& Trimble.

Tekla Structural Designer
2018

Reference Guides (British Standards)

September 2018

(6.1.06) I

© 2018 Trimble Solutions Corporation.












Table of Contents

Analysis Verification EXAMIPIES ...ttt sss s seses
1st Order Linear - SIMPIE CANtUEVET ...ttt ssssssens
Problem DefinitiON ...ttt bt
ASSUMIPTIONS ..ottt ss et
KEY RESUIES ...ttt s
CONCIUSION ettt bbb bbb
1st Order Linear - Simply Supported SQUAare SIab...........neeeeese e
ProbIEM DefinitiON ...ttt ess s sss s sseeees
ASSUMPTIONS .ottt ss st s s s sttt snsssenses
KEY RESUIES ...ttt bbb
CONCIUSION .ttt bbb
1St OrAEr LINEAT = 3D fIUSS ..ottt s s ssse s ss st ssss s s ss e ssss s ssssssssssens
Problem DefinitiON ...ttt bbb
KEY RESUIES ..ottt sttt
CONCIUSION .t bbb
1st Order linear - Thermal Load on Simply Supported Beam ...
Problem DefinitiON ...ttt
ASSUMPTIONS <.ttt bbbt ssneses
KEY RESUIES ...ttt bbb
CONCIUSION ottt bbb
1st Order Nonlinear - SIMPIE CaANTIEVEN ...ttt sssssens
Problem DEfiNITION ...ttt sttt st
ASSUMPTIONS <.ttt s st s bbbt s s st s s ssenses
KEY RESUIES ...t e
CONCIUSION .ttt bbb bbb
1st Order Nonlinear - NONIINEAr SUPPOIES ..ot ssesssssss st ssesssnsns
Problem DefinitiON ...ttt
ASSUMPTIONS <.ttt ettt sttt s e ssneses
KEY RESUIES ..ottt sttt
CONCIUSION ottt bbbt
1st Order Nonlinear - Displacement Loading of a Plane Frame........c.ccccneennecenecennecenecennne.
Problem DEfiNITION ...ttt sttt nnen
ASSUMPTIONS c.coetercierircrierietise et sssee e s bbb s et beens
KEY RESUIES ...ttt

CONCIUSTON et es e e et s e e eseas e et sestasasseeseasasnessestasaessesesassessessasaesessetasaessenesaenesseeas



Table of Contents

2nd Order Linear - SiMpPle CantilEVET ...t ssss s ssssssssssssssssssssanns 7
ProbIEM DEfiNItION ...ttt ebs s es e sss s sseeees 7
ASSUMIPTIONS ..ottt ss ettt 8
KEY RESUIES ..ottt sttt 8
CONCIUSION ottt bbb bbb 8

2nd Order linear - SImply SUPPOrted BEaM..........ovirieeereieee et sess s sasesnes 8
ProbIEM DEfinitiON ...ttt ess et sss s eseeees 8
ASSUMPTIONS <.ttt sttt s e s et ssnnses 9
KEY RESUIES ...ttt st 9
CONCIUSION .ttt bbb 9
RETEIEINCE .ot bbb bbbt 9

2nd Order Nonlinear - Tension ONly Cross BracCe.........eeneineenseinesinesnessesseisesssesssessseaees 9
Problem DefiniTiON ...t bbb bbbt 9
ASSUMPTIONS <.ttt sines s 10
KEY RESUIES ..ottt e 10
CONCIUSION ettt bbbt s 10

2nd Order Nonlinear - Compression Only El€@mMent ... seseseieeieseenes 11
Problem DefinitiON ...ttt e 11
ASSUMPTIONS <.ttt sttt bbbttt s s ssensns 11
KEY RESUIES ..ottt 11
CONCIUSION ottt bbbt 11

1st Order Vibration - Simply SUPPOrted Beam ...t 11
Problem DefiNITION ...ttt s st ss s 11
ASSUMPTIONS <.ttt s et saneses 11
KEY RESUIES ..ot 12
CONCIUSION ottt s bbbt 12

1st Order Vibration - Bathe and Wilson Eigenvalue Problem ... 12
Problem DefinitiON ...ttt es bbb 12
ASSUMPTIONS <.ttt sttt sttt s s ssensns 13
KEY RESUIES ..ottt sttt 13
CONCIUSION oottt 13
RETEIENCES ..ottt 13

2nd Order Buckling - Euler Strut BUCKIING .........cccvcveeicecreeicerecicenessceeesssesesesssessesesssessenens 13
Problem DefiNITION ...t ssss st s sttt 13
ASSUMPTIONS .coevtrcierireisesietise et seesssee e ssse e ss bbb bbbt 14
KEY RESUIES ...ttt 14



Reference Guide - British Standards

CONCIUSION oottt sttt st ss e bses 14
2nd Order BUCKIING = Plane Fram@.........oiineeeiecse st ssss s ssssess s ssss s ssssseses 14
Problem DefinitioN ...ttt sttt 14
ASSUMPTIONS <.ttt sttt bbbt ssnnses 15

KEY RESUILS ..ottt ss sttt sees 15
CONCIUSION oottt s bres 16
RETEIENCES ..ottt 16
Loading - BritisSh StANAArdS ..ottt sttt ssss s ssnsens 17
British Standards LOAAING ...ttt ssss bbb sesees 17
LOBA CASES (BS) ettt seessee e esss e e sstss s s stsss e sessess s sessestsaenssseasassessessasasnossesasas 17
LOAACASE TYPES (BS)..euuriererirreeeinsiesississsssessesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 17

SEIf WEIGNT (BS) .ottt sse bbb bbb 18
Imposed and ROOf IMPOSEd LOAAS (BS) ... ssssssssssesssssssssssssens 19
IMPOSEd LOAA REAUCLIONS ...ttt ss s sssnses 19

WINA LOGAS (BS)....oiieeeeeeeee ettt ettt sttt sttt sttt sttt sas s st snasas 19
The BS6399-2 WINA WIZAI.......ooieeirieeieeireiseieeiesisseess s sssssssssssssssssssssssssssssssssssssssses 19
SIMPIE WINA LOAAING ...ttt ssse st ss s ssss s st ssss s ssssssssesens 20
COMBINATIONS (BS) ..ttt ettt sttt ettt sttt st s st s sssseasassesaen 20
Manually Defined Combinations (BS) .......cc.oerieeeneeieiie et ssss s s ssseens 20
Notional Horizontal FOrces (NHFS) (BS) ... ssaes 20
The CombinationNs GENEIAtOr (BS) ...ttt 21
Combination Generator - COMBINALIONS..........ooeieirrireieieerse it se e 21
Combination GENEIAtOr = SEIVICE ...ttt ss st ssss s sssssse s sens 21
Combination GENErator - NHF ...ttt sss s ssss s 21
CoMDBINALION ClASSES (BS) ..ottt ettt sttt st st s st sas s s ssasasna 22
CoNCrete DESIGN = BS 8110 ..ttt 23
INtroduction tO BS8TT0 DESIGN.....ciirierrieiieeiecireieie et ssssssessssssss s s s s ssssssss s ssssssssssssans 23
Beam DeSigN £0 BS 8110 ...ttt 23
Limitations and Exclusions (B€ams: BS 81T0) ...t ssesssssss e ssssaene 23
Materials (BEAMS: BS 8T T0) ...t ses s ssnaes 23
CONCIBEE. ettt e ettt 23
REINFOTCEMEBNT ...ttt 24
Slender Beams (BEAMS: BS 8T1T0) ...ttt esetssss s sssss s s s s s sssassssassssassssaes 24
Cover to Reinforcement (BEamS: BS 81710 ...t eeee st 24
Design Parameters for Longitudinal Bars (Beams: BS 8110)......cccouuwurecemmerureeemnnecenecesneceeneceens 26
Minimum DiStance DETWEEN BarS ...t ssssssssssssssassssssnees 26



Table of Contents

Maximum Spacing Of TENSION Bars.........coccveiinrinrieeie s ssssssssssssssssesssssssssssssens 27
Minimum Area of REINFOICEMENT ...t eeeee 27
Maximum Area Of REINFOrCEMENT ...t neses 29
Side Reinforcement in Beams (BEamS: BS 8110) ...t esnees 29
Effective Depth of Section (Beams: BS 8110) ..o ssssssssssssssessssssssssssssssanes 31
Design for Bending (BEams: BS 8170)......coiurirrrinriieeirniieeiseeieessessssssss s sssssssssssssssssssssesssssses 31
Design for Bending for Rectangular Sections (Beams: BS 8110) .....ccc.cooevrmrumrrnnrenerernernreenennns 32
Design for Bending for Flanged Sections (Beams: BS 8110) ......cccccovvvrverrrerrnrnnrnsresirseesesenenens 33
Design for Shear (Beams: BS 81710) ... sssssses s ssssssss s ssssssssssssesssesses 35
Design Shear Resistance (Beams: BS 81710 ..o sssessssssessssssssssssans 36
Minimum Area of Shear Reinforcement (Beams: BS 8T10) ... 37
Spacing of Shear Reinforcement (Beams: BS 81710)......c.couvurunmiunreeneeneiireeeireeieeiesesesessseeseesanees 38
Design for Torsion (Beams: BS 8TT10) ......crrierrierieeireireiiseieeissesssssssssessssssesssssssssssssssssssssssssssssssanes 39
Deflection Check (BEaMS: BS 8TT0) ... ssssss s ssasssssssssaes 42
Column DeSIgN t0 BS 8170 ...ttt 43
Limitations and Exclusions (Columns: BS 8TT0) ... seessseaes 43
Materials (COIUMNS: BS 8TT0) ...t sssssss st sssaes 44
@0 el =1 (=TT P TP 44
REINFOTCEMEBNT ...ttt bbb 44
Cover to Reinforcement (Columns: BS 8TT0) ... 44
Design Parameters for Longitudinal Bars (Columns: BS 8110) ......c.coecumeenmreneeeneeeneeenecereeeneeens 45
Minimum Longitudinal Bar SPACING ...t ssse s sssesans 45
Minimum Longitudinal Total STEEI Area ...t 45
Maximum Longitudinal Total StEel Ar€a.......... e sssesens 45
Ultimate Axial Load Limit (ColumNS: BS 8T170) ...ttt ss s ssaene 46
Effective Length Calculations (ColumNs: BS 8T70) ... ssee e eseeens 46
ClEAN HEIGNT oottt sttt saes 46
EFfECHIVE LENGLN oottt bbb e 46
Column Stack Classification (ColumMNS: BS 8T1710) ...t eeeeeeeeseeee e eee s 47
SIENAEINESS FALIO.....urieieeierieeie ettt ss s s st ss s sanes 47
[IMItING SIENAEINESS FALI0 ...ttt ss s saes 48
Design Moment Calculations (Columns: BS 81710) .......cocunreneereenecireeereiseieeieeesesssessseeeessesesennne 49
MINIMUM ECCENTIICITY c.vvoreeiciicieciicietieie it sssessse s sassnen 49
SOt COIUMINS ..ottt st sses 50
SIENAET COIUMINS ...ttt sttt s st 50
Design for Combined Axial and Bending (Columns: BS 8110)......cc.couuumeemmeeeneeemneereceieceereceens 51



Reference Guide - British Standards

Design for Shear (Columns: BS 8T10) ... ssssssssssssssssssssssssssssssssssssssssssens 51
Design Parameters for SNEar DESIGN........c..oirrinrieerieieeisiee st sssss st s sssseses 52
Maximum Span Region Shear LINK SPaCiNg........covueenreneineineieeise e sseseseseees 52
Design of Column Shear REINFOICEMENT ...t sssnsens 52
Wall DESIGN 10 BS BTT0 ...t stssssss st st sssss s st ss s ssssssss st st sssssssssnssnsens 53
Limitations and EXCluSions (WallS: BS 87170) ..o eeeeeeeeeeeesesseseeseeesseesessesesseesesssssesssns 53
Materials (WallS: BS BT1T0) ...ttt eee e sessessee e sessseessessssessesssaesessesassessessssssssesasns 54
@0 el =1 /=P O PO RP TP 54
REINFOICEMEBNT ...ttt 54
Cover to Reinforcement (Walls: BS 8T170) ... e eeeeeeeeseessessasessseesasessnsessnsessssessnsens 54
Vertical reinforcement (Walls: BS 8TT0) ...ttt eee e sees e eses s 54
Plain Waall CRECK ...ttt sttt sasnsnen 55
Reinforcement area for @ Plain Wall ...t 56
Reinforcement area for @ RC Wall ...ttt 56
Spacing Of VErtical 100S@ DArS ...ttt 57
Check for vertical reinforcement when wall in teNSION ... 57
Horizontal reinforcement (Walls: BS 8T110) ... sssans 58
Reinforcement area for @ RC Wall ...ttt sensens 58
Diameter Of NOMZONtAl DAN ...t nses 59
Spacing of horizontal 100SE DArS ...t ses s 59
Reinforcement area for @ Plain Wall ...t 59
Link/Confinement Reinforcement (Walls: BS 8170) ...t eeeeseseees 60
REINFOICEMEBNT @GrEQ.....c.eeeee ettt sttt 60
Diameter of confinement reiNnforCEMENT ...t 60
Spacing of confinement reinforCEMENT..........oo e 60
Ultimate Axial Load Limit (Walls: BS 8T1T0) ...ttt ss st ssssaene 61
Effective Length and Slenderness Calculations (Walls: BS 8110)......cccoerminreonrenrernrereennenrieninns 61
Design Moment Calculations (Walls: BS 8170).......cceereeeieeireeireeseiseieeisesisessseiseeiesssesssesssesnees 61
Design for Combined Axial and Bending (Walls: BS 81710)......cccouenruninneeneineeeneeereeeseeeseesseeenne 61
Design for Shear (Walls: BS 8TT0) .......covrirerrierrieeieiiesiseesssisesssssssssssssssssssssessssssssssssssssssssssssssssssanes 61
S1ab DESIGN 1O BS 8110 ...ttt sttt sss st sss st st sssssasssnses 61
Limitations and EXclusions (S1als: BS 8TT0) ... ssssssssssssssns 61
Materials (SIaDS: BS 8TT0) ...ttt s e s s s s s s s s s s s sas s sasssaes 62
@0 el =1 =TT O PP TP 62
REINFOTCEMEBNT ...ttt 62
Reinforcement Parameters (S1abs: BS 8TT0) ... ssssssassssssssssnans 62



Table of Contents

Cover to Reinforcement (S1abs: BS 8TT0) ...t ees s 63
Limiting Reinforcement Parameters (S1abs: BS 8110) ..o seseseeeens 63
Minimum and Maximum Loose Bar Diameter (S1abs: BS 8TT0) ..., 63
Minimum Clear Spacing (S1abs: BS 81710) ..o ssssssssssssssssessssssssssssens 64
Maximum Spacing of Tension Bars (all slabs) (Slabs: BS 8110) .....ccccoreerrerrrrrrrnrreriresresennnnn. 64
Minimum Area of Reinforcement (S1abs: BS 8TT0) ... eeeeeeesesessesesseseseees 64
Maximum Area of Reinforcement (S1abs: BS 8T1T0) c...eeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeesesesseseesessaees 64
Basic Cross Section Design (S1abs: BS 81710).......ccrerrrirninnieeiesisssessssssssssssssssssssssesssssssssssens 65
Matching Design Moments to Reinforcement Layers ... 65

Design for Bending (S1abs: BS 8T10) ..o sesesssssssssssssssssssssssssssssssssssssssssnns 66

Deflection Check (SIahs: BS 8T T0) ... et eeee e eeese s s s s s esnaees 66
Punching Shear Checks (S1abs: BS 8T10) ..o ssseseese s 67

Punching shear limitations and assumptions (Slabs: BS 8110) ......cccccoeovrrmnrerrenrirncereeenns 67
Arrangement of reinforcement and related checks (Slabs: BS 8110) ......cccccoevvrvrrenerrneennee. 67
Applicability of wall punching checks (Slabs: BS 8110)......ccccounemreneeeneereeiseeireeiseeeseeiees 67
Columns and Walls not perpendicular to slabs (Slabs: BS 8110) .....ccccoevvvvrrenreneirneererenennn. 67
Loaded perimeter near slab edges (S1abs: BS 81710).......ccovvmrrrernrrerneineieeiseeseeseieeeeeeenes 67
Overlapping Perimeters (S1abs: BS 8TT0) ... esesessse e 67
Punching shear perimeters (S1abs: BS 81710 ..o sseeisessse s 67
Length of the loaded perimeter uO (Slabs: BS 8110)......ccccorrurernrrnrirrineieeireeesesseiesesesseseseeene 68
Loaded perimeter fOr COIUMNS ...ttt sttt s nses 68
Loaded perimeter fOr WallS........ ettt ssss s ssss s s nses 72
Loaded perimeter fOr POINT LOAAS ... sssssssssssssssssssssssssssnses 72
Additional Loaded perimeter ArOPS.......coeririenreenrineieeisssesesssessssssssssssssssssssssssssssssssssssssses 72
The @qUIVAIENT PEIMELET ..ottt 72
THE SNEAI PEIIMELELS ...ttt sttt 73
Length of the shear perimeter un (S1abs: BS 81710)......cccovrinrireieireereieeeeie s seseeens 73
Basic shear perimeter WithOUt droPsS ...t 73
Modification of shear perimeters to take account of slab openings (Slabs: BS 8110)...... 75
User Modification of shear PeriMELErs...... e ss s sssssssss s e 75
User Limit on Vt factor for columns and walls (Slabs: BS 8170)......coviveveeeereeeeeeenee 75

Pad and Strip Base Design t0 BS 8110 .....c.cireriecereeieceiresieceesesssessesesssesssesssessesesssessenessane 75

Checks Performed (Pad and Strip Base: BS 81710) ... sssessssssssssees 76
Foundation Bearing Capacity (Pad and Strip Base: BS 81710) .....ccoovrvrrmrrnrererrreneierereseseserenene 76
Check for Pad Base Bearing Capacity......ccereereriieeesmeesieeessessssessssessssessssessssesssssesseneees 76
Check for Strip Base Bearing Capacity ......ccc.ooeorueeneieneeeneiieieeeiiseeeeesssesssesssesssssssssssssssssssssssnees 78

Vi



Reference Guide - British Standards

Design for Bending (Pad and Strip Base: BS 8110) ......cccoeuvrrnrierirernninsinsiesiesessssssssessssssssssssens 78
Determination of the Design Moment in Pad Bases.........ccccooirinerineinneinsinesineieeiseseeeens 79
Determination of the Design Moment in Strip Bases ... eeeens 79
Bending Capacity ChECK........oerieeeeereiesie et ssss st ssss st st s sssssssssnsens 80
Checks for Limiting Parameters (Pad and Strip Base: BS 8110)........cccoevvrremrrnrrrerernrensrenninninns 80
LIMITS ON DAE SIZE .ottt 80
LIMItS ON DA SPACING c..euriei ettt 80
Shear Design (Pad and Strip Base: BS 8170)......cciinrinrneeenseesesinsiesssessssssssssssssessssssssssssssesssnns 81
Pad base shear deSIgN ChECK. ...t 81
Strip base shear deSigN ChECK ... 82
Punching Shear Design for Pad Bases (Pad and Strip Base: BS 8110).......ccccoeevrurerrrrrnrrrinnnnnns 82
Check for Overturning Forces (Pad and Strip Base: BS 81710).......ccocnrmeneruneeneeeneeineeiseeeseeinens 82
Check for Sliding (Pad and Strip Base: BS 8110)........cccovnrnrerrineierineiessesseisesssssesssssssssssssssssssens 83
Check for Uplift (Pad and Strip Base: BS 8110) .......covrrireerrrirrirrieeieeiseieseesseiseessssssssesssssesssssssssens 84
Pile Cap DeSIGN 10 BS 8TT0 ...ttt ssse s baees 84
Pile Capacity (Pile Cap: BS 8TT0) ... sssesessss s ssssssssssssssssssssssssssssssssssssssanes 84
Design for Bending (Pile Cap: BS 8TT0) ... sssessssssssssesssssssssssssssssssssssssssanes 84
Shear Design (Pile Cap: BS 8110).....cuereiireieeieeisesisessseisseiesssesssesssessessse s sssesssessesssesssesssssssssseses 84
Punching Shear Design (Pile Cap: BS 817T0) ..ot sisesssesssesseessesssesssesssesnees 85
Checks for Limiting Parameters (Pile Cap: BS 8110)......ccouvreinrirrinrierireiseeneieeiesesssesesssssssssssssesens 85
RETEIENCES. ...ttt bbb bbb 86
StEEI DESIGN = BS 59500....cu ittt 87
StEEI DESIGN T0 BS 5950 ...ttt st ssssss st ssss sttt ssssaes 87
BasiC PrinCIPlES (BS 5950) .....c.iururieriinrineieeeseissesssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssanes 87
DEFlECHION CECKS....... ettt bbb 87
Steel Beam DeSigN tO BS 5950 ...ttt 88
Design Method (Beams: BS 5950) .......oiinrinrinrieiieiessesssiesssssssssss s sssssssssssssssssssssssssssssssssssssanes 88
Steel beam limitations and assumptions (Beams: BS 5950)........cccoeomrmrninererreinsriesnsssisssesnnens 88
Ultimate Limit State (Strength) (Beams: BS 5950) ......oocnirinineinneiecrecneeseiseieeise s 89
Classification (BEAMS: BS 5950) ......oouiieeeiceeeee e sssss s ssss s ss s sas s sasssens 89
IMPOITANT NOTE ...ttt ettt 90
Shear Capacity (Beams: BS 5950)........cccrmirererierinerieenesisesesessseseesssessessssssnesssesssnessnessanens 90
Moment Capacity (Beams: BS 5950)......ccuurrinererieeieeinerieesssesiesssesssesssesssesssesssesssnesssesees 90
INOTE....c ettt b e 90
Axial Capacity (Beams: BS 5950)......c.ourmrereeirerieieresieeseresssessisesssssssessssssesssssssessssssnesssesees 91
Cross-section Capacity (Beams: BS 5950) .......cccuuururmemernerieeieemeeesesmmesesesssessesessesssesssessenens 91

vii



Table of Contents

Ultimate Limit State (Buckling) (Beams: BS 5950)........ccc.couumrrmrrrmrrminnienrississessssnsssssssssssessssssssens 91
Lateral Torsional Buckling Resistance, Clause 4.3 (Beams: BS 5950) ......cccccoeuveumrrrnrernerrerenennn. 91
Lateral Torsional Buckling Resistance, Annex G (Beams: BS 5950) ......cccoeevevreenerneinncenernnnnn. 92
Compression Resistance (Beams: BS 5950) ... sesssssssssesssssssssssssssssens 93
Member Buckling Resistance, Clause 4.8.3.3.1 (Beams: BS 5950)......cc.cccccvermmrmrrnrrrerrrneernrennnnn. 93
Member Buckling Resistance, Clause 4.8.3.3.2 (Beams: BS 5950)......cccccoevvenrrneenerrneerecereenennn. 94
IMPOTTANT NOTE ..ot 94
Member Buckling Resistance, Clause 4.8.3.3.3 (Beams: BS 5950).....ccccccvermmrnrrnrrrererneernrennnen. 95
Web Openings (Beams: BS 5950) ... ssssssssssssssssssssssessssssssssssssssssssans 95
Circular Openings as an Equivalent Rectangle..........cooineinrineineeseseseseeeeseseennne 95
Properties Of TEE SECLIONS ..ottt st ss s ssss st sss s nsen 95
DIBSIGN ottt 95
DIETIECHIONS ..ottt 96
Composite Beam Design t0 BS 5950 ...t ssssssesss s sssssees 96
Design Method (Composite Beams: BS 5950) .......ocvininineireineineiseiseieeiecisessseseeisecssesesenane 96
Construction stage design ChECKS ... sssesaes 97
Composite stage deSiGN ChECKS ...t sasesaes 97
Ultimate Limit STat@ ChECKS.......o.oieirieeeereeeetse ettt sesnss 97
Serviceability Limit State CheCKS ..ot 98
Construction stage design (Composite Beams: BS 5950).......cccovmrinrrnrinrinriineineeresseinninns 98
Section classification (Composite Beams: BS 5950).......cccourimrirminrieriieenssnesesiesisssesssessssessnns 98
Member strength checks (Composite Beams: BS 5950) .......cocoeeunemeneeneineeinerineeneeseiecisesenenene 99
Lateral torsional buckling checks (Composite Beams: BS 5950).......ccccouvrrrrrrrenrenrerneeresennnnn. 99
Deflection checks (Composite Beams: BS 5950) .......cccoevrrinrinrineinernniensisneissiessssssssssssssssssssssens 99
Composite stage design (Composite Beams: BS 5950).........ccouunimimenienneinecneeneeseeecereceneenne 100
Equivalent steel section - Ultimate limit state (ULS) (Composite Beams: BS 5950).......... 100
Section classification (ULS) (Composite Beams: BS 5950) ......cccoovnremrinrernrernrnererneneeeseseseseeene 100
Member strength checks (ULS) (Composite Beams: BS 5950)........cccoeemerermeuneerneeneeneerecenenns 100
Shear connectors (ULS) (Composite Beams: BS 5950).......cccccuvrrimenrrrninsrneensinessesssessssssesenses 102
Section properties - serviceability limit state (SLS) (Composite Beams: BS 5950)............ 103
Stress checks (SLS) (Composite Beams: BS 5950).......ccoomirrinrnninninninrinsisssisesssssssseessssseseeens 104
Deflection checks (SLS) (Composite Beams: BS 5950) ......coccoerumriunmrenreinneeineiieeiiseieesisssessssieees 104
Natural frequency checks (SLS) (Composite Beams: BS 5950).........ccocccmmrumrinmrinrienneinreereeinnes 105
Web Openings (Composite Beams: BS 5950).........ccvrrrimrinrernrinniensinsssssssssssssssssssssssssssssssssssssssses 105
Circular Openings as an Equivalent Rectangle............coucnrncenecnncenennecenesieceneniecens 105
Properties Of TEE SECHIONS ...t ssssessssse s s s s ssssesssssesseneses 105

viii



Reference Guide - British Standards

Design at CONSTIUCTION STAGE ...ttt ssenss 105
Design at COMPOSILE STAGE ..cvuuveieeieeieieeie ettt sttt nss e 106
DETIECLIONS ..ottt et 106
Steel Column Design tO BS 5950....... it ssssssssssssssssssssssssssssssssssssssssssssens 107
Design method (Columns: BS 5950).......cciririinninsiesissessssssssssssssssssssssssssssssssssssssssssssssssssssssens 107
Ultimate Limit State (Strength) (Columns: BS 5950) .......ccccovmmnineereireineieseeiireseneiseieeeeees 107
Classification (COIUMNS: BS 5950) ... ioeeeeeeeeeeeeeeeeseeeeeeeeseseeseesesesesssssessesesssesssssssesssesssessssees 107
Shear Capacity (ColumNS: BS 5950) ......ooooirirrririrniseiesissssssisssssssssssssssssssssssss s ssssssessssssssssssens 108
Moment Capacity (ColumMNS: BS 5950) ..ot sssssssessssssssssssss s ssseseees 108
Axial Capacity (COlUuMNS: BS 5950) .......covuiiurierrireiniieieseesssisseisessssssssssesssssssssssssssssssssssssssssssssssssssanes 109
Cross-section Capacity (Columns: BS 5950).......cc.crrnrinninsiiesisssssssessssssssssssssssssssssssssssens 110
Ultimate Limit State (Buckling) (Columns: BS 5950) .......cccveuureuneineeinerineeneieeineeisesesesssessecsenes 110
Lateral Torsional Buckling Resistance, Clause 4.3 (Columns: BS 5950)......cccccccvvvvrinrrrneennce. 110
Lateral Torsional Buckling Resistance, Annex G (Columns: BS 5950)........cccccovvvrvrrrnrerneennns 111
Compression Resistance (Columns: BS 5950) ... seesssssssssssesens 112
Member Buckling Resistance, Clause 4.8.3.3.2 (Columns: BS 5950) .......ccccovvveenrerrinrrrneeens 112
IMPOITANT NOTE ...ttt 113
Member Buckling Resistance, Clause 4.8.3.3.3 (Columns: BS 5950) .......ccccoeeneenernernernecunns 113
Serviceability limit state (Columns: BS 5950) ..ot ssse e 113
Steel Brace Design t0 BS 5950........ e ssesssessssssssssssssssssssssssssssssssssssssans 114
Design Method (Braces: BS 5950) ..ot sisesisesssesseessesssesssesssessssssesssesssssssssssssesans 114
Classification (BraCes: BS 5950) ... eieeeeeeeeeeeeeeeeeeeeeeeeeseesseeessesessessseesesssssessssessssesssesssesssessseas 114
Axial Tension (Braces: BS 5950)........eeeeeeeeeeeeeieeeee e esessss s sssssssasssssssssssssssssssasssnans 114
Axial Compression (Braces: BS 5950) ... ssssssssssssssssssssssssssssssssssssssssssssssssses 114
Compression Buckling (Braces: BS 5950)........cccvuueueineeireineieeieeinesesessseisessesssesssesssssssssesssesssssaes 115
Steel Single, Double Angle and Tee Section Design to BS 5950.......cccocounenineeneenecenecnenneenn. 115
Design Method (Angles and Tees: BS 5950) ......cc.ovumerrinrerniernieneinsieessesssssssssssssssssssssssssssssssssssens 115
Angle and Tee Limitations (BS 5950) .......cccoeuueierieeireiiseiseieeisesisesssesssessesssesssesssessssssesssessssssssseses 115
Section Axes (Angles and Tees: BS 5950) ...t sssesssesssessesssesssesens 116
Design Procedures (Angles and Tees: BS 5950) .......ccovurrrrnrinrineinsiesinsesnssssssssssssssssssssssssnses 117
ClasSifiCatioN CRECKS ...ttt 117
AXIAl TENSION CRECK ...ttt 117
AXial COMPIESSION CHECK ......couciiiceice ettt ssse et 117
SNEAT CNECK ..ottt sttt 117
MOMENT CNECK ..ottt bbbt 118
Combined bending and axial ChECK ...t saseeees 119



Table of Contents

Lateral torsional BUCKIING CRECK. ...t sss s 119
Combined BUCKIING ChECK ... 120
Deflection Of SINGIE ANGIES ...ttt 120
REFEIENECES (BS 5950) ...ttt sttt sttt s s st sss s sssassenassssassenasssnaees 121



Analysis Verification Examples

A small number of verification examples are included in this section. Our full automatic test
suite for the Solver contains many hundreds of examples which are run and verified every
time the Solver is enhanced.

These verification examples use Sl units unless otherwise stated.

1st Order Linear - Simple Cantilever

Problem Definition

A 4 long cantilever is subjected to a tip load of 20,000.

P=-20,000
El = 8.44x10°
GA = 5.86x107
- L=4 -
T, -~
Assumptions
Flexural and shear deformations are included.
Key Results
Result Theoretical Theoretical Solver %
Formula Value Value Error
Support -P 20,000 20,000 0%
Reaction
Support Moment PL -80,000 -80,000 0%
Tip Deflection pp3 . pI -0.0519 -0.0519 0%
3EI G4
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Conclusion

An exact match is observed between the values reported by the solver and the values
predicted by beam theory.

1st Order Linear - Simply Supported Square Slab

Problem Definition

Calculate the mid span deflection of an 8x8 simply supported slab of 0.1 thickness under
self-weight only. Take material properties E=2x10"", G=7.7x10" and p=7849.

o =
R — S
NN NN, o
N P
& _—
& 4
Assumptions

A regular triangular finite element mesh is used with sufficient subdivision. Flexural and shear
deformation is included, and the material is assumed to be isotropic.

Key Results

The mid-span deformation is calculated using Navier's Method.

Result Theoretical Value | Comparison 1 Solver %
Value Error
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Mid-span 7.002x10°3 6.990x10° 7.031x10°3 0.43%
deflection

Mid Span 23616 23708 23649 0.14%
Moment

Conclusion

An acceptable match is observed between the theoretical values and the solver results. An
acceptable match is also observed between the solver results and those obtained
independently.

1st Order Linear - 3D truss

Problem Definition

Three truss members with equal and uniform EA support an applied load of -50 applied at
the coordinate (4, 2, 6). The start of each truss member is fixed and are located at (0, 0, 0), (8,
0, 0) and (0, 6, 0) respectively. Calculate the axial force in each element.

/”‘x. .AK
4,000 - . 4.000
’_,_,e" - ‘o
{;.Dm . : /)“*xa o0
Ny s N
3 . >
]
6.000
. /

Key Results
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The results for this problem are compared against those published by Beer and Johnston and
against another independent analysis package

Result Beer and Comparison 1 Solver %
Johnston Value Error
(0,0,0)-(4,2,-6) 10.4 10.4 10.4 0%
(8,0,0)-(4,2,-6) 31.2 31.2 31.2 0%
(0,6,0)-(4,2,-6) 22.9 22.9 22.9 0%
Conclusion

An exact match is observed between the values reported by the solver those reported by
Beer and Johnston.

1st Order linear - Thermal Load on Simply Supported Beam

Problem Definition

Determine the deflection, U, due to thermal expansion at the roller support due to a
temperature increase of 5. The beam is made of a material with a thermal expansion
coefficient of 1.0 x 10™.

a=1.0x107 ’/ ;.
L=10

— e
= =

Assumptions

The roller pin is assumed to be frictionless.

Key Results

Result Theoretical Theoretical Solver %
Formula Value Value Error
Translation at U=AT xaxL 5x10* 5x10* 0.0%
roller
Conclusion

An exact match is shown between the theoretical result and the solver result.
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1st Order Nonlinear - Simple Cantilever

Problem Definition

A 4 long cantilever is subjected to a tip load of 20,000.

P=-20,000
El = 8.44x10°
GA = 5.86x107
- L=4 -
o -~
Assumptions
Flexural and shear deformations are included.
Key Results
Result Theoretical Theoretical Solver %
Formula Value Value Error
Support Reaction -P 20,000 20,000 0%
Support Moment PL -80,000 -80,000 0%
Tip Deflection -0.0519 -0.0519 0%

Conclusion

An exact match is observed between the values reported by the solver and the values
predicted by beam theory.

1st Order Nonlinear - Nonlinear Supports

Problem Definition

A 10 long continuous beam is simply supported by three translational springs as shown. All
springs have a maximum resistance force of 500. Calculate the reaction forces and deflection
at each support.
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P =-1000
El = 1.35x10°
ﬁ/ =— % Kspg = 1x10°
P I_:5 - I_:5 - FspEZSBU
T - ~
Assumptions

Axial and shear deformations are ignored.

Key Results

Result Comparison Solver
1 Value
LHS Reaction 250 250
Centre Reaction 500 500
RHS Reaction 250 250
LHS Displacement -0.025 -0.025
Centre Displacement -0.797 -0.797
RHS Displacement -0.025 -0.025
Conclusion

An exact match is shown between the solver and the independent analysis package.

1st Order Nonlinear - Displacement Loading of a Plane Frame

Problem Definition

Calculate the reaction forces of the plane moment frame shown below with the applied
displacement U.



Reference Guide - British Standards

L=144
< =
A
Fl =5.0112 x 107

-
1l
= EA = 1.440 x 107
I

A

A U=-05

Assumptions

All elements are constant and equal El. Axial and shear deformations are ignored; to achieve
the former analytically the cross sectional area was increased by a factor of 100,000 to make
axial deformation negligible.

Key Results

Results were compared with two other independent analysis packages.
Result Comparison 1 Comparison 2 Solver
Value
LHS Vertical 6.293 6.293 6.293
Reaction
LHS Moment -906.250 -906.250 -906.250
Reaction
RHS Vertical -6.293 -6.293 -6.293
Reaction
Conclusion

An exact match is shown between the solver and the two independent analysis packages.

2nd Order Linear - Simple Cantilever

Problem Definition

A 10 long cantilever is subjected to a lateral tip load of 45 and an axial tip load of 4000.
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Q=-45

<—— P =-4000

L =10 El = 2.5x10°

N

-
T,

Assumptions

Shear deformations are ignored. Results are independent of cross section area; therefore any
reasonable value can be used. Second order effects from stress stiffening are included, but
those caused by update of geometry are not. The beam is modelled with only one finite
element, (if more elements had been used the result would converge on a more exact value).

Key Results

Results were compared with an independent analysis package.

Result Comparison Solver
Value
Tip Deflection -0.1677 -0.1677
Base Moment -1121 -1121
Reaction
Conclusion

An exact match is observed between the values reported by the solver and the values
reported in “Comparison”.

2nd Order linear - Simply Supported Beam

Problem Definition

Determine the mid-span deflection and moment of the simply supported beam under
transverse and tensile axial load.

W =1 /unit length

VAV VWV

L=10

= T
e -~
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Assumptions

Shear deformations are excluded. Results are independent of cross section area; therefore
any reasonable value can be used. The number of internal nodes varies from 0-9.

Key Results

The theoretical value for deflection and moment are calculated as:

Yoar = —0.115 =

1 U?
4 - Y
cosh U 1+
384E] i 4
24 u

wl? 2(coshU —1)

Mgy = —0.987 = ——X

U? cosh U
Where U is a variable calculated:
No. internal Solver Deflection Error Solver Moment Error
nodes Deflection % Moment %
1 -0.116 0.734% -0.901 8.631%
3 -0.115 0.023% -0.984 0.266%
5 -0.115 0.004% -0.986 0.042%
7 -0.115 0.001% -0.986 0.013%
9 -0.115 0.000% -0.986 0.005%
Conclusion

As the element is subdivided the result converges to the correct theoretical value.

Reference

Timoshenko. S. 1956. Strength of Materials, Part Il, Advanced Theory and Problems. 3rd
Edition. D. Van Nostrand Co., Inc. New York, NY.

2nd Order Nonlinear - Tension Only Cross Brace

Problem Definition

Calculate the axial forces of the elements a-e shown in the 5x5 pin jointed plane frame
shown below. Elements d and e can resist tensile forces only.




Analysis Verification Examples

Assumptions

All elements are constant and equal EA. A smaller value of EA will increase the influence of
second order effects, whereas a larger value will decrease the influence.

Key Results

Under the applied loading element e becomes inactive. The theoretical formulas presented
below are obtained using basic statics. Note that a positive value indicates tension. These
results assume no 2" order effects; this requires the value of EA to be sufficiently large to
make the 2" order effect negligible.

Result Theoretical Theoretical Solver %
Formula Value Value Error
a 0 0 0 0
b -P -100 -100 0
c -P -100 -100 0
d p.f2 141.42 141.42 0
e 0 0 0 0
Conclusion

An exact match is observed between the values reported by the solver and the values
predicted using statics. A 1** order nonlinear analysis can be used, with any section sizes, to
confirm this result without second order effects.

10
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2nd Order Nonlinear - Compression Only Element

Problem Definition

Calculate the reaction forces for the compression only structure shown below.

P=1000——>

“« & A

Assumptions

All elements are constant and equal EA, and can resist only compressive forces

Key Results

Under the applied loading the element on the left becomes inactive, therefore all applied
loading is resisted by the support on the right.

Result Theoretical Theoretical Solver
Formula Value Value
LHS Reaction 0 0 0
RHS Reaction -P -1000 -1000
Conclusion

An exact match is observed between the values reported by the solver and the theoretical
values.

1st Order Vibration - Simply Supported Beam

Problem Definition

Determine the fundamental frequency of a 10 long simply supported beam with uniform El
and mass per unit length equal to 1.0.

El=100
L=10

=
T

e

Assumptions

11
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Shear deformations are excluded. The number of internal nodes varies from 0-5. Consistent
mass is assumed.

Key Results

The theoretical value for the fundamental frequency is calculated as:

T

w = 0.9870 = (E

With m is the total mass of the beam.

No. internal Solver % Error
nodes Value
0 1.0955 10.995%
1 0.9909 0.395%
2 0.9878 0.081%
3 0.9872 0.026%
4 0.9871 0.011%
5 0.9870 0.005%
Conclusion

As the element is subdivided the result converges to the correct theoretical value.

1st Order Vibration - Bathe and Wilson Eigenvalue Problem

Problem Definition

A 2D plane frame structure has 10 equal bays each measuring 6.096m wide and 9 stories
3.048m tall. The column bases are fully fixed. All beams and columns are the same section,
which have a constant mass/unit length equal to 1.438. Calculate the first three natural
frequencies (in Hz) of the structure under self-weight.

12
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+ El = 1.785x10°

EA =5.765 x10°

Assumptions

Shear deformations are excluded. Each beam/column is represented by one finite element.
Consistent mass is assumed.

Key Results

The results for this problem are compared with those published by Bathe and Wilson and
against an independent analysis package.

Mode Bathe and Comparison Solver

Wilson Value

1 0.122 0.122 0.122

2 0.374 0.374 0.375

3 0.648 0.648 0.652
Conclusion

The results show a good comparison with the original published results and against the
other analysis packages.

References

Bathe, KJ. and E.L. Wilson. 1972. Large Eigen Values in Dynamic Analysis. Journal of the
Engineering Mechanics Division. ASCE Vol. 98, No. EM6. Proc. Paper 9433. December.

2nd Order Buckling - Euler Strut Buckling

Problem Definition

A 10 long simply supported beam is subjected to an axial tip load of P.

13
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El =100
<—FP

=
T

Assumptions

N

Shear deformations are excluded. The number of internal nodes varies from 0-5.

Key Results

The theoretical value for the first buckling mode is calculated using the Euler strut buckling

formula:

With P = -1.0 the following buckling factors are obtained

No. internal Solver % Error
nodes Value
0 12.000 21.59%
1 9.944 0.75%
2 9.885 0.16%
3 9.875 0.05%
4 9.872 0.02%
5 9.871 0.01%
Conclusion

As the element is subdivided the result converges to the correct theoretical value.

2nd Order Buckling - Plane Frame

Problem Definition

Calculate the buckling factor of the moment frame shown below.

14
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El =100

Assumptions

All elements are constant and equal El. Axial deformations are ignored; to achieve this the
cross section area is set to 1000. The number of elements per member is varied between 0
and 5.

Key Results

The theoretical buckling load is calculated by
(kL)*EI

Py = 6242 =—

where

6h
kL tan(kL) = 1.249 = —

Which can be solved using Newtons method and five iterations

No. internal Solver % Error
nodes/member Value
0 6.253 0.17%
1 6.243 0.01%
2 6.242 0.00%
3 6.242 0.00%
4 6.242 0.00%
5 6.242 0.00%

15
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Conclusion

A good match is shown between the solver and theory. The discrepancy decreases as the
level of discretization is increased.

References

Timoshenko, S. and J. M. Gere. 1961. Theory of Elastic Stability. 2nd Edition. McGraw-Hill
Book Company.
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British Standards Loading

This handbook provides a general overview of how loadcases and combinations are created
in Tekla Structural Designer when a British Standards (BS) head code is applied. The

Combination Generator for BS loading is also described.

Load Cases (BS)

Loadcase Types (BS)

The following load case types can be created:

Loadcase Calculated Include in the Imposed Load Pattern
Type Automatically Combination Reductions Load
Generator
self weight yes/no yes/nol N/A N/A
(beams,
columns and
walls)
slab wet yes/no N/A N/A N/A
slab dry yes/no yes/no N/A N/A
dead N/A yes/no N/A N/A
imposed N/A yes/no yes/no yes/no
roof imposed N/A yes/no N/A N/A

17
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wind N/A yes/no N/A N/A
snow N/A yes/no N/A N/A
snow drift N/A yes/no N/A N/A
temperature N/A N/A N/A N/A
settlement N/A N/A N/A N/A
seismic N/A yes N/A N/A

As shown above, self weight loads can all be determined automatically. However other
gravity load cases have to be applied manually as you build the structure.

Self Weight (BS)

Self weight - excluding slabs loadcase

Tekla Structural Designer automatically calculates the self weight of the structural
beams/columns for you. The Self weight - excluding slabs loadcase is pre-defined for this
purpose. Its loadcase type is fixed as “Selfweight”. It can not be edited and by default it is
added to each new load combination.

Self weight of concrete slabs

Tekla Structural Designer expects the wet and dry weight of concrete slab to be defined in
separate loadcases. This is required to ensure that members are designed for the correct
loads at construction stage and post construction stage.

The Slab self weight loadcase is pre-defined for the dry weight of concrete post
construction stage, its loadcase type is fixed as “Slab Dry".

There is no pre-defined loadcase for the wet weight of concrete slab at construction stage,
but if you require it for the design of any composite beams in the model, the loadcase type
should be set to “Slab Wet".

Tekla Structural Designer can automatically calculate the above weights for you taking into
account the slab thickness, the shape of the deck profile and wet/dry concrete densities. It
does not explicitly take account of the weight of any reinforcement but will include the
weight of decking. Simply click the Calc Automatically check box when you create each
loadcase. When calculated in this way you can’t add extra loads of your own into the
loadcase.

If you normally make an allowance for ponding in your slab weight calculations, Tekla
Structural Designer can also do this for you. After selecting the composite slabs, you are able
to review the slab item properties - you will find two ways to add an allowance for ponding
(under the slab parameters heading). These are:

* as a value, by specifying the average increased thickness of slab

18
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* or, as a percentage of total volume.

Using either of these methods the additional load is added as a uniform load over the whole
area of slab.

Imposed and Roof Imposed Loads (BS)

Imposed Load Reductions

Reductions can be applied to imposed loads to take account of the unlikelihood of the
whole building being loaded with its full design imposed load. Reductions can not however
be applied to roof imposed loads.

Imposed loads are only automatically reduced on:

 Vertical columns (both RC and steel)

 Vertical walls (RC)
Tekla Structural Designer does not automatically apply imposed load reductions to floors. For
concrete beams and slabs it is however possible to define the level of imposed load
reduction manually via the beam/slab item properties.
This is particularly relevant for the design of transfer beams/slabs:

* The imposed load reduction for beams, slabs and mats is intended to work with loads
applied from columns acting on the beam or slab when the slab is acting in transfer or
for a mat foundation supporting a column. (The theory being that if you want to design
the columns for the reduced axial load, you should also design the supporting member
for the reduced axial load applied by the column.)

The engineer would need to work out the reduction of the axial load in the column and
apply this as a the reduction percentage, i.e. if the raw axial load in the column is T00kN
and the reduced load is 60kN, the reduction is 40%. You would than apply the 40%
reduction to the transfer beam/slab or mat as well.

The reduction is not applied to loads for analysis - it is a post-analysis process which
does not affect the analysis results. It does not get applied solely to the imposed load
applied directly to the beam or slab panel, but instead is applied to the design moment
used in the beam/slab or mat design process.

Wind Loads (BS)

The BS6399-2 Wind Wizard

The Wind Wizard used for automatic wind loadcase generation is fully described in
the Wind Modelling Engineer’s Handbook.

The Wind Wizard is run to create a series of static forces that are combined with other
actions due to dead and imposed loads in accordance with BS6399-2:1997.

19
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The following assumptions/limitations exist:-
* The shape of the building meets the limitations allowed for in the code.
* It must be a rigid structure.
* The structure must be either enclosed or partially enclosed.

* Parapets and roof overhangs are not explicitly dealt with.

For further information on the wind loading capabilities of Tekla Structural Designer refer to
the Wind Modelling Engineer’s Handbook.

Simple Wind Loading

If use of the Wind Wizard is not appropriate for your structure then wind loads can be
applied via element or structure loads instead.

Combinations (BS)

Once your load cases have been generated as required, you then combine them into load
combinations; these can either be created manually, by clicking Add... - or with the
assistance of The Combinations Generator, by clicking Generate...

A For BS codes we are assuming that the wind load applied in manually defined
combinations, or via the combination generator, satisfies the minimum
horizontal load requirement (BS5950 Cl 2.4.2.3 (1% of factored dead load) and
BS8110 Cl 3.1.4.2 (1.5% characteristic dead weight)).

If this is not the case, i.e. the wind load is less than the minimum proportion of
dead load specified in the code, then the user needs to consider manually
creating a minimum horizontal load combination.

Manually Defined Combinations (BS)

As you build up combinations manually, the combination factors are automatically adjusted
as load cases are added and removed from the combination.

Notional Horizontal Forces (NHFs) (BS)

NHF's are automatically derived from the loadcases within the current combination, their
magnitude being calculated in accordance with BS5950 cl 2.4.2.3 as 0.5% of the factored
vertical load that passes through any beam/column intersection in the structure.

A BS8110 cl 3.1.4.2 has a requirement for notional horizontal load “NHL” This does
NOT equate to the NHF requirement described above. The calculation of “NHL” as
defined in BS8110 is beyond scope in the current version of Tekla Structural
Designer.

They are applied to the structure in the building directions 1 and 2 as follows:

« NHF Dir1+

20
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« NHF Dir1-
« NHF Dir2+
« NHF Dir2-

The net result is that any combination is able to have up to 2 Notional Loads applied within it
- one from Dir1 (+ or -) and one from Dir2 (+ or -). Note however that Dir1+ can not be
added with Dir1- (and similarly Dir2+ can not be added with Dir2-).

The Combinations Generator (BS)

Accessed via the Generate... button, this automatically sets up combinations for both
strength and serviceability.

Combination Generator - Combinations

The first page of the generator lists the combinations applicable (with appropriate strength
factors).

The following basic load combinations are created:-
* 1.4(Dead) + 1.6(Imposed or Snow)
* 1.2(Dead) + 1.2(Imposed or Snow) + 1.2 (Wind)
* 1.0(Dead) + 1.4(Wind)

A Temperature and settlement load case types not included in the Generator at all -
these have to be added manually.

The combination names are generated automatically.

Combination Generator - Service

This page indicates which combinations are to be checked for serviceability and the factors
applied.

The following basic load combinations are created:-
* 1.0(Dead) + 1.0(Live or Snow)
* 1.0(Dead) + 0.8(Live or Snow) + 0.8(Wind)
* 1.0(Dead) + 1.0(Wind)

Combination Generator - NHF

The last page is used to set up the notional horizontal forces. You can specify NHF's and
factors in each of four directions. For each direction selected a separate NHF combination
will be generated.

Any combination with wind in is automatically greyed.

Click Finish to see the list of generated combinations.
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Combination Classes (BS)

Having created your combinations you classify them as either Gravity Combinations, Lateral
Combinations, Seismic Combinations, or Vibration Mass Combinations and also (where applicable)
indicate whether they are to be checked for strength or service conditions, or both.

A If generated via the Combinations Generator they are classified for you
automatically.

You also have the option to make any of the combinations inactive.

22
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Introduction to BS8110 Design

This handbook describes how BS 8110-1:1997 (Ref. 1) is applied to the design of concrete
members in Tekla Structural Designer.

Unless explicitly noted otherwise, all clauses, figures and tables referred to are from BS 8110-
1:1997

Within the remainder of this guide BS 8110-1:1997 is referred to as BS8110.

Beam Design to BS 8110

Limitations and Exclusions (Beams: BS 8110)

The following general exclusions apply:
 Bundled bars.

* Design for minor axis bending and shear.

* Design for axial forces.

» Beams with a ratio of clear span/effective depth < 2.0 are classified as deep beams and
“Beyond Scope”

Materials (Beams: BS 8110)

Concrete

Only normal weight is included in this release. (Lightweight concrete is excluded).

23
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Introduction to BS8110 Design

The reinforcement options are:

* Loose reinforcing bars,

* Loose reinforcing bars bent to form links.

Slender Beams (Beams: BS 8110)

The clear distance between restraints is taken as below;

For simply supported or continuous beams:*

Clear distance between restraints < MIN [60*b., 250*b?./d]

For cantilevers with lateral restraints only at support:

Clear distance between restraints < MIN [25*b. or 100*b?%./d]
where
bc = breadth of the compression face of the beam,

effective depth of beam

ABS 8110-1:1997 3.4.1.6

Cover to Reinforcement (Beams: BS 8110)

The greatest nominal cover is selected derived from:

1. Bar Size'- The nominal cover to all steel should be such that the resulting cover to main
bar is not less than the size of the main bar.

Chom, [0}

where

¢
biink

\Y

& - Piink

maximum diameter of bar in longitudinal reinforcement

diameter of link

2. Fire Resistance’- For fire protection the values given in Table 3.4 of BS 8110-1:1997
ensure that fire resistance requirements are satisfied.
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A The BS8110 “Environmental Conditions” and “Fire Resistance” provisions are not
implemented in the current version of Tekla Structural Designer.

3. Nominal maximum size of aggregate —*

The nominal cover should be not less than the nominal maximum size of the aggregate

hagg

Cnom,hagg 2 hagg

Nominal limiting cover to reinforcement:

Cnomlim = MAX [Crom, o hagg]

A minimum value for the nominal cover, Crom, v, is set by the user with the following default

values;

Nominal cover from top surface of beam, cnom,u,top Default value: 30.0mm
Nominal cover from bottom surface of beam, cnom,ubot Default value: 30.0mm
Nominal cover from side face of beam, Cromuside Default value: 30.0mm
Nominal cover from end surface of beam, Chomu,end Default value: 30.0mm

The nominal limiting cover depends on the diameter of the reinforcement, and the nominal
covers to be used for design and detailing purposes are given by;

Nominal limiting cover to reinforcement from the side face of a beam;

Cnom,lim,side

MAX[btop - Piink, Pbot - dlink, dside - plink, hagg]

Nominal limiting cover to reinforcement from the top face of a beam;

Cnom,lim,top

MAX[top - d)link, hagg]

Nominal limiting cover to reinforcement from the bottom face of a beam;

Cnom,lim,bot

MAX[dbot - d)link, hagg]

Nominal cover to reinforcement from the end of a beam;

Chom,lim,end

and where

Drop
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oot = maximum diameter of the longitudinal reinforcing bar nearest to the
bottom surface of the beam

Dside = the diameter of the longitudinal reinforcing bar nearest to the side of the
beam

If Chomu < Cnomim @ Warning is displayed in the calculations.
1. BS8110-1:1997 3.3.1.2

2. BS8110-1:1997 3.3.6, Table 3.4

3. BS8110-1:1997 3.3.1.3

Design Parameters for Longitudinal Bars (Beams: BS 8110)

For each of these parameters, the user defined limits (specified in Design Options > Beam
> Reinforcement Settings) are considered in addition to any BS 8110 recommendations.

Minimum Distance between Bars

To allow you to make decisions regarding access for concrete compaction or size of
aggregate, a value for the minimum clear distance between bars is specified in Design
Options > Beam > Reinforcement Settings - separate values being set for bars in the top
of the beam and for those in the bottom of the beam.

The minimum clear horizontal distance between individual parallel bars, scmin, is given by;"

Scl,min 2 MAX[hagg + Smm, S(:I,u,min]
where
Nage = maximum size of coarse aggregate

user specified minimum clear distance between bars

Scl,u,min

The minimum clear vertical distance between horizontal layers of parallel bars, Sc,min, i given
by;

Sclmin > 2hagg/3

IF

[0) > hagg+ 5mm,

THEN

Scl,min > [0)

where

¢ = the maximum diameter of bar
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Maximum Spacing of Tension Bars

When the maximum crack width is limited to 0.3mm and nominal cover to reinforcement
does not exceed 50 mm,

Scl,max < 47000/f; < 300mm

where

Scl,max = maximum clear horizontal distance between bars in tension

fs = the design service stress in the tension reinforcement of a
member?

fs = (5*fy *As req)/(8*As prov) * (1/8b)

As req = required area of tension reinforcement

As prov = provided area of tension reinforcement

6y = (moment at the section after redistribution) / (moment at the

section before redistribution)

ABS 8110-1:1997 equation 8

A In Tekla Structural Designer when designing to BS 8110 the value of crack width is
limited to 0.3mm.

Minimum Area of Reinforcement

The minimum area of longitudinal tension reinforcement, As,min, is given by;A
a) For rectangular sections:

As,min

v

0.0024*b*h (For fy, = 250 N/mm?)

v

As min 0.0013*b*h (For f, =500 N/mm?)

b) For flanged beams, web in tension:

i) bu/b < 0.4
As min > 0.0032*by*h (For fy, =250 N/mm?)
As min > 0.0018*by*h (For f, =500 N/mm?)
ii) bu/b = 0.4
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As min > 0.0024*by*h (For f, = 250 N/mm?)
As,min 2> 0.0013*bw*h (FOf'fy = 500 N/mmz)

c) For flanged beams, flange in tension:

i) T beam
Asmin > 0.0048*b,*h (For f, = 250 N/mm?)
A min >  0.0026*by*h (For f, = 500 N/mm?)
ii) L beam
Asmin > 0.0036*by,*h (For f, = 250 N/mm?)
As min > 0.002*by*h (For f, =500 N/mm?)

A4 BS 8110-1:1997 3.12.5.3, Table 3.25
The minimum area of longitudinal compression reinforcement, A, i, is given by;
a) For rectangular sections:

As min > 0.002*b*h (For fy, = 250 N/mm?)

v

A min 0.002*b*h (For f, =500 N/mm?)
b) For flanged beam:

i) Flange in compression

A min > 0.004*b*hs (For f, = 250 N/mm?)

v

7
As ,min

0.004*b*hs (For f, =500 N/mm?)

ii) Web in compression

A min > 0.002*by*h (For fy, = 250 N/mm?)

A min > 0.002*by*h (For f, =500 N/mm?)

where

b = breadth of section

bw = breadth or effective breadth of the rib for T or L section, average

breadth of the concrete below the flange
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fy = characteristic strength of reinforcement
h = overall depth of the cross-section of a reinforced member
hs = depth of flange

A The minimum percentage of reinforcement is given in Table 3.25 of BS 8110-1:1997
for fy 250 Mpa and 500 Mpa. For other grades linear interpolation is
applied.

Maximum Area of Reinforcement

The maximum area of longitudinal tension reinforcement, A; .., is given by?

As max < 0.04*A

The maximum area of longitudinal compression reinforcement, A’ ., is given by;

A max < 0.04*A.

where

A = the cross sectional area of the beam
= h*b (For rectangular section)
= h*by (For flanged section)

1. BS 8110-1:1997 3.12.11.1
2. BS 8110-1:1997 3.12.6.1

Side Reinforcement in Beams (Beams: BS 8110)
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Tension fage

To control cracking in beams with a total depth > 750mm, side bars are provided in the side
faces of the beam."

Minimum diameter of bars in side of beam?, Qs

Psb 2 (sv* b/ f,)°

Where

Sp = bar spacing £ 250mm

b = breadth of section

IF

b > 500mm

THEN

b = 500

£y = Characteristic strength of reinforcement

The diameter of the bar to be used is subject to qualification by the user therefore;

d)Sb = MAX[d)sb, d)sb,min]

The maximum spacing of side reinforcement bars’ sp, max < 250mm

The distribution of these bars is over a distance of two-third of the beam's overall depth
measured from its tension face.

The number of side bars in each vertical face of the beam is given by;
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[d'(h/3)]/5b, max

>

&

o
1

where

o
1}

effective depth of the tension reinforcement

1. BS8110-1:1997 3.12.11.2.6
2. BS8110-1:1997 3.12.5.4

3. BS8110-1:1997 3.12.11.2.6

Effective Depth of Section (Beams: BS 8110)

For the design of the longitudinal tension reinforcement, the effective depth of a section, d is
defined as the distance from the extreme concrete fibre in compression to the centre of
gravity of the longitudinal tension reinforcement.

For the design of the longitudinal compression reinforcement, the effective depth in
compression, d' is defined as the distance from the extreme fibre in compression to the
centre of gravity of the longitudinal compression reinforcement.

Compression

Reinforcement al _ Bew: Coomt

F = £y 1 F T -
b B I I H ] —a O O o
- —r | | +
* & @ .I f 1 s o o O O
Cof G . ‘ | Cof G
of bars of bars
Q Q L=
h c.| d " h | d“
=] [ o o
Cof G Cof G
of bars of bars .
o o O O * & & @
LI — o oo t p r_t
W G 1
s nom.b I— Compression
Reinforcement
Tension Reinforcement in Bottom of Baam Tension Reinforcement in Top of Beam

Design for Bending (Beams: BS 8110)

A Although BS 8110-1:1997 permits the limited redistribution of the elastic global
analysis bending moments at ultimate limit state (ULS) in beams this is beyond
scope in the current release of Tekla Structural Designer.
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Design for Bending for Rectangular Sections (Beams: BS 8110)

Calculate the value of K from;
K = M/ (fou*b*d?)

Then calculate the limiting value of K, known as K’ from;

K’ = (0.156)

where

M = design ultimate moment

feu = characteristic strength of concrete

b = width or effective width of the section

IF K £ K’ THEN compression reinforcement is not required.
Calculate the lever arm, z from;

z = MIN{d*[ 0.5 + (0.25 — (K/0.9))** ] ,0.95*d}
Calculate the depth to neutral axis, x from;

X = (d-z)/0.45

The area of tension reinforcement required, Asreqd is then given by;
As reqd = M/(0.87*f,*z)

IF K> K’ THEN compression reinforcement is required.

The area of compression reinforcement, A’ is then given by;

A = (K=K’) fw*b*d?/ (fs (d- d))
Where
A/ = area of compression reinforcement
d' = depth to the c of g of compression reinforcement
fs = compression stress in steel
= 0.87*f, if d’/d <0.5*{1 - (f,/800)}
= Es*ec*{1- (2d'/d)} if d’/d > 0.5*{1 - (f,/800)}*
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Where
Es = the elastic modulus for steel = 2*10° N/mm?
€ = strain in concrete at the outermost compression fibre = 0.0035

Calculate the lever arm, z from;
z = MIN{d*[0.5 + (0.25 — (K’/0.9))%>], 0.95*d}
The total area of tension reinforcement required is given by;

As reqd = (K’*fcu*b*dz) / (087*fy*2) +AS

4 Book of A.H.Allen “Reinforced Concrete Design To BS 8110" section 5.2.2

Design for Bending for Flanged Sections (Beams: BS 8110)

IF hi < 0.1*d THEN treat the beam as rectangular.

h¢ = MIN(htside1, hiside2)
where
he sidei = the depth of the slab on side “i” of the beam

Calculate the value of K from?;

K = M/(feu*bes*d?)

Calculate the lever arm, z from;

z = MIN{d*[ 0.5 + (0.25 — (K/0.9))**],0.95*d}
Calculate the depth of neutral axis x, from;

X = (d-z)/0.45

The depth of the rectangular compression stress block, a is given by;

0.9%x

Q
1]

IF a < hf THEN the rectangular compression block is wholly in the depth of the flange and the section
can be designed as a rectangular section by setting by = bes.

Compression reinforcement is required if K> K’'.

IF a > hs THEN the rectangular compression block extends into the rib of the flanged section and the
following design method is to be used.
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NOTE: It is assumed that if thickness of flange (hs) is less than 0.1*d then the beam will be treated as
rectangular.

Calculate the value of 8¢ as below;

Bs {0.45*(h¢/d)*(1 — (bw/berr)*(1 — (hi/2*d))} + {0.15*( bu/ber)}®
Calculate the moment of resistance of the section as below;

Mg = B¢* feu*besr*d?

Calculate the value of K

K = M/ (fcu*beff*dz)

Calculate the limiting value of K, known as K’

K’ = 0156
IF

M < Mg,hi<0.45*d and K < K’

THEN

As = {M+(0.1%fy*by*d)*(0.45%d — he)} / (0.87*f,*(d — 0.5%hy))¢
ELSE

The ultimate resistance moment of the flange, Mt is given by;

Mg = (0.67* feu/ym) *he* (be-bw) * (d-0.5*hy)
Where
Ym = partial safety factor for concrete in flexure = 1.5°

The remaining design moment is taken by the web M., is given by;
My = M - M

Calculate the value of K, from;

Kuw = (Mu)/(few*buw*d?)

Then calculate the limiting value of Ky, known as K’ from;

K’ = (0.156)
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IF Ky, £ K’ THEN compression reinforcement is not required.
Calculate the lever arm, z from;

z = MIN{d*[ 0.5 + (0.25 — (Kw/0.9))%*],0.95*d}

The area of tension reinforcement required is then given by;

As reqd = [Ms/(0.87* f;* (d—0.5% hy))] + [Mw / (0.87* £,*2)]
Calculate the depth to the neutral axis, x from;

X = (d-z)/0.45

IF K, > K’ THEN compression reinforcement is required.

The ultimate resistance moment of the web only, My is given by;

Muw = K’ *feu*by*d?

The compression reinforcement is required to resist a moment of magnitude My, - Muw

The area of compression reinforcement, A’ is then given by;

As' = (Mw - Muw) / (fs (d' d'))

Where

fs = compression stress in steel
= 0.87*f, if d’/d <0.5*%{1 — (f,/800)}
= Es*e*{1- (2d’/d)} if d’/d > 0.5*{1 — (f,/800)}

Calculate the lever arm, z from;
z = MIN{d*[0.5 + (0.25 — (K’/0.9))°>], 0.95d}
Calculate total area of tension reinforcement from;

As’reqd = [Mf/(0.87* fy* (d - 0.5* hf))] + [Muw/ (0.87*fy*z)] + As’
ABS 8110-1:1997 3.4.4.1
B BS 8110-1:1997 3.4.4.5 equation 2

€ BS 8110-1:1997 3.4.4.5 equation 1
b BS 8110-1:1997 Table 2.2

Design for Shear (Beams: BS 8110)
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Design Shear Resistance (Beams: BS 8110)

The design value of the shear resistance of a concrete section with vertical shear
reinforcement, Vmax is given by;

Vimax = MIN{(0.8*(fu)>>*b,*d),(5*b,*d) 24

where

by = breadth of section (for a flanged beam this is taken as the average width of the rib below
the flange.)

d = effective depth of section

IF

VEd,max < Vimax

where

VEd,max = the maximum design shear force acting anywhere on the beam

THEN the shear design process can proceed.

ELSE the shear design process FAILS since the section size is inadequate for shear. No further shear calculations
can be carried out in the region under consideration and a warning is displayed.

ABS 8110-1:1997 3.4.5.2

The design value of the shear resistance of a concrete section with no shear reinforcement, v BBisgivenby;
Ve = [0.79*%{100*A/(b,*d)}**(400/d)®% / Ymcl * (b *d)* (fou/25)”

If value of f., exceeds more than 40, it is taken as 40 in the above formula.

where
(400 /d)*®» > 0.67 (for members without shear reinforcement)
(400 /d)*®» > 1 (for members with shear reinforcement providing a design shear

resistance of > 0.4 N/mm?)
0.15 < 100*A/(by*d) < 3
where

A = area of longitudinal tension reinforcement which continues for a distance at least
equal to “d” beyond the section being considered.
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Yme = partial safety factor of concrete in shear strength without shear reinforcement = 1.25

BS 8110-1:1997 3.4.5.4 Table 3.8
BS 8110-1:1997 Table 2.2

N w >

IF

Vregion < 0.5* V.

Where Viegion = maximum design shear force in the particular region

THEN provide nominal shear reinforcement over the full length of the span®
IF

0.5* Ve < Vregion < (Ve + (0.4%b,*d))

THEN provide minimum shear reinforcement over the full length of the span as specified below;

(Asv/ Sv)min,shear > (0.4*by) / (0.87 f,)

where

Asy = total cross-section of links at the neutral axis, at a section
fw = characteristic strength of links (f,y < 500 N/mm?)

Sy = spacing of the links along the member

IF

(Vc + (0.4*bv*d)) < Vregion S Vmax
THEN provide design shear reinforcement in the form of links

(Asv/ Sv)design,shear 2 (Vregion - Vc) / (087 fyv*d)

o 0 W

BS 8110-1:1997 Table 3.7

Minimum Area of Shear Reinforcement (Beams: BS 8110)

The minimum diameter of link ¢dwmin is given by;

For beams without compression reinforcement;
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(bw,min = MAX[6mm, wa,min,u]

For beams with compression reinforcement;”

bw,min = MAX[% of Gcomp,max, 6MM, Gu,min,ul

where

bw,min,u = minimum diameter of link specified by user

®comp,max = the maximum diameter of the compression reinforcement

The nominal area of shear reinforcement required, As, nominal iS given by

Asv, nominal = MAX[ASV, Asv,min,u]

where

As, = actual area of shear reinforcement by considering the spacing of the shear
reinforcement along the longitudinal axis of the beam with minimum diameter of the
||nk d)w,min

Asw,min,u = the total minimum area of the shear reinforcement calculated from data supplied by
the user i.e. maximum spacing across the beam, minimum link diameter and number
of legs

Area of two-legged link is given by;

Asv = 2*(T[* ¢w,min2/4)

ABS 8110-1:1997 3.12.7.1

Spacing of Shear Reinforcement (Beams: BS 8110)

The longitudinal spacing, s, between the legs of shear reinforcement is given by;

In case of nominal shear

Sv,min,u < Sv < Sv,max,uA
In case of minimum and design shear

Suminu < Sv < MIN(0.75%d, Sy,maxu) ®

where

Sv,max,u = the maximum longitudinal spacing specified by the user
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Sy,min,u = the minimum longitudinal spacing specified by the user

If compression reinforcement is required for bending, the longitudinal spacing, s, between the
legs of shear reinforcement is given by;<

In case of nominal shear

Syminu £ Sy £ MIN[12*®bcomp,min , Sv,max,u]

In case of minimum and design shear

Suminu < Sy < MIN{MIN[0.75*d, 12*dbcomp,min] , Sv,max,u}

where

®comp,min = the minimum diameter of the compression reinforcement
If torsional reinforcement is required, spacing between links is given by,

Suminu < Sy £ MIN{MIN[x1, 0.5*y1, 200 mm], Sy, max.u}

The transverse spacing, s: between the legs of shear reinforcement is given by;°

St S MlN[d, 300 mm, St'max,u]
where
St,max,u = the maximum link leg spacing across the beam specified by the user

The horizontal spacing between vertical leg of link and longitudinal tension bar should not exceed
150mm.

A BS 8110-1:1997 3.4.5.5
EBS 8110-1:1997 3.4.5.5
C€BS 8110-1:1997 3.12.7.1
b BS 8110-1:1997 3.4.5.5

Design for Torsion (Beams: BS 8110)

The torsional shear stress of rectangular sections is given by;”

Vit = Z*T/ {hzmin*(hmax_ (hmln/3))}

A BS 8110-2:1985 2.4.4.1
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A In Tekla Structural Designer, for flanged sections the un-flanged rectangular cross

section is considered when checking torsion.

Maximum torsional shear stress (w) is given by;*4

For sections where y; <550 mm

Vi = MIN[0.8*(fe®), 5 N/mm?] * y1/550
IF
Vi < Vtu

THEN the torsion design process can proceed.

ELSE the torsion design process FAILS since the section size is inadequate for torsion.

Maximum combined shear stress (shear plus torsion — v + v) is given by

For sections where y; 2 550 mm

Vtu = MlN[O.S*(fcuo'S) ’ 5 N/mmz]
IF
V+ Vy < Viu

THEN the torsion design process can proceed.

ELSE the torsion design process FAILS since the section size is inadequate for torsion.

where

Viu = maximum combined shear stress (shear plus torsion)
V1 = larger centre-to-centre dimension of rectangular link
v = design shear stress at a cross section

Minimum torsional shear stress of a section is given by;=2

Vi, min = MIN[0.067*(fc.*°), 0.4 N/mm?]
IF
Vi < Vi, min
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THEN torsion reinforcement is not required.

ABS 8110-2:1985 2.4.5
B BS 8110-2:1985 2.4.6

Based upon shear and torsional shear stress, reinforcement for Shear and Torsion is calculated as below;¢
IF

v < (ve+0.4) and vt < Vg min

THEN minimum shear reinforcement is provided and no torsion reinforcement.

IF

v < (ve+0.4) and vt > Vi min

THEN designed torsion reinforcement is provided not less than minimum shear reinforcement

IF

v> (ve+ 0.4) and vt < Vi, min

THEN designed shear reinforcement is provided and no torsion reinforcement.

IF

v> (vc+0.4) and vt > V¢, min

THEN designed shear reinforcement and designed torsion reinforcement is provided.

Torsion reinforcement is provided in terms of 2 legged closed stirrups and longitudinal reinforcement.
Area of 2 legged closed links is given by;

A, > T* s,/ 0.8*x1*y1 (0.87*f,)

Spacing of 2 legged closed links is given by

Sv = MIN[x1, 0.5*y; , 200 mm)E

F

Area of longitudinal torsion reinforcement is given by;"

As > Asv* fyv (X1 + yl) / (SV*fY)
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* This reinforcement is in addition to that required for shear or bending.

/\_The code states that “Longitudinal torsion reinforcement should be distributed evenly round
the inside perimeter of the links. The clear distance between these bars should not exceed 300mm
and at least four bars, one in each corner of the link, should be used. Additional longitudinal
reinforcement required at the level of tension or compression reinforcement may be provided by
using larger bars than those required for bending alone.”

o >

€ BS 8110-2:1985 2.4.6 Table 2.4
b BS 8110-2:1985 2.4.7
EBS 8110-2:1985 2.4.8
EBS 8110-2:1985 2.4.7

Deflection Check (Beams: BS 8110)

The deflection of reinforced concrete beams is not directly calculated and the serviceability
of the beam is measured by comparing the calculated limiting basic span/effective depth
ratio L/d

The following table gives basic span/effective depth ratio for rectangular and flanged beams
for spans up-to 10 m.

Support Rectangular Flanged beam with | Flanged beam with

Conditions Section b./b < 0.3 b./b > 0.3

Cantilever 7 5.6 Linear interpolated
value between 7 and
5.6

Simply 20 16 Linear interpolated

Supported value between 20 and
16

Continuous 26 20.8 Linear interpolated
value between 26 and
20.8

For spans exceeding 10 m values in the above table are multiplied by (10/Span) except for

cantilevers where the design is justified by calculations.?

For beams with tension reinforcement, the basic values of L/d are multiplied by using the
modification factor;

Modification
factor® (MFy)

= MIN[0.55+{(477 —£) / (120*(0.9 + (M/bd?)))}, 2.0]
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where

fs

design ultimate moment at the centre of the span or, for a cantilever, at the support
width or effective width of the section or flange in the compression zone

effective depth of the tension reinforcement

the design service stress in the tension reinforcement®

5/8*(fy*As req) / As prov* 1/6b

NOTE: As pointed out in Reynolds RC Designers Handbook the term 5/8 which is applicable for yms = 1.15 is given
incorrectly as 2/3 in BS 8110 which is applicable to yms = 1.05

fy

As req

As prov

By

characteristic strength of reinforcement

area of tension reinforcement required at mid-span to resist the moment due to design
ultimate loads (at support for cantilevers)

area of tension reinforcement provided at mid-span (at support for cantilevers)

ratio of moments, after and before redistribution

NOTE: As redistribution is not implemented, 8 = 1.

For beams with compression reinforcement, the basic values of L/d is multiplied by using the modification factor;2

Modification
factor (MF.)

where

’
As prov

A BS 8110-1:1997 3.4.6.4

MIN[{1 + ((100*As'prov)/(b*d))} / { 3 + (100* A prov)/ (b*d)}, 1.5]

provided area of compression reinforcement

EBS 8110-1:1997 3.4.6.5 Table 3.10 equation 7
€ BS 8110-1:1997 3.4.6.5 Table 3.10 equation 8
D BS8110-1:1997 3.4.6.6 Table 3.11 equation 9

Column Design to BS 8110

Limitations and Exclusions (Columns: BS 8110)
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The provisions of clause 3.8 are applied to all members that have been defined as columns.
(Compression members whose greater overall dimension exceeds four times their smaller
dimension should be defined as walls.)

The following general exclusions also apply:
* Seismic loading and design,

» Consideration of fire resistance. [You are however given full control of the minimum
cover dimension to the reinforcement and are therefore able to take due account of fire
resistance requirements.],

* Lightweight concrete,

» Chamfers,

Multi-stack reinforcement lifts.

Materials (Columns: BS 8110)

Concrete

Only normal weight is included in this release. (Lightweight concrete is excluded).

Reinforcement
The reinforcement options are:
* Loose reinforcing bars,

* Loose reinforcing bars bent to form links.

Cover to Reinforcement (Columns: BS 8110)

The nominal concrete cover is the distance between the surface of the reinforcement closest
to the nearest concrete surface (including links and surface reinforcement where relevant)
and the nearest concrete surface.

——p——————— —_—
Crom

=

AJ Longitudinal
Link diameter, &, —m=l |-e—d reinforcement
diameter, ¢
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You are required to set a minimum value for the nominal cover, chom, v, for each column in the
column properties.

These values are then checked against the nominal limiting cover, Chomim Which depends on
the diameter of the reinforcement and maximum nominal aggregate size, hagg (specified in
Design Options > Column > General Parameters).

If Chomu < Cnomiim then a warning is displayed in the calculations.

Design Parameters for Longitudinal Bars (Columns: BS 8110)

For some of the longitudinal reinforcement design parameters, additional user defined limits
can be applied - where this is the case minimum and maximum values are specified in
Design Options > Column > Reinforcement Layout.

Minimum Longitudinal Bar Spacing

The minimum clear horizontal distance between individual parallel bars, sqmin, is given by;"

Scl,min > MAX[hagg + 5mm, Sci,u,min]

where

Page = maximum size of coarse aggregate

Sel,u,min = user specified minimum clear distance between bars
IF

(o) > hagg + 5mm,

THEN

Scl,min > (I)

where

[0) = the maximum diameter of bar

Minimum Longitudinal Total Steel Area

If N > O (i.e. compression)
Asimin = 0.4% * column area

Else
Asimin = 0.8% * column area (For f, = 250 N/mm?2)
Asimin = 0.45% * column area (For f, = 500 N/mm?2)

Maximum Longitudinal Total Steel Area
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Asimax = 8% * column area
1. BS8110-1:1997 3.12.11.1

Ultimate Axial Load Limit (Columns: BS 8110)

The ultimate axial load carrying capacity N, for a column may is obtained as below:

N = 0.4%fo *Ac + 0.75* A *f,2

Where

Ac = net cross-sectional area of concrete in a column
feu = characteristic strength of concrete

Asc = area of vertical reinforcement in a column

fy = characteristic strength of reinforcement

A BS 8110-1:1997 equation 38

Effective Length Calculations (Columns: BS 8110)

Clear Height

The clear height is the clear dimension between the restraining beams at the bottom of the
stack and the restraining beams at the top of the stack. The clear height may be different in
each direction.

If, at an end of the stack, no effective beams or flat slab to include are found, then the clear
height includes the stack beyond this restraint, and the same rules apply for finding the end
of the clear height at the end of the next stack (and so on).

Effective Length

The effective length, . is calculated automatically - you also have the ability to override the
calculated value.

lo = B, A2
where

lo = clear height between end restraints
B = effective length factor

A BS 8110-1:1997 3.8.1.6.1 equation 30
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The value of B may is obtained from the following equations:

For braced columns:

B = MIN [(0.7 + 0.05*(0lc,1 + Qc,2)), (0.85 + 0.05*Qt,min), 1.0]2

For unbraced columns:

B = MIN [(1.0 + 0.15* (0,1 + 0c2)), (2.0 + 0.3*ate,min)]<

where

Oc,1 = ratio of the sum of the column stiffnesses to the sum of the beam
stiffnesses at the lower end of a column

Olc,2 = ratio of the sum of the column stiffnesses to the sum of the beam
stiffnesses at the upper end of a column

Olc,min = MIN [ac,l, ac,Z]

A

B BS 8110-2:1985 2.5.5
CBS 8110-2:1985 2.5.6

In specific cases of relative stiffness the following simplifying assumptions may be used:

a) Flat slab construction — The beam stiffness is based on an equivalent beam of the width
and thickness of the slab forming the column strip.

b) Simply supported beams framing into a column - o is taken as 10

c) Connection between column and base designed to resist only nominal moments - o is
taken as 5
(e.g when the base of the column is pinned)

d) Connection between column and base designed to resist column moments - o. is taken as
1.00

Column Stack Classification (Columns: BS 8110)

Slenderness ratio

The slenderness ratio, A, of the column about each axis is calculated as follows:

A« = lex / h
)\y = Iey/ b
where
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Ax = slenderness ratio about major axis (x axis)
Ay = slenderness ratio about minor axis (y axis)
h = larger dimension of the column

b = smaller dimension of the column

For a braced column®

effective height in respect of major axis (y axis)

effective height in respect of minor axis (z axis)

)
<
]

IF Axand A, <15
Column is considered as short
Else

Column is considered as slender

For an unbraced column®
IFAcand A, <10

Column is considered as short
Else

Column is considered as slender

If column is slender in any direction the additional moments will be induced by the lateral
deflection of the loaded column.

ABS 8110-1:1997 3.8.1.3
B BS8110-1:1997 3.8.1.3

limiting slenderness ratio

The limiting value of slenderness ratio Aim is calculated as below:
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For a braced or unbraced columns®

lo /b 60

IA

For an unbraced column, if in any given plane one end is unrestrained (e.g a cantilever
column)®

lo /b < MIN[60, 100*b / h]
Where
lo = clear height between end restraints

If the slenderness ratio (lo/b) exceeds the limiting value calculated above then the column
design process FAILS.

A BS 8110-1:1997 3.8.1.7
EBS 8110-1:1997 3.8.1.8

Design Moment Calculations (Columns: BS 8110)

Minimum Eccentricity

Even though only axial load is considered for the design of column, an allowance must be
made for the axial load acting at a nominal eccentricity.

At no section in a column should the design moment be taken as less than that produced by
considering the design ultimate axial load as acting at a minimum eccentricity emin

The minimum eccentricity emin is calculated as below:*

€minx = MIN [0.05*h, 20mm)]

€min,y = MIN [0.05*b, 20mm]

Where

€minx = minimum eccentricity along major axis (x axis)
€miny = minimum eccentricity along minor axis (y axis)

The design moment due to minimum eccentricity is calculated as below:

My emin,x = minimum eccentricity moment about major axis (x axis)
= N*emin,x
My emin,y = minimum eccentricity moment about minor axis (y axis)
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N*emin,y

A BS 8110-1:1997 3.8.2.4

Short columns

The design ultimate moment of braced short or unbraced short column at top, bottom and
mid-fifth span of column is obtained as below:

M

My

MAX [Mx,analysis, Mx,emin,x]

MAX [My,analysis, |\/Iy,emin,y]

Slender columns

Additional Moments for Slender Columns:

For braced slender column it is necessary to consider additional moments induced by the
lateral deflection of the loaded column.

The additional moment are obtained as below:

Madd
Where
Qay

oy

ay
Where
Ba

bl

Where

P

Nbal

N*a, 2

deflection of a rectangular or circular column at ULS
B.*K*h If column bends about major axis (x axis)

B.*K*b If column bends about minor axis (y axis)

(1/2000)*(le/b")*
smaller dimension of column, except for biaxial bending

reduction factor that corrects the deflection to allow for the influence of axial load

MIN [(Nu: = N)/( Nuz = Npar), 1]

design ultimate capacity of a section when subjected to axial load only
0.45*f *Ac + 0.87*f,*Asc

design axial load capacity of a balanced section
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0.25* fo,*b*h for symmetrically —reinforced rectangular section®

0.196* f,,*d? for circular sectiont

Note: Value of Ny for all section shapes can be correctly obtained by interaction curve. Values stated above for
rectangular and circular section can be used for checking guidance only.

Where

Ac = net cross-sectional area of concrete in a column
Asc = area of vertical reinforcement in a column

feu = characteristic strength of concrete

fy = characteristic strength of reinforcement

A BS 8110-1:1997 equation 35

5 BS 87110-1:1997 equation 34

€ BS 8110-1:1997 equation 33

b BS 8110-1:1997 3.8.1.1

E Reynolds's Reinforced Concrete Designer's Handbook - 171th Edition, Section 3.22

Design for Combined Axial and Bending (Columns: BS 8110)

Tekla Structural Designer designs the column for an applied axial force and applied bending
about one or both axes of the section. In the case of bi-axial bending, a resultant moment is
created for the combination of the applied moments.

An iterative approach is applied determined from first principles. This involves the calculation
of the neutral axis position (rotation and depth) at which the ratio of the moment limits in
each direction is equal to the ratio of the applied moments and the resultant axial resistance
of the section is equal to the applied axial force.

When the final neutral axis angle has been found, the program then compares the resultant
applied moment with the resultant moment resistance to find the moment utilization ratio:

V(M?major) + (M?minor) / V(M’major,res) + (M?minor,res) < 1.0

where

M major = Moment about the major axis

M minor = Moment about the minor axis

M major,res = Moment of resistance about the major axis
Mminor res = Moment of resistance about the minor axis

Design for Shear (Columns: BS 8110)
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Design Parameters for Shear Design

For some of the shear design parameters, additional user defined limits can be applied -
where this is the case minimum and maximum values are specified in Design Options
> Column > Reinforcement Layout.

Maximum Span Region Shear Link Spacing

@umax = MIN[ 12 * smallest compression bar, user defined maximum link spacing]

Design of Column Shear Reinforcement

Column shear reinforcement design is described as below:

A) Calculate Design Shear Stress:

The design shear stress is calculated as follows (to be done parallel to each axis):

Vi = Vi/ Ay

Where

Vi = highest shear force in the stack in this direction,
Ay = shear area parallel to the axis i.

B) Check Maximum Shear Capacity:

The maximum allowable shear stress on the section is given by,”

Vmax = MIN [08 * (fcu)o's, 5 N/mmz]
IF
Vi < Vmax (for each direction)

Then the section size is adequate for shear, and the links can be designed or checked.

ELSE the section size must be increased.

ABS 8110-1:1997 3.4.5.2

C) Check Section Nominal Shear Capacity

It must then be checked whether the nominal shear capacity of the concrete alone is enough
to resist the shear force applied. If so, then only nominal links will be used; otherwise the
links will be designed to resist shear.

vc = design concrete shear stress with no shear reinforcement

v = design concrete shear stress
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IF
Vi £ v¢' and M/N < 0.6* h'

Then the nominal confinement reinforcement [(Asw / S)nominal] is adequate.

ELSE shear reinforcement is provided as described below.

D) Nominal Shear Capacity Not Adequate (v > v

IF
vi<v/+0.4

Then provide minimum shear reinforcement as specified below,

(Asw / s) = MAX[0.4% by, / (0.87*fn), (Asw / S)ominall”

Else

(Asw / s); = MAX{(vi- ') * bui/ (0.87*n)}, (Asw / S)nominall®

Where

Asw = area of link provided,

s = required spacing between link centres,

bw,i = effective breadth of the section in direction J,

fw = characteristic strength of links (not to be taken more than 500 N/mm?)¢
(Asw / S)nominal = nominal confinement reinforcement at full span

4 BS 8110-1:1997 Table 3.7
8BS 8110-1:1997 Table 3.7
CBS 8110-1:1997 3.4.5.1

—_

1. BS 8110-1:1997 3.8.4.6

Wall Design to BS 8110

Tekla Structural Designer will design wall panels to resist axial load combined with shear and
bending in each of the two planes of the wall.

Limitations and Exclusions (Walls: BS 8110)
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The following general exclusions apply:
* Seismic design,

» Consideration of fire resistance. [You are however given full control of the minimum
cover dimension to the reinforcement and are therefore able to take due account of fire
resistance requirements],

* Lightweight concrete,

» Multi-stack reinforcement lifts.

Materials (Walls: BS 8110)

Concrete

Only normal weight is included in the current release. (Lightweight concrete is excluded).

Reinforcement

The reinforcement options are:
* Loose reinforcing bars,
* Mesh (Standard Meshes)

* Loose reinforcing bars bent to form links.

Cover to Reinforcement (Walls: BS 8110)

For 1 layer of reinforcement, the vertical bar is on the centre-line of the wall thickness, the
face of the horizontal bar is closest to the critical concrete face.

For 2 layers of reinforcement, the horizontal bars are placed outside the vertical bars at each
face.

The nominal concrete cover is measured to the face of the horizontal bar or any
link/confinement transverse reinforcement that may be present.

You are required to set a minimum value for the nominal cover, crom., for each wall in the
wall properties.

These values are then checked against the nominal limiting cover, Chomim Which depends on
the diameter of the reinforcement and maximum nominal aggregate size, hagg (specified in
Design Options > Wall > General Parameters).

If Chomu < Cnomiim then a warning is displayed in the calculations.

Vertical reinforcement (Walls: BS 8110)

For some of the vertical bar parameters, additional user defined limits can be applied - where
this is the case minimum and maximum values are specified in Design Options > Wall >
Reinforcement Layout.
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A In the following, the concrete area is the gross area of the general wall, or the gross

area of the mid zone if one exists.
For the end zone the design criteria for a reinforced concrete column element
applies.

Plain Wall Check

Before placing vertical reinforcement in the wall, the following checks are performed to
determine if the given section of wall can act potentially as a plain wall or not.

a) Check for stresses at the corner of a wall

If there are no tensile stresses developed in the wall it is in compression throughout and
check passes.

b) Check for bending utilization

Check the bending utilization is less than 10%
i.e Asc, required = 01 *00025* Ac = 000025* Ac (FOI’ fy=500 N/mmz)
Asc, requied = 0.1%0.003* Ac = 0.0003* Ac (For f,=250 N/mm?)

A The figure 10% stated above is not code dependent value, it is a matter of

engineering judgment.

) Check for limiting axial load
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Maximum design load per unit length of a plain wall is assessed from the following
equations:

i) Stocky braced plain walls —
nw < 0.3%h - 2*e,)*fe,’

Where

nw = maximum design ultimate load per unit length of plain wall

h = thickness of wall

fou = characteristic strength of concrete

e, = resultant eccentricity of load at right angles to the plane of the wall

ey,min = Minimum resultant eccentricity of load at right angles to the plane of the wall

= 0.05*h

eymax = Maximum resultant eccentricity of load at right angles to the plane of the wall =
0.5*h

i) Slender braced plain walls -

Nw = MIN [ 0.3%(h — 2*ey)*fcy , 0.3%(h — 1.2%e, — 2*e,)*fe?)

Where

e. = additional eccentricity due to deflections = (I2/h)*(1/2500)
le = effective height of wall
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iii) Stocky and slender un-braced plain walls —

nw = MIN [ 0.3%(h — 2*ey1)*f®, 0.3%(h — 2*(ey,2 + €a)}*feu’ ]
Where

e,1 = resultant eccentricity at the top of wall

ey2 = resultant eccentricity at the bottom of wall

d) Check for shear
Shear design procedure of plain walls is described as below:*
IF V < 0.25* ny, O Vayg < 0.45 N/mm?
Shear reinforcement is not required
ELSE
It is not a valid plain wall.

Where

V = horizontal design shear force due to ultimate loads
Vayg = average design shear stress = V/A,

A, = shear area

IF all the checks stated above (a, b, c and d) pass, the given section of wall is classified as
plain wall.

Reinforcement area for a Plain wall

The minimum vertical reinforcement area in a plain wall can be given as®
Asc/min = ﬂ/,lim,min*Ac = 0003* Ac (FOI’ fy:250 N/mmz) = 00025* Ac (FOI" fy:500
N/mm?)

A For intermediate values of fy, linear interpolation is applicable.

Reinforcement area for a RC wall
The following parameters control the vertical reinforcement area of RC wall,

Limiting minimum ratio of vertical reinforcement area to gross concrete area, puimmin
Limiting maximum ratio of vertical reinforcement area to gross concrete area, o,jimmax

The recommended values are:’

IF nw > 0 (i.e compression)
Total minimum area of vertical reinforcement, Ascmin = o, immin*Ac = 0.004*A.
Total maximum area of vertical reinforcement, Ascmax = ovimmax*Ac = 0.04*Ac
Where
A. = Gross area of the concrete wall
nw = The total design axial load on the wall due to design ultimate loads
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Where 2 layers are specified distributed equally to each face, this is a minimum of
0.002*A. placed at each face.
ELSE

Total minimum area of vertical reinforcement, Ascmin = o, limmin*Ac

= 0.008* A (For f,=250 N/mm?)

= 0.0045* A. (For f,=500 N/mm?)

In this case reinforcement should be placed in 2 layers.

A For intermediate values of fy, linear interpolation is applicable.

Total maximum area of vertical reinforcement, Ascmax = ovjimmax™Ac = 0.04* Ac

Spacing of vertical loose bars

Limiting minimum clear horizontal spacing of the vertical bars, sq, vmin is given by,

Sclv,min = MAX [hagg + 5mm, Scl,u,v,min ]
Where
hagg = maximum size of coarse aggregate

Sc,uvmin = User specified minimum clear horizontal distance between bars
Sdvmin= Minimum clear horizontal distance between bars

IF

¢ > hagg + 5mm,

THEN

Scly,min > O

Where

¢ = maximum diameter of vertical bar

You are also able to specify a limit for maximum spacing of vertical bars in the wall, Sciy,max
although this is not a BS code requirement.

If transverse link reinforcement is required, then there are further restrictions:?
All vertical compression bars should be enclosed by a link. No bar should be further than 200
mm from a restrained bar with an included angle of not more than 90°.

Check for vertical reinforcement when wall in tension
For RC wall —

In the wall properties a “Reinforcement layers” option is present in which user can set 1 or 2
layers.

If a single layer has been selected then it is necessary to check if the axial load acting on the
wall is tension or compression.

IF nw > 0 (i.e compression)
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Then, vertical reinforcement can be placed in single layer.
ELSE
Vertical reinforcement to be placed in double layers.™®

If the option of double layers have been selected then it is not necessary to check if the axial
load on wall is tension or compression.
1. BS 8110-1:1997 equation 43

2. BS8110-1:1997 equation 44

3. BS8110-1:1997 equation 45

A

BS 8110-1:1997 equation 46

5. BS8110-1:1997 cl 3.9.4.18

o

BS 8110-1:1997 cl 3.9.4.19

BS 8110-1:1997 Table 3.25

‘.\‘

‘.00

BS 8110-1:1997 cl 3.12.11.1

‘@

BS 8110-1:1997 cl 3.12.7.5

10. BS8110-1:1997 ¢l 3.9.3.5

Horizontal reinforcement (Walls: BS 8110)

For some of the horizontal bar parameters, additional user defined limits can be applied -
where this is the case values are specified in Design Options > Wall > Reinforcement
Layout.

Reinforcement area for a RC wall
The following parameters control the horizontal reinforcement area of RC wall,

Limiting minimum ratio of horizontal reinforcement area to gross concrete area, pnjim,min
Limiting maximum ratio of horizontal reinforcement area to gross concrete area, pniim max

Where the main vertical reinforcement is used to resist compression and does not exceed 2%
of the concrete area, at least the following percentage of horizontal reinforcement should be
provided, depending upon the characteristic strength of reinforcement.”

Minimum area of horizontal reinforcement, Ashmin = oh, limmin*Ac
= 0.003*A. (For f, = 250 N/mm?)
= 0.0025*A (For f, = 500 N/mm?)

Where
Ac= Gross area of the concrete wall
fy = Characteristics strength of reinforcement.
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A For intermediate values of fy, linear interpolation is applicable.

Asc > 0.02*Ac
THEN

Links are provided as per section Link/Confinement Reinforcement in addition to the above
requirement.’

Although not a BS code requirement, an additional check is performed for the maximum
area of horizontal reinforcement:

Asc,maxsh,max = pn,lim,max*Ac = 004*Ac

Diameter of horizontal bar

Minimum diameter of horizontal bar, ¢hmin = MAX [ 0.25*¢, , dhminu , 6 mm ]

Where
dv = maximum diameter of vertical bar
dhminu = minimum diameter of link specified by user

Spacing of horizontal loose bars
Limiting minimum clear vertical spacing of the horizontal bars, scnmin is given by, *
Scl,hmin = MAX [hagg + Smm, Scl,u,h,min]

Where

hagg = maximum size of coarse aggregate

Scuhmin = User specified minimum clear vertical distance between bars
Sdhmin = Minimum clear vertical distance between bars

IF
¢ > hagg + 5mm,

THEN
Scl,h,min > ¢

Where
¢ = diameter of horizontal bar

Although not a BS code requirement, an additional check is performed (as per the Eurocode)
for the maximum spacing of horizontal bars in wall.

Limiting maximum horizontal spacing, sahmax = MIN [ 3*h, 400mm ]

Reinforcement area for a Plain wall
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For a plain wall,
0<p,<0.004

The same bar limit checks that are performed for an RC wall are also performed for a plain

wall.
1. BS8110-1:1997 cl 3.12.7.4

2. BS8110-1:1997 cl 3.12.7.5

3. BS8110-1:1997cl 3.12.7.4

4. BS8110-1:1997 cl 3.12.11.1

Link/Confinement Reinforcement (Walls: BS 8110)

The confinement steel reinforcement provided in the form of link contributes to the shear
resistance.

It must be provided when the vertical area of reinforcement in the 2 faces exceeds 0.02*A’

Reinforcement area

There is no code requirement to satisfy.

Diameter of confinement reinforcement
Minimum diameter of link, dumin = MAX [ 0.25*¢y, 6 MM, dwminu 1°

Where
¢v = maximum diameter of vertical bar
dw,minu = Minimum diameter of link specified by user

It is expected that the maximum diameter of link, dw,max Will not be greater than the vertical
bar diameter.

(I)v,max < (I)v

Spacing of confinement reinforcement
The spacing of links, s, in horizontal direction is given by;
Svlmin,u S Sv S MIN [ Z*h, Zoomm ]

No vertical bar should be further than 200mm from a restrained bar, at which a link passes
round the bar with an included angle of not more than 90°

The spacing of links, s, in the vertical direction is given by;

Svlmin,u S S\/ S MIN [ Z*h ’ 16*¢V ’ Sv,max,u ]

Where
Syminu = the minimum link spacing specified by user
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Svmaxu = the maximum link spacing specified by user
¢ = maximum diameter of vertical bar

You are given control over these values by specifying upper and lower limits in Design
Options > Wall > Reinforcement Layout.

1. BS8110-1:1997 cl 3.12.7.5

2. BS8100-1:1997 cl 3.12.7.5

3. BS8100-1:1997 cl 3.12.7.5

Ultimate Axial Load Limit (Walls: BS 8110)

The axial resistance calculations for walls are the same as for columns. (See Column Design -

).

Effective Length and Slenderness Calculations (Walls: BS 8110)

The slenderness calculations for walls are generally the same as for columns. (See Column
Design - and).

Design Moment Calculations (Walls: BS 8110)

For each combination, a set forces are returned from one or more sets of analyses, in the
same way as for columns. For details, see: Column Design to BS8110> .

Design for Combined Axial and Bending (Walls: BS 8110)

These calculations are the same whether the design element is a column or a wall.
See Column Design - ).

Design for Shear (Walls: BS 8110)

The shear design calculations are the same whether the design element is a column or a wall.
See Column Design - ).

Slab Design to BS 8110

Limitations and Exclusions (Slabs: BS 8110)

The following general exclusions apply:

* Seismic design
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» Consideration of fire resistance. [You are however given full control of the minimum
cover dimension to the reinforcement and are therefore able to take due account of fire
resistance requirements]

* Lightweight concrete

Materials (Slabs: BS 8110)

Concrete

Only normal weight is included in the current release. (Lightweight concrete is excluded).

Reinforcement

The reinforcement options are:
* Loose reinforcing bars
* Mesh (Standard Meshes)

* Loose reinforcing bars bent to form links

Reinforcement Parameters (Slabs: BS 8110)

/; Top of Slab Top Cover Cromu.toz
T J ~— Top layer1dia = .
. L ® — Top Layer 2 dia = =2

h = Overall slab depth

° ° ® @< Bottom Layer 2 dia = frae
3 T

~ Bottom Layer 1 dia = @eou

\ Bottom of Slab Bottom COVEr Caam u ser

Note that when panel and patch reinforcement is considered in combination it is possible
that there will be more than one bar size used in a layer, so for the purposes of the
calculations in the sections below:

@Prop1 = the diameter of the largest longitudinal reinforcing bar in top layer 1 (the bars
nearest to the top surface of the slab)

¢Prop2 = the diameter of the largest longitudinal reinforcing bar in top layer 2

Pbor1 = the diameter of the largest longitudinal reinforcing bar in bottom layer 1 (the bars
nearest to the bottom surface of the slab)

Pborz = the diameter of the largest longitudinal reinforcing bar in bottom layer 2

Slab design will always consider a rectangular section of unit width:
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h
b

overall slab depth

unit width

for design the unit width of slab is 1m, and so the design cross section will always be a
rectangular section where b = 1000mm

Cover to Reinforcement (Slabs: BS 8110)

The nominal concrete cover is the distance between the surface of the reinforcement closest
to the nearest concrete surface (including links and surface reinforcement where relevant)
and the nearest concrete surface.

You are required to set a minimum value for the nominal cover, cyom,u , for each slab panel.
These values for top and bottom cover are specified in the Reinforcement properties section
of the slab panel properties.

This value is then checked against the nominal limiting cover, Cromiim Which depends on the
diameter of the reinforcement.

If Chomu < Cnomiim then a warning is displayed in the calculations.

Limiting Reinforcement Parameters (Slabs: BS 8110)

Limiting reinforcement parameters are specified in Design Options > Slab >
Reinforcement Layout.

The parameters applied to “flat slab” design are held separately to those for "beam and
slab” design.

Minimum and Maximum Loose Bar Diameter (Slabs: BS 8110)

Bar diameters are checked against the user defined minimum and maximum sizes specified
in Design Options > Slab > Reinforcement Layout.

Minimum Loose Bar Diameter

For “flat slab”:
QPmin = 8mm (default)

For "“beam and slab”:
Pmin = 8mm (default)
Maximum Loose Bar Diameter

For “flat slab”:
Pmin = 25mm (default)

For “beam and slab”:
Qmin = 16mm (default)
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Minimum Clear Spacing (Slabs: BS 8110)

The minimum clear horizontal distance between individual parallel bars, Sc,min, is given by;
Scimin 2 MAX[hagg + 5mm, Sci,umin]
where

hagg =maximum size of coarse aggregate (specified in Design Options > Slab > General
Parameters).

Saumin = user specified min clear distance between bars

The minimum clear vertical distance between horizontal layers of parallel bars, sc,min, is given
by;

Sclmin 2 Zhagg /3

If
@ > hagg + 5mm,

Then
Scl,min > P

Where

@ = maximum bar diameter

Maximum Spacing of Tension Bars (all slabs) (Slabs: BS 8110)

To control cracking in slabs, maximum values for clear spacing between bars are set out in
BS8110: Part 1, clause 3.12.11.2.7.

Bar spacings are checked against the user defined maximum spacings specified in Design
Options > Slab > Reinforcement Layout.

Minimum Area of Reinforcement (Slabs: BS 8110)

The minimum area of longitudinal tension reinforcement, Asmin, is given by;"
Asmin = MAX[0.0024 * b* h (for f, = 250N/mm?)
Asmin 2 MAX[0.0013 * b* h (for f, = 500N/mm?)
This minimum steel should be provided in both directions
Where,
b = breadth of section (taken as 1000mm)
fy = characteristic strength of reinforcement

h = overall depth of the cross-section of a reinforced member
1. BS 8110-1:1997 3.12.5.3, Table 3.25

Maximum Area of Reinforcement (Slabs: BS 8110)

The maximum area of longitudinal tension reinforcement, As max , is given by!
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As, max < 0.04 *Ac

where

Ac

the cross sectional area of the slab design section

h * b (consider b as 1000m)
1. BS 8110-1:1997 3.12.6.1

Basic Cross Section Design (Slabs: BS 8110)

Regardless of whether design is being carried out for a slab panel or a patch, a unit width of
slab is always designed for a known design force.

h
b

overall slab depth

unit width

for BS 8110 design the unit width of slab is Tm, and so the design cross section is a
rectangular section where b = 1000mm

Matching Design Moments to Reinforcement Layers

/; Top of Slab Top CoVer Cromu.tos
M A +— Top layer 1 dia = ¢
[ ] [ ] [ ] —

——— Top Layer 2 dia = @z

h = Overall slab depth

° ° ° @< Bottom Layer 2 dia = o
3 =

- Bottom Layer 1 dia = Beon

* Bottom of Slab Bottom COVEr Coom u sot

In any panel or patch potentially up to 4 sets of Design Bending Moments are established:

» Mdx-top - used to determine the reinforcement requirement of the x-direction bars in
the top of the slab.

* Mdy-top - used to determine the reinforcement requirement of the y-direction bars in
the top of the slab

» Mdx-bot - is used to determine the reinforcement requirement of the x-direction bars in
the bottom of the slab.

» Mdy-bot - is used to determine the reinforcement requirement of the y-direction bars in
the bottom of the slab.
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For each set of design bending moments, the effective depths d and d. are established -
taking account of the direction of the outer bar layer (as specified in the Reinforcement
properties section of the slab panel properties).

Design for Bending (Slabs: BS 8110)

For the design moment under consideration the appropriate effective depths d and d, are
calculated. The design is then basically the same as employed for the design of rectangular
beams

Calculate the value of K from;
K = Meo/(f*b*d?)

b = )1000mm
where
MEd = design ultimate moment
fcu = characteristic strength of concrete
b = width or effective width of the section

The limiting value of K, known as K" is:
K' =0.156

IF K < K" THEN compression reinforcement is not required.

Calculate the lever arm, z from;
z = MIN(d*[0.5 + (0.25 - (K/(O.9))0‘5], 0.95*d)

Calculate the depth to the neutral axis, x from;
x =(d-z)/0.45

The area of tension reinforcement required is then given by;
Astlreqd = MEd/(087 * fy*z)

IF K > K’ THEN compression reinforcement is required. This is beyond scope for the current
release.

Deflection Check (Slabs: BS 8110)

The span-effective depth check only applies to “Beam and Slab” panels. The basic principle is
the same as used for beams.
see: Deflection Check (Beams: BS8110)
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Punching Shear Checks (Slabs: BS 8110)

Punching shear limitations and assumptions (Slabs: BS 8110)

Arrangement of reinforcement and related checks (Slabs: BS 8110)

When working to the BS 8110 head code, all the relevant calculations are performed as to
evaluate both the strength of the slab under punching shear and estimate the required
amount of punching shear reinforcement if its use is found to be appropriate. However the
arrangement of this type of reinforcement around the loaded perimeter and any related
checks are still beyond scope at this stage.

Applicability of wall punching checks (Slabs: BS 8110)
Checks on walls are made but should be viewed with particular caution.

In particular there is some debate regarding the applicability of a punching check to a long
wall - the check doesn’t consider the potential for stress concentrations at the ends of the
wall.

Columns and Walls not perpendicular to slabs (Slabs: BS 8110)

BS 8110 only provides specific design guidance for rectangular columns which are
perpendicular to slabs. The program treats all columns and walls that are not perpendicular
to slabs as if they are for the punching areas developed.

This is conservative as the punching area/perimeter will be smaller than that for the angled
column or wall.

Loaded perimeter near slab edges (Slabs: BS 8110)

BS 8110 only provides specific design guidance for rectangular columns with this guidance
being further limited, for the case of edge and corner columns, to those cases where the
edge(s) of the slab coincide with the edge(s) of the column. In the program the equations for
other column shapes and scenarios are therefore obtained by modifying the equations. It is
considered that the modified equations result in either the correct perimeter length being
obtained or a conservative value i.e. an underestimate of the perimeter length.

Overlapping Perimeters (Slabs: BS 8110)

The calculations are beyond scope in the following situations:
* If two control areas touch then both areas are set to Beyond Scope.

* If an edge or corner area contains another column or wall then both areas are set to
Beyond Scope.

Punching shear perimeters (Slabs: BS 8110)
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Outer perimeter (12 penmeter
where no reinforcement is required)

1=t Slhcar
Perimeter

2ud ;i.nd subsequent penmeter
wheélre reinforcement is required
(noll: shown in graphics only
/ repdrted in calcs)

The following definitions apply

* Loaded perimeter - the perimeter of the loaded area eg face of column or wall or drop
panel

* 1st Shear Perimeter - the first punching shear perimeter - at 1.5d from the loaded
perimeter in BS8110

* 2nd, 3rd and subsequent Shear Perimeters - the subsequent punching shear
perimeters - at 0.75d intervals out from the 1st shear perimeter where reinforcement is
required

* Outer perimeter - the first shear perimeter in the above sequence (beyond the 1st
perimeter) at which the punching shear check passes with no reinforcement requirement

* Average effective depth d to the tension reinforcement d = (dy + dz) /2
where dy and dz are the effective depths in the two orthogonal directions. There is a
value of d for top steel and a different value for bottom steel. Note this definition
changes in the presence of a drop panel. This information is only available if the
reinforcement is known in each direction.

* Drop or Drop panel - a thickening of the slab (either up or down or both) local to a
column in a slab

Length of the loaded perimeter u0 (Slabs: BS 8110)

Loaded perimeter for Columns

The length of the loaded perimeter at the column face is calculated as determined below.
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Note - for columns which have a re-entrant corner, ie where an internal angle is greater than
180 degrees, the length of a side and the slab/column interface is adjusted as indicated in
the sketches below with the perimeter taken as the shortest distance around the column.

____________________________________

The following are the loaded perimeters for the possible column shapes. Each has a
bounding rectangle or circle to aid in the design calculations.

Note all columns shown at 0 deg orientation looking down on column - face A to the top of
each depiction.

Rectangular (D and B)

Face A
Y'T
D
z
>
B
uo=2x (D + B)

Bounding rectangle Dpound = D
Bounding rectangle Bbound = B

Bounding rectangle perimeter - Ugbound = 2 X (Dbound + Bbound)

Circular (D)

T

Up =X D
Bounding rectangle Dpound = D
Bounding rectangle Bbound = D

Bounding rectangle perimeter - Uobound = 2 X (Dbound + Bbound)

L section (D, B, Tu and Tv)

W Tw
>

T
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Uo =D + B +Ty + Tu + Sqrt((B-Tv)* + (D-Tw)?)
Bounding rectangle Dpound = D
Bounding rectangle Boound = B

Bounding rectangle perimeter - Uobound = 2 X (Dbound + Bbound)

T SeCtiOI'I (D, B, Tstem, Tflange and Dstem)
T'.'I-e'rn

¥ <~
Dv,roﬁ: x""
.Z D Ll Ez E ' . .
$ T ftange
B

Uo =B + ZXTfIange + Tstem + Sqrt ((Dstem2+(D‘Tstem)2) + Sqrt((B'Tstem'Dstem)z"'(D'Tstem)z)
Bounding rectangle Dpound = D
Bounding rectangle Bbound = B

Bounding rectangle perimeter - Uobound = 2 X (Dbound + Bbound)

C section (D, B, Tweb, Tiop flange and Tiottom flange)

Y
M
$Tt:p‘far;\e
z
D { } Toen
W @Vb\:m:wfarg-:
B
uo=2x(B +D)

Bounding rectangle Dpound = D
Bounding rectangle Boound = B

Bounding rectangle perimeter - Uobound = 2 X (Dbound + Bbound)

Elbow (D, B, T, angle)

s

¥

Uo =B+ D+ 2xT+ Sqrt((B + D x Sin(angle-90)-T x Cos(angle-90))? + (D x Cos(90-angle)
-T))

Bounding rectangle Dyound = D Sin(180-Angle) x T Cos(180-Angle)

Bounding rectangle Boound = B + D Cos(180-Angle)
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Bounding rectangle perimeter - Uobound = 2 X (Dbound + Bbound)
Trapezium (D, Buottom, Btop, angle)
Y ‘j &Buu%
z D
Angle

M
3

Boottom
Uo = Biop *+Bbottom + 2 X D / sin(Angle)
Bounding rectangle Dpound = D
Bounding rectangle Boound = Max(Bbottom, Btop)

Bounding rectangle perimeter - Uobound = 2 X (Dbound + Bbound)

| section (D, Btop. Bbottom, Tweb, Ttop flange, Thottom flange)

Y *—l
B'Ii};}
>
zZ T $ T!ur.l flange

o e
D ! S Tweb

i i
1

W ¢ Thattom flange

—
Ty

e
i

Bhnttnm
Uo = Bpottom + Btop +2X Sqrt(((Bbottom‘Btop)/z)2 + DZ) (apprOX)
Bounding rectangle Dpound = D
Bounding rectangle Buound = max(Boottom, Btop)

Bounding rectangle perimeter - Ugbound = 2 X (Dbound + Bbound)

Parallelogram (D.ngie, B, angle)

Y ‘—l
Dangle
7 Angle "
< >
B

Bounding rectangle Doound = D x sin(Angle)

Bounding rectangle Boound = B + Dangle X cOS(Angle)

Bounding rectangle perimeter - Uobound = 2 X (Dbound + Bbound)

Polygon (D, n) - n >4
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Uo =2 xnxD/2xsin (180/n)
Bounding rectangle Dpound = D
Bounding rectangle Bbound = D X cos (180/n)

Bounding rectangle perimeter - Ugbound = 2 X (Dbound + Bbound)

Loaded perimeter for Walls

The length of the loaded perimeter at the wall face may be calculated as determined below.

Rectangular (D and B)

vc—l 1[:_
z < B
uo=2x (D + B)

Bounding rectangle Dpound = D

W

Bounding rectangle Bbound = B

Bounding rectangle perimeter - Ugbound = 2 X (Dbound + Bbound)

Loaded perimeter for Point Loads
The length of the loaded perimeter at the point load may be calculated as determined
below.

Uo = 2 X (Dioad + Bioad)

Bounding rectangle Duound = Dioad

Bounding rectangle Boound = Bioad

Bounding rectangle perimeter - Ugbound = 2 X (Dbound + Bbound)

Additional Loaded perimeter drops

The additional loaded perimeter for a column/wall with a drop is defined by the perimeter of
the rectangular drop

Uodrop = 2 X Bdrop X Ddrop

The equivalent perimeter
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For all shapes of column and walls, the equivalent loaded perimeter -
* Dequiv = Dbound X Uo / Uobound

° Bequiv = Bobound X Uo / Uobound

v A - _ Equivalent loaded
‘_l \ﬁﬂnglhe perimeter (same
f -4 |ength perimeter)
z D : ) i T

e
-

The equivalent perimeter is used in these situations

* adjustment of the loaded perimeter length/shape uo for edge and corner columns/walls

e Reduction in Vi

The shear perimeters

For all shapes of column and walls, the shear perimeters -
* 1st, 2nd and subsequent shear perimeters (each 0.75d out from the previous)
* Dh = Dpound + 3xd + (n-1) x1.5xd
* Bh = Bpound + 3xd + (n-1)x1.5xd
e Uy =2xd + (Dn + Bp)

Where n is the number of the perimeter
The shear perimeter is used in the design calculations for punching shear for the design

shear stress.

Length of the shear perimeter un (Slabs: BS 8110)

Basic shear perimeter without drops
The length of the column/wall basic shear perimeter is the length as determined below.
For all internal column/wall shapes and point loads:
* 1st, 2nd and subsequent shear perimeters (each 0.75d out from the previous)
* Dn = Dbound + 3xd + (n-1)x1.5xd

* By = Bbound + 3xd + (n-1)x1.5xd
e Up=2xd+ (Dn + Bp)

Where n is the number of the perimeter

For all corner column/wall shapes and point loads:

uh=A+B+C

where
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for a rectangle
A = dist from centroid to edge along local y
B=ci/2+3xd+c/2

C = dist from centroid to edge along local z

A
e
B
_______é_____.l
1
z |
' I
s
|
I C
| |
|

For all edge column/wall shapes and point loads:
un=A+B+C
where

For a rectangle
A = dist from centroid to edge along local y or local z
B=c+2x3xd+c

C = dist from centroid to edge along local y or local z

B

-
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If a shear perimeter passes across a slab edge then only the perimeter length in the slab is
counted in un.

Note if a slab around a column/wall/point load changes depth, the thinnest slab and its
“d"” values above is used.

Modification of shear perimeters to take account of slab openings
(Slabs: BS 8110)

If any openings are present in the slab and if the nearest opening edge is not greater than
6d from the face of the column then the length of the loaded perimeter at the column face,
Uo, and the length of the shear perimeters, u,, are reduced to take account of the presence of
the opening(s) as indicated in the sketch below (fig. 3.18 from BS8110).

Opening
[a

User Modification of shear perimeters

If you want to consider the effect of openings, but do not want to place them in the slab, this
can be done by defining the following properties:

* Loaded perimeter reduction length (taken off ug)

* Shear perimeter reduction length (taken off uy)

User Limit on Vt factor for columns and walls (Slabs: BS 8110)

The 'User factor for Vt' can be used to set a user min value for the factor on V;
* for internal columns (both axes) = 1.15

» for edge columns moments about axis perpendicular to edge = 1.4

Pad and Strip Base Design to BS 8110

Pad and strip bases are designed to resist the applied forces and moments for the three
phenomena of bending, beam shear and punching shear.

Base calculations are performed in accordance with BS 8110-Part 1:1997 - Structural use of
concrete: Part 1. Code of practice for design and construction.
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Checks Performed (Pad and Strip Base: BS 8110)

The checks performed for both directions are:

* Max soil bearing pressure must not exceed allowable bearing pressure.

* Provided steel must be greater than As(min) for both vertical directions.

* Provided bar spacing must be inside the limiting spacing

* Provided bar size must be inside the limiting sizes

* Check for bending moment capacity

*» Check for shear capacity

* Punching check at column face

* Punching check at 0.25d, 0.5d, 0.75d, 1d,1.25d and 1.5d from column face
 Check for overturning forces - not in the current release

* Check for sliding

* Check for uplift

Foundation Bearing Capacity (Pad and Strip Base: BS 8110)

Check for Pad Base Bearing Capacity
Bearing capacity calculations are done by using service (soil) -combinations.

Total base reaction:

T = stt + FsoiI + FGsur + Fqur -P

Moment about X axis:

Mx,c = Mx,sup - p* €py - h* FVVSUP

Moment about Y axis:

Myc = Mysup+ P* epx +h* Fyoup

Where:

Lx = Length of foundation in X-direction
L, = Length of foundation in Y-direction
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A = Ly * L, = Foundation area

h = Depth of foundation

Nsoil = Depth of soil above the foundation

I = Length of column/wall in X-direction

ly = Length of column/wall in Y-direction

Ac = cross section of the column/wall segment

epx = offsetin X direction

epy = offsetinY direction

Pconc = density of concrete

Psoil = density of soil

Fowt = A *h* peonc = foundation self-weight

Fsoil = (A-AJ)*hsi™ psoil = soil self-weight

Fasur = (A-AJ)*scc = Dead load from surcharge

Fasur =  (A-AJ*scq=Imposed load from surcharge

SCe = Surcharge in dead load case - user input (kN/m?)
SCq = Surcharge in imposed load case - user input (kN/m?)
P = = axial load acting on support in SLS

Mysip = = Moment acting on support around X-axis in SLS
Mysse = =Moment acting on support around Y-axis in SLS
Fx,sup = Horizontal force acting on support X-direction in SLS
Fy,sup = Horizontal force acting on support Y-direction in SLS

Eccentricity of base reaction in X-direction:

eTx = My,c / T

Eccentricity of base reaction in Y-direction:

ety = My, / T
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If
abs(eTx) / Lx + abs(eTy) / Ly < 0.167

Then Base reaction acts within middle third - no loss of contact and:

Pad base pressures:

g1 = T/A-6* M/ (L*A) + 6* My / (Ly*A)
(o] = T/A-6* M/ (L*A) - 6* My / (Ly/*A)
a3 = T/A+6* M/ (L*A) + 6* My / (L, *A)
Qa = T/A+6* M/ (L*A) - 6* My / (L/*A)

Max base pressure:

Qmax = max (CIL g2, g3, q4)

Else base reaction acts outside middle third - loss of contact.

In this case the pressure calculations are more complex - in Tekla Structural Designer these
are done using sets of equations presented in an article by Kenneth E. Wilson published in
the Journal of Bridge Engineering in 1997.

Check for Strip Base Bearing Capacity

The principles used in the strip base bearing capacity calculations are similar to those for pad
foundations. Only the direction X is checked (around Y-axis) using segment widths.

Design bearing pressure:

If

abs(eTx) / Lx + abs(eTy) / < 0.167
Ly

Then - no loss of contact and

max base pressures for segment:

Qmax = T/A+max[-6* Myc/ (L*A), 6*Myc / (Lc*A)]

Else - loss of contact and

max base pressures for segment:

Omax = 2*T/[3* Ly* (L« /2 - abs(erx ))]

where L, = segment width

Design for Bending (Pad and Strip Base: BS 8110)
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Bending design calculations are performed using ULS combinations.

Determination of the Design Moment in Pad Bases

Ultimate base reaction;
Tu = - Pu
Ultimate moment around Y-axis in centre of foundation:

My,c,u = My,sup,u + Py* epx + h* Fx,sup,u

Ultimate moment around X-axis in centre of foundation:

Mx,c,u :Mx,sup,u —Pu* €py — h* Fy,sup,u

Where

Py = ultimate axial factored load acting on support —from analysis

Mysupu =  ultimate moment acting on support around X-axis — from analysis
Myswpu =  ultimate moment acting on support around Y-axis —from analysis
Fxsup,u = ultimate horizontal force acting on support X-direction —from analysis
Fy,sup,u = ultimate horizontal force acting on support Y-direction —from analysis

Eccentricity of ultimate base reaction in X:
€Txu = My,c,u / Tu

Eccentricity of ultimate base reaction in Y:
eTylu = - MX,C,U / TU

Pad ult. base pressures:

J1,u = To/A=6* Mycu/ (L*A) +6* Mycu / (Ly*A)
J2,u = To/A-6*Mycu/ (L*A) - 6* Mycu / (Ly*A)
U3, = TJ/A+6*Mycu/ (L*A) + 6% Mycu/ (Ly*A)
4 = To/A+6* Mycu/ (L*A) - 6% Mycu / (L*A)

The range and rate of change of base pressure is then determined and the design moment
established about each axis.

Determination of the Design Moment in Strip Bases

The principles used in the strip base bending capacity calculations are similar to those for
pad foundations. Only the direction X is checked (around Y-axis) using segment widths.

Ultimate base reaction;
Tu =-Fu
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Ultimate moment around Y-axis in centre of foundation:

My,c,u = My,sup,u + Pu* epy + h* Fx,sup,u

Where

Py = = ultimate axial factored load acting on support —from analysis

Myswpu = ultimate moment acting on support around Y-axis —from analysis
Fx,sup,u = ultimate horizontal force acting on support X-direction —from analysis

Eccentricity of ultimate base reaction in X:
etxu = My,c,u / Tu

Pad ult. base pressures:

Q1,u = Tu/A -6* |vl\/,c,u / (LX*A)
d2,u = Tu/A +6* My,c.u / (LX*A)

The range and rate of change of base pressure is then determined and the design moment
established around the Y axis.
Bending Capacity Check

The basic design method is identical to that for beams - see: (Beams: BS8110)

Checks for Limiting Parameters (Pad and Strip Base: BS 8110)

Limiting reinforcement parameters are specified in Design Options > Foundations
> Isolated Foundations > Reinforcement Layout

Limits on bar size

The minimum area of longitudinal reinforcement, Asmin, is given by;"

As,min

v

0.0024*b*h (For fy, = 250 N/mm?)

As,min

v

0.0013*b*h (For f, =500 N/mm?)

The maximum area of longitudinal tension reinforcement, Asmax, is given by?
Aslmax S 0.04*b*h
1. BS8110-1:1997 3.12.5.3, Table 3.25

2. BS8110-1:1997 3.12.6.1

Limits on bar spacing

The minimum clear horizontal distance between individual parallel bars, sq,min, is given by’;
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Scl,min > MAX[hag + 5mm, Sciumin]

where

Nage = maximum size of coarse aggregate

Scl,u,min = user specified minimum clear distance between bars

When the maximum crack width is limited to 0.3 mm and nominal cover to reinforcement
does not exceed 50 mm,

Scl,max < 47000/f < 300

where

Sclmax = maximum clear horizontal distance between bars in tension
fs = the design service stress in the tension reinf. of a member?®
fs = (5%, *Asreq)/(8*Asprov)

As req = required area of tension reinforcement

As prov = provided area of tension reinforcement

4BS 8110-1:1997 equation 8

1. BS8110-1:1997 3.12.11.1

Shear Design (Pad and Strip Base: BS 8110)

Pad base shear design check

Design concrete shear stress for each direction’;

Ve = 0.79*{100*A/(b,*d)}**(400/d)°?* * {min [max(fe, 25MPa) / 1MPa, 40] /25}**MPa/ 1.25
where

(400 /d)o-» >0.67 NOTE: Unit of 400 in this formula is “mm”.

0.15 < 100*As/(b,*d) <3

As = area of longitudinal tension reinforcement per unit width in direction considered

by = unit width

d = depth of tension reinforcement in direction considered
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Maximum allowable shear stress%;

Vimax =  min(0.8 *sqrt (fe), 5SN/mm?)
where

feu = characteristic strength of concrete
If;

Vsu < Vres =min(Vec, Vmax)

Then the foundation thickness is adequate for shear

Else the shear design check has failed, the foundation thickness is inadequate.

A If the thickness is inadequate and the auto-design footing depth option is active
then the foundation thickness gets increased.

1. BS8110-1:1997 3.4.5.4 Table 3.8

2. BS8110-1:1997 3.4.5.2

Strip base shear design check

The principle of the strip base shear design check is similar to that for the pad base. Only the
direction X is checked (around Y-axis) using segment widths.

Punching Shear Design for Pad Bases (Pad and Strip Base: BS 8110)

Punching shear checks are carried out for pad foundations only.
The punching shear checks for pad bases follow the same basic principle as used for mats.

The main differences between mat and pad base punching shear checks are:
* Checks at multiple perimeters up to 1.5d are required in pad base punching design

* Column Local axes are always parallel with the pad base edges in the pad base punching
checks.

* Loads from the column are always above the pad base (one direction).
* No openings can be placed in pad bases.

* No shear reinforcement is used in pad bases.

Check for Overturning Forces (Pad and Strip Base: BS 8110)
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A Checks for overturning forces are beyond scope in the current release of Tekla
Structural Designer.

Check for Sliding (Pad and Strip Base: BS 8110)

The check for sliding is carried out for pad foundations only.
If there is no horizontal force acting on foundation check for sliding is not required.
Resultant Force on foundation:
Ha = [(Fsup)® + (Fysup)1®?
Resultant Force Angle aug = tan™ [(Fysup / Fxsup)]
where
Fxsup = horizontal force acting on support in X-dir. (from analysis)

Fysup = horizontal force acting on support in Y-dir. (from analysis)

Resistance to sliding due to base friction:
Htiiction = [-P + Fswt] * tand
where
S = design base friction — user input
Passive pressure coefficient:
Ko = (T+sin®’) / (1-sin®’)
where
®’" = design shear strength of soil — user input
Passive resistance of soil in X direction:
Hypas = 0.5*Kp*(h? +2*h*hsoi)*L* Psoil
Passive resistance of soil in Y direction:
Hypas = 0.5*Ko*(h? +2*h*hsoi)*L,* Psoil
Resultant Passive Resistance:
Hrespas = abs(Hypas*COS ahd) + abs(Hypas*sin oxa)
Total resistance to sliding:

Rug = (Hfriction + Hres,pas) / 1.5
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Rud = Hg

The check for stability against sliding passes

Check for Uplift (Pad and Strip Base: BS 8110)

For combinations producing tension at the support the tension value is compared to the
stabilizing loads. Auto-design can automatically increment the base size to achieve a passing
status.

Pile Cap Design to BS 8110

The forces acting on a pile cap are applied to the foundation at the foundation level. The
foundation can take axial load and bi-axial shear and moment.

Pile cap design is divided between pile design (pile capacity check) and structural design of
the pile cap which includes bending, shear and punching shear design checks.

Pile Capacity (Pile Cap: BS 8110)

Pile capacity passes if:

Rc 2 Fcharpn 2 - Rt

Where:

Rc = Pile SWL compression capacity
Rt = Pile SWL tension capacity
Feharpn = Pile load

Design for Bending (Pile Cap: BS 8110)

The pile cap is treated as a beam in bending, where the critical bending moments for the
design for the bottom reinforcement are taken at the face of the column.

The bending capacity check follows the same basic principle as used for beams.
See: Beam Design - Design for Bending for Rectangular Sections.

Shear Design (Pile Cap: BS 8110)

Shear capacity is calculated at each critical section for both directions (4 checks altogether).

Shear capacity at the critical section’:
Vclenh = [Zd/ min(Zd, av)] * Vc
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where

d = effective depth of reinforcement in direction considered

Maximum shear stress for each direction? - side is limited as follows:
Vmax = Min[0.8 N%°/mm * fcu®®, 5 N/mm?]

One-way shear resistance:

Vies = MiN [Vc,enh , Vmax]

Pile cap shear capacity passes if for both sides and both directions:
Vsu £ Vres

where

vsu = design shear stress acting on this critical section

BS-8110 section 3.4.5.8 and 3.11.4.4

|

2. BS-8110 section 3.4.5.2

Punching Shear Design (Pile Cap: BS 8110)

Punching shear checks are performed for the column and the individual piles.

Columns

The punching shear check is similar to that for pad bases, but with the following difference:

* the shear force at a perimeter uses the value from the column reduced by pile loads
within the perimeter

See: Punching Shear Design for Pad Bases

Piles

The punching shear check is similar to that for pad bases, but with the following differences:

» variable d is replaced with dieq Where drea =min (h — “pile penetration depth”, average
reinforcement effective depth)

* no moments act on top of the pile, only axial load considered
* shear stress at the column face is checked only for the pile with the largest pile load:

® Veffo = b * Fpn,max / (UO*d)

See: Punching Shear Design for Pad Bases

Checks for Limiting Parameters (Pile Cap: BS 8110)

Limiting reinforcement parameters are specified in Design Options > Foundations
> Isolated Foundations > Reinforcement Layout

Check for distance of pile cap overhang

un

Check pile edge distance “e"” for pile “i"” in a pile group for both directions:
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The check passes if:

If min e > €min,user

Check for minimum pile spacing

urn

Check centre to centre spacing “s” between piles “i” and “j" in a pile group:

The check passes if:
If sij > MiN(Smin , Sminuser)
where
Sminuser = USEr input
smin = perimeter of the pile for non circular friction piles
smin = 3*diameter for circular friction piles

smin = 2*least width of the pile for end bearing piles

Check for maximum pile spacing

Check centre to centre maximum spacing “s” between piles “i” and “j" in a pile group:

The check passes if:
If Sij < Smax,user

Smaxuser = USEr input

Other checks

The remaining checks are identical to those for pad bases.
See: Pad Base and Strip Footing Design - Checks for Limiting Parameters.

References

1. British Standards Institution. BS 8110-1:1997. Structural use of concrete. Code of practice for
design and construction. BSI 1997.
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Steel Design - BS 5950

Steel Design to BS 5950

Tekla Structural Designer designs steel members and composite members to a range of
international codes. This reference guide specifically describes the design methods applied
when the steel design and composite design resistance codes are set as BS 5950-1 and

BS 5950-3.1 respectively.

Unless explicitly noted otherwise, all clauses, figures and tables referred to are from BS 5950-
1:2000 (Ref. 2); apart from the Composite Beam section, within which references are to
BS 5950-3.1:2010 (Ref. 1) unless stated.

Basic Principles (BS 5950)

Deflection checks

Building Designer calculates both relative and absolute deflections. Relative deflections
measure the internal displacement occurring within the length of the member and take no
account of the support settlements or rotations, whereas absolute deflections are concerned
with deflection of the structure as a whole. The absolute deflections are the ones displayed in
the structure deflection graphics. The difference between relative and absolute deflections is
illustrated in the cantilever beam example below.

RN

-
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Relative Deflection Absolute Deflection

Relative deflections are given in the member analysis results graphics and are the ones used
in the member design.

Steel Beam Design to BS 5950

Design Method (Beams: BS 5950)

Unless explicitly stated all calculations are in accordance with the relevant sections of
BS 5950-1:2000. You may find the handbook and commentary to the Code of Practice
published by the Steel Construction Institute useful.

Steel beam limitations and assumptions (Beams: BS 5950)

The following limitations apply:

* continuous beams (more than one span) must be co-linear in the plane of the web within
a small tolerance (sloping in elevation is allowed),

* rolled doubly symmetric prismatic sections (that is I- and H-sections), doubly symmetric
hollow sections (i.e. SHS, RHS and CHS), and channel sections are fully designed,

* single angle, double angles and tees are designed, but certain checks are beyond scope,
(see Angle and Tee Limitations)

* plated beams are fully designed provided the section type is either “Plated Beam” or
“Plated Column”. All other plated section types (“Rolled | Sections with Plates”, “Double
Rolled | Sections” etc.) are only analysed but not designed.

* Fabsec beams (with or without openings) are excluded.

The following assumptions apply:

* All supports are considered to provide torsional restraint, that is lateral restraint to both
flanges. This cannot be changed. It is assumed that a beam that is continuous through
the web of a supporting beam or column together with its substantial moment resisting
end plate connections is able to provide such restraint.
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* If, at the support, the beam oversails the supporting beam or column then the detail is
assumed to be such that the bottom flange of the beam is well connected to the
supporting member and, as a minimum, has torsional stiffeners provided at the support.

* In the Tekla Structural Designer model, when not at supports, coincident restraints to
both flanges are assumed when one or more members frame into the web of the beam
at a particular position and the cardinal point of the centre-line model of the beam lies in
the web. Otherwise, only a top flange or bottom flange restraint is assumed. Should you
judge the actual restraint provided by the in-coming members to be different from to
what has been assumed, you have the flexibility to edit the restraints as required.

* Intermediate lateral restraints to the top or bottom flange are assumed to be capable of
transferring the restraining forces back to an appropriate system of bracing or suitably
rigid part of the structure.

* Itis assumed that you will make a rational and “correct” choice for the effective lengths
between restraints for both LTB and compression buckling. The default value for the
effective length factor of 1.0 may be neither correct nor safe.

Ultimate Limit State (Strength) (Beams: BS 5950)

The checks relate to doubly symmetric prismatic sections (that is rolled |- and H-sections), to
singly symmetric sections i.e. channel sections and to doubly symmetric hollow sections i.e.
SHS, RHS and CHS. Other section types are not currently covered.

The strength checks relate to a particular point on the member and are carried at regular
intervals along the member and at “points of interest”.

Classification (Beams: BS 5950)

General
The classification of the cross section is in accordance with BS 5950-1: 2000.

Steel beams can be classified as:
 Plastic Class = 1

* Compact Class = 2
» Semi-compact Class = 3

* Slender Class = 4
Class 4 sections are only acceptable for angle and tee sections.

Sections with a Class 3 web can be taken as Class 2 sections (Effective Class 2) providing the
cross section is equilibrated to that described in Clause 3.5.6 where the section is given an
“effective” plastic section modulus, Ses. For rolled | and H sections in the UK, this gives no
advantage in pure bending since the web d/t is too small. Hence for beams there is likely to
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be little advantage in using this approach since the axial loads are generally small, this
classification is therefore not implemented.

All unacceptable classifications are either failed in check mode or rejected in design mode.

Hollow sections

The classification rules for SHS and RHS relate to “hot-finished hollow sections” only (“cold-
formed hollow sections” are not included in this release).

Important Note

The classification used to determine My is based on the maximum axial compressive load in
the relevant segment length. Furthermore, the Code clearly states that this classification
should (only) be used to determine the moment capacity and lateral torsional buckling
resistance to Clause 4.2 and 4.3 for use in the interaction equations. Thus, when carrying out
the strength checks, the program determines the classification at the point at which strength
is being checked.

Shear Capacity (Beams: BS 5950)

The shear check is performed according to BS 5950-1: 2000 Clause 4.2.3. for the absolute
value of shear force normal to the x-x axis (F..) and normal to the y-y axis (Fy), at the point
under consideration.

Shear buckling

When the web slenderness exceeds 70¢ shear buckling can occur in rolled sections. There are
very few standard rolled sections that breach this limit. Tekla Structural Designer will warn
you if this limit is exceeded, but will not carry out any shear buckling checks.

Moment Capacity (Beams: BS 5950)

The moment capacity check is performed according to BS 5950-1: 2000 Clause 4.2.5 for the
moment about the x-x axis (M,) and about the y-y axis (M,), at the point under consideration.
The moment capacity can be influenced by the magnitude of the shear force ("low shear”
and "high shear” conditions). The maximum absolute shear to either side of a point load is
examined to determine the correct condition for the moment capacity in that direction.

Note

Not all cases of high shear in two directions combined with moments in two directions along
with axial load are considered thoroughly by BS 5950-1: 2000. The following approach is
adopted by Tekla Structural Designer:
« if high shear is present in one axis or both axes and axial load is also present, the cross-
section capacity check is given a Beyond Scope status. The message associated with this
status is "High shear and axial load are present, additional hand calculations are required
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for cross-section capacity to Annex H.3". Tekla Structural Designer does not perform any
calculations for this condition.

* if high shear and moment is present in both axes and there is no axial load ("biaxial
bending”) the cross-section capacity check is given a Beyond Scope status and the
associated message is, “"High shear present normal to the y-y axis, no calculations are
performed for this condition.”

* if high shear is present normal to the y-y axis and there is no axial load, the y-y moment
check and the cross-section capacity check are each given Beyond Scope statuses. The
message associated with this condition is, “"High shear present normal to the y-y axis, no
calculations are performed for this condition.”

Axial Capacity (Beams: BS 5950)

The axial capacity check is performed according to BS 5950-1: 2000 Clause 4.6.1 using the
gross area and irrespective of whether the axial force is tensile or compressive. This check is
for axial compression capacity and axial tension capacity. Compression resistance is a
buckling check and as such is considered under Compression Resistance.

Cross-section Capacity (Beams: BS 5950)

The cross-section capacity check covers the interaction of axial load and bending to Clause

4.8.2 and 4.8.3.2 appropriate to the type (for example — doubly symmetric) and classification
of the section. Since the axial tension capacity is not adjusted for the area of the net section
then the formulae in Clause 4.8.2.2 and 4.8.3.2 are the same and can be applied irrespective
of whether the axial load is compressive or tensile.

The Note in also applies here.

Ultimate Limit State (Buckling) (Beams: BS 5950)

Lateral Torsional Buckling Resistance, Clause 4.3 (Beams: BS 5950)

For beams that are unrestrained over part or all of a span, a Lateral Torsional Buckling (LTB)
check is required either:
* in its own right, Clause 4.3 check,

* as part of an Annex G check,

* as part of a combined buckling check to 4.8.3.3.1,4.8.3.3.2 0r4.8.3.3.3, (see,, and,
respectively)

This check is not carried out under the following circumstances:
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» when bending exists about the minor axis only,
* when the section is a CHS or SHS,

» when the section is an RHS that satisfies the limits given in Table 15 of BS 5950-1: 2000.

For sections in which LTB cannot occur (the latter two cases above) the value of My, for use in
the combined buckling check is taken as the full moment capacity, M., not reduced for high
shear in accordance with Clause 4.8.3.3.3 (c), equation 2 (See).

Effective lengths

The value of effective length factor is entirely at your choice. The default value is 1.0 for
“normal” loads and 1.2 for “destabilizing loads”. Different values can apply in the major and
minor axis.

Lateral Torsional Buckling Resistance, Annex G (Beams: BS 5950)
This check is applicable to I- and H-sections with equal or unequal® flanges.

The definition of this check is the out-of-plane buckling resistance of a member or segment
that has a laterally unrestrained compression flange and the other flange has intermediate
lateral restraints at intervals. It is used normally to check the members in portal frames in
which only major axis moment and axial load exist. Although not stated explicitly in BS 5950-
1: 2000, it is taken that the lateral torsional buckling moment of resistance, My, from the
Annex G check can be used in the interaction equations of Clause 4.8.3.3 (combined
buckling).

Since this is not explicit within BS 5950-1: 2000 a slight conservatism is introduced. In a
straightforward Annex G check the axial load is combined with major axis moment. In this
case both the slenderness for lateral torsional buckling and the slenderness for compression
buckling are modified to allow for the improvement provided by the tension flange restraints
(A replaced by Ars and A replaced by Arc). When performing a combined buckling check in
accordance with 4.8.3.3 the improvement is taken into account in determining the buckling
resistance moment but not in determining the compression resistance. If the incoming
members truly only restrain the tension flange, then you should switch off the minor axis
strut restraint at these positions.

The original source research work for the codified approach in Annex G used test specimens
in which the tension flange was continuously restrained. When a segment is not continuously
restrained but is restrained at reasonably frequent intervals it can be clearly argued that the
approach holds true. With only one or two restraints present then this is less clear.BS 5950-1:
2000 is clear that there should be “at least one intermediate lateral restraint” (See Annex
G.1.1). Nevertheless, you are ultimately responsible for accepting the adequacy of this approach.

For this check Tekla Structural Designer sets m: to 1.0 and calculates n.. The calculated value
of n¢ is based on M.« being taken as the maximum of M, to Ms, and not the true maximum
moment value where this occurs elsewhere in the length. The effect of this approach is likely
to be small. If at any of points 1 - 5, R >1%, then the status of the check is set to Beyond
Scope.
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Reference restraint axis distance, a

The reference restraint axis distance is measured between some reference axis on the
restrained member - usually the centroid - to the axis of restraint - usually the centroid of
the restraining member. The measurement is shown diagramatically in Figure G.1 of BS
5950-1: 2000.

Tekla Structural Designer does not attempt to determine this value automatically. Instead, by
default, it uses half the depth of the restrained section, and you can specify a value to be
added to, or subtracted from, this at each restraint point. You are responsible for
specifying the appropriate values for each restraint position. The default value of 0Omm
may be neither correct nor safe.

1._Unequal flanged sections are not currently included.
2. _Which could happen since R is based on Z and not S.

Compression Resistance (Beams: BS 5950)

For most structures, all the members resisting axial compression need checking to ensure
adequate resistance to buckling about both the major- and minor-axis. Since the axial force
can vary throughout the member and the buckling lengths in the two planes do not
necessarily coincide, both are checked. Because of the general nature of a beam, it may not
always be safe to assume that the combined buckling check will always govern. Hence the
compression resistance check is performed independently from the other strength and
buckling checks.

Effective lengths

The value of effective length factor is entirely at your choice. The default value is 1.0 for
“normal” loads and 1.2 for "destabilizing loads”. Different values can apply in the major and
minor axis.

Beams are less affected by sway than columns but the effectiveness of the incoming
members to restrain the beam in both position and direction is generally less than for
columns. Hence, it is less likely that effective length factors greater than 1.0 will be required
but equally factors less than 1.0 may not easily be justified. Nevertheless, it is your
responsibility to adjust the value from 1.0 and to justify such a change.

Please note that the requirements for slenderness limits in (for example I/r < 180) are no
longer included in BS 5950-1: 2000. Consequently Tekla Structural Designer does not carry
out such checks. Accordingly, for lightly loaded members you should ensure that the
slenderness ratio is within reasonable bounds to permit handling and erection and to
provide a reasonable level of robustness.

Member Buckling Resistance, Clause 4.8.3.3.1 (Beams: BS 5950)
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This check is used for channel sections. Such sections can be Class 1, 2 or 3 Plastic, Compact
or Semi-compact (Class 4 Slender sections and Effective Class 2 sections are not allowed in
this release).

Note that, whilst this check could be used for any section type dealt with in the subsequent
sections, the results can never be any better than the alternatives but can be worse.

Two formulae are provided in Clause 4.8.3.3.1, both are checked; the second is calculated
twice — once for the top flange and once for the bottom flange.

See also the Important Note at the end of .

Only one value of F is used, the worst anywhere in the length being checked. If the axial load
is tensile, then F is taken as zero.

If this check is invoked as part of an Annex G check, and thus My, is governed by Annex G,
then mr is taken as 1.0.

Member Buckling Resistance, Clause 4.8.3.3.2 (Beams: BS 5950)

This check is used for Class 1, 2 and 3 Plastic, Compact and Semi-compact rolled I- and H-
sections with equal flanges (Class 4 Slender sections and Effective Class 2 sections are not
included in this release).

Three formulae are provided in Clause 4.8.3.3.2 (c) to cover the combined effects of major
and minor axis moment and axial force.These are used irrespective of whether all three
forces / moments exist. Clause 4.9 deals with biaxial moment in the absence of axial force,
Clause 4.8.3.3.2 (c) can also be used in such cases by setting the axial force to zero.

All three formulae in Clause 4.8.3.3.2 (c) are checked; the second is calculated twice — once
for each flange.

Only one value of F is used, the worst anywhere in the length being checked. If the axial load
is tensile, then F is taken as zero.

Important Note

Clause 4.8.3.3.4 defines the various equivalent uniform moment factors. The last three
paragraphs deal with modifications to these depending upon the method used to allow for
the effects of sway. This requires that for sway sensitive frames the uniform moment factors,
m,, my and myy, should be applied to the non-sway moments only. In this release there is no
mechanism to separate the sway and non-sway moments, Tekla Structural Designer adopts a
conservative approach and sets these 'm' factors equal to 1.0 if the frame is sway sensitive (in
either direction). This is doubly conservative for sway-sensitive unbraced frames since it is
likely that all the loads in a design combination and not just the lateral loads will be
amplified. In such a case, both the sway and non-sway moments are increased by kam, and
neither are reduced by the above "m” factors. The calculation of myr is unaffected by this
approach, and thus if the second equation of Clause 4.8.3.3.2 (c) governs, then the results are
not affected.
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Member Buckling Resistance, Clause 4.8.3.3.3 (Beams: BS 5950)

This check is used for Class 1, 2 and 3 Plastic, Compact and Semi-compact hollow sections
(Class 4 Slender sections and Effective Class 2 sections are not included in this release).

Four formulae are provided in Clause 4.8.3.3.3 (c) to cover the combined effects of major and
minor axis moment and axial force. These are used irrespective of whether all three

forces / moments exist. Clause 4.9 deals with biaxial moment in the absence of axial force,
Clause 4.8.3.3.3 (c) can also be used in such cases by setting the axial force to zero.

The second and third formulae are mutually exclusive — that is the second is used for CHS,
SHS and for RHS when the limits contained in Table 15 are not exceeded. On the other hand
the third formula is used for those RHS that exceed the limits given in Table 15. Thus only
three formulae are checked; the first, second and fourth or the first, third and fourth. Either
the second or third (as appropriate) is calculated twice — once for each “flange”.

Only one value of F is used, the worst anywhere in the length being checked. If the axial load
is tensile, then F is taken as zero.

See also the Important Note at the end of .

Web Openings (Beams: BS 5950)

Circular Openings as an Equivalent Rectangle

Each circular opening is replaced by equivalent rectangular opening, the dimensions of this
equivalent rectangle for use in all subsequent calculations are:

do'= 0.9*opening diameter

lo = 0.45*0pening diameter
Properties of Tee Sections

When web openings have been added, the properties of the tee sections above and below
each opening are calculated in accordance with Section 3.3.1 of SCI P355(Ref. 10) and
Appendix B of the joint CIRIA/SCI Publication PO68(Ref. 5). The bending moment resistance is
calculated separately for each of the four corners of each opening.
Design
The following calculations are performed where required for web openings:

* Axial resistance of tee sections

* Classification of section at opening

* Vertical shear resistance

* Vierendeel bending resistance

» Web post horizontal shear resistance

* Web post bending resistance
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* Web post buckling resistance
* Lateral torsional buckling

» Deflections

Deflections

The deflection of a beam with web openings will be greater than that of the same beam
without openings. This is due to two effects,

* the reduction in the beam inertia at the positions of openings due to primary bending of
the beam,

* the local deformations at the openings due to Vierendeel effects. This has two
components - that due to shear deformation and that due to local bending of the upper
and lower tee sections at the opening.

The primary bending deflection is established by 'discretising' the member and using a
numerical integration technique based on 'Engineer's Bending Theory' - M/l = E/R = g/y. In
this way the discrete elements that incorporate all or part of an opening will contribute more
to the total deflection.

The component of deflection due to the local deformations around the opening is
established using a similar process to that used for cellular beams which is in turn based on
the method for castellated beams given in the SCI publication, “Design of castellated beams.
For use with BS 5950 and BS 449"

The method works by applying a 'unit point load" at the position where the deflection is
required and using a 'virtual work technique to estimate the deflection at that position.

For each opening, the deflection due to shear deformation, &, and that due to local bending,
Oy, is calculated for the upper and lower tee sections at the opening. These are summed for
all openings and added to the result at the desired position from the numerical integration
of primary bending deflection.

Note that in the original source document on castellated sections, there are two additional
components to the deflection. These are due to bending and shear deformation of the web
post. For castellated beams and cellular beams where the openings are very close together
these effects are important and can be significant. For normal beams the openings are likely
to be placed a reasonable distance apart. Thus in many cases these two effects will not be
significant. They are not calculated for such beams but in the event that the openings are
placed close together a warning is given.

Composite Beam Design to BS 5950

Design Method (Composite Beams: BS 5950)
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Unless explicitly stated all calculations are in accordance with the relevant sections of BS
5950-3.1:1990+A1:2010(Ref. 1). You may find the handbook and commentary to the Code of
Practice published by the Steel Construction Institute (Ref. 3 and 4) useful.

Construction stage design checks

When you use Tekla Structural Designer to design or check a beam for the construction stage
(the beam is acting alone before composite action is achieved) the following conditions are
examined in accordance with BS 5950-1:2000:

* section classification (Clause 3.5.2),
* shear capacity (Clause 4.2.3),
* moment capacity:
* Clause 4.2.5.2 for the low shear condition,
* Clause 4.2.5.3 for the high shear condition,

* lateral torsional buckling resistance (Clause 4.3.6),

A This condition is only checked in those cases where the profile decking or precast
concrete slab (at your request) does not provide adequate restraint to the beam.

* web openings,
» Westok checks,
* Shear horizontal,
* Web post buckling,
* Vierendeel bending,

* construction stage total load deflection check.

Composite stage design checks

When you use Tekla Structural Designer to design or check a beam for the composite stage
(the beam and concrete act together, with shear interaction being achieved by appropriate
shear connectors) the following Ultimate Limit State and Serviceability Limit State conditions
are examined in accordance with BS 5950 : Part 3 : Section 3.1 : 1990 (unless specifically
noted otherwise).

Ultimate Limit State Checks

* section classification (Clause 4.5.2), depending on whether adequate connection is
achieved between the compression flange and the slab. The section classification allows
for the improvement of the classification of the section if the appropriate conditions are
met,

« vertical shear capacity (BS 5950-1:2000 - Clause 4.2.3),
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* longitudinal shear capacity (Clause 5.6) allowing for the profiled metal decking,
transverse reinforcement and other reinforcement which has been defined,

* number of shear connectors required (Clause 5.4.7) between the point of maximum
moment and the end of the beam, or from and between the positions of significant point
loads,

* moment capacity:
* Clause 4.4.2 for the low shear condition,
* Clause 5.3.4 for the high shear condition,

* web openings.

Serviceability Limit State Checks

* service stresses (Clause 6.2),

* concrete

* steel top flange and bottom flange
+ deflections (Clause 6.1.2)

* self-weight
SLAB loadcase,
* dead load,

+ imposed load’,

total deflections,

* natural frequency check (Clause 6.4).

1._This is the only limit given in BS 5950 : Part 3 : Section 3.1 : 1990.

Construction stage design (Composite Beams: BS 5950)

Tekla Structural Designer performs all checks for this condition in accordance with BS 5950-
1:2000(Ref. 2)

Section classification (Composite Beams: BS 5950)
Cross-section classification is determined using Table 11 and Clause 3.5.

The classification of the section must be Plastic (Class 1), Compact (Class 2) or Semi-compact
(Class 3).

Sections which are classified as Slender (Class 4) are beyond the scope of Tekla Structural
Designer.
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Member strength checks (Composite Beams: BS 5950)

Member strength checks are performed at the point of maximum moment, the point of
maximum shear, the position of application of each point load, and at each side of a web
opening as well as all other points of interest along the beam.

Shear capacity

Shear capacity is determined in accordance with Clause 4.2.3. Where the applied shear force
exceeds 60% of the capacity of the section, the high shear condition applies to the bending
moment capacity checks (see below).

Bending moment capacity

This is calculated to Clause 4.2.5.2 (low shear at point) or Clause 4.2.5.3 (high shear at point)
for plastic, compact and semi-compact sections.

Lateral torsional buckling checks (Composite Beams: BS 5950)

BS 5950 : Part 3 : Section 3.1 : 1990 states that lateral torsional buckling checks are not
required when the angle between the direction of span of the beam and that of the profile
decking is greater than or equal to 45°.

When the angle is less than this, then lateral torsional buckling checks will normally be
required. Tekla Structural Designer allows you to switch off these checks by specifying that
the entire length between the supports is continuously restrained against lateral torsional
buckling.

If you use this option you must be able to provide justification that the beam is adequately
restrained against lateral torsional buckling during construction.

When the checks are required you can position restraints at any point within the length of
the main beam and can set the effective length of each sub-beam (the portion of the beam
between one restraint and the next) either by giving factors to apply to the physical length of
the beam, or by entering the effective length that you want to use. Each sub-beam which is
not defined as being continuously restrained is checked in accordance with clause 4.3.8 and
Annex B of BS 5950-1:2000.

Deflection checks (Composite Beams: BS 5950)
Tekla Structural Designer calculates relative deflections. (See )

The following deflections are calculated for the loads specified in the construction stage load
combination:

* the dead load deflections i.e. those due to the beam self weight, the Slab Wet loads and
any other included dead loads,

* the imposed load deflections i.e. those due to construction live loads,
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* the total load deflection i.e. the sum of the previous items.
The loads are taken as acting on the steel beam alone.

The “Service Factor” (default 1.0), specified against each load case in the construction
combination is applied when calculating the above deflections.

If requested by the user, the total load deflection is compared with either a span-over limit
or an absolute value The initial default limit is span/200.

A Adjustment to deflections. If web openings have been defined, the calculated
deflections are adjusted accordingly.See:

Composite stage design (Composite Beams: BS 5950)

Tekla Structural Designer performs all checks for the composite stage condition in
accordance with BS 5950-3.1:1990+A1:2010 unless specifically noted otherwise.

Equivalent steel section - Ultimate limit state (ULS) (Composite Beams:
BS 5950)

An equivalent steel section is determined for use in the composite stage calculations by
removing the root radii whilst maintaining the full area of the section. This approach reduces
the number of change points in the calculations while maintaining optimum section
properties.

Section classification (ULS) (Composite Beams: BS 5950)

For section classification purposes the true section is used. Tekla Structural Designer
classifies the section in accordance with the requirements of BS 5950-1:2000 except where
specifically modified by those of BS 5950-3.1:1990+A1:2010.

There are a small number of sections which fail to meet a classification of compact at the
composite stage. Although BS 5950-3.1:1990+A1:2010 covers the design of such members
they are not allowed in this release of Tekla Structural Designer.

Member strength checks (ULS) (Composite Beams: BS 5950)

Member strength checks are performed at the point of maximum moment, the point of
maximum shear, the position of application of each point load, and at each side of a web
opening as well as all other points of interest along the beam.
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Shear Capacity (Vertical)

is determined in accordance with Clause 4.2.3 of BS 5950-1:2000. Where the applied shear
force exceeds 50% of the capacity of the section, the high shear condition applies to the
bending moment capacity checks (see below).

Shear Capacity (Longitudinal)

the longitudinal shear resistance of a unit length of the beam is calculated in accordance
with Clause 5.6. You can set the position and attachment of the decking and details of the
reinforcement that you want to provide. Tekla Structural Designer takes these into account
during the calculations. The following assumptions are made:

» the applied longitudinal shear force is calculated at the centre-line of the beam, and at
the position of the lap (if known). If the position of the lap is not known, then the default
value of Omm should be used (that is the lap is at the centre-line of the beam) as this is
the worst case scenario.

* the minimum concrete depth is assumed for calculating the area of concrete when the
profile decking and beam spans are parallel,

* the total concrete area is used when the profile decking and beam spans are
perpendicular,

* the overall depth of the slab is used for precast concrete slabs. that is the topping is
assumed to be structural and any voids or cores are ignored.

In the calculations of the longitudinal shear resistance on the beam centre-line and at the
lap, the areas used for the reinforcement are shown in the following table.

Decking Reinforcement Area used
angle type
perpendicular transverse that of the single bars

defined or for mesh the
area of the main wires?®

other that of the single bars
defined or for mesh the
area of the main wires@

parallel transverse that of the single bars
defined or for mesh the
area of the main wires@

other single bars have no
contribution, for mesh
the area of the minor
wires®

“These are the bars that are referred to as longitudinal wires in BS 4483: 1998 Table 1
b. These are the bars that are referred to as transverse wires in BS 4483: 1998 Table 1
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If the decking spans at some intermediate angle (o) between these two extremes then the
program calculates:
* the longitudinal shear resistance as if the sheeting were perpendicular, v,

* the longitudinal shear resistance as if the sheeting were parallel, v,
» then the modified longitudinal shear resistance is calculated from these using the

relationship, visin?(a) + v.cos?(a).

Moment Capacity

for the low shear condition the plastic moment capacity is determined in accordance with
Clause 4.4.2. For the high shear condition the approach given in Clause 5.3.4 is adopted.

The overall depth of the slab is used for precast concrete slabs. that is the topping is
assumed to be structural and any voids / cores are ignored.

In this calculation the steel section is idealised to one without a root radius so that the
position of the plastic neutral axis of the composite section can be determined correctly as it
moves from the flange into the web.

Shear connectors (ULS) (Composite Beams: BS 5950)

Tekla Structural Designer checks shear connectors to Clause 5.4.7. It calculates the stud
reduction factor based on the number of studs in a group.

Tekla Structural Designer always uses 2*e (and not br) in the calculation of k for
perpendicular profiles, and always uses br for parallel cases.

For angled cases two values of k are calculated and summed in accordance with Clause
5.4.7.4. In this instance Tekla Structural Designer uses 2*e for the calculation of k1 and br for
the calculation of k2.

Caution:
A The value of e (when used) can have a very significant effect on the value of k. This
can have a dramatic effect on the number of studs required for a given beam size.

Alternatively for a fixed layout of studs this can have a significant effect on the
required beam size.

Optimise Shear Connection

Stud optimization is a useful facility since there is often some over conservatism in a design
due to the discrete changes in the size of the section.

If you choose the option to optimise the shear studs, then Tekla Structural Designer will
progressively reduce the number of studs either until the minimum number of studs to resist
the applied moment is found, until the minimum allowable interaction ratio (for example
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40% for beams with a span less than 10 m) is reached or until the minimum spacing
requirements are reached. This results in partial shear connection.

The degree of shear connection is checked at the point of maximum bending moment or the
position of a point load if at that position the maximum utilisation ratio occurs.

A During the selection process, in auto design mode point load positions are taken to
be “significant” (i.e. considered as positions at which the maximum utilisation could
occur) if they provide more than 10% of the total shear on the beam. For the final
configuration and for check mode all point load positions are checked.

To determine if the degree of shear connection is acceptable Tekla Structural
Designer applies the following rules:

* If the degree of shear connection at the point of maximum moment is less than the
minimum permissible shear connection, then this generates a FAIL status,

* If the point of maximum utilisation ratio occurs at a point that is not the maximum
moment position and the degree of shear connection is less than the minimum
permissible shear connection, then this generates a WARNING status,

* If the degree of shear connection at any other point load is less than the minimum
permissible shear connection, then this does not affect the status in any way.

A The percentage degree of shear connection is always calculated by the program as a
proportion of the maximum concrete force and not simply Na/Np as in the code.

Section properties - serviceability limit state (SLS) (Composite Beams:
BS 5950)
BS 5950-3.1:1990+A1:2010 indicates that the Serviceability Limit State modular ratio for all

SLS calculations should be based upon an effective modular ratio derived from the
proportions of long term loading in the design combination being considered.

Tekla Structural Designer therefore calculates the deflection for the beam based on the
properties as tabulated below.

Loadcase Properties used
Type
self-weight bare beam
Slab bare beam
Dead composite properties calculated using the
modular ratio for long term loads
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Live composite properties calculated using the
effective modular ratio appropriate to the long
term load percentage for each load. The
deflections for all loads in the loadcase are
calculated using the principle of superposition.

Wind composite properties calculated using the
modular ratio for short term loads

Total loads these are calculated from the individual loadcase
loads as detailed above again using the principle
of superposition

Stress checks (SLS) (Composite Beams: BS 5950)

Tekla Structural Designer calculates the worst stresses in the extreme fibres of the steel and
the concrete at serviceability limit state for each load taking into account the proportion
which is long term and that which is short term. These stresses are then summed
algebraically. Factors of 1.00 are used on each loadcase in the design combination (you
cannot amend these). The stress checks assume that full interaction exists between the steel
and the concrete at serviceability state.

Deflection checks (SLS) (Composite Beams: BS 5950)
Tekla Structural Designer calculates relative deflections. (See )

The composite stage deflections are calculated in one of two ways depending upon the
previous and expected future load history:
* the deflections due to all loads in the Slab Dry loadcase and the self-weight of the beam
are calculated based on the inertia of the steel beam alone (these deflections will not be
modified for the effects of partial interaction).

A It is the Slab Dry deflection alone which is compared with the limit, if any, specified
for the Slab loadcase deflection. See:

* the deflections for all loads in the other loadcases of the Design Combination will be
based on the inertia of the composite section allowing for the proportions of the
particular load that are long or short term (see above). When necessary these will be
modified to include the effects of partial interaction in accordance with Clause 6.1.4.
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A It is the deflection due to imposed loads alone (allowing for long and short term
effects) which is limited within the code. Tekla Structural Designer also gives you the
deflection for the Slab loadcase which is useful for pre-cambering the beam. The
beam Self-weight, Dead and Total deflections are also given to allow you to be sure
that no component of the deflection is excessive.

A Adjustment to deflections - If web openings have been defined, the calculated
deflections are adjusted accordingly.

Natural frequency checks (SLS) (Composite Beams: BS 5950)

Tekla Structural Designer calculates the approximate natural frequency of the beam based on
the simplified formula published in the Design Guide on the vibration of floors (Ref. 6) which
states that:

Natural frequency =18 /v &

where & is the maximum static instantaneous deflection that would occur under a load
equivalent to the effects of self-weight, dead loading and 10% of the characteristic imposed
loading, based upon the composite inertia (using the short term modular ratio) but not
modified for the effects of partial interaction.

Web Openings (Composite Beams: BS 5950)

Circular Openings as an Equivalent Rectangle

Each circular opening is replaced by equivalent rectangular opening, the dimensions of this
equivalent rectangle for use in all subsequent calculations are:

do'= 0.9*opening diameter
lo = 0.45*0pening diameter
Properties of Tee Sections

When web openings have been added, the properties of the tee sections above and below
each opening are calculated in accordance with Section 3.3.1 of SCI P355(Ref. 10) and
Appendix B of the joint CIRIA/SCI Publication PO68(Ref. 5. The bending moment resistance is
calculated separately for each of the four corners of each opening.

Design at Construction stage

The following calculations are performed where required for web openings:

» Axial resistance of tee sections
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* Classification of section at opening

Vertical shear resistance

Vierendeel bending resistance

* Web post horizontal shear resistance
* Web post bending resistance

* Web post buckling resistance

* Lateral torsional buckling

» Deflections

Design at Composite stage

The following calculations are performed where required for web openings:

* Axial resistance of concrete flange

Vertical shear resistance of the concrete flange

Global bending action - axial load resistance

» Classification of section at opening

Vertical shear resuistance

» Moment transferred by local composite action
* Vierendeel bending resistance

» Web post horizontal shear resistance

* Web post bending resistance

* Web post buckling resistance

» Deflections

Deflections

The deflection of a beam with web openings will be greater than that of the same beam
without openings. This is due to two effects,

* the reduction in the beam inertia at the positions of openings due to primary bending of
the beam,

* the local deformations at the openings due to Vierendeel effects. This has two
components - that due to shear deformation and that due to local bending of the upper
and lower tee sections at the opening.

The primary bending deflection is established by 'discretising' the member and using a
numerical integration technique based on 'Engineer's Bending Theory' - M/l = E/R = g/y. In
this way the discrete elements that incorporate all or part of an opening will contribute more
to the total deflection.

The component of deflection due to the local deformations around the opening is
established using a similar process to that used for cellular beams which is in turn based on
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the method for castellated beams given in the SCI publication, “Design of castellated beams.
For use with BS 5950 and BS 449".

The method works by applying a 'unit point load" at the position where the deflection is
required and using a 'virtual work technique to estimate the deflection at that position.

For each opening, the deflection due to shear deformation, &, and that due to local bending,
Sy, is calculated for the upper and lower tee sections at the opening. These are summed for
all openings and added to the result at the desired position from the numerical integration
of primary bending deflection.

Note that in the original source document on castellated sections, there are two additional
components to the deflection. These are due to bending and shear deformation of the web
post. For castellated beams and cellular beams where the openings are very close together
these effects are important and can be significant. For normal beams the openings are likely
to be placed a reasonable distance apart. Thus in many cases these two effects will not be
significant. They are not calculated for such beams but in the event that the openings are
placed close together a warning is given.

Steel Column Design to BS 5950

Design method (Columns: BS 5950)

Unless explicitly stated all calculations are in accordance with the relevant sections of
BS 5950-1: 2000. You may find the handbook and commentary to the Code of Practice
published by the Steel Construction Institute useful.

Ultimate Limit State (Strength) (Columns: BS 5950)

The checks relate to doubly symmetric prismatic sections i.e. rolled |- and H-sections and to
doubly symmetric hot-finished hollow sections i.e. SHS, RHS and CHS. Other section types
are not currently covered.

The strength checks relate to a particular point on the member and are carried out at
5" points and “points of interest”, (i.e. positions such as maximum moment, maximum axial
etc.)

Classification (Columns: BS 5950)

General
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The classification of the cross section is in accordance with BS 5950-1: 2000.

Steel columns can be classified as:
* Plastic Class = 1

* Compact Class = 2
» Semi-compact Class = 3

» Slender Class = 4
Class 4 sections are not allowed.

Sections with a Class 3 web can be taken as Class 2 sections (Effective Class 2) providing the
cross section is equilibrated to that described in Clause 3.5.6 where the section is given an
"effective” plastic section modulus, Se This approach is not adopted in the current version of
Tekla Structural Designer.

All unacceptable classifications are either failed in check mode or rejected in design mode.

Hollow sections

The classification rules for SHS and RHS relate to "hot-finished hollow sections” only (“cold-
formed hollow sections” are not included in this release).

Important Note

The classification used to determine M is based on the maximum axial compressive load in
the relevant segment length. Furthermore, the Code clearly states that this classification
should (only) be used to determine the moment capacity and lateral torsional buckling
resistance to Clause 4.2 and 4.3 for use in the interaction equations. Thus, when carrying out
the strength checks, the program determines the classification at the point at which strength
is being checked.

Shear Capacity (Columns: BS 5950)

The shear check is performed according to BS 5950-1: 2000 Clause 4.2.3. for the absolute
value of shear force normal to the x-x axis and normal to the y-y axis, F.x and F,,, at the point
under consideration.

Shear buckling

When the web slenderness exceeds 70¢ shear buckling can occur in rolled sections. There are
very few standard rolled sections that breach this limit. Tekla Structural Designer will warn
you if this limit is exceeded, but will not carry out any shear buckling checks.

Moment Capacity (Columns: BS 5950)

The moment capacity check is performed according to BS 5950-1: 2000 Clause 4.2.5 for the
moment about the x-x axis and about the y-y axis, M, and M,, at the point under
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consideration. The moment capacity can be influenced by the magnitude of the shear force
(“low shear” and “high shear” conditions). The maximum absolute shear to either side of a
point of interest is used to determine the moment capacity for that direction.

High shear condition about x-x axis

The treatment of high shear is axis dependent. In this release for CHS, if high shear is
present, the moment capacity about the x-x axis is not calculated, the check is given a
Beyond Scope status and an associated explanatory message.

High shear condition about y-y axis

For rolled sections in the current release, if high shear is present normal to the y-y axis then
the moment capacity about the y-y axis is not calculated, the check is given a Beyond Scope
status and an associated explanatory message.

For hollow sections, there is greater potential for the section to be used to resist the principal
moments in its minor axis. Of course for CHS and SHS there is no major or minor axis and so
preventing high shear arbitrarily on one of the two principal axes does not make sense.
Nevertheless, if high shear is present normal to the y-y axis then in this release the moment
capacity about the y-y axis is not calculated, the check is given a Beyond Scope status and an
associated explanatory message.

Note

Not all cases of high shear in two directions combined with moments in two directions along
with axial load are considered thoroughly by BS 5950-1: 2000. The following approach is
adopted by Tekla Structural Designer:

« if high shear is present in one axis or both axes and axial load is also present, the cross-
section capacity check is given a Beyond Scope status. The message associated with this
status is "High shear and axial load are present, additional hand calculations are required
for cross-section capacity to Annex H.3". Tekla Structural Designer does not perform any
calculations for this condition.

* if high shear and moment is present in both axes and there is no axial load ("biaxial
bending”) the cross-section capacity check is given a Beyond Scope status and the
associated message is, “"High shear present normal to the y-y axis, no calculations are
performed for this condition.”

if high shear is present normal to the y-y axis and there is no axial load, the y-y moment
check and the cross-section capacity check are each given Beyond Scope statuses. The
message associated with this condition is, “"High shear present normal to the y-y axis, no
calculations are performed for this condition.”

Axial Capacity (Columns: BS 5950)

The axial capacity check is performed according to BS 5950-1: 2000 Clause 4.6.1 using the
gross area and irrespective of whether the axial force is tensile or compressive. This check is
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for axial compression capacity and axial tension capacity. Compression resistance is a
buckling check and as such is considered under .

Cross-section Capacity (Columns: BS 5950)

The cross-section capacity check covers the interaction of axial load and bending to Clause

4.8.2 and 4.8.3.2 appropriate to the type (for example — doubly symmetric) and classification
of the section. Since the axial tension capacity is not adjusted for the area of the net section
then the formulae in Clause 4.8.2.2 and 4.8.3.2 are the same and can be applied irrespective
of whether the axial load is compressive or tensile.

The Note in also applies here.

Ultimate Limit State (Buckling) (Columns: BS 5950)

Lateral Torsional Buckling Resistance, Clause 4.3 (Columns: BS 5950)

For columns that are unrestrained over part or all of a span, a Lateral Torsional Buckling (LTB)
check is required either:

* in its own right, Clause 4.3 check,
* as part of an Annex G check,

* as part of a combined buckling check to 4.8.3.3.2 or 4.8.3.3.3, (see, and ).

This check is not carried out under the following circumstances:
» when bending exists about the minor axis only,

» when the section is a CHS or SHS,
» when the section is an RHS that satisfies the limits given in Table 15 of BS 5950-1: 2000.

For sections in which LTB cannot occur (the latter two cases above) the value of My, for use in
the combined buckling check is taken as the full moment capacity, M., not reduced for high
shear in accordance with Clause 4.8.3.3.3 (c), equation 2 (see).

Destabilising loads are excluded from Tekla Structural Designer, this is justified by the rarity
of the necessity to apply such loads to a column. If such loads do occur, then you can adjust
the “normal” effective length to take this into account although you can not achieve the
code requirement to set mr to 1.0.

Effective lengths

The value of effective length factor is entirely at your choice. The default value is 1.0.
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Lateral Torsional Buckling Resistance, Annex G (Columns: BS 5950)
This check is applicable to |- and H-sections with equal or unequal” flanges.

The definition of this check is the out-of-plane buckling resistance of a member or segment
that has a laterally unrestrained compression flange and the other flange has intermediate
lateral restraints at intervals. It is used normally to check the members in portal frames in
which only major axis moment and axial load exist. Although not stated explicitly in BS 5950-
1: 2000, it is taken that the lateral torsional buckling moment of resistance, My, from the
Annex G check can be used in the interaction equations of Clause 4.8.3.3 (combined
buckling).

Since this is not explicit within BS 5950-1: 2000 a slight conservatism is introduced. In a
straightforward Annex G check the axial load is combined with major axis moment. In this
case both the slenderness for lateral torsional buckling and the slenderness for compression
buckling are modified to allow for the improvement provided by the tension flange restraints
(A replaced by Ars and A replaced by Arc). When performing a combined buckling check in
accordance with 4.8.3.3 the improvement is taken into account in determining the buckling
resistance moment but not in determining the compression resistance. If the incoming
members truly only restrain the tension flange, then you should switch off the minor axis
strut restraint at these positions.

The original source research work for the codified approach in Annex G used test specimens
in which the tension flange was continuously restrained. When a segment is not continuously
restrained but is restrained at reasonably frequent intervals it can be clearly argued that the
approach holds true. With only one or two restraints present then this is less clear.BS 5950-1:
2000 is clear that there should be “at least one intermediate lateral restraint” (See Annex
G.1.1). Nevertheless, you are ultimately responsible for accepting the adequacy of this
approach.

For this check Tekla Structural Designer sets m to 1.0 and calculates n.. The calculated value
of n¢ is based on M.« being taken as the maximum of M, to Ms, and not the true maximum
moment value where this occurs elsewhere in the length. The effect of this approach is likely
to be small. If at any of points 1 - 5, R >1%, then Tekla Structural Designer sets the status of
the check to Beyond Scope.

Reference restraint axis distance, a

The reference restraint axis distance is measured between some reference axis on the
restrained member - usually the centroid - to the axis of restraint - usually the centroid of
the restraining member. The measurement is shown diagramatically in Figure G.1 of BS
5950-1: 2000.

Tekla Structural Designer does not attempt to determine this value automatically, since such
an approach is fraught with difficulty and requires information from you which is only used
for this check. Instead, by default, Tekla Structural Designer uses half the depth of the
restrained section, and you can specify a value to be added to, or subtracted from, this at
each restraint point. You are responsible for specifying the appropriate values for each
restraint position. The default value of 0Omm may be neither correct nor safe.
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1. _Unequal flanged sections are not currently included.
2. Which could happen since R is based on Z and not S.

Compression Resistance (Columns: BS 5950)

For most structures, all the members resisting axial compression need checking to ensure
adequate resistance to buckling about both the major- and minor-axis. Since the axial force
can vary throughout the member and the buckling lengths in the two planes do not
necessarily coincide, both are checked. Because of the general nature of a column, it may not
always be safe to assume that the combined buckling check will always govern. Hence the
compression resistance check is performed independently from all other strength and
buckling checks.

Effective lengths

The value of effective length factor is entirely at your choice. The default value is 1.0.
Different values can apply in the major and minor axis.

The minimum theoretical value is 0.5 and the maximum infinity for columns in rigid moment
resisting (RMR) frames. Practical values for simple columns are in the range 0.7 to 2.0. Values
less than 1.0 can be chosen for non-sway frames or for sway frames in which the effects of
sway are taken into account using the amplified moments method. However, there is a
caveat on the value of effective length factor even when allowance is made for sway.

In particular for RMR frames, the principal moments due to frame action preventing sway are
in one plane of the frame. There will often be little or no moment out-of-plane and so
amplification of these moments has little effect. Nevertheless the stability out-of-plane can
still be compromised by the lack of restraint due to sway sensitivity in that direction. In such
cases a value of greater then 1.0 (or substantially greater) may be required. Similarly, in
simple construction where only eccentricity moments exist, it is only the brace forces that
"attract” any amplification. Thus for the column themselves the reduced restraining effect of
a sway sensitive structure may require effective length factors greater than 1.0 as given in
Table 22 of BS 5950-1: 2000.

Member Buckling Resistance, Clause 4.8.3.3.2 (Columns: BS 5950)

This check is used for Class 1, 2 and 3 Plastic, Compact and Semi-compact rolled I- and H-
sections with equal flanges (Class 4 Slender sections and Effective Class 2 sections are not
included in this release).

Three formulae are provided in Clause 4.8.3.3.2 (c) to cover the combined effects of major
and minor axis moment and axial force.These are used irrespective of whether all three
forces / moments exist. Clause 4.9 deals with biaxial moment in the absence of axial force,
Clause 4.8.3.3.2 (c) can also be used in such cases by setting the axial force to zero.

All three formulae in Clause 4.8.3.3.2 (c) are checked; the second is calculated twice — once
for Face A and once for Face C.
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Only one value of F is used, the worst anywhere in the length being checked. If the axial load
is tensile, then F is taken as zero.

Important Note

Clause 4.8.3.3.4 defines the various equivalent uniform moment factors. The last three
paragraphs deal with modifications to these depending upon the method used to allow for
the effects of sway. This requires that for sway sensitive frames the uniform moment factors,
m,, My and myy, should be applied to the non-sway moments only. In this release there is no
mechanism to separate the sway and non-sway moments, Tekla Structural Designer adopts
the only conservative approach and sets these “m” factors equal to 1.0 if the frame is sway
sensitive (in either direction). This is doubly conservative for sway-sensitive unbraced frames
since it is likely that all the loads in a design combination and not just the lateral loads will be
amplified. In such a case, both the sway and non-sway moments are increased by kamp and
neither are reduced by the above “m” factors. The calculation of myr is unaffected by this
approach, and thus if the second equation of Clause 4.8.3.3.2 (c) governs, then the results are
not affected.

Member Buckling Resistance, Clause 4.8.3.3.3 (Columns: BS 5950)

This check is used for Class 1, 2 and 3 Plastic, Compact and Semi-compact hollow sections
(Class 4 Slender sections and Effective Class 2 sections are not included in this release).

Four formulae are provided in Clause 4.8.3.3.3 (c) to cover the combined effects of major and
minor axis moment and axial force. These are used irrespective of whether all three

forces / moments exist. Clause 4.9 deals with biaxial moment in the absence of axial force,
Clause 4.8.3.3.3 (c) can also be used in such cases by setting the axial force to zero.

The second and third formulae are mutually exclusive — that is the second is used for CHS,
SHS and for RHS when the limits contained in Table 15 are not exceeded. On the other hand
the third formula is used for those RHS that exceed the limits given in Table 15. Thus only
three formulae are checked; the first, second and fourth or the first, third and fourth. Either
the second or third (as appropriate) is calculated twice — once for Face C and once for Face A.

Only one value of F is used, the worst anywhere in the length being checked. If the axial load
is tensile, then F is taken as zero.

See also the Important Note at the end of .

Serviceability limit state (Columns: BS 5950)

The column is assessed for sway and the following values are reported for each stack:
* Sway X (mm) and Acrix
* Sway Y (mm) and Ay

* Sway X-Y (mm)
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Depending on the reported A« the column is classified as Sway or Non sway accordingly.

A A sway assessment is only performed for the column if the Lambda Crit Check box
is checked on the Column Properties dialog.

If very short columns exist in the building model these can distort the overall sway
classification for the building. For this reason you may apply engineering
judgement to uncheck the Lambda Crit Check box for those columns for which a
sway assessment would be inappropriate

Steel Brace Design to BS 5950

Design Method (Braces: BS 5950)

Unless explicitly stated all brace calculations are in accordance with the relevant sections of
BS 5950-1:2000 (Ref. 2).

A basic knowledge of the design methods for braces in accordance with the design code is
assumed.

Classification (Braces: BS 5950)

No classification is required for braces in tension.

Braces in compression are classified according to Clause 3.5 as either: Class 1, Class 2, Class 3
or Class 4.

Class 4 sections are not allowed.

Hollow sections

The classification rules for SHS and RHS relate to “hot-finished hollow sections” only (“cold-
formed hollow sections” are not included in this release).

Axial Tension (Braces: BS 5950)

An axial tension capacity check is performed according to Clause 4.6.

Axial Compression (Braces: BS 5950)

An axial compression capacity check is performed according Clause 4.7.
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Compression Buckling (Braces: BS 5950)

If axial compression exists, the member is also assessed according to Clause 4.7 with all
relevant sub-clauses.

The default effective length in each axis is 1.0L.

Steel Single, Double Angle and Tee Section Design to BS 5950

Design Method (Angles and Tees: BS 5950)

The design method adopted is dictated by the member characteristic type:

”mou

“Beam”, “Truss member top” or “Truss member bottom” characteristic:

Member is designed for axial tension, compression, shear, bending and combined forces
- consistent with the method detailed in Steel Beam Design to BS 5950

"moou

“Brace”, “Truss internal” or “Truss member side” characteristic:

Member is designed for axial tension, compression and compression buckling only -
consistent with the method detailed in Steel Brace Design to BS 5950

A Additional Angle and Tee Limitations have to be considered when designing these
sections to the above design methods.

Angle and Tee Limitations (BS 5950)

In the current version when designing tees, single, and double angles to BS 5950, the
following checks remain beyond scope:

Tee Angle Double Angle

Classification | ok ok ok
Axial tension | ok ok ok
Axial ok ok ok
compression

Shear ok ok ok
Bending ok ok ok
Combined ok ok ok
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strength

LTB ok ok Beyond scope
Combined ok ok Beyond scope
buckling

Deflection ok ok ok

In addition, the following limitations apply:

« All sections are assumed to be effectively loaded through the shear centre such that no
additional torsion moments are developed. In addition no direct allowance is made for
‘destabilizing loads'.

* Design excludes bending of the outstand leg of double angles loaded eccentrically e.g.
supporting masonry.

+ Conditions of restraint can be defined as top and bottom flange for lateral torsional
buckling. It is upon these that the buckling checks are based. For the current release
intermediate LTB restraints are omitted (i.e. only fully restrained for LTB, or unrestrained).

* Double angles and tee sections subject to moment with high shear are beyond scope.

Section Axes (Angles and Tees: BS 5950)

For all sections -
* x-x is the axis parallel to the flanges (major axis)
* y-y is the axis perpendicular to the flanges (minor axis)
« for Single and Double Angles
* y-y parallel to long side (leg) - single angles
* y-y parallel to long side (leg) - double angles with long leg back to back
* y-y parallel to short side (leg) - double angles with short leg back to back
* u-u is the major principal axis for single angles

* v-v is the minor principal axis for single angles
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Single Angles - Section Axes

Design Procedures (Angles and Tees: BS 5950)

This section includes notes and assumptions made specifically for the design of tee, single
and double angle sections.

Classification checks

For axial compression and bending both the web and flange (Leg 1 and Leg 2) are classified
as Class 1, Class 2, Class 3 or Class 4 and the worst of the two is the resultant classification
for that cross section.

The rules from Table 11 and Table 12 of BS 5950-1:2000 apply for the classification of these
sections.

A Class 4 section classification is only allowed for single angle, double angle and tee
sections.

Axial Tension check

Section 4.6 of BS 5950 is used for this design check.

Axial Compression check

Section 4.6 of BS 5950 is used for this design check.

Shear check

Section 4.2.3 of BS 5950 is used for this design check.
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Moment check

Section 4.2.5 of BS 5950 is used for this design check.

A Tees, single angles and double angles are designed as Class 4.

Moment capacity for Class4 slender sections:
Class 4 sections are designed as Class 3 effective sections.

I Non Effective

e = abs (CxXgew —CX)

cv : e, = abs (cym ~-cy)
«——», Centroid cynew New Centroid '
L m—
X 3
v v CX new
I | Non Effective
Centroid
» C)v’_h ‘ cynew N C d
Q—,‘ Centroid ' . , < “ New Centrol
Cy < New Centroid <X X ..
o
cX Yoew | cXoen
¥ v
Non Effective

Hence, additional moments are induced in the member due to the shift of the centroid of
the effective cross-section compared to that of the gross section when subject to axial
compression only.

Thus:

AMegx = ex x Fc
AMegy = ey x Fc
Where:

Fc is the max compressive force in the span.

For tees and double angles ex = 0. Hence, total minor design moment = minor design
moment.

Where,

ex and ey = the shift of the centroid of the effective area A< relative to the centre of
gravity of the gross cross section

ey abs(cXnew — €X)

ey abs(Cynew — Cy)

So finally, a total moment is obtained for which the moment design check is performed:
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Miotalx = AbS(MEd,x) + AbS(AMEd,X)
Mtotaly = AbS(MEdIy) + AbS(AMEd,y)

Single angles - asymmetric sections:
Single angles with continuous lateral - torsional restraint along the length are
permitted to be designed on the basis of geometric axis (x, y) bending.

Single angles without continuous lateral - torsional restraint along the length are
designed using the provision for principal axis (u, v) bending since we know that the
principal axes do not coincide with the geometric ones.

AMy =AMy x cos§ + AMy x sind
AM, = -AMy x sinG + AM, x cos§

Note that when principal axis design is required for single angles and the classification is
Class 4, all moments are resolved into the principal axes (total moment in the principal
axes u-u and v-v).

A Tees, single angles and double angles subject to moment with high shear are
beyond scope.

Combined bending and axial check
Section 4.8.3 of BS 5950 is used for this design check.

For Class 3:
Abs (F. / Ag py) + abs (Mxed / Mo) + abs (Myea/Weiminy) < 1.0

For Class 4:
Abs (Fc / Aert py) + (abs (Mxgd) + abs (AMyed)) / Mo + (abs (Myea) + abs (Auyea) / Moy <1.0

Note that total moments are used when the section classification is Class 4.

Lateral torsional buckling check

Section 4.3 of BS 5950 is used for this design check.

A This check is beyond scope for double angles.

In the case of a beam with continuous lateral torsional restraint along its length this check is
not performed. The lateral torsional resistance is considered adequate.

For beams that are unrestrained, a Lateral Torsional Buckling (LTB) check is required, either:

* In its own right check for LTB, Clause 4.3, and B2.8 for tee sections and B.2.9 for angle
sections in BS 5050-1: 2000.
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* As part of combined buckling, Clause 4.8 "Members with combined moment and axial
force”, 4.8.3.3, for single Angles 13 and 14 sections

This check is not performed when bending exists about the minor axis only

A Conditions of restraint can be defined as top and bottom flange for lateral
torsional buckling. It is upon these that the buckling checks are based. All
intermediate LTB restraints for tees and single angles are ignored.

Combined buckling check

A This check is beyond scope for double angles.

Single angles:

Clause 1.4 - For beam with continuous lateral torsional restraint or for equal single angle
sections with b/t < 15¢ a combined buckling check is performed according to Clause 1.4.3
- the simplified method.

For any other case Clause 4.8.3.3.1 is used with the moments being resolved into the
principal axes u-u and v-v. Two formulae are provided in Clause 4.8.3.3.1, both are
checked

Tees:
Clause 4.8.3.3.1 is used. Two formulae are provided in Clause 4.8.3.3.1, both are checked.

* If the axial load is tensile, then F is taken as zero
* Only one value of F is used, the worst anywhere in the length being checked

» Class 4 slender sections are allowed

Deflection of Single Angles

If a single angle is continuously restrained the major geometric moment and major
geometric section properties are used in the general equation governing the beam
deflection.
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Single Angle Deflections (continuously restrained, unrestrained)

However, because single angle geometric axes are not coincident with the principal axes; a
different procedure is required if the angle is not continuously restrained, the procedure
being as follows:

1. External loads are transposed from the geometric axes to the principal axes.
2. The deflection equations are used to calculate deflections in the principal axes.

3. These principal axis deflections are then transposed to geometric axes again.
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