Euro Code Design in RCDC

* Available Codes:
v'BS EN 02 — 2004 - Design Of Concrete Structures
— BS EN 02 - 2004 + MS NA
— BS EN 02 — 2004 + UK NA
— BS EN 02 - 2004 + SS NA
+
v'BS EN 1998 1 2004 — Design Of Structures For Earthquake Resistance
v BS EN 1997 1 2004 — Geotechnical Design (Annex A & D)
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General

Material Safety Factor

DESCRIPTION _| ___EURO

Concrete Strength Cylinder
Safety Factor 1.15And 1.5 For
(Permanent Load) Concrete And
Reinforcement
Respectively

Safety Factor 1.0And 1.2 For
(Accidental Load) Concrete And
Reinforcement
Respectively
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General Data
Column No.
Level

Deesign Code
Tvpe of Frame

C1
0mTo42m

EN 02 - 2004
Ductile High

Grade Of Concrete (f | ) (Cvlindrical)
Partial Factor for Concrete | ‘-I-'c]l

Partial Factor for Concrete (Y cd]'

Grade Of Steel {f}.k]'
Partial Factor for Reinforcement )

Partial Factor for Reinforcement (y 9,;1]'

C20,/25
15

P 3.
Fy420
115
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Column

Design Settings & Slenderness Check

Design Settings
Ductile Setting

Perfform Ductile Design

(@ Ductie Medium

[] Live Load Reduction

(O) Ductile High Edit

Edit

Effective Length Factor Edt

Type of Frame
O Braced

Effective Creep Ratio

(® UnBraced

Effective Creep Ratio (wef) 4

Edge Length
300
350

pef
2.142
2142
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Calculation of SLENDERNESS CHECK

Along D Along B

. - 13] : (LOAD 1: LOAD CASE 1) - 13] : (LOAD 1: LOAD CASE 1) -
Criical Load Combination [(L]OA(D 4: LOAD CASE 4 EQ—\?) [(L]OAI(Z) 4: LOAD CASE 4 EQ—\)()
Ned (kN) 542.73 542.73
Mo1 (kNm) 12.33 82.9
Mo2 (kNm) 33.71 162.11
Radius of Gyration (i) (mm) 202.31 202.31
def 2.14 2.14
A=1/(1+0.2x® ef) 0.7 0.7
B =Sqrt(1+2w) 1.07 1.07
rm = Mo1 / Mo2 -0.37 -0.51
C=17-rm 2.07 2.21
n = Ned/ (B xD xfcd) 0.0665 0.0665
Slenderness ratio (A ) =lo /i 20.5 20.5
Permissible Limits ( A lim) = AxB xC / sqrt (n) 120.29 128.42

Hence, Column is not Slender Hence, Column is not Slender

| \"nfl’—"w)x:
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Column
Design Checks & PM Curve

Interaction Surface - C5 X

Rony @

Minimum Eccentricity,
Since Axial Force is compressive, Min. Eccentricity check to be
performed

Check.e0
Minimum Eccentricity Along D: = D /30
Minecc (e0D) = 23.33mm
Mx My Angle M Res - .. ..
{kNm} ktim) (@z0 ikm - Mmind = Ned x Minimum Eccentricity
cs 1{Bat) 37008 11474 173.76 56.56 208. u 1266 kNm
Ccs5 1 (Top) 300.59 1286 208.27 58.31 244
= 245t = 10 e o ZMinimum Eccentricity Along B: = B/30
ch 2 (Top) 31368 180.84 207.34 48.97 275 .
5 2{Bat) 31659 FIRE) 17401 634 sMinecc (e0B) = 23.33mm
cs 3 (Top) 2875 7636 20368 693 222:Mminb = Ned x Minimum Eccentricity
ch 4 (Bat) 3519 12172 113.82 4308 1661 = 1266kNm
c5 4 (Top) 28242 13454 13561 4514 191 — - -
= 5 fol) e ey g pre -57-Geometric imperfection, ei
| 280 52 = 0.005
N cs 6 (Bat) 707 g 5T 140.27 50 133.Qn — 0976
=3 ) } ) ) ) ) : s 6 (Top) 27759 16167 17236 4683 23
g 1000 2000 3000 4000 5000 8000 7000 €5 7 (Bat) 32089 6247 140.78 66.07 1540M B 1
01 = 0.00488 Radian
Eccentricity ,(ei) (along both the directions) = 10.12mm
MgeoD = 5.49kNm
MgeoB = 5.49kNm
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Column
Ductile detailing

Type Of Frame

Confining Links
Calculations

Confining Links
Detailing

End Zone

DCM And DCH

“Hc” Is Calculated As Per
Corner Bar Dimensions.
“Ash” Is Different For Both
Face. Max To Be Considered

Outer And Internal Links Act As
Confining Links.

DCM :D, Lc/6,450
DCH:1.5x D, Lc/6,600
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Special confining reinforcement as per BS EN 1998-1:2004

Volume of confining hoops, Ash

diameter of link

dbl =
wwd =

a=an x as =
an =
as =
bc =
hc =
bo =

ho=Do

bi =
HO =
Ned =

vd =

esyd =
Volume of confining link per m =

Zone for special confining links - criterion

Max. Size of column, D =
Clear height/6 =
Minimum value =
Hence length of confining zone =

8mm
12mm
(30 x p@ x Vd x esyd x (bc/bo) - 0.035) / a
0.08

0.8306

0.9774

0.8499
700 mm
700mm
608 mm
95mm

608
95mm

11

697.3705

Ned /(Ac x fcd)
0.0854
0.0025
1555.56 sqmm/m

700 mm
566.67 mm
450mm
700mm

Bentley



Column

Crack-width
Crack Width Check as per EN 02 - 2004 Stress Limit Check as per BES EN
Location Bottom Top Location Bottom Top
Critical Load Combination 10001 10001 Critical Load Combination 10001 10001
Member Force Member Force
P (kN) 1030.5865 9791150 PN 050.5865 9791150
/ T 71 4477 5
e el S Mo (KNm) 214427 39.0995
My (kN 16.1749 26.5192 = =
LN ” 45 My (KNm) 161749 265192
Reinforcement-Total 12-T12 1T -
: - Feinforcement - Total 12-T12 12-T12
Corner Reinforcement - Dha 12 12 _ . - =
Ast - corner reinforcement - mm? 113.0973 113.0973 Corqerleitar cment i e =
il R Anle g 579716 55.8570 Ast - corner reinforcement - mm?2 113.0973 113.0973
L o o = 7 - Cial R
Newutral asis intersection (mm) 21104964 13612074 MNeutral Axis Angle (Deg) 529716 55.852¢
acr (mm) 73196 73196 Meutral axis intersection (mm) 21104964 13612974
Check for Stress in Reinforcement Check for Stress in Eeinforcement
o, (N/sqmm) 304571 }\ 26,8088 o, (N/sqmm) 39.4571 26.5088
O s Perm | -/ Sqmm) 336 T‘Y 336 O parm | N/sqmm) 336 336
Crack Width Check Check for Stress in Concrete
B e 0.0002 0.0001 Fc ( N/ sgmm) 25487 28916
W 0.0361 0.0245 FcPerm ( N/sqmm) 9 ?
O e 2 2
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Shear Wall

Boundary Element Wall Design

DESCRIPTION | ___EURO |

Criteria To Satisfy
Boundary Wall

Shear Force

Detailing

All Ductile Wall Shall
Be Design As
Boundary Wall

Enhanced Shear
Force Up To 1/3
Height And 2/3rd
Height

Height Of Boundary
Zones Decided As
Per Parameters
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Design Of Shear
Shear To Be Considered

Till (1/3 x hw) height
Above (1/3 x hw) height
kw

q

Shear Resistance For DCH Type
Along -D

Critical Load Combination
Design shear force, Vux

Ned

For Diagonal Compression Failure Of Web

Zz

acc
fed
vl
ocp

acw
Vrdmasx
Vrdmasx (Critical Zone)

Hence Vedmax > Vux

16549225
827 4612
1

kw x qo
45

[4] : 1.35 (LOAD 1: LOAD CASE 1) 4
367.7606
8425

1920

18272159

16.6667

0.6

Ned /{Fckxbx D)
0.0585

1.0029

2888425

Vrdmax x 0.4
115537

KN
KN

KN
kN

N/sqmm

N/ sgmm

Bentley



Beam (Non-Ductile)

Design
Design Area Of Reinforcement For

Torsion Is Calculated And
Distributed In Longitudinal
And Shear Reinforcement

Permissible Stress Ratio Of Actual Vs
Permissible Torsion And

Shear Checked
Reinforcement Area Of Reinforcement Is
Detailing Distributed To Longitudinal,
Shear + SFR To Be
Provided
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Flexure Design

Critical L/C - RCDC

Mu (KNm)

Mu/(bd2 x Fck)

z (mm)

Doubly Reinforced Section

M' (Excess Moment for Doubly Reinforced section)
(KNm)

x (Distance of N.A.) (mm)

fsc (Compressive Stress in Steel) (N/sgmm)
Asc (Area of Compression Reinf.) (sgmm) (C)
p (%) (Flexural)

As (sgqmm) (A)

Ted (kNm)

Tra,c (KNm)

As,min (Tor) (sqmm)

Asl (sqmm)

Asidist (sgmm) (D)

As + Asl,dist 12 (SQmm)

As,reqd (Sqmm)

As,prov (sqmm)

Reinforcement Provided

Left
5
0
712.5

oloe|le|le|e|le| @

53.89

859.81
804.24
4-T16

Mid
1
339.68
0.058
709.78

0
0
0
0
0.582
1310.36
26.51
43.11
0
0
0
1310.36
1310.36
1608.48
4-T16
4-T16

Beam Bottom

Right

0
712.5

O O O O o o o

43.11

0
1207.54
1608.48

4-T16
4-T16

Left
1
435.77
0.074
697.49

0
0
0
0
0.76
1710.66
26.51
43.11
0
0
0
1710.66
1710.66
1884.96
3-T20
3-T20

Beam Top
Mid Right
- 1
- 485.15
0 0.082

712.5 690.99

0
0
0
0
0.854
1922.43
59.11
43.11 43.11
0 299.2
2705.28
737.8
0 2291.33
859.81 2291.33
1472.61  2415.09

3-T25 3-T25
3-T20

ole|le|le|e|le| @
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Beam (Non-Ductile)

Shear Design Shear Design _ | |

Left Mid Right
Critical L/C - RCDC 1 1 5
PtPrv (%) 1.073 0.458 0.654
VEd (kN) 138.93 93.14 252.63
Ted (kNm) 5.69 5.69 6.74
0 (Degree) 218 21.8 218
TRd,c (kNm) 43.1095 43.1095 53.8869
ted (N/sqmm) 0.1976 0.1976 0.2343
tRd,max (N/sqmm) 8.303 8.303 10.3788
TRd,max (KNm) 119.4736 119.4736 149.3421
(Ted / TRomax ) + (VEd / VRdmax) 0.2129 0.1584 0.2856
Vt (kN) 0 0 0
VEd + Vit (kN) 138.93 93.14 252.63
ved (N/sqgmm) 0.62 0.41 1.12
VRde (N/sqmm) 0.61 0.46 0.65
VRdc (KN) 137.12 103.23 145.35
VRdmax (N/sgmm) 415 415 5.19
VRdmax (KN) 840.68 840.68 1050.85
Asw (sgmm/m) 338.062 338.062 445.524
Legs 2 2 2
@sv (mm) 8 8 8
Sreqd. (Sgmm/m) 100 295 100
sprov (sgmm/m) 100 295 100
Asw,prov. (sgmm/m) 1005.4 340.81 1005.4
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Beam (Ductile)

Detailing

Type Of Frame

End Zone

Confining Link

Spacing
(Minimum Of)

DCM And DCH

D

Dcm :

D/4 , 24 X Dia. Of
Stirrups, 8 X Dia. Of
Longitudinal Reinf. , 225
Dch :

D/4 , 24 X Dia. Of
Stirrups, 6 X Dia. Of
Longitudinal Reinf. ,175
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Maximum Spacing Criteria

Basic
Spc1 =0.75d
Spc2

For Torsion
(X1 =270, Y1 =770)
Spc3 = X1
Spcd=(X1+Y1)/4

For Ductility (DCH)
Left Section
Spcb = 6 x Small Longitudinal Dia
Spcb = 24 X Psy
Spc7=h/4
Spc8 = 175
Provided Spacing

Mid Section
Provided Spacing

Right Section
Spcb = 6 x Small Longitudinal Dia
Spcb = 24 X Psy

Spc7=h/4
Spc8 = 175
Provided Spacing

562
300

270
260

96
192
188
175
100

300

96

192

188
175
100

mm
mm

mm
mm

mm
mm
mm
mm
mm

mm

mm

mm

mm
mm
mm
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Beam (Ductile)

Coupling Beam

Check for coupling action
Beam Designed with Diagonal Reinforcement.
Design of diagonal reinforcement
Clear Span of Beam, L = 1000 mm
Bw = 40D mun
Beam Depth, D = 900 mam
Effective D , deff = 50 m
Angle with horizontal, {a) = 40696 deg
Med = 398413 ENm
Ultimate Shear from analysis, Vu = 79882 KN
Act = 1
fem = 18
fetm = 37
fetk = 154
fetd = 114
fotd x Bw x deff = 52647
Asi = 1419
Detailing
bo = 310 mm
fyid = 420 m
frwd = 420 mm
Diameter of Link - 7 mm
Spacing of link, S = Max{ Ba/3, 115, dbL x 6)

= 96 mm
Reinforcement provided = ::ES Biith dagonak
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Footing

« Varying SBC- as per L/B & B Ratio — Annex A

General Settings
Design Settings
[ Use Gross SBC
[] Consider Overburden
[ Surcharge Load
[ Check for Buoyancy
[] Check for Sliding
[] Check for Overtuming
Provide Top Steel
(®) All Footings

[ Provide Face Reinforcement

Soil Data
() Net SBC

() Footing Depth >= 520

0| kN/sgm

® Varying SEC
O Beanng Capaty (BSEN 1
Soil Density

Founding Depth

Water Table

Friction Coefficient
FOS For Sliding
FOS For Uiplit

Cross Section design

(® Average Pressure

E—T
—
—

04
$2

14

Sail Contact

Permissible loss of contact l:l %
Design Parameters

Concrete Grade 2z | [Add ]
Clear Cover | 40jmm
Live Load Reduction [ o=
Type of Soi [Medum |
SECincrease-Eathquake | 0| %
SBC Increase - Wind [ o=
PCC Thickness mm
PCC Offset mm
Dimensional Settings

Plan Round - Off [ sofmm
Depth Round - Off mm
bomte [
Maximum Depth [ olmm
Minimum Degth | 30fmm
Plan Limits [ sa | @

() Mawimum Pressure () Factored SBC % SBC

=

Footing 5SBC

Type

L/B—

Set Al

Set A2

Set A3

BB B EE|EEEBEIEEEES

HEEIEIE EEEEEH EHHEEE

HEEIEHE BEEHEE EHHEEE

BB B EE|EEEBEIEEEES

BB B EE|EEEBEIEEEES

HEEIEE HEEEE EHHEEE

oK

| cancel

| oK | | Cancel
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Footing

* Annex D (BS EN 1997-1-2004)

Design Settings
[ Use Gross SBC
[] Consider Overburden
[ Surcharge Load
[] Check for Buoyancy
[] Check for Sliding
[] Check for Overtuming
Provide Top Steel
(®) Ml Footings
() Footing Depth »= 600
[ Provide Face Reinforcement
Soil Data
O Met SBC 200

(®) Varying SBC [se |

0 kM/sgm

kM /sgm

O Bearing Capacy (BSEN 1997-1:2004)

Soil Density
Founding Depth
Water Table
Friction Coefficient 04
FOS For Sliding 1.2
FOS For Liplft 14

Cross Section design
(®) Average Pressure

=
T kN/cum

m

m

Soil Contact

Penmissible loss of contact I:l %

Diesign Parameters
Concrete Grade

Steel Grade
Clear Cover
Live Load Reduction

Type of Soil

o025 | | Add
Fya20  v| | Add
—
[ o=

Medim |

SBCIncrease -Eathquake | 0| %

S5BC Increase - Wind
PCC Thickness

PCC Offset
Dimensional Settings
Plan Round - Off
Depth Round - Off
Maximum Steps
Maximum Depth
Minimum Depth

Plan Limits

—
[ wlm
[ wlm

[ sl
-
—

[ om

(C) Maximum Pressure () Factored SBC x SBC

Soil Parameters X

Soil Parameters
Soil Condtion | Drained Rl

Cu 200 kMN/sgm
c v
i
T
ok || Ccancel
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ar | [P

Check For Critical Bearing Resistance:
Critical Load Combination

Veomb
Load factor for DL

V-total

My
Shear Px
Shear Py

Calculation of Effective Area:
H-res

Elx

Ely

[5]: (LOAD 1: LOAD CASE 1) H{LOAD 2: LOAD CASE 2)

EQ-Y)
1195826

1

Veomb + Load

factor * (Selfweight

+ Soilsveight)
1278.845
16521
164.303
62371
12364

63654
0.129
0.013
1274
1.042
1:328

N

kN

EBDE

Bentley
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Footing

Crack-width

Stress Limit Check as per EN 02 - 2004

Footing No Size (LxBxD) Material Location Load Stress In Bar Crack Widith Initial Crack Bottom A]ong L Eottom A]_cmg B
Ceutaon || Thseme — “;:ﬂh Critical Load Combination 10001 10001
FCl 2850 x 2850 <450 | C20/25Fy420 | Bottom®L 10001 15136 01826 01223 B (Unfactored) (kKNm) 415.26 420.96
Eottom @B 10001 17931 01991 01182 Cmin (mm})) 40 56
Top @L 5 = 01994 Feinforcement Tle @145 Tle @120
Tog@B - 01994 Ast Prv (sqmm) 2549 58305
FC2 3300 %3300 x 575 | C20/25F7420 | Bottom@L 10001 7 01037 01283 :
< - — Check for Stress in Steel
Eottom @B 10001 157.02 01915 01062 s
Top@L ) . 01956 o, (N/sqmm) 179.73 157.02
Top @B z E 01936 oo (N/sqmm) o _—
FC3 3250 %3250 x575 | C20/25F7420 | Bottom@L 10001 17535 01872 01263
] Eottom @B 10001 15289 01845 01046 Check for Stress in Concrete
Top@L N i 01956 Fc (N/sqmmy} 3.64 3.01
Top @B 5 & 01956 FcPerm (N/sqgmm) a a
FCL 3250 3250 x575 | C20/25F7420 | Botom ®L 10001 17672 01886 01263
Eottom @B 10001 15383 01859 01046
Top @ L - g 01956
Top @B z E 01956
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Pile-cap

Design- Pile capacities- Multiple

WWW.BENTLEY.COM

© 2019 Bentley Systems, Incorporated

Pile Capacity b4 Load Combinations *
Pl E 2 : : : Design  Sizing
o L ; Compression Capacity (kN) Tension Capacity (kN) Shear Capacity (kN)
ameter
Analysis Type LOAD 1: LOAD LOAD 2: LOAD LOAD 3: LOAD LOAD 4: LOAD
@) Set Al Set A2 Set A3 Set Al SetA2  SetAd Set Al Set A2 Set A3 e CASE [TDL) CASE (LL) CASE [EQ) CASE (EQZ)
600 1000 200 Set Al w 1 1
= 1 il 1
O 1 Set A2
| Set A3 1 1 1
| Set A1 1 1 1
[ Set A1 1 1 1
| Set Al 1 1
| Set Al 1 E
| Set A1 1 1
[ Set A1 1 1
() Single Capacity (® Multiple Capacities (Set A1,5et A2, 5et A7)
OK Cancel

(LOAD 1: LOAD CASE (TDL}) +{LOAD 2: LOAD CASE (LL))

[ Vew/Edt Template |

[ Add from Template = | | Add from Analysis

Export Load Cases & Combinations

[oc ]I cancn

Bentley
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Slab siong St
Along Short
e e Shear Coefficient, SF1 o
Design S M 5200 KN
Vsx (SF1 x TL{ultimate) x Lx)
0.069 N/sgmm
Design Moments: Shear Stress, Tv 0.443 N/sqmm
Short Span Positive Moment At Midspan - 0.094 Nominal Shear Stress, Tc 0.070 Slab Is Safe In Shear
Moment Coefficient, M1 1357
Mu (31 x TL{ultimate) x Lx x Lx) 102.630 Along Long Span 0330
Area Of Reinforcement Required (BM) . é — Shear Coefficient, SF2 3:??3 i
Reinforcement Provided 293,000 Vsy (SF2 x TL(ultimate) x Ly) 0.058 N/sqmm
’ Shear Stress, Tv ot 5 i
” 0443 N/sqgmm
Short Span Negative Moment At Continuous Support - — Nominal Shear Stress, Tc 0.060 Slab Is Safe In Shear
Moment Coefficient, M2 N A- ’
Mu (M2 x TL{ultimate) x Lx x Lx) :NA Deflection Check: 0.004
Area Of Reinforcement Required (BM) - A' P, ’
Reinforcement Provided o " e
] 26.152
Basic Span To Depth Ratio
[Long Span Positive Moment At Midspan - 0.056 F 1.000
Moment Coefficient, M3 (}:80?' Fi 1.000
Mu (M3 x TL{ultimate) x Ly x Ly) 102,630 : 1190
Area Of Reinf t Required (BM : 3
L e oy UL TS @225 C/C| 2 26.152 x 1.000 x 1.000 x 1.190
Reinforcement Provided 593,000 Max Span To Depth Ratio 21133
y : 16.800
[Long Span Negative Moment At Continuous Support - NA Lx/d 31133 Siab Is Safe In Deflects
Moment Coefficient, M4 - )
% EINTIT
Mu (M4 x TL{ultimate} x Ly x Ly) NA oo b
Area Of Reinforcement Required (BM) . A' g
Reinforcement Provided NA sqmm/m
Distribution Reinforcement @ 0.13% - 97500 e
Area Of Reinforcement Required T8 ®@225¢C/C i
Reinforcement Provided 323,000 sqmm/m
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Thank You
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