0.02 -36.31 -1.65
300 300 -0.06 -33.62 -1.35
360 1.2 -0.04 -34.63 -1.45
450 15 -0.02 -35.64 -1.56
600 -0.01 -36.61 -1.68
350 350 -0.04 -34.13 -1.39
420 1.2 -0.03 -35.03 -1.48
525 15 -0.02 -35.93 -1.58
700 2 -0.01 -36.79 -1.70
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Table A-6: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with Concrete Curb of Length 1.5 m

Cantilever length: 1.5 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -1.17 -66.97 -2.99
240 1.2 -0.81 -70.63 -3.31
300 15 -0.50 -74.81 -3.69
400 2 -0.26 -79.47 -4.13
225 225 1 -0.86 -68.61 -3.17
270 1.2 -0.59 -72.17 -3.48
337.5 15 -0.36 -76.16 -3.84
450 2 -0.19 -80.53 -4.25
250 250 1 -0.65 -69.99 -3.32
300 1.2 -0.44 -73.44 -3.62
5 375 15 -0.27 -77.24 -3.97
500 2 -0.14 -81.34 -4.35
300 300 1 -0.40 -72.09 -3.57
360 1.2 -0.27 -75.31 -3.85
450 15 -0.17 -78.78 -4.15
600 2 -0.08 -82.45 -4.48
350 350 1 -0.26 -73.54 -3.75
420 1.2 -0.18 -76.55 -4.00
525 15 -0.11 -79.77 -4.28
700 2 -0.05 -83.13 -4.57
200 200 1 -1.15 -66.36 -2.96
240 1.2 -0.80 -70.22 -3.29
300 15 -0.50 -74.57 -3.68
400 2 -0.26 -79.37 -4.13
225 225 1 -0.85 -68.19 -3.15
270 1.2 -0.59 -71.90 -3.47
3375 15 -0.36 -76.01 -3.84
450 2 -0.19 -80.46 -4.25
250 250 1 -0.65 -69.69 -3.31
6 300 1.2 -0.44 -73.25 -3.62
375 15 -0.27 -77.14 -3.96
500 2 -0.14 -81.29 -4.35
300 300 1 -0.40 -71.93 -3.56
360 1.2 -0.27 -75.21 -3.84
450 15 -0.16 -78.73 -4.15
600 2 -0.08 -82.42 -4.48
350 350 1 -0.26 -73.45 -3.75
420 1.2 -0.18 -76.50 -4.00
525 15 -0.11 -79.74 -4.27
700 2 -0.05 -83.12 -4.57
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Cantilever length: 1.5 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -1.14 -66.04 -2.94
240 1.2 -0.79 -70.03 -3.28
300 15 -0.50 -74.47 -3.67
400 2 -0.26 -79.33 -4.12
225 225 1 -0.85 -67.99 -3.14
270 1.2 -0.58 -71.78 -3.46
337.5 15 -0.36 -75.95 -3.83
450 2 -0.19 -80.44 -4.25
250 250 1 -0.64 -69.56 -3.30
300 1.2 -0.44 -73.17 -3.61
8 375 15 -0.27 -77.10 -3.96
500 2 -0.14 -81.27 -4.35
300 300 1 -0.40 -71.87 -3.56
360 1.2 -0.27 -75.17 -3.84
450 15 -0.16 -78.71 -4.15
600 2 -0.08 -82.42 -4.48
350 350 1 -0.26 -73.41 -3.74
420 1.2 -0.18 -76.48 -4.00
525 15 -0.11 -79.73 -4.27
700 2 -0.05 -83.12 -4.57
200 200 1 -1.14 -66.00 -2.94
240 1.2 -0.79 -70.01 -3.28
300 1.5 -0.50 -74.46 -3.67
400 2 -0.26 -79.32 -4.12
225 225 1 -0.85 -67.96 -3.14
270 1.2 -0.58 -71.77 -3.46
337.5 15 -0.36 -75.94 -3.83
450 2 -0.19 -80.43 -4.25
250 250 1 -0.64 -69.54 -3.30
10 300 12 0.4 73.16 -3.61
375 15 -0.27 -77.09 -3.96
500 2 -0.14 -81.27 -4.35
300 300 1 -0.40 -71.86 -3.56
360 1.2 -0.27 -75.17 -3.84
450 15 -0.16 -78.71 -4.15
600 2 -0.08 -82.41 -4.48
350 350 1 -0.26 -73.41 -3.74
420 1.2 -0.18 -76.48 -4.00
525 15 -0.11 -79.73 -4.27
700 2 -0.05 -83.12 -4.57
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Cantilever length: 1.5 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -1.14 -65.99 -2.94
240 1.2 -0.79 -70.00 -3.28
300 15 -0.50 -74.46 -3.67
400 2 -0.26 -79.32 -4.12
225 225 1 -0.85 -67.96 -3.14
270 1.2 -0.58 -71.77 -3.46
337.5 15 -0.36 -75.94 -3.83
450 -0.19 -80.43 -4.25
12 250 250 -0.64 -69.54 -3.30
300 1.2 -0.44 -73.16 -3.61
375 15 -0.27 -77.09 -3.96
500 -0.14 -81.27 -4.35
300 300 -0.40 -71.86 -3.56
360 1.2 -0.27 -75.17 -3.84
450 15 -0.16 -78.70 -4.15
600 -0.08 -82.41 -4.48
350 350 -0.26 -73.41 -3.74
420 1.2 -0.18 -76.48 -4.00
525 15 -0.11 -79.73 -4.27
700 2 -0.05 -83.12 -4.57
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Table A-7: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with Concrete Curb of Length 2 m

Cantilever length: 2 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -3.36 -88.96 -5.90
240 1.2 -2.32 -93.85 -6.32
300 15 -1.45 -99.69 -6.82
400 2 -0.78 -106.64 -7.41
225 225 1 -2.44 -90.90 -6.14
270 1.2 -1.68 -95.80 -6.55
337.5 15 -1.05 -101.54 -7.03
450 2 -0.56 -108.22 -7.59
250 250 1 -1.83 -92.60 -6.35
300 1.2 -1.26 -97.45 -6.75
> 375 15 0.79 -103.06 7.21
500 2 -0.42 -109.46 -7.74
300 300 1 -1.11 -95.29 -6.68
360 1.2 -0.76 -99.98 -7.06
450 15 -0.47 -105.29 -7.48
600 2 -0.25 -111.20 -7.95
350 350 1 -0.72 -97.20 -6.92
420 1.2 -0.76 -99.98 -7.06
525 1.5 -0.31 -106.76 -7.66
700 2 -0.16 -112.30 -8.08
200 200 1 -3.24 -87.02 -5.80
240 1.2 -2.26 -92.41 -6.24
300 15 -1.43 -98.74 -6.77
400 2 -0.77 -106.14 -7.38
225 225 1 -2.38 -89.44 -6.06
270 1.2 -1.65 -94.75 -6.50
3375 15 -1.04 -100.88 -7.00
450 2 -0.56 -107.89 -7.58
250 250 1 -1.79 -91.49 -6.29
6 300 12 1.25 -96.68 6.71
375 15 -0.78 -102.59 -7.19
500 2 -0.42 -109.23 -7.73
300 300 1 -1.10 -94.61 -6.65
360 1.2 -0.76 -99.54 -7.04
450 15 -0.47 -105.03 -1.47
600 2 -0.25 -111.08 -7.94
350 350 1 -0.72 -96.76 -6.90
420 1.2 -0.76 -99.54 -7.04
525 15 -0.31 -106.61 -7.65
700 2 -0.16 -112.23 -8.08
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Cantilever length: 2 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -3.16 -85.67 -5.73
240 1.2 -2.22 -91.49 -6.20
300 15 -1.42 -98.20 -6.74
400 2 -0.77 -105.89 -7.37
225 225 1 -2.33 -88.52 -6.02
270 1.2 -1.64 -94.14 -6.47
337.5 15 -1.04 -100.53 -6.98
450 -0.56 -107.73 -1.57
8 250 250 -1.77 -90.84 -6.26
300 1.2 -1.24 -96.26 -6.69
375 15 -0.78 -102.35 -7.18
500 -0.42 -109.12 -7.72
300 300 -1.09 -94.27 -6.63
360 1.2 -0.75 -99.32 -7.03
450 15 -0.47 -104.91 -7.46
600 -0.25 -111.03 -7.94
350 350 -0.71 -96.56 -6.90
420 1.2 -0.75 -99.32 -7.03
525 15 -0.31 -106.54 -7.65
700 -0.16 -112.21 -8.08
200 200 -3.14 -85.40 -5.71
240 1.2 -2.21 -91.32 -6.19
300 15 -1.41 -98.11 -6.74
400 -0.77 -105.85 -7.37
225 225 -2.33 -88.35 -6.01
270 1.2 -1.63 -94.04 -6.46
3375 15 -1.04 -100.48 -6.98
10 450 -0.56 -107.71 -7.57
250 250 -1.77 -90.73 -6.25
300 1.2 -1.24 -96.19 -6.69
375 15 -0.78 -102.32 -7.18
500 2 -0.42 -109.11 -1.72
300 300 1 -1.09 -94.21 -6.63
360 1.2 -0.75 -99.29 -7.03
450 15 -0.47 -104.90 -7.46
600 2 -0.25 -111.03 -7.94
350 350 1 -0.71 -96.53 -6.89
420 1.2 -0.75 -99.29 -7.03
525 15 -0.31 -106.54 -7.65
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700 | 2 | -0.16 -112.20 -8.08
Cantilever length: 2 m
Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -3.14 -85.34 -5.71
240 1.2 -2.21 -91.29 -6.19
300 15 -1.41 -98.10 -6.74
400 2 -0.77 -105.85 -7.37
225 225 1 -2.32 -88.31 -6.01
270 1.2 -1.63 -94.02 -6.46
337.5 15 -1.04 -100.47 -6.98
450 -0.56 -107.70 -71.57
12 250 250 -1.77 -90.71 -6.25
300 1.2 -1.23 -96.18 -6.69
375 15 -0.78 -102.31 -7.18
500 -0.42 -109.11 -71.72
300 300 -1.09 -94.20 -6.63
360 1.2 -0.75 -99.28 -7.03
450 15 -0.47 -104.89 -7.46
600 2 -0.25 -111.02 -7.94
350 350 1 -0.71 -96.52 -6.89
420 1.2 -0.75 -99.28 -7.03
525 15 -0.31 -106.53 -7.65
700 2 -0.16 -112.20 -8.08
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Table A-8: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with Concrete Curb of Length 2.5 m

Cantilever length: 2.5 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) | (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -8.21 -114.29 -7.13
240 1.2 -5.59 -118.49 -7.37
300 15 -3.45 -123.52 -7.62
400 2 -1.82 -129.60 -7.89
225 225 1 -5.87 -115.46 -7.26
270 1.2 -4.00 -119.72 -7.49
337.5 15 -2.48 -124.76 -7.73
450 2 -1.31 -130.74 -7.98
250 250 1 -4.35 -116.52 -7.36
300 1.2 -2.97 -120.80 -7.59
5 375 15 -1.84 -125.81 -7.82
500 2 -0.97 -131.68 -8.04
300 300 1 -2.59 -118.27 -7.53
360 1.2 -1.77 -122.51 -1.74
450 15 -1.09 -127.42 -7.95
600 2 -0.57 -133.04 -8.14
350 350 1 -1.66 -119.55 -7.65
420 1.2 -1.13 -123.74 -7.84
525 15 -0.70 -128.52 -8.03
700 2 -0.37 -133.93 -8.19
200 200 1 -1.76 -110.24 -6.92
240 1.2 -5.34 -115.23 -7.21
300 15 -3.35 -121.15 -7.51
400 2 -1.79 -128.16 -7.83
225 225 1 -5.60 -112.08 -7.09
270 1.2 -3.86 -117.07 -7.37
337.5 15 -2.41 -122.90 -7.65
450 2 -1.29 -129.67 -7.94
250 250 1 -4.18 -113.68 -7.23
6 300 1.2 -2.88 -118.63 -7.50
375 15 -1.80 -124.34 -7.76
500 2 -0.96 -130.86 -8.02
300 300 1 -2.51 -116.17 -7.45
360 1.2 -1.73 -120.98 -7.69
450 15 -1.08 -126.43 -7.92
600 2 -0.57 -132.52 -8.12
350 350 1 -1.62 -117.91 -7.59
420 1.2 -1.12 -122.57 -7.81
525 15 -0.69 -127.80 -8.01
700 2 -0.37 -133.56 -8.18
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Cantilever length: 2.5 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) | (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -7.36 -106.63 -6.74
240 1.2 -5.14 -112.54 -7.08
300 15 -3.27 -119.39 -7.43
400 2 -1.77 -127.24 -7.79
225 225 1 -5.38 -109.36 -6.96
270 1.2 -3.75 -115.12 -7.28
3375 15 -2.37 -121.68 -7.60
450 2 -1.28 -129.06 -7.91
8 250 250 1 -4.05 -111.59 -7.14
300 1.2 -2.82 -117.17 -7.44
375 15 -1.78 -123.45 -7.73
500 2 -0.95 -130.43 -8.00
300 300 1 -2.46 -114.87 -7.40
360 1.2 -1.71 -120.12 -7.66
450 15 -1.07 -125.93 -7.90
600 2 -0.57 -132.29 -8.11
350 350 1 -1.60 -117.02 -7.57
420 1.2 -1.11 -122.01 -7.79
525 15 -0.69 -127.49 -8.00
700 -0.37 -133.43 -8.18
200 200 -7.23 -105.58 -6.69
240 1.2 -5.09 -111.85 -7.05
300 15 -3.25 -119.00 -7.42
400 2 -1.77 -127.06 -7.78
225 225 1 -5.32 -108.66 -6.93
270 1.2 -3.73 -114.67 -7.26
3375 15 -2.37 -121.43 -7.59
10 450 2 -1.28 -128.95 -7.91
250 250 1 -4.02 -111.11 -7.13
300 1.2 -2.81 -116.87 -7.43
375 1.5 -1.77 -123.29 -7.72
500 2 -0.95 -130.36 -8.00
300 300 1 -2.45 -114.62 -7.39
360 1.2 -1.70 -119.97 -7.65
450 1.5 -1.07 -125.85 -7.90
600 2 -0.57 -132.26 -8.11
350 350 1 -1.60 -116.88 -7.56
420 1.2 -1.10 -121.93 -7.79
525 15 -0.69 -127.45 -8.00
700 2 -0.36 -133.41 -8.18
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Cantilever length: 2.5 m

Barrier length Slab thickness to/ts A My Mx
(m) (mm) (KN/mm.mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -7.20 -105.30 -6.68
240 1.2 -5.08 -111.68 -7.04
300 15 -3.24 -118.91 -7.41
400 -1.76 -127.03 -7.78
225 225 -5.30 -108.48 -6.93
270 1.2 -3.72 -114.56 -7.26
337.5 15 -2.36 -121.37 -7.59
450 -1.28 -128.93 -7.91
12 250 250 -4.01 -111.00 -7.12
300 1.2 -2.80 -116.80 -7.42
375 15 -1.77 -123.25 -7.72
500 -0.95 -130.35 -8.00
300 300 -2.45 -114.57 -7.39
360 1.2 -1.70 -119.94 -7.65
450 15 -1.07 -125.84 -7.90
600 -0.57 -132.25 -8.11
350 350 -1.60 -116.86 -7.56
420 1.2 -1.10 -121.92 -7.79
525 15 -0.69 -127.44 -8.00
700 2 -0.36 -133.41 -8.18
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Table A-9: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-2 Barrier of Length 1 m

Cantilever length: 1 m

Barrier length Slab thickness to/ta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -0.12 -24.68 -0.88
240 1.2 -0.09 -26.41 -0.98
300 15 -0.05 -27.69 -1.08
400 2 -0.03 -29.12 -1.20
225 225 1 -0.09 -25.22 -0.90
270 1.2 -0.06 -26.95 -1.01
337.5 15 -0.04 -28.18 -1.11
450 2 -0.02 -29.52 -1.23
250 250 1 -0.07 -256.71 -0.93
300 1.2 -0.05 -27.42 -1.04
5 375 15 -0.03 -28.60 -1.13
500 2 -0.01 -29.84 -1.25
300 300 1 -0.04 -26.51 -0.97
360 1.2 -0.03 -28.17 -1.08
450 15 -0.02 -29.23 -1.17
600 2 -0.01 -30.31 -1.28
350 350 1 -0.03 -27.11 -1.01
420 1.2 -0.02 -28.72 -1.11
525 15 -0.01 -29.67 -1.20
700 2 -0.01 -30.62 -1.30
200 200 1 -0.12 -24.44 -0.87
240 1.2 -0.08 -26.23 -0.98
300 15 -0.05 -27.58 -1.08
400 2 -0.03 -29.07 -1.20
225 225 1 -0.09 -25.05 -0.90
270 1.2 -0.06 -26.83 -1.01
337.5 15 -0.04 -28.11 -1.11
450 2 -0.02 -29.49 -1.22
250 250 1 -0.07 -25.58 -0.92
6 300 1.2 -0.05 -27.33 -1.03
375 15 -0.03 -28.54 -1.13
500 2 -0.01 -29.82 -1.25
300 300 1 -0.04 -26.43 -0.97
360 1.2 -0.03 -28.12 -1.08
450 15 -0.02 -29.20 -1.17
600 2 -0.01 -30.30 -1.28
350 350 1 -0.03 -27.06 -1.01
420 1.2 -0.02 -28.68 -1.11
525 15 -0.01 -29.65 -1.20
700 2 -0.01 -30.61 -1.30
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Cantilever length: 1 m

Barrier length Slab thickness to/ta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.12 -24.31 -0.86
240 1.2 -0.08 -26.14 -0.97
300 15 -0.05 -27.53 -1.07
400 2 -0.03 -29.05 -1.20
225 225 1 -0.09 -24.96 -0.89
270 1.2 -0.06 -26.77 -1.00
3375 15 -0.04 -28.08 -1.10
450 2 -0.02 -29.48 -1.22
8 250 250 1 -0.07 -25.51 -0.92
300 1.2 -0.05 -27.29 -1.03
375 15 -0.03 -28.52 -1.13
500 2 -0.01 -29.81 -1.25
300 300 1 -0.04 -26.40 -0.97
360 1.2 -0.03 -28.10 -1.08
450 15 -0.02 -29.19 -1.17
600 -0.01 -30.30 -1.28
350 350 -0.03 -27.04 -1.01
420 1.2 -0.02 -28.67 -1.11
525 15 -0.01 -29.65 -1.20
700 -0.01 -30.61 -1.30
200 200 -0.12 -24.29 -0.86
240 1.2 -0.08 -26.13 -0.97
300 15 -0.05 -27.53 -1.07
400 2 -0.03 -29.05 -1.20
225 225 1 -0.09 -24.95 -0.89
270 1.2 -0.06 -26.76 -1.00
3375 15 -0.04 -28.08 -1.10
10 450 2 -0.02 -29.48 -1.22
250 250 1 -0.07 -25.51 -0.92
300 1.2 -0.05 -27.28 -1.03
375 15 -0.03 -28.52 -1.13
500 2 -0.01 -29.81 -1.25
300 300 1 -0.04 -26.39 -0.97
360 1.2 -0.03 -28.09 -1.08
450 15 -0.02 -29.19 -1.17
600 2 -0.01 -30.30 -1.28
350 350 1 -0.03 -27.04 -1.01
420 1.2 -0.02 -28.67 -1.11
525 15 -0.01 -29.65 -1.20
700 2 -0.01 -30.61 -1.30
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Cantilever length: 1 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -0.12 -24.28 -0.86
240 12 -0.08 -26.13 -0.97
300 15 -0.05 -27.53 -1.07
400 -0.03 -29.05 -1.20
225 225 -0.09 -24.94 -0.89
270 1.2 -0.06 -26.76 -1.00
3375 | 15 -0.04 -28.08 -1.10
450 -0.02 -29.48 -1.22
12 250 250 -0.07 -25.51 -0.92
300 1.2 -0.05 -27.28 -1.03
375 15 -0.03 -28.52 -1.13
500 -0.01 -29.81 -1.25
300 300 -0.04 -26.39 -0.97
360 1.2 -0.03 -28.09 -1.08
450 15 -0.02 -29.19 -1.17
600 -0.01 -30.30 -1.28
350 350 -0.03 -27.04 -1.01
420 1.2 -0.02 -28.67 -1.11
525 15 -0.01 -29.65 -1.20
700 2 -0.01 -30.61 -1.30
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Table A-10: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-2 Barrier of Length 1.5 m

Cantilever length: 1.5 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.95 -58.82 -2.24
240 1.2 -0.66 -62.82 -2.54
300 15 -0.41 -66.64 -2.90
400 2 -0.21 -71.29 -3.33
225 225 1 -0.69 -60.07 -2.36
270 1.2 -0.48 -64.16 -2.67
337.5 15 -0.30 -68.01 -3.03
450 2 -0.16 -72.58 -3.45
250 250 1 -0.52 -61.28 -2.48
300 1.2 -0.37 -65.41 -2.80
> 375 15 -0.23 69.23 315
500 2 -0.12 -73.69 -3.57
300 300 1 -0.32 -63.43 -2.71
360 1.2 -0.23 -67.58 -3.02
450 15 -0.14 -71.26 -3.36
600 2 -0.07 -75.42 -3.75
350 350 1 -0.21 -65.19 -2.90
420 1.2 -0.15 -69.36 -3.22
525 15 -0.09 -72.79 -3.52
700 2 -0.05 -76.64 -3.89
200 200 1 -0.90 -56.99 -2.14
240 1.2 -0.63 -61.28 -2.46
300 15 -0.40 -65.50 -2.83
400 2 -0.21 -70.58 -3.29
225 225 1 -0.67 -58.59 -2.28
270 1.2 -0.47 -62.95 -2.60
337.5 15 -0.29 -67.14 -2.98
450 2 -0.15 -72.07 -3.43
250 250 1 -0.51 -60.08 -2.42
6 300 12 -0.36 -64.46 -2.74
375 15 -0.22 -68.57 -3.11
500 2 -0.12 -73.31 -3.55
300 300 1 -0.32 -62.64 -2.66
360 1.2 -0.22 -66.97 -2.98
450 15 -0.14 -70.85 -3.33
600 2 -0.07 -75.20 -3.74
350 350 1 -0.21 -64.65 -2.87
420 1.2 -0.15 -68.95 -3.19
525 1.5 -0.09 -72.53 -3.51
700 2 -0.05 -76.51 -3.89
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Cantilever length: 1.5 m

Barrier length Slab thickness to/ts A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.86 -55.41 -2.06
240 1.2 -0.61 -60.05 -2.39
300 15 -0.39 -64.67 -2.79
400 2 -0.21 -70.15 -3.26
225 225 1 -0.64 -57.40 -2.22
270 1.2 -0.46 -62.04 -2.56
337.5 15 -0.29 -66.55 -2.94
450 2 -0.15 -71.77 -3.41
8 250 250 1 -0.49 -58.95 -2.35
300 1.2 -0.35 -63.78 -2.71
375 15 -0.22 -68.14 -3.09
500 -0.12 -73.10 -3.54
300 300 -0.31 -62.08 -2.63
360 1.2 -0.22 -66.56 -2.96
450 15 -0.14 -70.61 -3.32
600 2 -0.07 -75.10 -3.74
350 350 1 -0.21 -64.30 -2.85
420 1.2 -0.15 -68.70 -3.18
525 15 -0.09 -72.39 -3.50
700 -0.05 -76.46 -3.88
200 200 -0.84 -54.98 -2.04
240 1.2 -0.61 -59.74 -2.38
300 15 -0.38 -64.50 -2.78
400 2 -0.21 -70.08 -3.26
225 225 1 -0.64 -57.10 -2.20
270 1.2 -0.45 -61.84 -2.55
3375 15 -0.29 -66.43 -2.94
10 450 -0.15 -71.73 -3.41
250 250 -0.49 -58.95 -2.35
300 1.2 -0.35 -63.63 -2.70
375 15 -0.22 -68.06 -3.08
500 2 -0.12 -73.08 -3.53
300 300 1 -0.31 -61.96 -2.63
360 1.2 -0.22 -66.49 -2.96
450 15 -0.14 -70.58 -3.32
600 -0.07 -75.09 -3.74
350 350 -0.21 -64.23 -2.85
420 1.2 -0.15 -68.66 -3.18
525 15 -0.09 -72.37 -3.50
700 2 -0.05 -76.45 -3.88
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Cantilever length: 1.5 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.84 -54.87 -2.03
240 1.2 -0.60 -59.68 -2.38
300 15 -0.38 -64.46 -2.78
400 2 -0.21 -70.07 -3.26
225 225 1 -0.63 -57.03 -2.20
270 1.2 -0.45 -61.79 -2.54
3375 15 -0.29 -66.41 -2.94
450 2 -0.15 -71.73 -341
12 250 250 | 1 -0.49 -58.90 -2.35
300 1.2 -0.35 -63.61 -2.70
375 15 -0.22 -68.05 -3.08
500 2 -0.12 -73.08 -3.53
300 300 1 -0.31 -61.94 -2.62
360 1.2 -0.22 -66.48 -2.96
450 15 -0.14 -70.57 -3.32
600 2 -0.07 -75.08 -3.74
350 350 1 -0.21 -64.22 -2.85
420 1.2 -0.15 -68.65 -3.18
525 15 -0.09 -72.37 -3.50
700 2 -0.05 -76.45 -3.88
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Table A-11: Summary of Maximum deflection, Transverse Moment and Longitudinal

Moment in Cantilevered Slab with TI-2 Barrier of Length 2 m

Cantilever length: 2 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -2.94 -81.38 -5.09
240 1.2 -2.04 -86.36 -5.47
300 15 -1.27 -91.53 -5.92
400 2 -0.67 -98.02 -6.49
225 225 1 -2.12 -82.70 -5.24
270 1.2 -1.48 -87.84 -5.64
3375 15 -0.92 -93.12 -6.09
450 2 -0.49 -99.68 -6.67
250 250 1 -1.59 -84.03 -5.40
300 1.2 -1.11 -89.28 -5.80
> 375 15 -0.69 -94.63 6.26
500 2 -0.36 -101.18 -6.83
300 300 1 -0.96 -86.51 -5.69
360 1.2 -0.67 -91.90 -6.10
450 15 -0.42 -97.26 -6.55
600 2 -0.22 -103.66 -7.10
350 350 1 -0.63 -88.66 -5.94
420 1.2 -0.44 -94.08 -6.35
525 15 -0.27 -09.36 -6.80
700 2 -0.14 -105.51 -7.32
200 200 1 -2.74 -77.41 -4.83
240 1.2 -1.92 -82.83 -5.24
300 15 -1.21 -88.63 -5.74
400 2 -0.65 -95.95 -6.36
225 225 1 -2.00 -79.29 -5.02
270 1.2 -141 -84.87 -5.44
3375 15 -0.88 -90.77 -5.94
450 2 -0.47 -98.08 -6.57
250 250 1 -151 -81.11 -5.20
6 300 12 -1.06 86.80 5.64
375 15 -0.67 -92.72 -6.14
500 2 -0.36 -99.93 -6.75
300 300 1 -0.93 -84.39 -5.55
360 1.2 -0.65 -90.16 -5.98
450 15 -0.41 -95.99 -6.47
600 2 -0.22 -102.88 -7.06
350 350 1 -0.61 -87.09 -5.84
420 1.2 -0.43 -92.84 -6.27
525 1.5 -0.27 -98.49 -6.74
700 2 -0.14 -105.01 -7.29
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Cantilever length: 2 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -2.53 -73.14 -4.56
240 1.2 -1.80 -79.19 -5.02
300 1.5 -1.15 -85.85 -5.57
400 2 -0.63 -94.19 -6.26
225 225 1 -1.88 -75.84 -4.80
270 1.2 -1.34 -82.00 -5.27
3375 1.5 -0.85 -88.65 -5.81
450 2 -0.46 -96.80 -6.49
8 250 250 1 -1.44 -78.31 -5.03
300 1.2 -1.02 -84.52 -5.50
375 15 -0.65 -91.09 -6.04
500 2 -0.35 -98.99 -6.70
300 300 1 -0.90 -82.52 -5.43
360 1.2 -0.64 -88.70 -5.89
450 15 -0.40 -95.00 -6.41
600 -0.22 -102.35 -7.03
350 350 -0.60 -85.82 -5.76
420 1.2 -0.42 -91.88 -6.21
525 1.5 -0.27 -97.88 -6.71
700 -0.14 -104.70 -7.27
200 200 -2.44 -71.45 -4.47
240 1.2 -1.76 -77.87 -4.94
300 1.5 -1.13 -84.96 -5.52
400 -0.62 -93.72 -6.23
225 225 -1.83 -74.57 -4.73
270 1.2 -1.31 -81.04 -5.21
3375 15 -0.84 -88.03 -5.78
10 450 -0.46 -96.49 -6.47
250 250 -1.41 -77.35 -4.97
300 1.2 -1.01 -83.81 -5.45
375 15 -0.64 -90.64 -6.01
500 -0.35 -98.78 -6.68
300 300 -0.89 -81.94 -5.40
360 1.2 -0.63 -88.29 -5.87
450 15 -0.40 -94.76 -6.40
600 -0.22 -102.25 -7.02
350 350 -0.60 -85.47 -5.74
420 1.2 -0.42 -91.65 -6.20
525 1.5 -0.27 -97.75 -6.70
700 2 -0.14 -104.66 -7.27

142




Cantilever length: 2 m

Barrier length Slab thickness to/ty A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -241 -70.84 -4.43

240 1.2 -1.74 -77.43 -4.92

300 15 -1.13 -84.70 -5.50

400 2 -0.62 -93.62 -6.22

225 225 1 -1.81 -74.14 -4.70

270 1.2 -1.31 -80.74 -5.19

3375 15 -0.84 -87.86 -5.77

450 2 -0.46 -96.43 -6.47

12 250 250 1 -1.40 -77.03 -4.95

300 1.2 -1.01 -83.60 -5.44

375 15 -0.64 -90.53 -6.01

500 2 -0.35 -98.74 -6.68

300 300 1 -0.89 -81.77 -5.39

360 1.2 -0.63 -88.18 -5.86

450 15 -0.40 -94.71 -6.40

600 2 -0.22 -102.24 -7.02

350 350 1 -0.60 -85.38 -5.74

420 1.2 -0.42 -91.59 -6.20

525 15 -0.27 -97.73 -6.70

700 2 -0.14 -104.65 -1.27
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Table A-12: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-2 Barrier of Length 2.5 m

Cantilever length: 2.5 m

Barrier length Slab thickness to/ta A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -7.65 -108.82 -6.72

240 1.2 -5.22 -113.17 -6.95

300 15 -3.20 -117.68 -7.18

400 2 -1.67 -123.24 -7.44

225 225 1 -5.45 -109.60 -6.81

270 1.2 -3.72 -114.04 -7.03

337.5 1.5 -2.28 -118.67 -71.27

450 2 -1.20 -124.27 -7.53

250 250 1 -4.03 -110.38 -6.89

300 1.2 -2.76 -114.90 -7.12

5 375 15 -1.69 -119.56 7.36

500 2 -0.89 -125.23 -7.62

300 300 1 -2.39 -111.88 -7.05

360 1.2 -1.64 -116.50 -7.28

450 1.5 -1.01 -121.23 -7.51

600 2 -0.53 -126.87 -7.75

350 350 1 -1.54 -113.20 -7.18

420 1.2 -1.06 -117.87 -7.41

525 1.5 -0.65 -122.59 -7.63

700 2 -0.34 -128.15 -7.85

200 200 1 -7.06 -102.88 -6.35

240 1.2 -4.87 -95.50 -6.62

300 15 -3.02 -113.14 -6.91

400 2 -1.60 -119.75 -7.24

225 225 1 -5.07 -104.24 -6.48

270 1.2 -3.50 -109.30 -6.75

337.5 1.5 -2.18 -114.75 -7.04

450 2 -1.16 -121.38 -7.37

250 250 1 -3.78 -105.57 -6.60

6 300 1.2 2,61 -110.72 -6.88

375 15 -1.63 -116.20 -7.17

500 2 -0.86 -122.83 -7.48

300 300 1 -2.27 -108.01 -6.83

360 1.2 -1.57 -113.25 -7.10

450 15 -0.98 -118.72 -7.38

600 2 -0.52 -125.19 -7.66

350 350 1 -1.47 -110.05 -7.02

420 1.2 -1.02 -115.30 -7.28

525 1.5 -0.63 -120.69 -7.53

700 2 -0.34 -126.94 -7.79
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Cantilever length: 2.5 m

Barrier length Slab thickness to/ta A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -6.37 -95.36 -5.88

240 1.2 -4.47 -89.48 -6.21

300 15 -2.83 -107.75 -6.59

400 2 -1.53 -115.92 -7.02

225 225 1 -4.65 -97.83 -6.09

270 1.2 -3.27 -103.80 -6.42

3375 15 -2.06 -110.41 -6.79

450 -1.12 -118.42 -7.20

8 250 250 -3.52 -100.13 -6.28

300 1.2 -2.47 -106.15 -6.61

375 15 -1.56 -112.69 -6.96

500 2 -0.84 -120.53 -7.36

300 300 1 -2.16 -104.06 -6.60

360 1.2 -1.51 -110.05 -6.92

450 15 -0.95 -116.39 -7.24

600 2 -0.51 -123.77 -7.59

350 350 1 -1.42 -107.14 -6.85

420 1.2 -0.99 -113.03 -7.15

525 1.5 -0.62 -119.11 -7.45

700 -0.33 -126.04 -1.74

200 200 -6.04 -91.54 -5.65

240 1.2 -4.29 -86.64 -6.02

300 15 -2.74 -105.36 -6.45

400 2 -1.50 -114.43 -6.94

225 225 1 -4.47 -94.81 -5.91

270 1.2 -3.17 -101.34 -6.27

3375 15 -2.02 -108.62 -6.69

10 450 -1.10 -117.37 -7.15

250 250 -3.40 -97.72 -6.13

300 1.2 -2.41 -104.23 -6.49

375 15 -1.53 -111.33 -6.89

500 2 -0.83 -119.77 -7.32

300 300 1 -2.11 -102.50 -6.51

360 1.2 -1.49 -108.86 -6.85

450 15 -0.94 -115.60 -7.20

600 2 -0.51 -123.37 -7.57

350 350 1 -1.40 -106.11 -6.80

420 1.2 -0.98 -112.28 -7.11

525 15 -0.62 -118.64 -7.42

700 2 -0.33 -125.81 -7.73
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Cantilever length: 2.5 m

Barrier length Slab thickness to/ts A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -5.88 -89.73 -5.55
240 1.2 -4.20 -85.40 -5.94
300 15 -2.71 -104.40 -6.40
400 -1.49 -113.93 -6.91
225 225 -4.38 -93.45 -5.83
270 1.2 -3.12 -100.31 -6.22
3375 | 15 -2.00 -107.95 -6.65
450 -1.10 -117.04 -7.13
12 250 250 -3.35 -96.70 -6.07
300 1.2 -2.38 -103.47 -6.45
375 15 -1.52 -110.86 -6.86
500 -0.83 -119.55 -7.30
300 300 -2.10 -101.90 -6.48
360 1.2 -1.48 -108.44 -6.83
450 15 -0.94 -115.35 -7.19
600 -0.51 -123.27 -7.56
350 350 -1.39 -105.76 -6.78
420 1.2 -0.98 -112.04 -7.10
525 15 -0.62 -118.51 -7.42
700 2 -0.33 -125.77 -7.73
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Table A-13: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-4 Barrier of Length 1 m

Cantilever length: 1 m

Barrier length Slab thickness to/ta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -0.12 -24.22 -0.86
240 1.2 -0.08 -25.91 -0.97
300 15 -0.05 -27.19 -1.06
400 2 -0.03 -28.67 -1.18
225 225 1 -0.09 -24.74 -0.89
270 1.2 -0.06 -26.44 -0.99
337.5 15 -0.04 -27.70 -1.09
450 2 -0.02 -29.10 -1.20
250 250 1 -0.07 -25.22 -0.91
300 1.2 -0.05 -26.92 -1.02
5 375 15 -0.03 -28.13 -1.11
500 2 -0.01 -29.46 -1.23
300 300 1 -0.04 -26.04 -0.96
360 1.2 -0.03 -27.71 -1.06
450 15 -0.02 -28.83 -1.15
600 2 -0.01 -30.00 -1.26
350 350 1 -0.03 -26.68 -0.99
420 1.2 -0.02 -28.31 -1.09
525 15 -0.01 -29.33 -1.18
700 2 -0.01 -30.37 -1.29
200 200 1 -0.11 -23.86 -0.85
240 1.2 -0.08 -25.63 -0.96
300 15 -0.05 -27.00 -1.05
400 2 -0.03 -28.57 -1.17
225 225 1 -0.08 -24.46 -0.88
270 1.2 -0.06 -26.23 -0.98
3375 1.5 -0.04 -27.56 -1.08
450 2 -0.02 -29.03 -1.20
250 250 1 -0.06 -25.00 -0.91
6 300 1.2 -0.05 -26.76 -1.01
375 15 -0.03 -28.03 -1.11
500 2 -0.01 -29.41 -1.22
300 300 1 -0.04 -25.90 -0.95
360 1.2 -0.03 -27.61 -1.06
450 15 -0.02 -28.76 -1.15
600 2 -0.01 -29.97 -1.26
350 350 1 -0.03 -26.58 -0.99
420 1.2 -0.02 -28.24 -1.09
525 15 -0.01 -29.29 -1.18
700 2 -0.01 -30.36 -1.29
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Cantilever length: 1 m

Barrier length Slab thickness to/ta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -0.11 -23.62 -0.84
240 1.2 -0.08 -25.45 -0.95
300 1.5 -0.05 -26.90 -1.05
400 2 -0.03 -28.52 -1.17
225 225 1 -0.08 -24.29 -0.87
270 1.2 -0.06 -26.11 -0.98
3375 15 -0.04 -27.49 -1.08
450 2 -0.02 -29.00 -1.20
8 250 250 1 -0.06 -24.87 -0.90
300 1.2 -0.05 -26.67 -1.01
375 15 -0.03 -27.98 -1.10
500 -0.01 -29.39 -1.22
300 300 -0.04 -25.82 -0.95
360 1.2 -0.03 -27.56 -1.05
450 15 -0.02 -28.74 -1.15
600 2 -0.01 -29.97 -1.26
350 350 1 -0.03 -26.53 -0.99
420 1.2 -0.02 -28.21 -1.09
525 15 -0.01 -29.28 -1.18
700 -0.01 -30.35 -1.29
200 200 -0.11 -23.57 -0.84
240 1.2 -0.08 -25.42 -0.95
300 15 -0.05 -26.88 -1.05
400 2 -0.03 -28.52 -1.17
225 225 1 -0.08 -24.26 -0.87
270 1.2 -0.06 -26.09 -0.98
3375 15 -0.04 -27.48 -1.08
10 450 2 -0.02 -29.00 -1.20
250 250 1 -0.06 -24.85 -0.90
300 1.2 -0.05 -26.65 -1.01
375 1.5 -0.03 -27.97 -1.10
500 -0.01 -29.39 -1.22
300 300 -0.04 -25.81 -0.95
360 1.2 -0.03 -27.55 -1.05
450 1.5 -0.02 -28.74 -1.15
600 2 -0.01 -29.97 -1.26
350 350 1 -0.03 -26.53 -0.99
420 1.2 -0.02 -28.21 -1.09
525 15 -0.01 -29.28 -1.18
700 2 -0.01 -30.35 -1.29
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Cantilever length: 1 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.11 -23.57 -0.84
240 1.2 -0.08 -25.42 -0.95
300 15 -0.05 -26.88 -1.05
400 2 -0.03 -28.52 -1.17
225 225 1 -0.08 -24.25 -0.87
270 1.2 -0.06 -26.08 -0.98
337.5 15 -0.04 -27.48 -1.08
450 2 -0.02 -29.00 -1.20
12 250 250 1 -0.06 -24.85 -0.90
300 1.2 -0.05 -26.65 -1.01
375 15 -0.03 -27.97 -1.10
500 2 -0.01 -29.39 -1.22
300 300 1 -0.04 -25.80 -0.95
360 1.2 -0.03 -27.55 -1.05
450 15 -0.02 -28.74 -1.15
600 2 -0.01 -29.97 -1.26
350 350 1 -0.03 -26.53 -0.99
420 1.2 -0.02 -28.21 -1.09
525 15 -0.01 -29.28 -1.18
700 2 -0.01 -30.35 -1.29
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Table A-14: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-4 Barrier of Length 1.5 m

Cantilever length: 1.5 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.93 -57.97 -2.16
240 1.2 -0.65 -61.82 -2.45
300 15 -0.40 -65.51 -2.79
400 2 -0.21 -70.05 -3.21
225 225 1 -0.68 -59.09 -2.27
270 1.2 -0.47 -63.05 -2.57
337.5 15 -0.29 -66.79 -2.91
450 2 -0.15 -71.32 -3.34
250 250 1 -0.51 -60.20 -2.38
300 1.2 -0.36 -64.22 -2.68
> 375 15 0.2 67.98 -3.03
500 2 -0.11 -72.45 -3.45
300 300 1 -0.32 -62.25 -2.59
360 1.2 -0.22 -66.33 -2.89
450 15 -0.13 -70.02 -3.23
600 2 -0.07 -74.29 -3.64
350 350 1 -0.21 -64.00 -2.78
420 1.2 -0.15 -68.07 -3.08
525 15 -0.09 -71.63 -3.40
700 2 -0.05 -75.66 -3.79
200 200 1 -0.87 -55.74 -2.04
240 1.2 -0.61 -59.86 -2.34
300 15 -0.38 -63.95 -2.70
400 2 -0.20 -68.98 -3.15
225 225 1 -0.64 -57.20 -2.16
270 1.2 -0.45 -61.42 -2.47
337.5 15 -0.28 -65.53 -2.84
450 2 -0.15 -70.50 -3.29
250 250 1 -0.49 -58.61 -2.28
6 300 1.2 -0.34 -62.88 -2.60
375 15 -0.21 -66.96 -2.97
500 2 -0.11 -71.81 -3.41
300 300 1 -0.31 -61.11 -2.52
360 1.2 -0.21 -65.39 -2.84
450 15 -0.13 -69.34 -3.19
600 2 -0.07 -73.89 -3.62
350 350 1 -0.20 -63.16 -2.72
420 1.2 -0.14 -67.40 -3.04
525 15 -0.09 -71.17 -3.38
700 2 -0.05 -75.41 -3.78
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Cantilever length: 1.5 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.82 -53.54 -1.92
240 1.2 -0.58 -58.02 -2.24
300 15 -0.37 -62.60 -2.63
400 2 -0.20 -68.18 -3.11
225 225 1 -0.61 -55.44 -2.06
270 1.2 -0.43 -59.98 -2.39
3375 15 -0.27 -64.51 -2.78
450 2 -0.15 -69.92 -3.26
8 250 250 1 -0.47 -57.18 -2.21
300 1.2 -0.33 -61.73 -2.54
375 15 -0.21 -66.17 -2.92
500 2 -0.11 -71.39 -3.39
300 300 1 -0.30 -60.15 -2.46
360 1.2 -0.21 -64.65 -2.80
450 15 -0.13 -68.86 -3.17
600 -0.07 -73.67 -3.61
350 350 -0.20 -62.50 -2.69
420 1.2 -0.14 -66.91 -3.01
525 15 -0.09 -70.88 -3.36
700 -0.05 -75.29 -3.77
200 200 -0.79 -52.77 -1.88
240 1.2 -0.57 -57.45 -2.21
300 15 -0.36 -62.23 -2.61
400 -0.20 -68.01 -3.10
225 225 -0.60 -54.87 -2.04
270 1.2 -0.43 -59.56 -2.37
3375 15 -0.27 -64.26 -2.77
10 450 -0.15 -69.82 -3.25
250 250 -0.46 -56.75 -2.18
300 1.2 -0.33 -61.42 -2.52
375 15 -0.21 -66.00 -2.92
500 -0.11 -71.32 -3.39
300 300 -0.30 -59.88 -2.45
360 1.2 -0.21 -64.48 -2.79
450 15 -0.13 -68.78 -3.16
600 -0.07 -73.64 -3.60
350 350 -0.20 -62.34 -2.68
420 1.2 -0.14 -66.82 -3.01
525 15 -0.09 -70.84 -3.36
700 2 -0.05 -75.27 -3.77
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Cantilever length: 1.5 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) to-(mm)
200 200 1 -0.79 -52.53 -1.87
240 1.2 -0.57 -57.28 -2.21
300 15 -0.36 -62.15 -2.61
400 -0.20 -67.98 -3.10
225 225 -0.60 -54.70 -2.03
270 1.2 -0.43 -59.45 -2.37
3375 15 -0.27 -64.20 -2.77
450 -0.15 -69.80 -3.25
12 250 250 -0.46 -56.63 -2.18
300 1.2 -0.33 -61.35 -2.52
375 15 -0.21 -65.96 -2.91
500 -0.11 -71.31 -3.39
300 300 -0.30 -59.82 -2.45
360 1.2 -0.21 -64.44 -2.79
450 15 -0.13 -68.76 -3.16
600 -0.07 -73.63 -3.60
350 350 -0.20 -62.31 -2.68
420 1.2 -0.14 -66.80 -3.01
525 15 -0.09 -70.83 -3.36
700 2 -0.05 -75.27 -3.77

152




Table A-15: Summary of Maximum deflection, Transverse Moment and Longitudinal

Moment in Cantilevered Slab with TI-4 Barrier of Length 2 m

Cantilever length: 2 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -2.91 -80.57 -5.00
240 1.2 -2.02 -85.40 -5.37
300 15 -1.25 -90.36 -5.80
400 2 -0.66 -96.61 -6.34
225 225 1 -2.10 -81.74 -5.13
270 1.2 -1.46 -86.71 -5.51
337.5 15 -0.90 -91.80 -5.95
450 2 -0.48 -98.16 -6.51
250 250 1 -1.57 -82.93 -5.27
300 1.2 -1.09 -88.01 -5.65
5 375 15 -0.68 -93.20 -6.10
500 2 -0.36 -99.61 -6.66
300 300 1 -0.95 -85.23 -5.53
360 1.2 -0.66 -90.47 -5.93
450 15 -0.41 -95.72 -6.38
600 2 -0.22 -102.09 -6.93
350 350 1 -0.62 -87.27 -5.77
420 1.2 -0.43 -92.59 -6.17
525 15 -0.27 -97.83 -6.62
700 2 -0.14 -104.06 -7.15
200 200 1 -2.69 -76.12 -4.70
240 1.2 -1.88 -81.30 -5.09
300 15 -1.18 -86.85 -5.56
400 2 -0.63 -93.90 -6.17
225 225 1 -1.96 -77.80 -4.87
270 1.2 -1.37 -83.15 -5.27
3375 15 -0.86 -88.82 -5.75
450 2 -0.46 -95.95 -6.36
250 250 1 -1.48 -79.46 -5.03
6 300 1.2 -1.04 -84.93 -5.45
375 15 -0.65 -90.67 -5.93
500 2 -0.35 -97.79 -6.54
300 300 1 -0.91 -82.53 -5.35
360 1.2 -0.64 -88.14 -5.77
450 15 -0.40 -93.90 -6.26
600 2 -0.21 -100.86 -6.85
350 350 1 -0.60 -85.17 -5.63
420 1.2 -0.42 -90.83 -6.06
525 15 -0.26 -96.50 -6.53
700 2 -0.14 -103.22 -7.10
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Cantilever length: 2 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -2.44 -70.89 -4.37
240 1.2 -1.73 -76.64 -4.80
300 15 -1.10 -83.04 -5.32
400 2 -0.60 -91.22 -6.00
225 225 1 -1.81 -73.37 -4.58
270 1.2 -1.29 -79.27 -5.02
337.5 15 -0.82 -85.74 -5.56
450 2 -0.44 -93.87 -6.23
8 250 250 1 -1.38 -75.70 -4.79
300 1.2 -0.98 -81.70 -5.24
375 15 -0.62 -88.17 -5.77
500 -0.34 -96.18 -6.44
300 300 -0.87 -79.80 -5.17
360 1.2 -0.61 -85.87 -5.63
450 15 -0.39 -92.23 -6.15
600 -0.21 -99.88 -6.79
350 350 -0.58 -83.17 -5.50
420 1.2 -0.41 -89.22 -5.95
525 15 -0.26 -95.38 -6.46
700 -0.14 -102.61 -7.06
200 200 -2.32 -68.47 -4.22
240 1.2 -1.67 -74.61 -4.68
300 15 -1.07 -81.53 -5.24
400 2 -0.59 -90.32 -5.95
225 225 1 -1.74 -71.43 -4.46
270 12 -1.25 -77.68 -4.93
3375 15 -0.80 -84.60 -5.49
10 450 -0.44 -93.24 -6.20
250 250 -1.34 -74.13 -4.69
300 1.2 -0.96 -80.44 -5.16
375 15 -0.61 -87.30 -5.72
500 -0.33 -95.73 -6.42
300 300 -0.85 -78.76 -5.11
360 1.2 -0.61 -85.08 -5.58
450 15 -0.38 -91.73 -6.12
600 2 -0.21 -99.65 -6.78
350 350 1 -0.57 -82.48 -5.46
420 1.2 -0.41 -88.72 -5.92
525 15 -0.26 -95.09 -6.45
700 2 -0.14 -102.49 -7.06
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Cantilever length: 2 m

Barrier length Slab thickness to/ts A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -2.27 -67.42 -4.16
240 1.2 -1.64 -73.79 -4.63
300 15 -1.06 -80.99 -5.21
400 -0.59 -90.07 -5.94
225 225 -1.71 -70.62 -4.42
270 1.2 -1.23 -77.07 -4.89
337.5 15 -0.79 -84.23 -5.47
450 -0.44 -93.08 -6.19
12 250 250 -1.33 7351 -4.66
300 1.2 -0.95 -79.99 -5.14
375 15 -0.61 -87.04 -5.71
500 -0.33 -95.63 -6.41
300 300 -0.84 -78.39 -5.08
360 1.2 -0.60 -84.83 -5.56
450 15 -0.38 -91.60 -6.12
600 -0.21 -99.61 -6.78
350 350 -0.57 -82.26 -5.44
420 1.2 -0.41 -88.59 -5.92
525 15 -0.26 -95.03 -6.44
700 2 -0.14 -102.47 -7.06
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Table A-16: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-4 Barrier of Length 2.5 m

Cantilever length: 2.5 m

Barrier length Slab thickness to/ta A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -7.62 -108.46 -6.68

240 1.2 -5.19 -112.73 -6.90

300 15 -3.18 -117.14 -7.13

400 2 -1.66 -122.55 -7.38

225 225 1 -5.42 -109.16 -6.76

270 1.2 -3.70 -113.51 -6.98

337.5 15 -2.27 -118.00 -7.21

450 2 -1.19 -123.50 -7.46

250 250 1 -4.00 -109.87 -6.84

300 1.2 -2.74 -114.30 -7.06

5 375 15 168 -118.86 7.29

500 2 -0.88 -124.41 -7.54

300 300 1 -2.38 -111.26 -6.98

360 1.2 -1.63 -115.80 -7.21

450 15 -1.00 -120.43 -7.43

600 2 -0.52 -126.00 -7.67

350 350 1 -1.53 -112.51 -7.11

420 1.2 -1.05 -117.11 -7.33

525 15 -0.64 -121.77 -7.55

700 2 -0.34 -127.30 -7.78

200 200 1 -7.00 -102.14 -6.28

240 1.2 -4.82 -106.93 -6.53

300 1.5 -2.99 -112.07 -6.81

400 2 -1.58 -118.46 -7.13

225 225 1 -5.02 -103.36 -6.39

270 1.2 -3.47 -108.27 -6.65

337.5 15 -2.15 -113.52 -6.93

450 2 -1.14 -119.99 -7.25

250 250 1 -3.74 -104.58 -6.51

6 300 1.2 -2.58 -109.59 6.77

375 15 -1.60 -114.90 -7.05

500 2 -0.85 -121.39 -7.36

300 300 1 -2.25 -106.86 -6.72

360 1.2 -1.55 -111.98 -6.98

450 15 -0.96 -117.34 -7.25

600 2 -0.51 -123.77 -7.55

350 350 1 -1.46 -108.82 -6.90

420 1.2 -1.01 -113.98 -7.16

525 15 -0.63 -119.32 -7.41

700 2 -0.33 -125.62 -7.68
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Cantilever length: 2.5 m

Barrier length Slab thickness to/ta A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -6.25 -93.65 -5.74

240 1.2 -4.38 -99.23 -6.05

300 15 -2.76 -105.49 -6.41

400 2 -1.49 -113.38 -6.83

225 225 1 -4.56 -95.91 -5.92

270 1.2 -3.19 -101.63 -6.24

3375 15 -2.01 -107.97 -6.59

450 2 -1.09 -115.86 -7.01

8 250 250 1 -3.44 -98.06 -6.10

300 1.2 -2.41 -103.86 -6.41

375 15 -1.52 -110.22 -6.77

500 2 -0.82 -118.02 -7.16

300 300 1 -2.11 -101.84 -6.41

360 1.2 -1.48 -107.70 -6.72

450 15 -0.93 -113.98 -7.05

600 -0.50 -121.50 -7.42

350 350 -1.39 -104.92 -6.66

420 1.2 -0.97 -110.75 -6.96

525 15 -0.61 -116.89 -7.27

700 -0.32 -124.08 -7.60

200 200 -5.86 -88.85 -5.44

240 1.2 -4.14 -95.00 -5.79

300 15 -2.64 -102.06 -6.20

400 -1.45 -111.00 -6.69

225 225 -4.32 -91.91 -5.67

270 1.2 -3.06 -98.17 -6.03

3375 15 -1.95 -105.25 -6.43

10 450 -1.06 -114.05 -6.90

250 250 -3.29 -94.70 -5.89

300 1.2 -2.33 -101.01 -6.24

375 15 -1.48 -108.04 -6.64

500 -0.80 -116.65 -7.09

300 300 -2.05 -99.46 -6.26

360 1.2 -1.44 -105.75 -6.60

450 15 -0.91 -112.57 -6.97

600 -0.49 -120.70 -7.37

350 350 -1.36 -103.22 -6.56

420 1.2 -0.96 -109.42 -6.88

525 15 -0.60 -115.98 -7.22

700 2 -0.32 -123.61 -7.57

157




Cantilever length: 2.5 m

Barrier length Slab thickness to/ts A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -5.64 -86.24 -5.28
240 1.2 -4.02 -92.81 -5.66
300 15 -2.59 -100.41 -6.11
400 -1.43 -110.01 -6.64
225 225 -4.20 -89.82 -5.55
270 1.2 -2.99 -96.46 -5.93
3375 | 15 -1.92 -104.01 -6.36
450 -1.05 -113.37 -6.87
12 250 250 -3.22 -93.01 -5.79
300 1.2 -2.29 -99.66 -6.16
375 15 -1.46 -107.10 -6.58
500 -0.80 -116.16 -7.06
300 300 -2.02 -98.35 -6.19
360 1.2 -1.43 -104.91 -6.55
450 15 -0.91 -112.04 -6.94
600 -0.49 -120.46 -7.36
350 350 -1.35 -102.50 -6.52
420 1.2 -0.95 -108.90 -6.85
525 15 -0.60 -115.69 -7.21
700 2 -0.32 -123.49 -71.57
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Table A-17: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-4 Parapet of Length 1 m

Cantilever length: 1 m

Barrier length Slab thickness to/ty A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)

200 200 1 -0.23 -36.19 -1.39

240 1.2 -0.16 -38.08 -1.54

300 1.5 -0.10 -40.33 -1.72

400 2 -0.05 -43.03 -1.95

225 225 1 -0.17 -37.21 -1.45

270 1.2 -0.12 -39.11 -1.60

3375 | 15 -0.07 -41.32 -1.79

450 2 -0.04 -43.92 -2.02

250 250 1 -0.13 -38.14 -1.51

300 1.2 -0.09 -40.01 -1.66

5 375 | 15 -0.05 42.17 "1.84

500 2 -0.03 -44.66 -2.08

300 300 1 -0.08 -39.71 -1.62

360 1.2 -0.05 -41.52 -1.76

450 1.5 -0.03 -43.55 -1.94

600 2 -0.02 -45.81 -2.17

350 350 1 -0.05 -40.97 -1.70

420 1.2 -0.04 -42.68 -1.84

525 15 -0.02 -44.58 -2.01

700 2 -0.01 -46.61 -2.23

200 200 1 -0.22 -35.39 -1.36

240 1.2 -0.15 -37.44 -1.51

300 1.5 -0.09 -39.86 -1.70

400 2 -0.05 -42.76 -1.94

225 225 1 -0.16 -36.56 -1.43

270 1.2 -0.11 -38.59 -1.58

3375 | 15 -0.07 -40.96 -1.77

450 2 -0.04 -43.73 -2.01

250 250 1 -0.13 -37.60 -1.49

6 300 1.2 -0.09 -39.59 -1.64

375 1.5 -0.05 -41.89 -1.83

500 2 -0.03 -44.53 -2.07

300 300 1 -0.08 -39.34 -1.60

360 1.2 -0.05 -41.24 -1.75

450 15 -0.03 -43.38 -1.93

600 2 -0.02 -45.74 -2.16

350 350 1 -0.05 -40.71 -1.69

420 1.2 -0.04 -42.51 -1.83

525 1.5 -0.02 -44.48 -2.01

700 2 -0.01 -46.58 -2.23
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Cantilever length: 1 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.21 -34.78 -1.34
240 1.2 -0.15 -36.98 -1.49
300 15 -0.09 -39.58 -1.68
400 2 -0.05 -42.63 -1.93
225 225 1 -0.16 -36.08 -1.41
270 1.2 -0.11 -38.25 -1.56
3375 | 15 -0.07 -40.76 -1.76
450 2 -0.04 -43.64 -2.00
8 250 250 1 -0.12 -37.23 -1.47
300 1.2 -0.09 -39.34 -1.63
375 15 -0.05 -41.75 -1.83
500 2 -0.03 -44.47 -2.07
300 300 1 -0.08 -39.11 -1.59
360 1.2 -0.05 -41.10 -1.75
450 15 -0.03 -43.31 -1.93
600 -0.02 -45.72 -2.16
350 350 -0.05 -40.57 -1.68
420 1.2 -0.04 -42.43 -1.83
525 15 -0.02 -44.45 -2.01
700 -0.01 -46.56 -2.23
200 200 -0.21 -34.64 -1.33
240 1.2 -0.15 -36.90 -1.48
300 15 -0.09 -39.54 -1.68
400 2 -0.05 -42.62 -1.93
225 225 1 -0.16 -35.99 -1.40
270 1.2 -0.11 -38.19 -1.56
3375 | 15 -0.07 -40.73 -1.76
10 450 2 -0.04 -43.64 -2.00
250 250 1 -0.12 -37.16 -1.47
300 1.2 -0.09 -39.30 -1.63
375 15 -0.05 -41.74 -1.82
500 2 -0.03 -44.47 -2.07
300 300 1 -0.08 -39.08 -1.59
360 1.2 -0.05 -41.09 -1.74
450 15 -0.03 -43.31 -1.93
600 2 -0.02 -45.71 -2.16
350 350 1 -0.05 -40.56 -1.68
420 1.2 -0.04 -42.42 -1.83
525 15 -0.02 -44.45 -2.01
700 2 -0.01 -46.56 -2.23
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Cantilever length: 1 m

Barrier length Slab thickness to/ts A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.21 -34.61 -1.33
240 1.2 -0.15 -36.88 -1.48
300 15 -0.09 -39.53 -1.68
400 -0.05 -42.62 -1.93
225 225 -0.16 -35.97 -1.40
270 1.2 -0.11 -38.18 -1.56
337.5 15 -0.07 -40.73 -1.76
450 -0.04 -43.64 -2.00
12 250 250 -0.12 -37.15 -1.47
300 1.2 -0.09 -39.30 -1.63
375 15 -0.05 -41.74 -1.82
500 -0.03 -44.47 -2.07
300 300 -0.08 -39.08 -1.59
360 1.2 -0.05 -41.09 -1.74
450 15 -0.03 -43.31 -1.93
600 -0.02 -45.71 -2.16
350 350 -0.05 -40.56 -1.68
420 1.2 -0.04 -42.42 -1.83
525 15 -0.02 -44.45 -2.01
700 2 -0.01 -46.56 -2.23
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Table A-18: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-4 Parapet of Length 1.5 m

Cantilever length: 1.5 m

Barrier length Slab thickness ta/ta A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -0.84 -43.10 -1.87

240 1.2 -0.87 -68.58 -3.13

300 1.5 -0.54 -72.96 -3.51

400 2 -0.29 -78.46 -4.02

225 225 1 -0.62 -44.15 -1.97

270 1.2 -0.64 -70.23 -3.29

337.5 15 -0.40 -74.67 -3.68

450 2 -0.21 -80.18 -4.19

250 250 1 -0.47 -45.14 -2.07

300 1.2 -0.48 -71.77 -3.45

> 375 15 20.30 76.23 3.84

500 2 -0.16 -81.71 -4.35

300 300 1 -0.29 -46.90 -2.26

360 1.2 -0.30 -74.45 -3.73

450 1.5 -0.18 -78.88 -4.13

600 2 -0.10 -84.22 -4.62

350 350 1 -0.19 -48.37 -2.42

420 1.2 -0.20 -76.65 -3.97

525 15 -0.12 -81.01 -4.37

700 2 -0.06 -86.16 -4.84

200 200 1 -0.79 -41.07 -1.75

240 1.2 -0.83 -65.84 -2.96

300 1.5 -0.52 -70.64 -3.37

400 2 -0.28 -76.74 -3.91

225 225 1 -0.59 -42.38 -1.87

270 1.2 -0.61 -67.88 -3.15

3375 1.5 -0.38 -72.72 -3.56

450 2 -0.21 -78.79 -4.11

250 250 1 -0.45 -43.59 -1.98

6 300 1.2 -0.46 -69.74 -3.32

375 1.5 -0.29 -74.58 -3.74

500 2 -0.16 -80.59 -4.28

300 300 1 -0.28 -45.70 -2.19

360 1.2 -0.29 -72.92 -3.63

450 15 -0.18 -77.71 -4.05

600 2 -0.10 -83.50 -4.58

350 350 1 -0.19 -47.44 -2.37

420 1.2 -0.19 -75.51 -3.90

525 1.5 -0.12 -80.19 -4.32

700 2 -0.06 -85.70 -4.81

162




Cantilever length: 1.5 m

Barrier length Slab thickness ta/ta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.74 -38.92 -1.63
240 1.2 -0.78 -63.03 -2.80
300 15 -0.50 -68.42 -3.25
400 2 -0.27 -75.30 -3.83
225 225 1 -0.55 -40.56 -1.76
270 1.2 -0.58 -65.55 -3.01
3375 15 -0.37 -70.95 -3.46
450 -0.20 -77.73 -4.05
8 250 250 -0.42 -42.04 -1.89
300 1.2 -0.45 -67.80 -3.21
375 1.5 -0.28 -73.17 -3.66
500 2 -0.15 -79.80 -4.24
300 300 1 -0.27 -44.58 -2.12
360 1.2 -0.28 -71.60 -3.56
450 15 -0.18 -76.83 -4.00
600 -0.09 -83.07 -4.56
350 350 -0.18 -46.64 -2.32
420 1.2 -0.19 -74.63 -3.85
525 15 -0.12 -79.65 -4.28
700 -0.06 -85.46 -4.80
200 200 -0.71 -38.05 -1.58
240 1.2 -0.76 -62.00 -2.75
300 15 -0.49 -67.72 -3.21
400 -0.27 -74.96 -3.82
225 225 -0.54 -39.86 -1.72
270 1.2 -0.57 -64.75 -2.97
3375 15 -0.37 -70.45 -3.43
10 450 2 -0.20 -77.51 -4.04
250 250 1 -0.42 -41.48 -1.86
300 1.2 -0.44 -67.19 -3.17
375 15 -0.28 -72.81 -3.64
500 -0.15 -79.66 -4.23
300 300 -0.27 -44.23 -2.10
360 1.2 -0.28 -71.26 -3.54
450 15 -0.18 -76.66 -3.99
600 2 -0.09 -83.02 -4.55
350 350 1 -0.18 -46.43 -2.31
420 1.2 -0.19 -74.44 -3.84
525 15 -0.12 -79.57 -4.28
700 2 -0.06 -85.44 -4.80
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Cantilever length: 1.5 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.70 -37.73 -1.56
240 1.2 -0.75 -61.66 -2.73
300 15 -0.49 -67.54 -3.20
400 -0.27 -74.90 -3.81
225 225 -0.53 -39.62 -1.71
270 1.2 -0.57 -64.52 -2.96
337.5 15 -0.36 -70.33 -3.43
450 -0.20 -77.48 -4.04
12 250 250 -0.41 -41.31 -1.85
300 1.2 -0.44 -67.04 -3.17
375 15 -0.28 -72.75 -3.63
500 -0.15 -79.64 -4.23
300 300 -0.26 -44.15 -2.09
360 1.2 -0.28 -71.20 -3.53
450 15 -0.18 -76.64 -3.99
600 -0.09 -83.01 -4.55
350 350 -0.18 -46.39 -2.30
420 1.2 -0.19 -74.42 -3.84
525 15 -0.12 -79.56 -4.28
700 2 -0.06 -85.44 -4.80
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Table A-19: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-4 Parapet of Length 2 m

Cantilever length: 2 m

Barrier length Slab thickness to/ta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -2.97 -74.35 -4.68
240 1.2 -2.09 -79.61 -5.09
300 15 -1.34 -86.21 -5.62
400 2 -0.74 -94.90 -6.32
225 225 1 -2.20 -77.19 -4.93
270 1.2 -1.55 -82.57 -5.35
3375 15 -0.99 -89.29 -5.89
450 2 -0.54 -98.06 -6.61
250 250 1 -1.68 -79.80 -5.17
300 1.2 -1.18 -85.27 -5.60
5 375 15 -0.75 -92.05 -6.14
500 2 -0.41 -100.80 -6.86
300 300 1 -1.05 -84.34 -5.60
360 1.2 -0.74 -89.91 -6.04
450 15 -0.47 -96.75 -6.59
600 2 -0.26 -105.33 -7.29
350 350 1 -0.70 -88.12 -5.98
420 1.2 -0.49 -93.73 -6.42
525 15 -0.31 -100.51 -6.97
700 2 -0.17 -108.78 -7.64
200 200 1 -2.82 -71.11 -4.47
240 1.2 -2.00 -76.76 -4.91
300 15 -1.29 -83.94 -5.48
400 2 -0.72 -93.43 -6.23
225 225 1 -2.11 -74.43 -4.75
270 1.2 -1.49 -80.21 -5.21
3375 15 -0.96 -87.49 -5.78
450 2 -0.53 -97.00 -6.54
250 250 1 -1.62 -77.45 -5.02
6 300 1.2 -1.15 -83.32 -5.48
375 15 -0.74 -90.64 -6.06
500 2 -0.41 -100.03 -6.82
300 300 1 -1.03 -82.67 -5.49
360 1.2 -0.72 -88.62 -5.96
450 15 -0.46 -95.90 -6.54
600 2 -0.25 -104.94 -7.27
350 350 1 -0.69 -86.98 -5.91
420 1.2 -0.48 -92.91 -6.37
525 15 -0.31 -100.02 -6.94
700 2 -0.17 -108.58 -7.63
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Cantilever length: 2 m

Barrier length Slab thickness to/ta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -2.97 -74.35 -4.68
240 1.2 -2.09 -79.61 -5.09
300 15 -1.34 -86.21 -5.62
400 2 -0.74 -94.90 -6.32
225 225 1 -2.20 -77.19 -4.93
270 1.2 -1.55 -82.57 -5.35
3375 15 -0.99 -89.29 -5.89
450 2 -0.54 -98.06 -6.61
8 250 250 1 -1.68 -79.80 -5.17
300 1.2 -1.18 -85.27 -5.60
375 15 -0.75 -92.05 -6.14
500 2 -0.41 -100.80 -6.86
300 300 1 -1.05 -84.34 -5.60
360 1.2 -0.74 -89.91 -6.04
450 15 -0.47 -96.75 -6.59
600 2 -0.26 -105.33 -7.29
350 350 1 -0.70 -88.12 -5.98
420 1.2 -0.49 -93.73 -6.42
525 15 -0.31 -100.51 -6.97
700 2 -0.17 -108.78 -7.64
200 200 1 -2.82 -71.11 -4.47
240 1.2 -2.00 -76.76 -4.91
300 15 -1.29 -83.94 -5.48
400 2 -0.72 -93.43 -6.23
225 225 1 -2.11 -74.43 -4.75
270 1.2 -1.49 -80.21 -5.21
3375 15 -0.96 -87.49 -5.78
10 450 2 -0.53 -97.00 -6.54
250 250 1 -1.62 -77.45 -5.02
300 1.2 -1.15 -83.32 -5.48
375 15 -0.74 -90.64 -6.06
500 2 -0.41 -100.03 -6.82
300 300 1 -1.03 -82.67 -5.49
360 1.2 -0.72 -88.62 -5.96
450 15 -0.46 -95.90 -6.54
600 2 -0.25 -104.94 -7.27
350 350 1 -0.69 -86.98 -5.91
420 1.2 -0.48 -92.91 -6.37
525 15 -0.31 -100.02 -6.94
700 2 -0.17 -108.58 -7.63
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Cantilever length: 2 m

Barrier length Slab thickness to/ts A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -2.74 -69.49 -4.38
240 1.2 -1.95 -75.45 -4.83
300 15 -1.27 -83.02 -5.42
400 -0.72 -92.97 -6.21
225 225 -2.06 -73.12 -4.67
270 1.2 -1.47 -79.19 -5.14
3375 | 15 -0.95 -86.82 -5.74
450 -0.53 -96.71 -6.53
12 250 250 -1.60 -76.40 -4.95
300 1.2 -1.13 -82.53 -5.43
375 15 -0.73 -90.17 -6.03
500 -0.41 -99.84 -6.81
300 300 -1.01 -82.02 -5.45
360 1.2 -0.72 -88.18 -5.94
450 15 -0.46 -95.68 -6.53
600 -0.25 -104.86 -7.27
350 350 -0.69 -86.60 -5.88
420 1.2 -0.48 -92.67 -6.36
525 15 -0.31 -99.91 -6.93
700 2 -0.17 -108.55 -7.63
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Table A-20: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-4 Parapet of Length 2.5 m

Cantilever length: 2.5 m

Barrier length Slab thickness to/ta A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -8.70 -115.44 -7.04

240 1.2 -5.92 -119.33 -7.23

300 15 -3.66 -124.02 -7.45

400 2 -1.94 -129.83 -7.68

225 225 1 -6.21 -116.37 -7.14

270 1.2 -4.23 -120.34 -7.34

3375 | 15 -2.62 -125.10 -7.55

450 2 -1.39 -130.97 -7.78

250 250 1 -4.60 -117.26 -7.23

300 1.2 -3.14 -121.30 -7.43

5 375 | 15 -1.95 1126.12 7.64

500 2 -1.03 -132.02 -7.86

300 300 1 -2.73 -118.88 -7.40

360 1.2 -1.87 -123.00 -7.60

450 1.5 -1.16 -127.88 -7.80

600 2 -0.61 -133.79 -8.01

350 350 1 -1.76 -120.23 -7.54

420 1.2 -1.20 -124.40 -7.73

525 1.5 -0.74 -129.31 -7.92

700 2 -0.39 -135.22 -8.12

200 200 1 -8.04 -108.50 -6.60

240 1.2 -5.53 -112.96 -6.83

300 1.5 -3.46 -118.35 -7.09

400 2 -1.85 -125.06 -7.39

225 225 1 -5.79 -110.01 -6.74

270 1.2 -3.98 -114.56 -6.97

3375 | 15 -2.49 -120.03 -7.23

450 2 -1.34 -126.79 -7.52

250 250 1 -4.32 -111.43 -6.87

6 300 | 1.2 2.97 -116.05 7.11

375 1.5 -1.86 -121.57 -7.36

500 2 -1.00 -128.35 -7.64

300 300 1 -2.59 -113.94 -7.10

360 1.2 -1.79 -118.64 -7.33

450 1.5 -1.12 -124.20 -7.58

600 2 -0.60 -130.95 -7.84

350 350 1 -1.68 -116.00 -7.29

420 1.2 -1.16 -120.74 -7.51

525 1.5 -0.72 -126.31 -7.75

700 2 -0.39 -133.01 -8.00

Cantilever length: 2.5 m
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Barrier length Slab thickness to/ta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -7.24 -99.10 -6.00
240 1.2 -5.05 -104.31 -6.28
300 15 -3.20 -110.67 -6.61
400 2 -1.74 -118.74 -7.00
225 225 1 -5.29 -101.63 -6.20
270 1.2 -3.68 -106.94 -6.49
3375 | 15 -2.34 -113.36 -6.81
450 -1.27 -121.46 -7.19
8 250 250 -3.99 -103.95 -6.39
300 1.2 -2.78 -109.31 -6.67
375 15 -1.76 -115.76 -6.99
500 2 -0.95 -123.84 -7.37
300 300 1 -2.44 -107.91 -6.72
360 1.2 -1.70 -113.33 -6.99
450 1.5 -1.07 -119.79 -7.30
600 -0.58 -127.77 -7.65
350 350 -1.60 -111.12 -6.98
420 1.2 -1.11 -116.56 -7.25
525 15 -0.70 -123.00 -7.54
700 -0.38 -130.79 -7.87
200 200 -6.80 -93.48 -5.64
240 1.2 -4.78 -99.20 -5.96
300 15 -3.06 -106.26 -6.34
400 -1.69 -115.41 -6.80
225 225 -5.01 -96.75 -5.89
270 1.2 -3.52 -102.55 -6.21
3375 | 15 -2.25 -109.67 -6.59
10 450 2 -1.24 -118.82 -7.04
250 250 1 -3.81 -99.69 -6.12
300 1.2 -2.67 -105.54 -6.44
375 15 -1.70 -112.69 -6.81
500 -0.93 -121.77 -7.25
300 300 -2.36 -104.68 -6.51
360 1.2 -1.65 -110.58 -6.82
450 1.5 -1.05 -117.70 -7.17
600 2 -0.57 -126.51 -7.58
350 350 1 -1.56 -108.71 -6.83
420 1.2 -1.09 -114.61 -7.13
525 15 -0.69 -121.62 -7.46
700 2 -0.38 -130.05 -7.83
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Cantilever length: 2.5 m

Barrier length Slab thickness to/ty A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)

200 200 1 -6.53 -90.12 -5.43

240 12 -4.62 -96.24 -5.78

300 15 -2.98 -103.88 -6.20

400 -1.66 -113.87 -6.72

225 225 -4.85 -93.91 -5.71

270 1.2 -3.42 -100.11 -6.06

3375 15 -2.20 -107.80 -6.48

450 -1.22 -117.71 -6.98

12 250 250 -3.71 -97.29 -5.97

300 1.2 -2.61 -103.54 -6.31

375 15 -1.68 -111.23 -6.72

500 -0.93 -120.98 -7.21

300 300 -2.31 -103.00 -6.40

360 1.2 -1.63 -109.27 -6.74

450 15 -1.04 -116.85 -7.13

600 -0.57 -126.13 -7.56

350 350 -1.54 -107.58 -6.76

420 1.2 -1.08 -113.80 -7.08

525 15 -0.69 -121.14 -7.44

700 2 -0.37 -129.85 -7.82
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Table A-21: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-5 Barrier of Length 1 m

Cantilever length: 1 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.11 -23.72 -0.85
240 1.2 -0.08 -25.34 -0.95
300 15 -0.05 -26.59 -1.04
400 2 -0.02 -28.07 -1.15
225 225 1 -0.08 -24.19 -0.87
270 1.2 -0.06 -25.84 -0.97
337.5 15 -0.04 -27.08 -1.06
450 2 -0.02 -28.53 -1.18
250 250 1 -0.06 -24.63 -0.90
300 1.2 -0.04 -26.30 -1.00
5 375 15 -0.03 -27.52 -1.08
500 2 -0.01 -28.92 -1.20
300 300 1 -0.04 -25.43 -0.94
360 1.2 -0.03 -27.10 -1.04
450 15 -0.02 -28.25 -1.13
600 2 -0.01 -29.53 -1.24
350 350 1 -0.03 -26.09 -0.97
420 1.2 -0.02 -27.73 -1.07
525 15 -0.01 -28.82 -1.16
700 2 -0.01 -29.98 -1.27
200 200 1 -0.11 -23.18 -0.84
240 1.2 -0.08 -24.89 -0.94
300 15 -0.05 -26.26 -1.02
400 2 -0.02 -27.87 -1.14
225 225 1 -0.08 -23.75 -0.86
270 1.2 -0.06 -25.47 -0.96
337.5 15 -0.03 -26.82 -1.05
450 2 -0.02 -28.37 -1.17
250 250 1 -0.06 -24.27 -0.88
6 300 1.2 -0.04 -26.00 -0.99
375 15 -0.03 -27.31 -1.08
500 2 -0.01 -28.80 -1.19
300 300 1 -0.04 -25.17 -0.93
360 1.2 -0.03 -26.89 -1.03
450 15 -0.02 -28.11 -1.12
600 2 -0.01 -29.46 -1.23
350 350 1 -0.03 -25.89 -0.97
420 1.2 -0.02 -27.58 -1.07
525 15 -0.01 -28.72 -1.16
700 2 -0.01 -29.94 -1.26
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Cantilever length: 1 m

Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.10 -22.74 -0.82
240 1.2 -0.07 -24.53 -0.92
300 15 -0.04 -26.02 -1.01
400 2 -0.02 -27.74 -1.14
225 225 1 -0.08 -23.39 -0.85
270 1.2 -0.05 -25.20 -0.95
3375 15 -0.03 -26.64 -1.04
450 2 -0.02 -28.29 -1.17
8 250 250 1 -0.06 -23.98 -0.87
300 1.2 -0.04 -25.78 -0.98
375 15 -0.03 -27.18 -1.07
500 2 -0.01 -28.74 -1.19
300 300 1 -0.04 -24.98 -0.92
360 1.2 -0.03 -26.75 -1.03
450 15 -0.02 -28.04 -1.12
600 2 -0.01 -29.43 -1.23
350 350 1 -0.03 -25.77 -0.96
420 1.2 -0.02 -27.50 -1.06
525 15 -0.01 -28.68 -1.15
700 -0.01 -29.92 -1.26
200 200 -0.10 -22.62 -0.82
240 1.2 -0.07 -24.45 -0.92
300 15 -0.04 -25.97 -1.01
400 2 -0.02 -27.73 -1.13
225 225 1 -0.08 -23.30 -0.85
270 1.2 -0.05 -25.14 -0.95
3375 15 -0.03 -26.61 -1.04
10 450 2 -0.02 -28.27 -1.17
250 250 1 -0.06 -23.92 -0.87
300 1.2 -0.04 -25.74 -0.98
375 15 -0.03 -27.16 -1.07
500 2 -0.01 -28.73 -1.19
300 300 1 -0.04 -24.94 -0.92
360 1.2 -0.03 -26.73 -1.02
450 15 -0.02 -28.03 -1.12
600 2 -0.01 -29.43 -1.23
350 350 1 -0.03 -25.75 -0.96
420 1.2 -0.02 -27.49 -1.06
525 15 -0.01 -28.68 -1.15
700 2 -0.01 -29.92 -1.26
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Cantilever length: 1 m

Barrier length Slab thickness tofta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.10 -22.58 -0.82
240 1.2 -0.07 -24.43 -0.92
300 15 -0.04 -25.96 -1.01
400 -0.02 -27.72 -1.13
225 225 -0.08 -23.28 -0.84
270 1.2 -0.05 -25.13 -0.95
337.5 15 -0.03 -26.60 -1.04
450 -0.02 -28.27 -1.17
12 250 250 -0.06 -23.90 -0.87
300 1.2 -0.04 -25.73 -0.98
375 15 -0.03 -27.15 -1.07
500 -0.01 -28.73 -1.19
300 300 -0.04 -24.94 -0.92
360 1.2 -0.03 -26.73 -1.02
450 15 -0.02 -28.03 -1.12
600 -0.01 -29.43 -1.23
350 350 -0.03 -25.74 -0.96
420 1.2 -0.02 -27.49 -1.06
525 15 -0.01 -28.68 -1.15
700 2 -0.01 -29.92 -1.26
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Table A-22: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-5 Barrier of Length 1.5 m

Cantilever length: 1.5 m

Barrier length Slab thickness to/ta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.91 -57.10 -2.09
240 1.2 -0.63 -60.80 -2.36
300 15 -0.39 -64.32 -2.69
400 2 -0.20 -68.66 -3.10
225 225 1 -0.66 -58.06 -2.18
270 1.2 -0.46 -61.86 -2.46
3375 15 -0.28 -65.45 -2.79
450 2 -0.15 -69.83 -3.21
250 250 1 -0.50 -59.04 -2.27
300 1.2 -0.35 -62.91 -2.56
5 375 15 021 66.53 -2.90
500 2 -0.11 -70.91 -3.31
300 300 1 -0.31 -60.91 -2.46
360 1.2 -0.21 -64.86 -2.76
450 15 -0.13 -68.48 -3.09
600 2 -0.07 -72.78 -3.50
350 350 1 -0.20 -62.57 -2.63
420 1.2 -0.14 -66.55 -2.93
525 15 -0.09 -70.11 -3.26
700 2 -0.04 -74.26 -3.66
200 200 1 -0.84 -54.42 -1.93
240 1.2 -0.59 -58.33 -2.22
300 15 -0.36 -62.21 -2.57
400 2 -0.19 -67.05 -3.00
225 225 1 -0.62 -55.69 -2.04
270 1.2 -0.43 -59.71 -2.34
3375 15 -0.27 -63.65 -2.69
450 2 -0.14 -68.51 -3.13
250 250 1 -0.47 -56.95 -2.15
6 300 1.2 -0.33 -61.03 -2.45
375 1.5 -0.20 -64.99 -2.81
500 2 -0.11 -69.82 -3.25
300 300 1 -0.29 -59.27 -2.36
360 1.2 -0.20 -63.42 -2.67
450 15 -0.13 -67.34 -3.02
600 2 -0.07 -72.02 -3.46
350 350 1 -0.20 -61.26 -2.55
420 1.2 -0.14 -65.42 -2.86
525 15 -0.08 -69.26 -3.21
700 2 -0.04 -73.74 -3.63
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Cantilever length: 1.5 m

Barrier length Slab thickness to/ta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -0.77 -51.41 -1.77
240 1.2 -0.54 -55.64 -2.08
300 15 -0.34 -60.04 -2.45
400 2 -0.18 -65.57 -2.92
225 225 1 -0.57 -563.13 -1.90
270 1.2 -0.41 -57.46 -2.21
3375 15 -0.25 -61.88 -2.59
450 2 -0.14 -67.35 -3.07
8 250 250 1 -0.44 -54.75 -2.02
300 1.2 -0.31 -59.13 -2.34
375 15 -0.20 -63.54 -2.72
500 2 -0.10 -68.92 -3.20
300 300 1 -0.28 -57.61 -2.26
360 1.2 -0.20 -62.04 -2.59
450 15 -0.12 -66.35 -2.97
600 -0.06 -71.47 -3.43
350 350 -0.19 -60.00 -2.47
420 1.2 -0.13 -64.42 -2.80
525 15 -0.08 -68.58 -3.17
700 -0.04 -73.40 -3.61
200 200 -0.73 -50.10 -1.70
240 1.2 -0.52 -54.55 -2.02
300 15 -0.33 -59.25 -2.41
400 2 -0.18 -65.13 -2.90
225 225 1 -0.55 -52.06 -1.84
270 1.2 -0.39 -56.59 -2.17
3375 15 -0.25 -61.28 -2.56
10 450 -0.13 -67.05 -3.05
250 250 -0.43 -53.86 -1.97
300 1.2 -0.31 -58.43 -2.31
375 15 -0.19 -63.08 -2.70
500 -0.10 -68.70 -3.19
300 300 -0.27 -57.00 -2.23
360 1.2 -0.19 -61.59 -2.56
450 15 -0.12 -66.09 -2.95
600 -0.06 -71.37 -3.42
350 350 -0.19 -59.59 -2.45
420 1.2 -0.13 -64.14 -2.79
525 15 -0.08 -68.44 -3.16
700 2 -0.04 -73.35 -3.61
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Cantilever length: 1.5 m

Barrier length Slab thickness to/ts A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -0.72 -49.55 -1.67
240 1.2 -0.52 -54.14 -2.00
300 15 -0.33 -59.00 -2.39
400 -0.18 -65.02 -2.90
225 225 -0.54 -51.64 -1.82
270 1.2 -0.39 -56.28 -2.15
3375 | 15 -0.25 -61.10 -2.55
450 -0.13 -66.98 -3.05
12 250 250 -0.42 -53.54 -1.96
300 1.2 -0.30 -58.21 -2.29
375 15 -0.19 -62.96 -2.69
500 -0.10 -68.67 -3.18
300 300 -0.27 -56.81 -2.22
360 1.2 -0.19 -61.47 -2.56
450 15 -0.12 -66.03 -2.95
600 -0.06 -71.35 -3.42
350 350 -0.19 -59.48 -2.45
420 1.2 -0.13 -64.08 -2.79
525 15 -0.08 -68.42 -3.16
700 2 -0.04 -73.34 -3.61
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Table A-23: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-5 Barrier of Length 2 m

Cantilever length: 2 m

Barrier length Slab thickness to/ta A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -2.88 -79.78 -4.91

240 1.2 -1.99 -84.43 -5.26

300 15 -1.22 -89.19 -5.67

400 2 -0.64 -95.14 -6.19

225 225 1 -2.07 -80.77 -5.02

270 1.2 -1.43 -85.55 -5.38

337.5 15 -0.88 -90.42 -5.80

450 2 -0.46 -96.51 -6.33

250 250 1 -1.54 -81.80 -5.14

300 1.2 -1.07 -86.69 -5.51

5 375 15 20.66 -91.65 5.93

500 2 -0.35 -97.82 -6.47

300 300 1 -0.93 -83.84 -5.37

360 1.2 -0.65 -88.89 -5.75

450 15 -0.40 -93.96 -6.19

600 2 -0.21 -100.18 -6.73

350 350 1 -0.61 -85.72 -5.59

420 1.2 -0.42 -90.86 -5.98

525 15 -0.26 -95.97 -6.41

700 2 -0.14 -102.15 -6.95

200 200 1 -2.64 -74.81 -4.57

240 1.2 -1.84 -79.75 -4.94

300 15 -1.14 -84.98 -5.39

400 2 -0.61 -91.65 -5.96

225 225 1 -1.91 -76.24 -4.71

270 1.2 -1.34 -81.33 -5.09

337.5 15 -0.83 -86.70 -5.55

450 2 -0.44 -93.49 -6.13

250 250 1 -1.44 -77.69 -4.86

6 300 1.2 -1.01 -82.89 5.25

375 15 -0.63 -88.36 -5.71

500 2 -0.33 -95.21 -6.30

300 300 1 -0.88 -80.45 -5.13

360 1.2 -0.62 -85.82 -5.54

450 15 -0.38 -91.36 -6.01

600 2 -0.20 -98.22 -6.60

350 350 1 -0.58 -82.90 -5.39

420 1.2 -0.41 -88.35 -5.80

525 15 -0.25 -93.91 -6.27

700 2 -0.13 -100.68 -6.85
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Cantilever length: 2 m

Barrier length Slab thickness to/ta A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -2.34 -68.51 -4.17
240 1.2 -1.65 -73.87 -4.57
300 15 -1.05 -79.85 -5.06
400 2 -0.57 -87.60 -5.71
225 225 1 -1.73 -70.65 -4.35
270 1.2 -1.22 -76.18 -4.76
3375 15 -0.77 -82.29 -5.27
450 2 -0.42 -90.13 -5.92
8 250 250 1 -1.32 -72.73 -4.53
300 1.2 -0.93 -78.38 -4.95
375 15 -0.59 -84.55 -5.46
500 2 -0.32 -92.42 -6.12
300 300 1 -0.82 -76.51 -4.87
360 1.2 -0.58 -82.31 -5.30
450 15 -0.37 -88.52 -5.82
600 2 -0.20 -96.29 -6.48
350 350 1 -0.55 -79.74 -5.18
420 1.2 -0.39 -85.62 -5.62
525 15 -0.24 -91.80 -6.13
700 -0.13 -99.36 -6.77
200 200 -2.18 -65.13 -3.96
240 1.2 -1.56 -70.83 -4.38
300 15 -1.00 -77.34 -4.91
400 2 -0.55 -85.86 -5.61
225 225 1 -1.63 -67.76 -4.17
270 1.2 -1.16 -73.62 -4.60
3375 15 -0.74 -80.23 -5.14
10 450 2 -0.41 -88.79 -5.84
250 250 1 -1.26 -70.23 -4.37
300 1.2 -0.90 -76.20 -4.81
375 15 -0.57 -82.87 -5.36
500 2 -0.31 -91.38 -6.06
300 300 1 -0.80 -74.62 -4.75
360 1.2 -0.57 -80.73 -5.21
450 15 -0.36 -87.40 -5.75
600 2 -0.19 -95.69 -6.44
350 350 1 -0.54 -78.33 -5.09
420 1.2 -0.38 -84.51 -5.55
525 15 -0.24 -91.07 -6.09
700 2 -0.13 -99.01 -6.75
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Cantilever length: 2 m

Barrier length Slab thickness to/ts A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)
200 200 1 -2.10 -63.36 -3.86
240 1.2 -1.51 -69.31 -4.29
300 15 -0.97 -76.20 -4.84
400 -0.54 -85.20 -5.57
225 225 -1.58 -66.29 -4.08
270 1.2 -1.13 -72.39 -4.53
337.5 15 -0.73 -79.35 -5.09
450 -0.40 -88.32 -5.82
12 250 250 -1.22 -69.00 -4.30
300 1.2 -0.88 -75.20 -4.76
375 15 -0.56 -82.19 -5.32
500 -0.31 -91.06 -6.04
300 300 -0.78 -73.77 -4.70
360 1.2 -0.56 -80.10 -5.17
450 15 -0.36 -87.02 -5.73
600 -0.19 -95.54 -6.43
350 350 -0.53 -77.76 -5.05
420 1.2 -0.38 -84.12 -5.53
525 15 -0.24 -90.87 -6.08
700 2 -0.13 -98.95 -6.75
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Table A-24: Summary of Maximum deflection, Transverse Moment and Longitudinal
Moment in Cantilevered Slab with TI-5 Barrier of Length 2.5 m

Cantilever length: 2.5 m

Barrier length Slab thickness tofta A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) tz2 (mm)

200 200 1 -7.58 -108.08 -6.64

240 1.2 -5.16 -112.27 -6.85

300 15 -3.16 -116.57 -7.07

400 2 -1.65 -121.84 -7.31

225 225 1 -5.39 -108.69 -6.71

270 1.2 -3.68 -112.95 -6.92

337.5 15 -2.25 -117.33 -7.14

450 2 -1.18 -122.67 -7.39

250 250 1 -3.98 -109.32 -6.78

300 1.2 -2.72 -113.65 -6.99

5 375 15 -1.67 -118.09 -7.21

500 2 -0.87 -123.49 -7.46

300 300 1 -2.36 -110.58 -6.91

360 1.2 -1.61 -115.02 -7.13

450 15 -0.99 -119.54 -7.35

600 2 -0.52 -124.98 -7.58

350 350 1 -1.51 -111.74 -7.03

420 1.2 -1.04 -116.24 -7.24

525 15 -0.64 -120.80 -7.46

700 2 -0.33 -126.24 -7.68

200 200 1 -6.93 -101.36 -6.20

240 1.2 -4.77 -106.00 -6.45

300 15 -2.95 -110.95 -6.71

400 2 -1.56 -117.06 -7.01

225 225 1 -4.97 -102.43 -6.30

270 1.2 -3.42 -107.17 -6.55

337.5 15 -2.12 -112.22 -6.82

450 2 -1.12 -118.42 -7.12

250 250 1 -3.69 -103.51 -6.40

6 300 1.2 -2.55 -108.34 -6.65

375 15 -1.58 -113.46 -6.92

500 2 -0.83 -119.71 -7.22

300 300 1 -2.21 -105.58 -6.60

360 1.2 -1.53 -110.53 -6.85

450 15 -0.95 -115.71 -7.11

600 2 -0.50 -121.97 -7.40

350 350 1 -1.44 -107.40 -6.76

420 1.2 -0.99 -112.41 -7.01

525 15 -0.61 -117.61 -7.26

700 2 -0.32 -123.83 -7.54
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Cantilever length: 2.5 m

Barrier length Slab thickness to/ty A My Mx

(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)

200 200 1 -6.12 -91.83 -5.58

240 1.2 -4.27 -97.10 -5.88

300 1.5 -2.68 -102.98 -6.21

400 2 -1.44 -110.41 -6.60

225 225 1 -4.45 -93.81 -5.75

270 12 -3.11 -99.22 -6.04

337.5 15 -1.95 -105.20 -6.37

450 -1.05 -112.70 -6.77

8 250 250 -3.35 -95.73 -5.90

300 1.2 -2.34 -101.23 -6.20

375 15 -1.47 -107.27 -6.53

500 -0.79 -114.78 -6.92

300 300 -2.05 -99.20 -6.18

360 1.2 -1.43 -104.80 -6.48

450 15 -0.90 -110.86 -6.80

600 2 -0.48 -118.30 -7.17

350 350 1 -1.35 -102.12 -6.42

420 1.2 -0.94 -107.76 -6.71

525 15 -0.59 -113.79 -7.02

700 -0.31 -121.09 -7.37

200 200 -5.64 -85.88 -5.21

240 1.2 -3.98 -91.60 -5.53

300 15 -2.53 -98.17 -5.91

400 -1.38 -106.63 -6.38

225 225 -4.15 -88.60 -5.41

270 1.2 -2.93 -94.45 -5.74

337.5 15 -1.86 -101.11 -6.12

10 450 -1.01 -109.61 -6.58

250 250 -3.16 -91.14 -5.61

300 1.2 -2.22 -97.07 -5.93

375 15 -1.41 -103.77 -6.31

500 -0.76 -112.24 -6.77

300 300 -1.96 -95.59 -5.95

360 1.2 -1.38 -101.61 -6.28

450 15 -0.87 -108.30 -6.64

600 -0.47 -116.60 -7.07

350 350 -1.30 -99.27 -6.24

420 1.2 -0.91 -105.33 -6.56

525 15 -0.58 -111.94 -6.91
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700 | 2 | -0.31 -119.98 731
Cantilever length: 2.5 m
Barrier length Slab thickness to/ty A My Mx
(m) (mm) (KN.mm/mm) (KN.mm/mm)
t1 (mm) t2 (mm)
200 200 1 -5.36 -82.21 -4.98
240 1.2 -3.80 -88.28 -5.33
300 15 -2.43 -95.41 -5.75
400 2 -1.34 -104.68 -6.27
225 225 1 -3.98 -85.45 -5.22
270 1.2 -2.82 -91.65 -5.57
3375 15 -1.80 -98.84 -5.99
450 -0.99 -108.11 -6.50
12 250 250 -3.05 -88.42 -5.44
300 1.2 -2.16 -94.69 -5.79
375 15 -1.38 -101.91 -6.20
500 -0.75 -111.09 -6.70
300 300 -1.91 -93.55 -5.82
360 1.2 -1.35 -99.91 -6.17
450 15 -0.86 -107.08 -6.57
600 2 -0.47 -115.95 -7.04
350 350 1 -1.28 -97.77 -6.14
420 1.2 -0.90 -104.14 -6.49
525 15 -0.57 -111.16 -6.87
700 2 -0.31 -119.62 -7.29
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Appendix (B): Sample Code of SAP2000 API
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Sample code for obtaining maximum transverse and longitudinal moment and deflection

for the unstiffened slab:

Modulel - 1
Sub VerificationExamplelOO01 ()

Dim ret As Long
Dim ProgramPath As String
Dim mySapModel As cSapModel
Dim FileName As String
Dim mySapObject As cOAPI
Dim myHelper As cHelper
Dim coordinates As Range
Dim NumberResults As Long
Dim Obj () As String
Dim Elm() As String
Dim PointElm() As String
Dim LoadCase () As String
Dim StepType () As String
Dim StepNum() As Double
Dim Ul () As Double

Dim U2 () As Double
Dim U3 () As Double
Dim R1() As Double
Dim R2 () As Double
Dim R3() As Double
Dim F1() As Double
Dim F2() As Double
Dim F3() As Double
Dim M1 () As Double
Dim M2 () As Double
Dim M3 () As Double
Dim F11() As Double
Dim F22 () As Double

Dim F12 () As Double
Dim FMax () As Double
Dim FMin () As Double
Dim FAngle () As Double
Dim FVM() As Double

Dim M11 () As Double
Dim M22 () As Double
Dim M12 () As Double

Dim MMax () As Double
Dim MMin () As Double
Dim MAngle () As Double
Dim V13() As Double
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Dim V23 () As Double

Dim VMax () As Double

Dim VAngle () As Double

Dim fNameAndPath As Variant

'full path to the program executable

'set it to the installation folder

ProgramPath = "C:\Program Files (x86)\Computers and Structures\SAP2000
17\sap2000.exe"

Set mySapObject = Nothing

'create a new instance of Sap2000
'create OAPI helper object
Set myHelper = New Helper

'get Sap2000 object
Set mySapObject = myHelper.CreateObject (ProgramPath)

'start Sap2000 application
mySapObject.ApplicationStart

'Get a reference to cSapModel to access all OAPI classes and functions
Modulel - 2

Set mySapModel = mySapObject.SapModel

'initialize model
ret = mySapModel.InitializeNewModel

'open an existing file
FileName = "C:\Users\Engineering\Desktop\Sap 2000\my
modellings\Unstiffened\Lcl.5\Unstiffe
nedLcl.51b12t1200slabratiolAxeld.sdb"
ret = mySapModel.File.OpenFile (FileName)
Cells (4, 13) = FileName

'set coordinates range in the Excel sheet
Set coordinates = Range ("A2:D81")

'run model (this will create the analysis model)
ret = mySapModel.Analyze.RunAnalysis

'set case and combo output selections
ret = mySapModel.Results.Setup.SetCaseSelectedForOutput ("LIVE")

'get area moments

ret = mySapModel.SelectObj.CoordinateRange (0, 1000, 1450, 1500, 0, O,
False, "Global", F
alse, False, False, True, False, False)

ret = mySapModel.Results.AreaForceShell ("NoName", 3, NumberResults,
Obj, Elm, PointElm,
LoadCase, StepType, StepNum, Fl11, F22, Fl2, FMax, FMin, FAngle, FVM, M11,
M22, M12, MMax, MMin,
MAngle, V13, V23, VMax, VAngle)
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'write data to file; total of 4 M22 values per element, with 80 elements
taken, 50 x 50 mm e
a.
For 1 = 0 To 79
coordinates (i + 1, 2).Value = M22 (1)
Next i

'clear selection
ret = mySapModel.SelectObj.ClearSelection

'get area moments

ret = mySapModel.SelectObj.CoordinateRange (50, 100, 500, 1500, 0, O,
False, "Global", Fa
lse, False, False, True, False, False)

ret = mySapModel.Results.AreaForceShell ("NoName", 3, NumberResults,
Obj, Elm, PointElm,
LoadCase, StepType, StepNum, F11, F22, Fl2, FMax, FMin, FAngle, FVM, M11,
M22, M12, MMax, MMin,
MAngle, V13, V23, VMax, VAngle)

'write data to file; total of 4 M1l values per element, with 80 elements

taken, 50 x 50 mm e
a.

For i = 0 To 79

coordinates (i + 1, 3).Value = M11l (1)
Next i

'clear selection
ret = mySapModel.SelectObj.ClearSelection

'select joints to analyze and obtain their displacements; non-point
boolean values irre
levant for range

ret = mySapModel.SelectObj.CoordinateRange (0, 1000, 0, 0, 0, O,
False, "Global", False,
True, False, False, False, False)
ret = mySapModel.Results.JointDispl ("NoName", 3, NumberResults, Obj,
Elm, LoadCase, Step
Type, StepNum, Ul, U2, U3, R1l, R2, R3)
'write joint displacements to Excel sheet; 21 points

For i = 0 To 20
coordinates (i + 1, 4).Value = U3 (1)
Modulel - 3

Next i

'clear selection
ret = mySapModel.SelectObj.ClearSelection

'close SAP2000
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mySapObject.ApplicationExit False

'Set the objects to Nothing
Set mySapModel = Nothing
Set mySapObject = Nothing

End Sub

Sample code for obtaining maximum transverse and longitudinal moment and deflection
for the end-stiffened slab (TL-5):

Sub VerificationExamplelOO01 ()

Dim ret As Long
Dim ProgramPath As String
Dim mySapModel As cSapModel
Dim FileName As String
Dim mySapObject As cOAPI
Dim myHelper As cHelper
Dim coordinates As Range
Dim NumberResults As Long
Dim Obj () As String
Dim EIm() As String
Dim PointElm() As String
Dim LoadCase () As String
Dim StepType() As String
Dim StepNum() As Double
Dim Ul () As Double

Dim U2 () As Double
Dim U3 () As Double
Dim R1() As Double
Dim R2 () As Double
Dim R3() As Double
Dim F1() As Double
Dim F2 () As Double
Dim F3() As Double
Dim M1 () As Double
Dim M2 () As Double
Dim M3 () As Double
Dim F11() As Double
Dim F22 () As Double

Dim F12 () As Double
Dim FMax () As Double
Dim FMin () As Double
Dim FAngle () As Double
Dim FVM() As Double

Dim M11() As Double
Dim M22 () As Double
Dim M12 () As Double

Dim MMax () As Double
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Dim MMin () As Double

Dim MAngle () As Double

Dim V13 () As Double

Dim V23 () As Double

Dim VMax () As Double

Dim VAngle () As Double

Dim fNameAndPath As Variant

'full path to the program executable

'set it to the installation folder

ProgramPath = "C:\Program Files (x86)\Computers and Structures\SAP2000
17\sap2000.exe"

Set mySapObject = Nothing

'create a new instance of Sap2000
'create OAPI helper object
Set myHelper = New Helper

'get Sap2000 object
Set mySapObject = myHelper.CreateObject (ProgramPath)

'start Sap2000 application
mySapObject.ApplicationStart

'Get a reference to cSapModel to access all OAPI classes and functions
Modulel - 2

Set mySapModel = mySapObject.SapModel

'initialize model
ret = mySapModel.InitializeNewModel

'open an existing file
FileName = "C:\Users\Engineering\Desktop\Sap 2000\my
modellings\TL5\Lcl.5\T15-Lcl.50Lbl2t12
OOslabratiolAxeld.sdb"
ret = mySapModel.File.OpenFile (FileName)
Cells (4, 13) = FileName

'set coordinates range in the Excel sheet
Set coordinates = Range ("A2:D81")

'run model (this will create the analysis model)
ret = mySapModel.Analyze.RunAnalysis

'set case and combo output selections
ret = mySapModel.Results.Setup.SetCaseSelectedForOutput ("LIVE")

'get area moments
ret = mySapModel.SelectObj.CoordinateRange (0, 1000, 1337.5, 1387.5,
0, 0, False, "Global
", False, False, False, True, False, False)
ret = mySapModel.Results.AreaForceShell ("NoName", 3, NumberResults,
Obj, Elm, PointElm,
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LoadCase, StepType, StepNum, F11, F22, Fl2, FMax, FMin, FAngle, FVM, M11,
M22, M12, MMax, MMin,
MAngle, V13, V23, VMax, VAngle)
'write data to file; total of 4 M22 values per element, with 80 elements

taken, 50 x 50 mm e
a.

For i = 0 To 79

coordinates (i + 1, 2).Value = M22 (1)
Next i

'clear selection
ret = mySapModel.SelectObj.ClearSelection

'get area moments
ret = mySapModel.SelectObj.CoordinateRange (50, 100, 387.5, 1387.5, O,
0, False, "Global"
, False, False, False, True, False, False)
ret = mySapModel.Results.AreaForceShell ("NoName", 3, NumberResults,
Obj, Elm, PointElm,
LoadCase, StepType, StepNum, F11, F22, Fl12, FMax, FMin, FAngle, FVM, Ml11,
M22, M12, MMax, MMin,
MAngle, V13, V23, VMax, VAngle)
'write data to file; total of 4 M1l values per element, with 80 elements
taken, 50 x 50 mm e
a.
For i = 0 To 79
coordinates (i + 1, 3).Value = MI11 (i)
Next i

'clear selection
ret = mySapModel.SelectObj.ClearSelection

'select joints to analyze and obtain their displacements; non-point
boolean values irre
levant for range

ret = mySapModel.SelectObj.CoordinateRange (0, 1000, 0, 0, 0, O,
False, "Global", True, T
rue, False, False, False, False)
ret = mySapModel.Results.JointDispl ("NoName", 3, NumberResults, Obj,
Elm, LoadCase, Step
Type, StepNum, Ul, U2, U3, R1l, R2, R3)
'write joint displacements to Excel sheet; 21 points

For i = 0 To 20
coordinates (i + 1, 4).Value = U3 (1)
Modulel - 3

Next i

'clear selection
ret = mySapModel.SelectObj.ClearSelection
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'close SAP2000
mySapObject.ApplicationExit False

'Set the objects to Nothing

Set mySapModel = Nothing
Set mySapObject = Nothing

End Sub
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