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Verification Test Number 

103 
 

Scope 

• Verify column detailing checks 

• Verify column design resistance calculations 

• Verify column rotational ductility calculations 

• Verify column general and seismic checks 
 

Files Used 

Example 1 files 
 

Procedure 

Column C1, Story 1, COMB2X MAX 
The following calculations are based on manual methods which consider only the reinforcement at 
the faces of the section. Any intermediate reinforcement is not considered. Therefore, to obtain 
the following results in RC-PADD the intermediate reinforcement bars have to be changed 
accordingly. 

Design Forces 

Axial force 
 

 KNN Ed  117−=  

 
Bending moment about axis 2 
 

 KNmM Ed  172 =  

  
Bending moment about axis 3 
 

KNmM Ed  613 =  

 
Shear force in direction 2 
 

 KNmVEd  212 =  

 
Shear force in direction 3 
 

 KNmVEd  33 =  

Dimensions 

Width 2 
 

 mmWidth  3002 =  

 
Width 3 
 

mmWidth  6003 =  

 
Cover to stirrups  
 

 mmcover  25=  
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Materials 

Concrete nominal strength 
 

 MPaf c  35=  

 
Partial factor for concrete (Seismic)  
 

 1.50=cγ  

 
Concrete design strength 
 

MPaf cd  3.23=  

 
Concrete ultimate strain 
 

 0.0035=uε  

 
Concrete elastic modulus 
 

GPaEc  34=  

 
Reinforcement steel yield stress 
 

 MPaf y  460=  

 
Reinforcement steel tension stress 
 

 MPaf t  460=  

 
Partial factor for reinforcement steel (Seismic) 
 

 1.15=sγ  

 
Reinforcement steel design strength 
 

 MPaf yd  400=  

 
Reinforcement steel elastic modulus 
 

GPaEs  200=  

Reinforcement 

Main reinforcement diameter 
 

 mmd rL  16=  

 
Number of face 2 reinforcement bars 
 

 32 =rn  

 
Face 2 reinforcement area 
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2

2  206,1 mmAs =  

 
Number of face 3 reinforcement bars 
 

 53 =rn  

 
Face 3 reinforcement area 
 

 
2

3  010,2 mmAs =  

 
Total area of main reinforcement 
 

 
2

 412,2 mmAs =  

 
Shear reinforcement diameter 
 

 mmd rv  10=  

 
Number of shear reinforcement stirrups in the direction 2 
 

 12 =rvn  

 
Total area of shear reinforcement in the direction 2 
 

 
2

2 157 mmAv =  

 
Number of shear reinforcement stirrups in the direction 3 
 

 23 =rvn  

 
Total area of shear reinforcement in the direction 3 
 

 
2

3 314 mmAv =  

 
Shear reinforcement spacing 
 

 mmsrv  100=  

Detailing Checks 

Face 2 main reinforcement spacing  
 

( ) ( )
 mm

 mm mm mm mm

n

ddcoverWidth
s

rL

rLrv

rL

107

13

16102252300

1

222
2,

=

−

−⋅−⋅−
=

−

−⋅−⋅−
=

 

 
Face 3 main reinforcement spacing  

 

( ) ( )
 mm

 mm mm mm mm

n

ddcoverWidth
s

rL

rLrv

rL

128

15

16102252600

1

223
3,

=

−

−⋅−⋅−
=

−

−⋅−⋅−
=
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Minimum main reinforcement spacing 
 

 mmsrL,min  50=   Check OK 

 
Maximum main reinforcement spacing 
 

 mmsrL,max  150=   Check OK 

 
Reinforcement ratio 
 

 %..
 mm mm 

 mm,

WidthWidth

A
ρ s 34101340

600300

4122

32

2

==
⋅

=
⋅

=  

 
Minimum reinforcement ratio 
 

 %00.1=minρ   Check OK 

 
Maximum reinforcement ratio 
 

 %00.4=maxρ   Check OK 

Design Axial Force Resistance 

Area of concrete 

22
 588,177 412,2 600 30032 mmmmmmmmAWidthWidthA sc =−⋅=−⋅=  

 
Area of reinforcement 

2
 412,2 mmAs =  

 
Design axial force resistance 
 

( )

KN

mm
mm

N
mm

mm

N

AfAfN sydccdRd

 585,3

 412,2400 588,1773.2385.080.0

85.080.0

2

2

2

2

=









⋅+⋅⋅⋅=

⋅+⋅⋅⋅=

 

Neutral Axis for Bending About Axis 2 at Ultimate Resistance 

Depth to tension reinforcement centre 
 

 

 mm

 mm
 mm -  mm -  mm - 

d
dcoverWidthd rL

rvt

257

2

16
1025300

2
22

=

=−−−=
 

 
Depth to compression reinforcement centre 
 

  mm
 mm

  mm   mm  
d

dcoverd rL

rvc 43
2

16
1025

2
2 =++=++=  

 
Neutral axis depth 
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  mmc 422 =  

Concrete stress-block parameters 
 

 0.398=β  

796.021 =⋅= ββ  

 
Concrete stress-block actual compressive force 
 

 

 KN

 m. KN/mE m...

Widthfcβ.F cc

597

600033504207960850

3850

2

212

=

⋅+⋅⋅⋅=

⋅⋅⋅⋅=

 

 
Tension reinforcement actual stress 
 

 

( ) ( )

22

2

2

22

2

4605833

42

42257
320000350

 N/mmf N/mm,

 mm

 mm mm
 N/mmE.

c

cd
Eεf

y

t

sus

=≤=

−
⋅+⋅=

−
⋅⋅=

 

 

 
2

2 460 N/mmff ys ==  

 
Tension reinforcement actual force 
 

  KN N/mm mmfAF sss 462460005,1
22

222 =⋅=⋅=  

 
Compression reinforcement actual stress 
 

 

( ) ( )

22

2

2

22

2

46017

42

4342
320000350

 N/mmf N/mm

 mm

 mm mm
 N/mmE.

c

dc
Eεf

y

c

su's

=≤−=

−
⋅+⋅=

−
⋅⋅=

 

 
Compression reinforcement actual force 
 

  KN N/mm mm,fAF 's's's 17)17(0051
22

222 −=−⋅=⋅=  

 
Force unbalance 
 

 

%..

 KN KN 

 KN  KN   KN  KN 

FF

NFFF
  

'sc

Eds'sc

100010

17597

11746217597

 UnbalanceForce
22

222

==

−

−−−
=

+

−−+
=

 

Design Bending Moment Resistance About Axis 2 

Concrete stress-block design compressive force 
 

 KN

 m. KN/mE m...

Widthfcβ.F cdcd

397

600033.2304207960850

3850

2

212

=

⋅+⋅⋅⋅=

⋅⋅⋅⋅=
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Tension reinforcement design stress 
 

 

( ) ( )

22

2

2

22

2

4005833

42

42257
320000350

 N/mmf N/mm,

 mm

 mm mm
 N/mmE.

c

cd
Eεf

yd

t

susd

=≤=

−
⋅+⋅=

−
⋅⋅=

 

 

 
2

2 400 N/mmff ydsd ==  

 
Tension reinforcement design force 
 

  KN N/mm mmfAF sdssd 402400005,1
22

222 =⋅=⋅=  

 
Compression reinforcement design stress 
 

 

( ) ( )

22

2

2

40017

42

4342
320000350

 N/mmf N/mm

 mm

 mm mm
 N/mmE.

c

dc
Eεf

y

y

cyy

su'sd

=≤−=

−
⋅+⋅=

−
⋅⋅=

 

 
Compression reinforcement design force 
 

  KN N/mm mmfAF 'sd's'sd 17)17(005,1
22

222 −=−⋅=⋅=  

 
Bending moment design resistance 
 

 KN

 m.
 m. KN

m..
 m.

 KN m.
 m.

 KN

Width
dFcβ

Width
Fd

Width
FM tsdcdc'sdRd

94

2

3000
2570402

 04203980
2

3000
3970430

2

3000
17

2

2

2

2

2

2
2222222

=









−⋅+

+







⋅−⋅+








−⋅−=









−⋅+








⋅−⋅+








−⋅=

 

Neutral Axis for Bending About Axis 3 at Ultimate Resistance 

Depth to tension reinforcement centre 
 

 

 mm

 mm
 mm mm mm

d
dcoverWidthd rL

rvt

557

2

16
1025600

2
33

=

−−−=−−−=
 

 
Depth to compression reinforcement centre 
 

 mm
 mm

  mm   mm  
d

dcoverd rL

rvc 43
2

16
1025

2
3 =++=−−=  

Neutral axis depth 
 

  mmc 493 =  
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Concrete stress-block parameters 
 

0.398=β  

796.021 =⋅= ββ  

 
Concrete stress-block actual compressive force 
 

 

 KN

 m. KN/mE m...

Widthfcβ.F cc

347

300033504907960850

2850

2

313

=

⋅+⋅⋅⋅=

⋅⋅⋅⋅=

 

 
Tension reinforcement actual stress 
 

 

( ) ( )

22

2

3

33

3

4602577

49

49557
320000350

 N/mmf N/mm,

 mm

 mm mm
 N/mmE.

c

cd
Eεf

y

t

sus

=≤=

−
⋅+⋅=

−
⋅⋅=

 

 
2

3 460 N/mmff ys ==  

 
Tension reinforcement actual force 
 

  KN N/mm mmfAF sss 278460603
22

333 =⋅=⋅=  

 
Compression reinforcement actual stress 
 

 

( ) ( )

22

2

3

33

3

46086

49

4349
320000350

 N/mmf N/mm

 mm

 mm mm
 N/mmE.

c

dc
Eεf

y

c

su's

=≤=

−
⋅+⋅=

−
⋅⋅=

 

 
Compression reinforcement actual force 
 

  KN N/mm mmfAF 's's's 5286603
22

333 =⋅=⋅=  

 
Force unbalance 
 

 

%.

 KN KN

 KN KN KN KN 

FF

NFFF
  

'sc

Eds'sc

0.10100

52347

11727852347

 UnbalanceForce
33

333

==

+

−−+
=

+

−−+
=

 

Design Bending Moment Resistance About Axis 3 

Concrete stress-block design compressive force 
 

 

 KN

 m. KN/mE m...

Widthfcβ.F cdcd

221

300033.2304907600850

2850

2

3313

=

⋅+⋅⋅⋅=

⋅⋅⋅⋅=

 

 
Tension reinforcement design stress 
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( ) ( )

22

2

3

33

3

4002577

49

49557
320000350

 N/mmf N/mm,

 mm

 mm mm
 N/mmE.

c

cd
Eεf

yd

t

susd

=≤=

−
⋅+⋅=

−
⋅⋅=

 

 

 
2

3 400 N/mmff ydsd ==  

 
Tension reinforcement design force 
 

  KN N/mm mmfAF sdssd 241400603
22

333 =⋅=⋅=  

 
Compression reinforcement design stress 
 

 

( ) ( )

22

2

3

33

3

40086

49

4349
320000350

 N/mmf N/mm

 mm

 mm mm
 N/mmE.

c

dc
Eεf

yd

c

su'sd

=≤=

−
⋅+⋅=

−
⋅⋅=

 

 
Compression reinforcement design force 
 

 KN N/mm mmfAF 'sd's'sd 5286603
22

333 =⋅=⋅=  

 
Bending moment design resistance 
 

 KN

 m.
 m. KN

 m..
 m.

 KN m.
 m.

 KN

Width
dFcβ

Width
Fd

Width
FM tsdcdc'sdRd

137

2

6000
5570241

04903980
2

6000
2210430

2

6000
52

2

3

2

3

2

3
3333333

=









−⋅+

+







⋅−⋅+








−⋅=









−⋅+








⋅−⋅+








−⋅=

 

Biaxial Bending 

Ratio of axial force to axial force resistance 
 

 0330
5853

117
.

 KN,

 KN

N

N

Rd

Ed =
−

−
=  

 
Factor α = 1.0 
 

 630
137

61

94

17
0101

3

3

2

2 .
 KNm

 KNm

 KNm

 KNm

M

M

M

M
..a

Rd

Ed

a

Rd

Ed =







+








=








+








 

Neutral Axis for Bending About Axis 2 at First Yield 

Neutral axis depth 
 

  mmc yld 3.68=  

 
Concrete strain and stress 
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( ) y

yldt

seg

s

y

c f
cd

d

E

f
≤

−
⋅=

2

ε  

 
Concrete stress-block actual compressive force 
 

Segment Length 
(mm) 

Distance 
from NA 

(mm) 

εc fc 
(N/mm2) 

Fc 
(N) 

1 17.075 8.5375 0.0001 3.5952 36,832 

2 17.075 25.6125 0.0003 10.0908 103,380 

3 17.075 42.6875 0.0005 15.7106 160,955 

4 17.075 59.7625 0.0007 20.5107 210,132 

    Total 511,300 

 
Tension reinforcement actual stress 
 

 
2

2 460 N/mmff ys ==  

 
Tension reinforcement actual force 
 

  KN N/mm mmfAF sss 462460005,1
22

222 =⋅=⋅=  

 
Compression reinforcement actual stress 
 

 

( )
( )

( )
( )

22

2

2

2

2

46062

3.68257

433.68
460

 N/mmf N/mm

 mm mm

 mm mm
 N/mm

cd

dc
ff

y

yldt

cyld

y's

=≤=

−

−
⋅=

−

−
⋅=

 

 
Compression reinforcement actual force 
 

  KN N/mm mm,fAF 's's's 62620051
22

222 =⋅=⋅=  

 
Force unbalance 
 

 

%.

 KN KN 

 KN KN KN KN 

FF

NFFF
  

'sc

Eds'sc

0.10100

62511

11746262511

 UnbalanceForce
22

222

−=−=

+

−−+
=

+

−−+
=

 

Rotational Ductility about Axis 2 

Curvature at first yield 
 

 0000122.0
 3.68 257

1

3200

4601
2

2

=
−

⋅
+

=
−

⋅=
mmmm N/mmE

 N/mm

cdE

f

yldts

y

yφ  

 
Ultimate curvature 
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mmmmcult

u

u

1
0000833.0

 42

0035.0
===

ε
φ  

 

where ultc  is the neutral axis depth at ultimate resistance 

 
Rotational ductility 
 

 83.6
1

0000122.0

1
0000833.0

===

mm

mm

y

u

φ

φ
µφ  

Neutral Axis for Bending About Axis 3 at First Yield 

Neutral axis depth 
 

  mmc yld 118=  

 
Concrete strain and stress 
 

( ) y

yldt

seg

s

y

c f
cd

d

E

f
≤

−
⋅=

3

ε  

 
Concrete stress-block actual compressive force 
 

Segment Length 
(mm) 

Distance 
from NA 

(mm) 

εc fc 
(N/mm2) 

Fc 
(N) 

1 29.5 14.75 0.0001 2.6926 23,829 

2 29.5 44.25 0.0002 7.6901 68,057 

3 29.5 73.75 0.0004 12.1920 107,899 

4 29.5 103.25 0.0005 16.2224 143,568 

    Total 343,354 

 
Tension reinforcement actual stress 
 

 
2

3 460 N/mmff ys ==  

 
Tension reinforcement actual force 
 

  KN N/mm mmfAF sss 277460603
22

333 =⋅=⋅=  

 
Compression reinforcement actual stress 
 

 

( )
( )

( )
( )

22

2

3

3

3

46079

118557

43118
460

 N/mmf N/mm

 mm mm

 mm mm
 N/mm

cd

dc
ff

y

yldt

cyld

y's

=≤=

−

−
⋅=

−

−
⋅=

 

 
Compression reinforcement actual force 
 

  KN N/mm mmfAF 's's's 4879603
22

333 =⋅=⋅=  
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Force unbalance 
 

 

%..

 KN KN 

 KN KN KN KN

FF

NFFF
  

'sc

Eds'sc

700070

48343

11727748343

 UnbalanceForce
33

333

−=−=

+

−−+
=

+

−−+
=

 

Rotational Ductility about Axis 3 

Curvature at first yield 
 

 0000052.0
118557

1

3200

4601
=

−
⋅

+
=

−
⋅=

 mm mm N/mmE

 N/mm

cdE

f

2

2

yldts

y

yφ  

 
Ultimate curvature 
 

 
mm mmcult

u

u

1
0000714.0

49

0035.0
===

ε
φ  

 

where ultc  is the neutral axis depth at ultimate resistance 

 
Rotational ductility 
 

 73.13
1

0000052.0

1
0000714.0

===

mm

mm

y

u

φ

φ
µφ  

Design Shear Resistance in Direction 2 

Lever arm 
 

  m mm mmddz ct 51443557333 =−=−=  

 
Design shear resistance contribution of reinforcement 
 

  KN
 mm

 N/mm mm mm

s

fzA
V

rv

ydv

s 323
100

400514157
22

32

2 =
⋅⋅

=
⋅⋅

=  

 
Total design shear resistance  
 

  KNVV st 32322 ==  

 
Maximum shear resistance  
 

 

 KN

 N/mm. mm mmf.zWidth
V cd

078,1

2

3.2360514300

2

602 2

3

2max,

=

⋅⋅⋅
=

⋅⋅⋅
=
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Design Shear Resistance in Direction 3 

Lever arm 
 

  mm mm mmddz ct 21443257222 =−=−=  

 
Design shear resistance contribution of reinforcement 
 

  KN
 mm

 N/mm mm mm

s

fzA
V

rv

ydvy

s 269
100

400214314
22

2

3 =
⋅⋅

=
⋅⋅

=  

 
Total design shear resistance  
 

  KNVV st 26933 ==  

 
Maximum shear resistance  
 

 

 KN

 N/mm. mm mmf.zWidth
V cd

897

2

3.2360214600

2

603 2

2

3max,

=

⋅⋅⋅
=

⋅⋅⋅
=

 

Maximum Design Shear Force Check 

The following calculations are based on the results of the RC-PADD model which considers the 
intermediate reinforcement. 
 
Design bending moment resistance of column C1 above 
 

  KNmM , aboveRd 1032 =  

 KNmM , aboveRd 2323 =  

 
Design bending moment resistance of column C1 below 
 

 KNmM , belowRd 02 =  

 KNmM , belowRd 03 =  

 
Sum of design bending moment resistance of columns at top joint 
 

  KNmM , topRd 2132 =∑  

 KNmM , topRd 4773 =∑  

 
Sum of design bending moment resistance of columns at bottom joint 
 

 KNmM , bottomRd 1102 =∑  

 KNmM , bottomRd 2453 =∑  

 
Direction of beam B1 at top joint, with reference to global axes. 
 
 X-direction 
 
Design positive bending moment resistance of beam B1 at top joint 
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  KNmM Rdpve, top 105=  

 
Design negative bending moment resistance of beam B1 at top joint 

  KNmM Rdnve, top 105−=  

 
Direction of beam B4 at top joint, with reference to global axes. 
 
 Y-direction 
 
Design positive bending moment resistance of beam B4 at top joint 
 

 KNmM Rdpve, top 105=  

 
Design negative bending moment resistance of beam B4 at top joint 
 

  KNmM Rdnve, top 105−=  

 
Sum of design bending moment resistance of beams in the global X-direction, at top joint 
 

  KNmM Rd,x, top 105=∑  

 
Sum of design bending moment resistance of beams in the global Y-direction, at top joint 
 

  KNmM Rd,y, top 105=∑  

 
Column overstrength factor 
 

 1.1=Rdγ  

 
Maximum bending moment that can develop at top joint 
 

 

KNm

KNm

KNm
,MinKNm.

M

M

,MinMγM

Column

,topRd

Beam

Rd,y,top

RdRd,topd

 60

 213

 105
1 11011

1
2

22

=









⋅⋅=

















⋅⋅=
∑

∑

 

 

KNm

KNm

KNm
,MinKNm.

M

M

,MinMγM

Column

,topRd

Beam

Rd,x,top

RdRd,topd

 59

 477

 105
1 24511

1
3

33

=









⋅⋅=

















⋅⋅=
∑

∑

 

 
Maximum bending moment that can develop at bottom joint 
 

KNmKNm.MγM RdRd.bottomd  1111 11011122 =⋅⋅=⋅⋅=  
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KNmKNm.MγM RdRd.bottomd  2691 24511133 =⋅⋅=⋅⋅=  

 
Maximum shear force that can develop on the column 
 

 
( ) ( )

KN
m

KNmKNm

L

MM
V

bottomdtopd

Ed  109
0.3

 269 59,3,3

max,2 =
+

=
+

=  

 

( ) ( )
KN

m

KNmKNm

L

MM
V

bottomdtopd

Ed  57
 0.3

 111 60,2,2

max,3 =
+

=
+

=  

Top-Joint Checks 

The following calculations are based on the results of the RC-PADD model which considers the 
intermediate reinforcement. 
 
Sum of design bending moment resistance of beams in the global X-direction at top joint 
 

  KNmM Rd,x, top 105=∑  

 
Sum of design bending moment resistance of beams in the global Y-direction at top joint 
 

  KNmM Rd,y, top 105=∑  

 
Joint overstrength factor 
 

 3.1=Rd,jointγ  

 
Global X-direction check 
 

KNmKNm

KNmKNm

MM topxRdRd,joint, topRd

 137  213

 1053.1  213

,,2

≥

⋅≥

⋅≥ ∑∑ γ

 

 
Check OK 

 
Global Y-direction check 
 

KNmKNm

KNmKNm

MM topyRdRd,joint, topRd

 137  477

 1053.1  477

 ,,3

≥

⋅≥

⋅≥ ∑∑ γ

 

 
Check OK 

 


