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Disclaimer 

SIGNIFICANT EFFORT AND MUCH WORK HAVE BEEN EXPENDED IN 

ORDER TO VERIFY THE RESULTS, TO REMOVE ANY DEFECTS AND TO 

ASSURE THE HIGH QUALITY OF THE PROGRAM AND ALL 

DOCUMENTATION. HOWEVER, THE PROGRAM DEVELOPERS OR 

DISTRIBUTORS DO NOT EXPRESS, IMPLY OR ACCEPT ANY LIABILITY ON 

THE CORRECTNESS, ACCURACY, APPLICABILITY OR THE RELIABILITY 

OF THE PROGRAM RESULTS. FURTHERMORE, USERS ARE WARNED 

THAT COMPLIANCE WITH THE DESIGN BUILDING CODES MAY BE ONLY 

PARTIAL. 

USERS ARE ADVISED TO MAKE THEIRSELVES FAMILIAR WITH THE 

THEORETICAL BACKGROUND OF THE CALCULATIONS AND VERIFY THE 

RESULTS WITH OTHER METHODS. 
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Introduction 

Overview 

RC-PADD stands for “Reinforced Concrete – Post-Analysis Designer and Detailer”. It is a 
special-purpose program for the structural design of reinforced concrete structures and the 
subsequent detailing. The post-analysis nature of the program gives it more extensive design 
functionality over conventional ‘integrated’ programs that can carry out altogether the 
structural analysis and the structural design. Once the structure is analyzed using a reliable 
structural analysis program, the model and the results are imported to RC-PADD, where the 
structural design and detailing are carried out. 

RC-PADD provides an interactive environment where the users can try out various design 
schemes and select the most appropriate, using their own engineering judgement. The 
interface is simple and user-friendly, yet it provides all the necessary information to help the 
engineer investigate all the parameters involved and thus maintain control over the design. 
Furthermore, in case that the design is not adequate, the error can be easily identified by 
investigation of the various checks displayed, so that the engineer can take the appropriate 
corrective action. 

RC-PADD provides a solution to the issue of compatibility between the structural design 
process and the detailing process. This is achieved by defining first the reinforcement and 
then conducting the structural design calculations. In contrast, the traditional method is to 
calculate first the required reinforcement area and then to select the reinforcement that 
matches more closely. Furthermore, by subdividing the beams into three regions, with 
different assigned reinforcement, the reinforcement throughout the beam length is 
represented more realistically. 

Importing the model is very straightforward. The model is first exported from the structural 
analysis program in a compatible format file. During the importing procedure, the user creates 
the combination design loadcases. Importing is done! 

While RC-PADD was particularly developed to perform earthquake-resistant design, it may 
also be used in most other design situations, such as gravity and wind loading. Earthquake-
resistant design is achieved by carrying out the necessary seismic checks, such as for the 
joints and the member end-sections, a feature that only very few programs in the market can 
do. It should be emphasized that RC-PADD is probably the only software in the market that 
can calculate the rotational ductility of the members, which is one of the most important 
parameters in earthquake-resistant design. 

The advantages of RC-PADD over conventional ‘integrated’ programs are: 

• The reinforcement representation is more realistic. 

• It provides a simple, attractive and clear graphics user display for the design. 

• The user can modify the reinforcement manually. 

• Each member may be designed independently. 

• The calculations are based on the actual reinforcement. 

• It uses different design situations and material partial factors. 

• Sections are discretized into a large number of fibers, which results to more accurate 
calculations. 

• It has more extensive design functionality. 

• It conducts numerous checks to ensure the quality of the design. 

• Detailed output of the design and the calculations. 
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Codes 

RC-PADD conducts the structural design to the Ultimate Limit State method. This can be 
implemented using the following two methods, both of which are covered in this manual. 

• The Material Partial Factor method, which is used in the Eurocodes. 

• The Resistance Reduction Factor (otherwise Strength Reduction Factor) method, 
which is used in the ACI-318-08. 

Design Parameters 

In determining the design parameters for each set of codes, the values were selected so that 
they are in good agreement with the provisions of the codes, yet minor approximations and 
simplifications were made, so as to enable their implementation. Judgement was also applied 
to determine the most reasonable design parameter values, where ambiguities existed.  

All design parameters are variable; the user can change them according to his own 
preferences and save them as external files. In this way, the requirements of other building 
codes can be covered. 

Organization 

Within the context of this manual, some default design parameters that are used in the 
program are included as examples. An extensive list of the design parameters for each set of 
codes is included in the appendices. 

The context particular to each structural analysis program has a header with bold italic letters, 
such as ETABS. 

Terminology 

Terminology used in the present manual is consistent to the European terminology as 
reflected through the Eurocode. Terms particular of other countries are accordingly converted. 
For example, term “Capacity” is converted to “Resistance” and term “Strength Reduction 
Factor” is converted to “Resistance Reduction Factor”. 
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Importing the Model 

Model Prerequisites  

The following prerequisites apply in importing the model. 

• The imported model must consist of elements that are supported in RC-PADD, as 
shown in Table 1. 

 

RC-PADD Member Element Type Element Shape 

Beam Frame 

• Rectangular 

• Circular 

• Tee 

• Angular 

Column Frame 

• Rectangular 

• Circular 

• Tee 

• Angular 

Wall Shell  • Rectangular 

Table 1. Supported elements. 

• All required primary loadcases must be contained in the imported file. 

• All primary seismic resisting beam and column members must be oriented in the 
directions of the global X and Y axes. 

Units 

The RC-PADD model has the same units as the imported model. 

The following unit sets are supported: 

N-m, N-cm, N-mm, KN-m, KN-cm, KN-mm, lb-in, lb-ft, kip-in, kip-ft. 

Global Axes 

The RC-PADD model has the global axes X and Y in the horizontal direction and the global 
axis Z in the vertical direction. The orientation of the global axes is the same as in the 
imported model. 

Local Axes 

All members have the local axis 1 in the longitudinal direction and the local axes 2 and 3 in 
the transverse directions. The orientation of the local axes is the same as in the imported 
model.  

Materials 

The default material properties are assigned to the imported model, which can be modified by 
the user. 
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Identifying Beams / Columns / Walls 

ETABS 

• Designated beams and columns in the ETABS model are imported as such in RC-
PADD. ETABS automatically designates horizontal members as beams and vertical 
members as columns. 

• Shell elements designated as piers in the ETABS model are imported as walls in RC-
PADD. To designate a shell element as a pier, the user has to select the shell 
element and assign to it a pier label. 

SAP2000 

• RC-PADD identifies frame members as beams or columns according to their frame 
section property “Concrete Reinforcement, Design Type.” 

• RC-PADD identifies shell elements as walls those whose axis Z centroid does not 
coincide with the centroids of the floor levels. A complication may arise in cases 
where a wall spans along two or more stories. This may be easily be resolved if the 
wall is split into two or more discrete wall objects. 

Beam Direction 

If the beams are parallel to the global axes X or Y they are given the respective direction 
designation. If they are not parallel to them, they are given the direction designation ‘N/A’. 

Primary and Secondary Seismic Member Types 

In importing the model, each member is designated as “primary” or “secondary”, according to 
its seismic resistance properties. 

Overground Members 

Beams 

Beams are given the seismic type designation according to their end support conditions. If 
both ends are supported on columns the beam is designated as primary, otherwise it is 
designated as secondary. 

Columns / Walls 

All columns and walls are imported as primary seismic members. 

Underground Members 

All members under the ground level are imported as secondary seismic members. 

Beam Regions 

The length of the end-regions for defining the longitudinal reinforcement is entered as a 
fraction of the beam length on the “Design Parameters” card. See Chapter “Beam Design, 
Beam Regions”. When changing the beam end-region length the design combination 
loadcases need to be created again. 

Primary Loadcases 

All primary loadcases are imported, provided they are contained in the imported file. They are 
used to create the design combination loadcases. 
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Combination Loadcases 

The design of the members is based on the combination loadcases. The combination 
loadcases are created in RC-PADD, from the imported primary loadcases. 

The user is asked to assign the design situation that corresponds to each combination 
loadcase, which are accounted for only in the case of designing using the “Material Partial 
Factor Method”. There are three options for the design situations, as they are defined in 
Eurocode: Primary/Transient, Accidental, Seismic. 

Member Force Loadcases 

RC-PADD imports the primary loadcases according to the following rules. 

Beams 

In the original model each beam is comprised of a number of finite elements. The structural 
analysis results are expressed at the nodes between the finite elements. In the RC-PADD 
model, beams are subdivided into three regions, namely, the i-end region, the mid-span 
region and the j-end region. When creating the design combination loadcases, for each region 
the envelopes of the forces are determined as follows: 

• For bending moments, the maximum positive (M
+
) and minimum negative (M

- 
) are 

determined. The initial value for both variables is zero, and remains such if there are 
no values to account for. For example, if the bending moments in the i-end region 

range from -60 KNm to -30 KNm, the (M
+
) remains zero. 

• For shear forces, the absolute values for the entire beam are determined. 

Torsional and axial forces are not imported. 

The imported beam forces are averaged at the nodes. 

Columns / Walls 

When creating the design combination loadcases, the envelopes of the forces are determined 
as follows: 

• For axial forces, the minimum force is determined, whereas negative values denote 
compressive forces. 

• For the bending moments the maximum absolute value in each direction is 
determined. 

• For shear forces the maximum absolute value in each direction is determined. 

Torsional forces are not imported. 

Wall Forces 

SAP2000 

The axial force N is found by summing up the vertical nodal forces F3 at the bottom section of 
the wall. 

 �=
bottom

FN 3  (1) 

The shear force V2 is found by summing up the horizontal nodal forces F1 and F2 at the 

bottom section of the wall, taking into account the angle � of the wall to axis X. 

 ( ) ( )( )� ×+×=
bottom

SinFCosFV qq 212  (2) 
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The bending moment M2 is found by summing up the banding moments M1 and M2, at the 

bottom section of the wall, taking into account the angle � of the wall to axis X. 

 ( ) ( )( )� ×+×=
bottom

SinMCosMM qq 212  (3) 

The bending moment M3 is found by summing up the moment of the vertical forces F3 of 
about the centroid of the wall, at the bottom section of the wall. 

 ( )� D×=
bottom

xFM 33  (4) 

where �x is the distance of the node from the centroid of the wall. 
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Design Algorithm 

Overview 

The program uses an iterative algorithm to find the neutral axis depth. The other design 
values are subsequently calculated and checks are carried out. 

Cross-Section Discretization 

The cross-section of the member is discretized into a large number of fibers, which are 
parallel to the axis of bending. At each fiber the area of concrete is characterized by the width 
and thickness of the fiber and the area of reinforcement by a point with prescribed area. The 

axis of bending may be rotated about the local axes by an angle �, as shown in Figure 1.  

 

Figure 1. Cross-section discretization. 

Neutral Axis 

The position of the neutral axis is found using an iterative algorithm. Initially the neutral axis is 
positioned at the boundary of the first two fibers. At each iteration step the neutral axis is 
translated by a number of fibers, which varies according to the force unbalance.  At the 
assumed neutral axis position the force unbalance is evaluated. The final position of the 
neutral axis is the one at which the absolute value of the force unbalance is detected to be a 
minimum, compared to that of the adjacent positions. 

During the iterative algorithm the neutral axis is translated by n fibers, according to equations 

(5). 

The default values for the algorithm parameters have been determined after extensive testing. 
They work well for most general cases, and the user is advised not to alter them because 
they affect the effectiveness, accuracy and speed of the algorithm. If changing these 
parameters is inevitable, users are advised to make theirselves familiar with the theoretical 
background of the calculations before attempting to do so. 
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Default values 

Number of Fibers 500 

Maximum Step Increment 5 

Table 2. Neutral axis algorithm default values. 

 

 

For 0.1£FUnbalance  

2
FUnbalanceMaxNnn ×+=  

For 0.1>FUnbalance  

MaxNnn +=  

(5) 

where FUnbalance is the degree of force unbalance and MaxN is the maximum step 

increment. 

Design Calculations 

The first step of the design process is to conduct the design resistance calculations. These 
include the resistance calculations, detailing checks and checks of other rules.  

Seismic Checks 

The second step of the design process is to conduct the seismic checks. This procedure may 
be initiated only after the design calculations of all members has been completed 
successfully. See chapters “Beams, Seismic Checks” and “Columns, Seismic Checks”, 
“Walls, Seismic Checks”. 
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Materials 

Notation 

b  Width of section 

c  Neutral axis depth 

fc   Concrete stress 

fc’   Compressive strength of concrete 

fcd Design compressive strength of concrete 

fsd Design strength of reinforcing steel 

fsk Characteristic strength of reinforcing steel 

fs Actual stress of reinforcing steel 

ft Tension strength of reinforcing steel 

ftk Characteristic tension strength of reinforcing steel 

fy Yield strength of reinforcing steel 

fyd Design yield strength of reinforcing steel 

fyk Characteristic yield strength of reinforcing steel 

Es Elastic modulus of reinforcing steel 

Fc Concrete compression force 

Fs Tension reinforcement force 

cg  Partial factor for concrete 

sg  Partial factor for reinforcing steel 

c1e  Concrete peak-stress strain 

cue  Concrete ultimate strain 

ude  Reinforcement design strain 

uke  Reinforcement ultimate strain 

2s  Effective lateral compressive stress at the ultimate strain due to confinement 

Material Partial Factors 

RC-PADD classifies the imported design loadcases into three design situation categories, 
according to Eurocode 2 [Ref. 3], clause 2.4.2.4. When designing using the ‘Material Partial 
Factor Method’, for each design situation different material partial factors may be assigned, 
such as those shown in Table 3. 

 

Design situations ggggc ggggs  

Persistent & Transient 1.50 1.15 
Eurocode 2 [Ref. 3], clause 
2.4.2.4(1), Table 2.1N 

Accidental 1.20 1.00 
Eurocode 2 [Ref. 3], clause 
2.4.2.4(1), Table 2.1N 

Seismic 1.50 1.15 Eurocode 8 [Ref. 4], clause 5.2.4(2) 

Table 3. Design situations and default material partial factors. 
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Resistance Reduction Factors 

The resistance reduction factors, shown in Table 4, are used when designing using the 
‘Resistance Reduction Factor Method’ (otherwise ‘Strength Reduction Factor Method’). These 
factors account for material and other uncertainties. The design resistance is found by 
multiplying the nominal resistance by the resistance reduction factor.   

For axial force and bending moment resistance, ACI-318, clause 9.3.2, relates the resistance 
reduction factor and the tension reinforcement strain, as shown in Table 4. 

 

� �s Failure Mode 

0.90 �s > 0.005 Tension-Controlled 

( )
( )

( )00200050

650900
0020650

..

..
.�. s

-

-
×-+  0.002 < �s < 0.005 Transition 

0.65 �s < 0.002 Compression-Controlled 

Table 4. Resistance reduction factor for axial force resistance. 

For shear force resistance, ACI-318, clause 9.3.2, specifies a resistance reduction factor of 
0.75. 

Concrete 

Stress-strain relation 

Unconfined 

The stress-strain relation for the unconfined concrete model used is shown in Figure 2.  

  

 

Figure 2. Stress-strain relationship for unconfined concrete. 

The relationship between fc and �c is given by equation (6), as given in Eurocode 2 [Ref. 3], 

clause 3.1.5. 
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( ) �

�

�
�
�

�

×-+
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×=
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hh

21
'
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k
ff cc  (6) 

where  

 
1c

c

e

e
h =  (7) 

and 

 
'

05.1 1

c

cc

f

E
k

e××
=  (8) 

Confined (Eurocode model) 

The stress-strain relationship for the confined concrete model used is shown in Figure 3.  

 

 

Figure 3. Stress-strain relationship for confined concrete (Eurocode 2). 

The relationship between fc and �c is given by equations (9), according to Eurocode 2 [Ref. 3]. 
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For ckf×£ 05.02s  

��
	



��
�



×+×=

ck

c

ckcck
f

f
ff 0.5000.1,  

For ckf×> 05.02s  

��
	



��
�



×+×=

ck

c

ckcck
f

f
ff 50.2125.1,  

(9) 

where 

 

2

,

2,2 ��
	



��
�



×=

ck

cck

ccc
f

f
ee  

��
	



��
�



×+=

ck

cuccu
f

2

2,2 2.0
s

ee  

(10) 

The effective lateral compressive stress �2 at the ultimate limit state due to confinement is 

given by equation (11). 

 ys f×= rs 2  (11) 

Confined (Kent & Park model) 

The stress-strain relationship for the confined concrete model used is shown in Figure 4.  

 

 

Figure 4. Stress-strain relationship for confined concrete (Kent & Park). 

The relationship between fc and �c is given by equations (12), by Kent and Park [Ref. 6]. 
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Region AB 1cc ee £  

( ) �
�

�
�
�

�

×-+

-×
×=

h

hh
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'

2

k

k
ff cc  

Region BC ccc 201 eee ££  

( )[ ]11' cccc Zff ee -×-×=  

Region CD cc 20ee ‡  

 '2.0 cc ff ×=  

(12) 

where 

 
150

5.0

cc

Z
ee -

=  (13) 

and 

 
h

s

c

c

c
s

b

f

f ''
75.0

1000'145

'29.03
50 re ×+

-×

×+
=  (14) 

where fc’ is the compressive strength of concrete expressed in N/mm
2
, �s is the ratio of 

volume transverse reinforcement to volume of concrete core measured to outside of hoops, 

b’’ is the width of confined concrete core measured to outside of hoops, and  sh is the 

spacing of the hoops. 

Design strength of concrete 

The design strength of concrete is calculated by dividing the characteristic strength by the 
material partial factor, as described in Eurocode 2 [Ref. 3], clause 3.1.6(1). 

 
c

c

cd

f
f

g

'
=  (15) 

Reinforcing Steel 

Stress-strain relationship for reinforcing steel 

The stress-strain relationship of the reinforcing steel model used is the elasto-plastic with 

inclined post-yield branch, shown in Figure 5. The material has elastic modulus Es, yield 

strength fy and tension strength ft. 
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Figure 5. Stress-strain relationship for reinforcing steel. 

Design strength of reinforcing steel 

The design strength of reinforcing steel is calculated by dividing the characteristic strength by 

the material partial factor when the actual stress exceeds fyd, as described in Eurocode 2 

[Ref. 3], clause 3.2.7. 

 

For yds ff £  

ssd ff =  

For yds ff >  

S

sk

sd

f
f

g
=  

(16) 
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Beam Design 

Notation 

b Overall width of the section 

bt Width of the flange of the section 

c Depth to neutral axis 

cult Depth to neutral axis, at ultimate curvature 

cyld Depth to neutral axis, at first yield 

cover Cover to stirrups 

dc Depth to the center of top reinforcement 

di Depth to the center of fiber i 

df Depth of the flange of the section 

dt Depth to the center of bottom reinforcement; effective depth 

drL Diameter of longitudinal reinforcement 

drv Diameter of shear reinforcement 

fy Characteristic yield stress of reinforcement 

fyd Design yield stress of reinforcement 

h  Overall depth of the section 

lcr Length of critical region 

n Total number of fibers of the section 

nrv Number of stirrups in each group 

srl Spacing between top or bottom main reinforcement rows 

srv Spacing of stirrups 

srvmax,mid Maximum allowable spacing of stirrups in the middle region 

srvmax,cr Maximum allowable spacing of stirrups in the critical region 

z Inner lever arm 

As Bottom reinforcement area 

As’ Top reinforcement area 

Av Total area of shear reinforcement 

Fca,i Actual concrete force on fiber i 

Fcd,i Design concrete force on fiber i 

Fsa,i Actual reinforcement force on fiber i 

Fsd,i Design reinforcement force on fiber i 

MRd Design bending moment resistance 

MRn Nominal bending moment resistance 

VEd, � Design shear force at end joint � 

VEd, �,gr Design shear force due to gravity, at end joint � 

VEd,max Maximum design shear force 

VRd, s Design shear force resistance, contribution of reinforcement 

VRd Design shear force resistance 

VRd,max Maximum allowable design shear force resistance 

beamRd ,g  Overstrength factor for the design resistance of beams 

se  Tension reinforcement strain 

fm  
Rotational ductility 

factor,fm  
Minimum allowable rotational ductility scale factor 

�,minm  
Minimum allowable rotational ductility 
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nominal,fm  
Nominal minimum allowable rotational ductility 

r  Bottom reinforcement ratio 

'r   Top reinforcement ratio 

min�  Minimum allowable longitudinal reinforcement ratio 

max�  Maximum allowable longitudinal reinforcement ratio 

v�  Shear reinforcement ratio 

vmin�  Minimum allowable shear reinforcement ratio 

y�  
Curvature at first yield 

u�  Curvature at ultimate strength 

 

Cross-Section Shape 

Beams are designed as rectangular or Tee cross-sections, as shown in Figure 6 and Figure 
7. 

 

Figure 6. Rectangular beam cross-section. 

 

Figure 7. Tee beam cross-section. 
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Local Axes 

The local axis 1 is parallel to the longitudinal direction of the member. The local axis 3 is 
normally in the horizontal direction and is the axis about which the major bending moments 
exist. The local axis 2 is normally in the vertical direction and is the axis about which the 
minor bending moments exist. 

See Chapter “Importing the Model, Local Axes”. 

Beam Regions 

The beam is divided into regions in the longitudinal direction. The main purpose served by 
using the regions is to define different reinforcement and to conduct different calculations for 
each region. Therefore, there are two types of regions: 

• the regions for defining the longitudinal reinforcement 

• the regions for defining the stirrups. 

 

 

Figure 8. Beam regions. 

Longitudinal reinforcement regions 

The end-regions span a certain distance from each end and take the name of the end-joints, 
namely i-end and j-end. Their length is defined when importing the loadcases, as discussed in 
Chapter “Importing the Model, Beam Regions”. The mid-span region spans between the two 
interior ends of the end-regions. 

For each region the force envelopes are determined when importing the model, as discussed 
in Chapter “Importing the Model, Member Force Loadcases”. The bending moment resistance 
is calculated based on the properties of the longitudinal reinforcement regions.  

Stirrup regions 

At the critical regions special detailing provisions apply to enable the formation of the plastic 

hinge, such as closely spaced stirrups. They span a distance of lcr from an end-cross section 

where the beam frames into a beam-column joint, as shown in Table 5. The middle region 
spans between the two interior ends of the critical regions. 

For each region the force envelopes are determined when importing the model, as discussed 
in Chapter “Importing the Model, Member Force Loadcases”. The shear force resistance is 
calculated based on the properties of the stirrup regions.  
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Default values EC2 – EC8 DCL EC8 DCM EC8 DCH 

lcr 0 h×0.1  h×5.1  

Reference - 
Eurocode 8 [Ref. 4], 
clause 5.4.3.1.2(1) 

Eurocode 8 [Ref. 4], 
clause 5.5.3.1.3(1) 

Table 5. Beam critical region length. 

Reinforcement 

Longitudinal 

Only the top and bottom longitudinal reinforcement is considered in the bending moment 
resistance calculations. The side longitudinal reinforcement is ignored.  

Top reinforcement ratio 

 
tt

s

db

A

×
= ''r  (17) 

Bottom reinforcement ratio 

 
tt

s

db

A

×
=r  (18) 

Both the top and bottom reinforcement ratio are checked for the minimum allowable ratio �min 

and the maximum allowable ratio �max.  

 

 

Default values 

minr  0.13% Eurocode 2 [Ref. 3], clause 9.2.1.1 

maxr  4.00% Eurocode 2 [Ref. 3], clause 9.2.1.1 

Table 6. Allowable longitudinal reinforcement ratio. 

Shear 

The shear reinforcement used consists of stirrups in the transverse direction, which may form 
groups. The stirrups, or the groups of stirrups, are evenly spaced between them within each 
region. 

Total area of shear reinforcement in one group 

 

2

2
2 �

	



�
�



×××= rv

rvv

d
nA p  (19) 

Shear reinforcement ratio 
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trv

v

v
bs

A

×
=r  (20) 

The shear reinforcement ratio is checked for the minimum allowable ratio �vmin. 

 

Default values 

vminr  0.10% 

Table 7. Minimum allowable shear reinforcement ratio. 

The spacing of the stirrups at the middle region is checked for the maximum allowable value, 
shown in Table 8.  

 

Default values EC2 – EC8 DCL EC8 DCM EC8 DCH 

midrvmaxs ,  

�
�
�

�
�
� ×

mm

h

300

75.0
min  

�
�
�

�
�
� ×

mm

h

300

75.0
min  

�
�
�

�
�
� ×

mm

h

300

75.0
min  

Reference 
Eurocode 2 [Ref. 3], 

clause 9.2.2(6) 
Eurocode 2 [Ref. 3], 

clause 9.2.2(6) 
Eurocode 2 [Ref. 3], 

clause 9.2.2(6) 

Table 8. Default values for maximum allowable stirrup spacing in middle region. 

The spacing of the stirrups at the critical region is checked for the maximum allowable value, 
shown in Table 9.  

  

Default values EC2 – EC8 DCL EC8 DCM EC8 DCH 

crrvmaxs ,  

�
�
�

�
�
�

mm

h

300

2/
min  

�
�
�

�
�
�

mm

h

225

4/
min  

�
�
�

�
�
�

mm

h

175

4/
min  

Reference 
Eurocode 2 [Ref. 3], 

clause 9.2.2(6) 
Eurocode 8 [Ref. 3], 
clause 5.4.3.1.2(6) 

Eurocode 8 [Ref. 3], 
clause 5.5.3.1.3(6) 

Table 9. Default values for maximum allowable stirrup spacing in critical region. 

Design Resistance 

The design resistance of the member is calculated for the major direction bending and shear. 
The effects of torsion and minor direction bending or shear are not investigated. It is assumed 
that the reinforcement used in the calculations has adequate anchorage. 

Neutral axis 

The initial phase of the design resistance calculation is to find the neutral axis depth. See 
chapter “Design Algorithm, Neutral Axis”. To evaluate the force equilibrium the actual internal 
forces are used, which are calculated using the characteristic strength of the materials. 



RC-PADD – Design Manual 

Nominal bending moment resistance  

When the neutral axis depth is found, the nominal bending moment resistance is calculated. 
The internal design forces are calculated using the characteristic strength of the materials. 

 

 

Figure 9.  Diagrams of stress and strain of discretized cross-section. 

Nominal bending moment resistance 
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where positive forces denote tension and negative forces denote compression. 

Design bending moment resistance  

Material partial factor method 

When the neutral axis depth is found, the design bending moment resistance is calculated. 
The internal design forces are calculated using the design strength of the materials. 

Design bending moment resistance 
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Resistance reduction factor method 

The resistance reduction factor for bending is applied to the nominal bending moment 
resistance to give the design bending moment resistance. 

 RnRd MM ×= 90.0  (23) 

Maximum allowable reinforcement for tensile failure 

To ensure a tensile failure, the tension reinforcement strain is checked that it does not exceed 
the minimum allowable specified in ACI-318, clause 10.3.4, for tension-controlled sections. 
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Default values 

se  0.005 

Table 10. Minimum allowable tension reinforcement strain. 

Design shear force resistance 

Material partial factor method 

The design shear resistance is calculated at the critical and middle regions.  

Lever arm 

 ct ddz -=  (24) 

Design shear resistance contribution of reinforcement 
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Total design shear resistance  

 sRdRd VV ,=  (26) 

Maximum allowable shear resistance 
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At the critical region, the design shear resistance is checked for the design shear force and 
the maximum design shear force that develops at hinge formation. 

At the middle region the design shear resistance is checked for the design shear force at the 
critical region.  

Resistance reduction factor method 

The resistance reduction factor for shear is applied to the nominal shear force resistance to 
give the design shear force resistance.  

 RnRd VV ×= 75.0  (28) 

Maximum design shear force 

The maximum design shear force is developed at hinge formation, at the critical region.  

Design maximum bending moment that can develop on beam at end � 
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The beam overstrength factor beamRd ,g  takes the values shown in Table 11. 

 

Default values EC2 – EC8 DCL EC8 DCM EC8 DCH 

beamRd ,g  1.0 1.0 1.2 

Reference - 
Eurocode 8 [Ref. 4], 

clause 5.4.2.2 
Eurocode 8 [Ref. 4], 

clause 5.5.2.1 

Table 11. Beam overstrength factors. 

Design shear force for the critical and middle regions 

 ( )endj Ed,endi Ed,Ed V VmaxV --= ,  (30) 

Design maximum shear force that can develop at the critical region of the beam, at hinge 
formation is the maximum of  
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where gra Ed,V ,  is the design shear force at end �, due to gravity loads. 

Towards the implementation of this computation, RC-PADD is in position to recognize the 
gravity primary loadcases, which are defined by the user. 

Rotational Ductility 

The rotational ductility of the member is calculated for the major direction bending, at the two 
end-sections. 

Neutral axis at first yield point 

The initial phase of the rotational ductility calculation is to find the neutral axis depth at the 
point where the tension reinforcement reaches the yield stress. See chapter “Design 
Algorithm, Neutral Axis”. To evaluate the force equilibrium the actual internal forces are used, 
which are calculated using the characteristic strength of the materials. 

Curvature at first yield 

The curvature at first yield is found using the neutral axis at first yield.  
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Ultimate curvature 

The ultimate curvature is calculated using the neutral axis at ultimate strength, from the 
design resistance calculations. 

 
ult
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f =  (33) 

Rotational ductility 

The rotational ductility is the ratio of the curvature at ultimate strength to the curvature at first 
yield. 

 
y
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f

f
mf =  (34) 

Rotational ductility check 

At the two end-regions, the rotational ductility is checked for the minimum allowable value. 

 factor�,nominal�,min ,fmmm ×=  (35) 

Default values EC2 – EC8 DCL EC8 DCM EC8 DCH 

��,nominal 1.0 6.0 10.0 

��,factor 1.0 1.0 1.0 

Table 12. Minimum allowable rotational ductility. 

Factor ��,nominal is the minimum allowable rotational ductility as defined in of Eurocode 8 [Ref. 

4], clause 5.2.3.4(3). 

Factor ��,factor is the scale factor defined in Eurocode 8 [Ref. 4], clause 5.2.3.4(4), which 

accounts for the type of reinforcement. 

Design Checks 

Pre-Calculation Checks 

These checks are carried out at the time of entering the data, before the calculations and are 
independent of the loadcases.  For each beam, the following checks are performed: 

• Reinforcement detailing (ratio, spacing) 

• Maximum allowable spacing of stirrups in the middle and critical regions 

Resistance Checks 

The resistance checks are carried out for every loadcase.  

Seismic Checks 

The seismic checks are conducted for all ‘Primary’ seismic members, only for the ‘Seismic’ 
loadcases. The following checks are performed: 

• Bending moment resistance ratio at end-spans and middle region. 

• Minimum allowable value of rotational ductility. 
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• Maximum design shear force at end-sections. 

Primary and Secondary Seismic Members 

A beam may be designed either as primary or secondary seismic type member. The checks 
conducted are shown in Table 13 and Table 14.  

 

Primary Members Pre-Calculation Resistance Seismic 

Permanent/ Transient Yes Yes No 

Accidental Yes Yes No 

Seismic Yes Yes Yes 

Table 13. Primary members design checks. 

 

 

Secondary Members Pre-Calculation Resistance Seismic 

Permanent/ Transient Yes Yes No 

Accidental Yes Yes No 

Seismic Yes Yes No 

Table 14. Secondary members design checks. 
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Column Design 

Notation 

cover Cover to stirrups 

cult Depth to neutral axis, at ultimate curvature 

cyld Depth to neutral axis, at first yield 

dc Depth to the center of exterior compression reinforcement 

di Depth to the center of fiber i 

dt Depth to the center of exterior tension reinforcement 

drL Diameter of longitudinal reinforcement 

drv Diameter of shear reinforcement 

lcl The clear length 

lcr Length of critical region 

n Total number of fibers of the section 

nrv Number of reinforcing stirrups in the direction of the shear force 

srv Spacing of stirrups 

srvmax,cr Maximum allowable spacing of stirrups at critical region 

srvmax,mid Maximum allowable spacing of stirrups at middle region 

wn Width of face n of the section 

wv Width of face perpendicular to shear force direction 

w0 Smallest width of the section 

wc Largest width of the section 

z Inner lever arm 

Ag Gross cross-sectional area 

As Total area of reinforcement 

Av Area of shear reinforcement in the direction of shear force 

Fca,i Actual concrete force on fiber i 

Fcd,i Design concrete force on fiber i 

Fsa,i Actual reinforcement force on fiber i 

Fsd,i Design reinforcement force on fiber i 

NEd Design axial force 

NRd Design axial force resistance 

NRn Nominal axial force resistance 

MEd Design bending moment 

MRd Design bending moment resistance 

MRn Nominal bending moment resistance 

VEd,	 Design shear force at end joint 	 

VEd,max Maximum design shear force 

VRd,s Design shear force resistance contribution of reinforcement 

VRn,s Nominal shear force resistance contribution of reinforcement 

VRd Design shear force resistance 

VRn Nominal shear force resistance 

VRd,max Maximum allowable design shear force resistance 

columnRd ,g  Overstrength factor for the design resistance of columns 

Rd,jointg  Overstrength factor for the design resistance of joints 

fm  
Rotational ductility 
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factor,fm  
Minimum allowable rotational ductility scale factor 

�,minm  
Minimum allowable rotational ductility 

nominal,fm  
Nominal minimum allowable rotational ductility 

r  Reinforcement ratio 

minr  Minimum allowable reinforcement ratio 

maxr  Maximum allowable reinforcement ratio 

a�  Resistance reduction factor for axial force resistance 

b�  Resistance reduction factor for bending moment resistance 

s�  Resistance reduction factor for shear force resistance 

y�  
Curvature at first yield 

u�  Curvature at ultimate strength 

Cross-Section Shape 

Columns may be designed as rectangular, circular, angular or Tee cross-sections. Schematic 
diagrams of the shapes with their dimension notations are shown in Figure 10 and Figure 11. 

 

 

Rectangular 

 

Circular 

Figure 10. Cross-section diagrams for various shapes. 
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Angle 

 

Tee 

Figure 11. Cross-section diagrams for various shapes. 

Local Axes 

The local axis 1 is parallel to the longitudinal direction of the member. The local axes 2 and 3 
are in the transverse direction, parallel to the faces of the cross-section. 

See Chapter “Importing the Model, Local Axes”. 

Column Regions 

The column is divided into regions in the longitudinal direction, shown in Figure 12. The 
regions are used to define the types of stirrups used. At the critical regions special detailing 
provisions apply, such as closely-spaced stirrups.  

The critical regions extend a distance of lcr from ends where the column frames into a beam-

column joint, as shown in Table 15. The middle region extends between the two interior ends 
of the critical regions. 

 

Default values EC2 – EC8 DCL EC8 DCM EC8 DCH 

lcr 0 
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mm

l
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c

600

6/

5.1

max  

Reference - 
Eurocode 8 [Ref. 4], 
clause 5.4.3.2.2(4) 

Eurocode 8 [Ref. 4], 
clause 5.5.3.2.2(4) 

Table 15. Critical region length. 

 




