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1. Introduction
1.1 Add-on Module RF-CONCRETE Members

The add-on module RF-CONCRETE Members for reinforced concrete design is completely inte-
grated in the RFEM user interface. Thus, a continuous analysis process is guaranteed for the
design of framework elements consisting of reinforced concrete.

The add-on module imports all relevant structure parameters from RFEM, such as material,
cross-sections, members, sets of members, ribs, supports as well as internal forces of defined
actions and load combinations. The program allows also for alternative designs with modified
cross-sections, including cross-section optimization.

RF-CONCRETE Members analyzes the strength limit state and the serviceability limit state. The
analysis for cracks and deflections are performed by calculating crack widths and deformations
directly.

The influence of creeping and shrinkage can be taken into account additionally when analyz-
ing the deformed system.

The reinforced concrete design is carried out according to the following standards.

e EN 1992-1-1:2004

e ACI318-14

o (CSA A23.3-14(R2015)

e SIA262:2013

e GB50010-2010
The required reinforcement that is determined contains a reinforcement proposal taking into
account all user specifications concerning the rebars in the longitudinal and link reinforce-

ment. This reinforcement layout can always be adjusted. The designs related to the modifica-
tions will be updated automatically.

It is possible to visualize the inserted reinforcement by photo-realistic display. This close-to-
reality representation of the reinforcement cage can be documented in the global RFEM
printout report like all other input and results data of the add-on module.

We hope you will enjoy working with the add-on module RF-CONCRETE Members.

Your team from ING.-SOFTWARE DLUBAL

1.2 Using the Manual

Topics like installation, graphical user interface, results evaluation and printout are described
in detail in the manual of the main program RFEM. The present manual focuses on typical fea-
tures of the add-on module RF-CONCRETE Members.

The descriptions in this manual follow the sequence of the module's input and results tables as
well as their structure. The text of the manual shows the described buttons in square brackets,
for example [Graphic]. At the same time, they are pictured on the left. In addition, expressions
used in dialog boxes, tables and menus are set in jtalics to clarify the explanations.

At the end of the manual, you find the index. If you cannot find what you are looking for,
please check the Knowledge Base and FAQs on our website for answers to your questions.
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1.3 Open RF-CONCRETE Members

RFEM provides the following options to start the add-on module RF-CONCRETE Members.

Menu

To start the program in the menu bar, point to Design - Concrete on the Additional Modules
menu, and then select RF-CONCRETE Members.

[ Add-on Modules | Window  Help

: T Q> PE® | by R e |
Design - Steel L3 %quﬂf ﬁﬁﬁﬁ'%' f-ifT=
Design - Concrete | &# | RE-CONCRETE Surfaces Dresign of concrete surfaces
Design - Timber 4 ;z RF-CONCRETE Members Design of concrete members
Design - Aluminum 4 !"l RF-CONCRETE Columns Dresign of concrete columns
Dynamic 4 1’ RF-PUNCH Punching shear design of surfaces
Connedions 4 .‘ RF-PUMCH PRC Punching shear design of surfaces
Foundations 4
Stability 4
Towers 4
Fiping 3
Others 4
External Modules 4

Stand-Alone Programs 3

Figure 1.1: Menu Additional Modules — Design - Concrete — RF-CONCRETE Members

Navigator

To start RF-CONCRETE Members in the Data navigator, open the Additional Modules folder,
and then select RF-CONCRETE Members.

Project Navigator - Data x

¥™ RFEM ~
£1-9% ACI ShearTest" [Members]
- Model Data
-l Load Cases and Combinations
--|_J Loads
-/ Results
| Sections
-1 Average Regions
| Printout Reports
) Guide Objects
F-od Add-on Modules
-{#| RF-5TEEL Surfaces - General stress analysis of steel surfaces
4L RF-STEEL Members - General stress analysis of steel members
-{Ec| RF-5TEEL EC3 - Design of steel members according to Eurocode 3
-4l RF-STEEL AISC - Design of steel members according to AISC (LRFD or ASD)
i5| RF-STEEL IS - Design of steel members accerding to IS
{84 RF-STEEL SIA - Design of steel members according to SIA
|8 RF-STEEL BS - Design of steel members according to BS
-{2g RF-STEEL GB - Design of steel members according to GB
-%a RF-STEEL CSA - Design of steel members according to C5A
-{ds| RF-STEEL AS - Design of steel members according to AS
-{fid RF-STEEL NTC-DF - Design of steel members according te NTC-DF
32| RF-STEEL 5P - Design of steel members according to 5P
i RF-STEEL Plastic - Design of steel members according to the Partial Internal Forces Method
b RF-STEEL SANS - Design of steel members according to SANS
-{fa] RF-STEEL Fatigue Members - Fatigue design
-4fkg RF-STEEL NBR - Design of steel members accerding to NER
-{file| RF-STEEL HK - Design of steel members according to HK
-{fd RF-ALUMINUM - Design of aluminum members according to Eurocode 9
e RE-ALUMINUM ADM - Design of aluminum members according to ADM
-] PLATE-BUCKLING - Plate buckling analysis
| BRACING - Design of wind bracing for roofs
-1 RF-COMNCRETE Surfaces - Design of concrete surfaces
-
- RF-CONCRETE Columns - Design of concrete columns
4% RF-PUNCH - Punching shear design of surfaces
4 RF-PUMCH Pro - Punching shear design of surfaces v
£ >

ﬁData é"D\sp\ay ,{iV\ews

Figure 1.2: Data navigator: Additional Modules — RF-CONCRETE Members
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Panel
If RF-CONCRETE Members results are already available in the RFEM model, you can set the rel-

RF-COMCRETE Members CA1 - Design |*| <
tﬁﬁiiii*“&if? evant design case in the load case list of the RFEM toolbar (see image on the left). If necessary,
£ mperecton towards +X activate the graphical results display first by using the button [Results on/off].

CO2 - Goveming Load Combination .

RF-CONCRETE Members CA1 - Design When the results are shown, the panel appears showing the button [RF-CONCRETE Members].

You can use that button to access the design module.

e

Panel x

RF-CONCRETE Members

I A=z fop)

I A <z (bottom)
I at
Rho—z ttop)

I Rho—+z {bottom)

RF-CONCRETE Members RF-CONCRETE Members

Ez 4

Figure 1.3: Panel button [RF-CONCRETE Members]
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2. Theoretical Background
2.1 Strength Analysis

In the following, the module's theoretical basis is described in detail. However, this chapter
shall not represent a substitute for the contents found in corresponding reference books.

2.1.1 Flexure and Axial Loads

The standard ACI 318-14 describes in detail the calculation basis for the strength limit state de-
sign. The corresponding rules refer to bending with or without axial force as well as to axial
force only.

The mathematical limit of failure is reached when the ultimate strengths are reached. Accord-
ing to this, the design method was called ultimate-strength design. But the strength for partic-
ular reinforced concrete member is a value given by the Code and is not necessarily the true
ultimate strength of the member. Therefore, the more general term strength design is used.

The design strength of a cross-section is taken as the product of the ultimate strength and a
strength reduction factor. Strength reduction factors are used to account for the uncertainties
of material strengths, inaccuracies in the design equations, approximations in analysis, possi-
ble variations in dimensions of the concrete sections and placement of reinforcement. The de-
sign strength of a member or connection must always be greater than the design action pro-
duced by the most severe factored load combination.

Ru < dRn

where Ru Required strength
¢R, Design strength

¢ are the strength reduction factors. The design strength is achieved by multiplying the
strength reduction factor ¢ by nominal strength which is the theoretical ultimate strength. The
Code specifies different values of ¢ depending on the state of knowledge (the accurancy with
which various strengths can be calculated). The prescribed strength reduction factors accord-
ing to ACl Section 21.2 are in the following table.

Strength Condition Strength Reduction Factor ¢
Tension-controlled beams and slabs 0.9

Shear and torsion in beams 0.75

Columns 0.65 or 0.75

Columns supporting very small axial loads 0.65 or 0.75t0 0.9
Bearing on concrete 0.65

Table 2.1: Prescribed ¢ values for most situations

ACl 318-14 recognized three types of cross-sections based on net tensile strain. Tension-controlled
members are members whose computed tensile strains are equal to or greater than 0.005; at
the same time the concrete strain is 0.003. The compression-controlled member has net tensile
strain less than the tensile strain in the extreme layer of longitudinal reinforcement &y. When &
values fall between &, and 0.005, they are said to be in the transition range between tension-
controlled and compression-controlled sections. Figure 2.1 shows the variation of ¢ based on &.

I Program RF-CONCRETE Members ACI © 2017 Dlubal Software GmbH
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0.757
0.65
Compression Tension
controlled— | Transiton ___|_controlled
? b 1 >
&= &, & =0.005

Figure 2.1: Variation of strength reduction factor with net tensile strain

For reinforced concrete structures at loads close to and at failure both of the materials, con-
crete and steel should be in their nonlinear inelastic range. The inelastic stress distribution is
difficult and impractical, so it is convenient to use some simplifications. The concrete compres-
sive stress distribution is replaced by an equivalent one of simple rectangular outline, see Fig-
ure 2.2 a. The simplified steel stress-strain diagram can be seein in Figure 2.2 b.

fc‘ B

C—F f

, pic y
0.85f, - ‘
l

-
P & 8y . - &g
a) b)

Figure 2.2: Simplified stress-strains diagrams

The following picture shows the allowable strain distributions for bending with and without
axial force.

Edge 2

Figure 2.3: Possible strain distributions in strength limit state
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According to ACI 318-14 and [3], the different areas for strain distributions shown in Figure 2.3
have the following meanings:

Area 1

This area appears in case of a central tension force or a tension force with slight eccentricity.
Only strains occur on the entire cross-section. The statically effective cross-section consists on-
ly of the two reinforcement layers Asi and As.. The reinforcement fails after the yield strength of
the reinforcement is reached.

Area 2

This area appears in case of bending only and of bending with axial force (compression). The
load-bearing capacity of the steel is higher than the one of the concrete. The concrete fails be-
cause its maximum compressive strain is reached.

The concrete's failure is announced by cracks like in the areas 1 because the steel exceeds the
yield point (failure with announcement).

Area 3

Area 3 appears in case of bending with a longitudinal compression force. It represents the
transition of a cross-section mainly affected by bending and a cross-section affected by com-
pression. The concrete fails before the steel's yield point is reached because the possible
strains are very small. Area 3 implicates a strongly reinforced cross-section. Therefore, to avoid
such a cross-section, a compression reinforcement is inserted.

Small steel strains in the tension zone result in failure without announcement (the bending-
tension reinforcement does not start to yield).

Area 4

This area appears in case of compression force with a slight eccentricity (for example a column)
or of a centric compression force. Only compression strains occur on the entire cross-section.
The compression strain on the edge that is less compressed is between 0 > &1 > €. All com-
pression strain distributions intersect in point C.

I Program RF-CONCRETE Members ACI © 2017 Dlubal Software GmbH
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2.1.2 Shear Design

The design for shear force resistance is only performed in the strength limit state. The actions
and resistances are considered with their design values. The general design requirement ac-
cording to ACl 318-14, 11.1.1 is the following:

Vu < Va
where
Vu Factored shear force at the section
Vo=V + Vs Nominal shear strength ACI 318-14, Eq. (22.5.1.1)
Ve Shear strength provided by concrete
Vi Shear strength provided by shear reinforcement
$=0.75 Strength reduction factor for shear

When the factored load exceeds one-half the shear design strength of concrete, the Code re-
quires provision of at least a minimum area of web reinforcement equal to:

b,s b,s

A, min =0.75/f.' —=> 50"~ AClI318-14,9.6.3.3/10.6.2.2/15.4.2
' fe fe
where Jfc' £100psi  Square root of compressive strength of concrete
bw Web width in inches
s Longitudinal spacing of web reinforcement in inches
fye Yield strength of web steel in psi

Shear strength provided by concrete
For members subject to shear and flexure is the concrete contribution to shear:

v,d
V. = (1 90y/f.' +2500p,, N‘“ wad <3.50/f.'b,,d ACI 318-14, Table 22.5.5.1
u
where \/f <100psi Square root of compressive strength of concrete
A Lightweight concrete modification factor
Pw Ratio of longitudinal reinforcement

V.
Ratio ud shall not be greater than 1.0
u

Alternative simplified calculation of V. for nonprestressed members without axial force is per-
mitted by ACI 318-14, 22.5.5.1:

Ve =2\ b,,d ACI 318-14, Eq. (22.5.5.1)

10
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Shear strength provided by shear reinforcement

Web reinforcement is provided to ensure that the full flexural capacity can be developed. For
structural components with design shear reinforcement perpendicular to the component's
axis (a =90°) the following can be applied:

V= yt ACI 318-14, Eq. (22.5.10.5.3)

where A Total cross-sectional area of web steel within distance s in
square inches

d Effective depth of bending reinforcement in inches
s Longitudinal spacing of web reinforcement in inches
fyr Yield strength of web steel in psi

Where inclined stirrups are used:

v - A fyt (sina+cosa)d

ACI 318-14, Eq. (22.5.10.5.4)
S

where a Angle between stirrups and longitudinal axis of member

According to ACl 318-14, 22.5.1.2, V; is not allowed to be greater than 8)\\/5de .

Maximum spacing of vertical stirrups is the smallest of % and 24 in. Inclined stirrups shall be
spaced so that every 45° line is crossed by at least one line of web reinforcement. When Vs ex-
ceeds 4\,/f.'b,,d, these maximum spacings are reduced by one-half.

2.2 Serviceability Limit State Design

The provision for adequate strength does not necessarily ensure acceptable behavior of the
member at service load level. Therefore, the code includes additional requirements to provide
satisfactory service load performance.

The serviceability limit state design consists of various individual designs that are specified in
the following ACI Code chapters:

e Limitation of crack widths: ACl 318-14, 24.3
e Limitation of deformation: ACl 318-14, 24.2

2.2.1 Provided Reinforcement

First, RF-CONCRETE Members uses the internal forces of the serviceability to perform a design
similar to the design of the strength limit state. The design results in a structurally required re-
inforcement which is then compared to the user-defined provided reinforcement.

If the provided reinforcement is smaller than the statically required reinforcement, or if the
analysis reveals any non-designable situations, the serviceability limit state design won't be
performed.

Before the program designs the serviceability limit state, it checks the provided reinforcement.

2 Theoretical Background / |\
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2.2.2 Limitation of Crack Widths

Permissible crack width

The maximum crack widths are considered to be acceptable vary from approximately 0.004 to
0.016 in., depending on the location of the member in question, the type of structure, the sur-
face texture of the concrete, illumination, and other factors. ACI Committee 224 provides a guide
for crack widths in the tensile face of reinforced-concrete structures for typical exposure condi-

tions.
Exposure Condition Tolerable Crack Width
Dry air or protective membrane 0.016in
Humidity, moist air, soil 0.012in
Deicing chemicals 0.007 in
Seawater and seawater spray, wetting and drying 0.006 in
Use in water-retaining structures 0.004 in

Table 2.2: Tolerable crack widths

The Gergely and Lutz equation

The following equation has been developed to predict the maximum width of crack at the ten-
sion face of the beam:

w = 0.076pf,3[d A

where w The estimated cracking width in thousandth of inches
fs Steel tensile stress at service load in kips per square inch
dc Thickness of concrete cover measured from tension face to

center of bar closest to that face in inches
B Ratio of distances from tension face and from steel cen-
troid to neutral axis

A Effective tension area of concrete surrounding tension bars
and having the same centroid, divided by number of bars
in square inches

Design of rebar spacing

The maximum center-to-center spacing for the reinforcement closest to the surface of the ten-
sion member is specified in ACl Code 24.3.2. The rebar spacing should not exceeded the value
computed with the following expression:

40,000 40,000
$=15 ———|-25¢c <12 —— ACI 318-14, Table 24.3.2
fS fS
where fs Steel tensile stress at service load in kips per square inch
Ce Clear cover from the nearest surface in tension to the sur-

face of the flexural tension reinforcement in inches

The stress f; is calculated by dividing the unfactored bending moment by the beam’s internal
moment arm. Alternatively, the ACI Code permits fs to be taken simply equal to 2/3 f,.

These ACI maximum bar-spacing provisions are sufficient for beams and one-way slabs. The
ACl Table 24.3.2 does not apply to beams with extreme exposure or to structures that are sup-
posed to be watertight. In such cases special investigations and provisions are required. These
include the use expressions such as Gergely-Lutz equation.

12
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2.2.3 Limitation of Deformations

The reinforced concrete specification usually limits the deflections by specifying a certain min-
imum thickness or maximum permissible computed deflection. The first is simple and satisfac-
tory in many cases and load distributions when member sizes and proportions are within in
the usual ranges.

Minimum thicknesses

The minimum depth-span ratios of one-way constructions are specified in ACI 318-14,7.3.1,
Table 7.3.1.1 and 9.3.1, Table 9.3.1.1. These tables apply only to members that are not support-
ing or not attached to partitions or other constructions likely to be damaged by excessive de-
flections.

Minimum thickness, h

Simply One end Both ends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or other
Member | construction likely to be damaged by large deflections

Solid one-
way slabs 220 24 e28 ¢10

Beams or
ribbed one- 16 ¢18.5 21 U8
way slabs

Notes:

Values given shall be used directly for members with normalweight concrete
and Grade 60 reinforcement. For other conditions, the values shall be modified
as follows:

a) For lightweight concrete having equilibrium density, w,, in the range of 90
to 115 Ib/ft°, the values shall be multiplied by (1.65 — 0.005w,) but not less
than 1.09.

b) For £, other than 60,000 psi, the values shall be multiplied by (0.4 + f,,/100,000).

Figure 2.4: Minimum thickness of nonprestressed beams or one-way slabs according to ACI 318-14, Table 7.3.1.1 and
Table 9.3.1.1

Calculation of deflection

When there is need to use member depths shallower than are permitted by Tables 7.3.1.1 and
9.3.1.1 or when members support a construction that is likely to be damaged by large deflec-
tions, the deflection must be calculated and compared with limit values, see the following fig-

ure.
Deflection
Member Condition Deflection to be considered limitation
Flat roofs ot supporting or attached to nonstructural elements likely to Immediate deflection due to maximum of Z,, S, and R £/180M1
Floors be damaged by large deflections Immediate deflection due to L £/360
Likely to be damaged by | That part of the total deflection occurring after attachment of £/48081
Roof or Supporting or attached to non- large deflections nonstructural elements, which is the sum of the time-depen-
floors structural elements Not likely to be damaged | dent deflection due to all sustained loads and the immediate 22404
by large deflections deflection due to any additional live load?

ML imit not intended to safeguard against ponding. Ponding shall be checked by calculations of deflection, including added deflections due to ponded water, and considering time-
dependent effects of sustained loads. camber. construction tolerances, and reliability of provisions for drainage.

PITime-dependent deflection shall be calculated in accordance with 24.2.4, but shall be permitted to be reduced by amount of deflection calculated to occur before attachment of
nonstructural elements. This amount shall be calculated on basis of accepted engineering data relating to time-defiection characteristics of members similar to those being considered.

BILimit shall be permitted to be exceeded if measures are taken to prevent damage to supported or attached elements.

HILimit shall not exceed tolerance provided for nonstructural elements.

Figure 2.5: Maximum permissible computed deflection according to ACI 318-14, Table 24.2.2

5 f(a, L)

El
where El Flexural stiffness

f Function f depends on loading, geometry, etc.

Loads used in deflection calculation are unfactored loads. In some cases, only live load is con-
sidered, while in others, both live and dead loads are considered.

The deflection of concrete members can be calculated with the usual elastic deflection expression.

I Program RF-CONCRETE Members ACI © 2017 Dlubal Software GmbH
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2.3 Development Length

The development length concept for anchorage of deformed bars and deformed wire in ten-
sion is based on the attainable average bond stress over the length of embedment of the rein-
forcement. This concept requires the specified minimum lengths or extensions of reinforcement
beyond all locations of peak stress in the reinforcement. Such peak stresses generally occur in
flexural members at the locations of maximum stress and where adjacent reinforcement ter-
minates or is bent.

The strength reduction factor f is not used in development length calculation. The specified
development lengths already include an allowance for understrength.

It is necessary that the calculated stress in the steel at each section is developed by the ade-
quate embedded length or end anchorage, or a combination of the two. For the usual case,
with no special end anchorage, this means that the full development length /s must be provid-
ed beyond the critical sections at which peak stresses exist in the bars. These critical sections
are located at points of maximum moment and at points where adjacent terminated rein-
forcement is no longer needed to resist bending.

| ‘c
i XFL
. _~Face of support Moment |
!/_ PP strength |

of bars a:
Points of inflection (P.1)|

strength
of bars b,

Moment curve

> (d, 12d}, or £,/16)

2y

= (dor 12dp)

] Bar b i

Embedmentofbarsa> ¢, L
} ‘—.-c/_Bars a T\E” -A—,—,X le

I
h /s (dor12d,)!
\ 2t
Section 25.4.2.1, or 9.7.3.8,
or £4. for compression when Diameter of bars a
bottom bars used as limited by Section 9.7.3.8.3
compression reinforcement at point of inflection

Figure 2.6: Development of flexural reinforcement according to ACl 318-14 9.7.3, Figure R9.7.3.2

14
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Development of tension bars

The development length of straight deformed bars and wires in tension is given in 25.4.2.3 of
the Code by the general equation:

y=| 2 IR -y, ACI 318-14, Eq. (25.4.2.3a)
40 k\/f [cb +KtrJ
dy
where \/E <100psi  Square root of compressive strength of concrete
fy Specified yield strength of reinforcement in psi
db Diameter of bar in inches
Cb Smaller of minimum cover or one-half of bar spacing
measured to centre of bar in inches
A Lightweight concrete modification factor
Ker Transverse reinforcement index K, :%.

It shall be permitted to use K, =0 as a designed simplifica-
tion even if transverse reinforcement is present.

Av Total cross-section area of all transverse reinforcement
within the spacing s that crosses the potentional plane of
splitting through the reinforcement being developed in
square inches

s Spacing of transverse reinforcement in inches

n Number of bars developed or spliced at the same location
Y, Reinforcement location factor

W Coating factor

W Reinforcement size factor

¢, +K
Note that the term [%} cannot be taken greater than 2.5 to safeguard against pullout
b
type failures.

When the amount of flexural reinforcement provided exceeds the theoretical amount required
and where the specification being used does not spﬁciﬂcally require that the development lengths
is based on fy, the value of I« may be multiplied by AS"eﬂ as specified in ACI 318-14, 25.4.10.1.

s,provided

The development length of tension reinforcement shall not be less than 12 in.

I Program RF-CONCRETE Members ACI © 2017 Dlubal Software GmbH
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Development of compression bars
Shorter development lengths are required for bars in compression than in tension since the
weakening effect of flexural tension cracks in the concrete is not present.

According to ACI 318-14, 25.4.9 the development length in compression can be determined
from the following formula:

lge = fy¥r dp, > 0.0003f,,d,,
500 f.’ ¢
where \/f <100psi Square root of compressive strength of concrete
fy Specified yield strength of reinforcement in psi
db Diameter of bar in inches
A Lightweight concrete modification factor
Yr Development length modification factor based on confin-

ing reinforcement

If more compression reinforcement is used than is required by analysis, lo. may be multiplied
A ’

by =ML a5 per ACI 318-14, 25.4.10.1.

s,provided
Development of standard hooks
When sufficient space is not available to anchor tension bars by running them straight for their
development lengths, it is necessary to provide special anchorage at the end of the bars, usu-
ally by means of a 90° or a 180° hook. For compression bars for development length purposes
are hooks considered useless.

The basic development length for standard hooks in tension is given in ACI 318-14, 25.4.3.1:

lgh = fyll)‘3ﬂdb > 8d,, > 6in.
50M,/f'
where \/f <100psi Square root of compressive strength of concrete
fy Specified yield strength of reinforcement
db Diameter of bar
A Lightweight concrete modification factor
Ye Development length modification factor based on coating
Pe Development length modification factor based on cover
Yr Development length modification factor based on confin-

ing reinforcement

If more reinforcement is provided than that required by analysis, the development length |y,
s,required

may be reduced by the ratio of :

s,provided ’
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3. InputData

All data required for the definition of design cases is entered in windows. The [Select] function
allows for a graphical selection of the objects that you want to design.

When you have started the add-on module, a new window opens where a navigator is displayed
on the left, managing all windows that can be selected currently. The pull-down list above the
navigator contains the design cases that are already available (see Chapter 8.1, page 75).

If you open RF-CONCRETE Members in an RFEM model for the first time, the module imports
the following design relevant data automatically:

e Members and sets of members

e Load cases (LC), load combinations (CO) and result combinations (RC)

o Materials

e (Cross-sections

e Internal forces (in background, if calculated)
To select a window, click the corresponding entry in the RF-CONCRETE Members navigator or

page through the windows by using the buttons shown on the left. You can also use the func-
tion keys [F2] and [F3] to select the previous or subsequent window.

To save the defined settings and quit the module, click [OK]. When you click [Cancel], you quit
the module but without saving the data.

3.1 General Data

In Window 1.7 General Data, select the actions that you want to design. The relevant load cases,
load combinations and result combinations can be assigned to the strength limit state and the
serviceability limit state by using the respective tab.

7 RF-CONCRETE Members - [Frame ACI]
File Edit Settings Help

CA1-Stahbeton-Bemessung  ~ | 1.1 General Data

Input Data Design Acc. to Standard / NA
i General Data

- Cross-Sections =

i Supports

& Reinforcement

i i 1-Beams Strength Limit State | Serviceability Limit State

£ 2 - Columns

i Existing Load Cases / Combinations Selected for Design
- Defiection Data

BEN LC1 | Sefweight ~ COl | gewsmp
LC2 | Liveload Roof C03 | gepges+w+imp.
LC3 | Live Load Member 10 CO5 | gwp1Dspi2epldswsimp
LC4 | Live Load Member 11
LC5 | Live Load Member 12
LCE | Live Load Member 13 i
LC7 | Live Load Member 14
BEOW LCE | Windin+X
METI LC3 | mperfection towards +X
coz | gwimp
CO4 | gpgeswimp «
COB | g+p10sp12:spldwimp
CO7 | gwpll+pi3=nsimp
€08 |gepltepldwimp
COS | g+piDip1lspi3eplasusimp
COM0 | g*p10+p114p13+p 14-wmp
COMT | gspl2swsimp
CO12 | gwpl2wimp v

RF-CONCRETE

Members

Reinforced concrete
design of members

[ Ay M 2|35

Options

Nonlinear

Actuate creep and shrinkage

Comment
Design

I

D [8] =2 Calaulation Chedk Graphics Cancel

Figure 3.1: Window 1.7 General Data, tab Strength Limit State
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Concrete Design According to Standard / NA

In this window, the design standard is defined uniformly for all types of design. The following
standards for reinforced concrete design can be selected.

Design Acc. to Standard / NA

ESACI 318-14 [“]

B EN 1992-1-1: 2004/41: 2014 European Union

10 C5A A23.3-14 (R2015)  Canada
3 51 262:2013 Switzerland
Bl GB 50010-2010 china

Figure 3.2: Selection of design standard

3.1.1 Strength Limit State

The first tab of Window 1.7 General Data is shown in Figure 3.1 on page 17.

Existing Load Cases / Combinations

This window section lists all load cases, load and result combinations defined in RFEM that are
relevant for the design. Use the [P] button to transfer the selected load cases (LC), load com-
binations (CO) or result combinations (RC) to the list Selected for Design on the right. You can
also double-click the items. To transfer the complete list to the right, use the button [ P].

If a load case is marked red like LC 9 in Figure 3.1, it is not possible to calculate it. This may be
the case when no loads are defined or, as you can see in the example, the load case contains
only imperfections.

Selected for Design

The column on the right lists the loads selected for the design. Use the button [«] to remove
selected load cases, load or result combinations from the list. You can also double-click the
items. With the button [€«], you can transfer the entire list to the left.

The analysis of an enveloping Or result combination is often carried out more quickly than the
design of all load cases and load combinations that have been globally set. On the other hand,
the influence of the actions contained in a result combination is less transparent when a RC is
designed.

Comment

In this text box, you can enter user-defined notes, for example to describe in detail the current
design case.

18
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i RF-CONCRETE Members - [Frame ACI]
File Edit Settings Help

CA1-Stahbeton-Bemessung | 1.1 General Data

Input Data

i General Data

i Materials

{ Cross-Sections

i Supports

= Reinforcement

1-Beams Strength Limit State  Serviceabilty Limit State

2 - Columns

d Existing Load Cases / Combinations
Deflection Data

LC6 | Live Load Member 13 ~
LC7 | Live Load Member 14
T LC8 | Windin+X
EET LCS | Imperfection towards +X
CO1 | gsw+mp
coz | gwimp
CO3 | gepgeswsmp.
CO4 | gspgeswimp
CO5 | geplDspi2epldswsmp
COB | g+plDspl2:spldwimp
CO7 | gwpll+pi3=nsimp
CO8 | gwp1l+pldwimp
COS | g+piDip1lspi3eplasusimp
COM0 | g*p10+p114p13+p 14-wmp
COMT | gspl2swsimp
Co12 | geplzawimp
RC1  [Ukimate Limt State |

RC2 Servicesbility Limit State v
‘ Al (23) ~ ‘ 2v | |Ba
Options
[[JNonlinear calculation... &

Actvate creep and shrinkage

Comment
Design

D] (&= Calculation Check

Design Acc. to Standard / NA

T=ACt 315-14 ]
-
Selected for Design
013 [aw
5
«
k]
Seftings
LC+Factor:
1.0 ~
Graphics

RF-CONCRETE

Members

Reinforced concrete
design of members

I

Cancel

Figure 3.3: Table 1.1 General Data, tab Serviceability Limit State

Existing Load Cases / Combinations

This dialog section list all load cases and combinations defined in RFEM. Use the [»] button to
transfer the selected load cases (LC), load combinations (CO) or result combinations (RC) to the
list Selected for Design on the right. You can also double-click the items. To transfer the entire

list to the right, use the button [»»].

Selected for Design

The column on the right lists the items selected for the serviceability limit state design. Use the
button [4] to remove selected load cases, load or result combinations from the list. You can al-
so double-click the items. With the button [«€«], you can transfer the entire list to the left.
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3.2 Materials

The window is subdivided into two parts. The upper part lists the concrete and steel grades
used for the design. In the Material Properties section below, the properties of the current ma-
terial, i.e. the table row currently selected in the upper section, are displayed.

Materials that are not used in the design appear gray in color. Materials that are not allowed
are highlighted red. Modified materials are displayed in blue.

The material properties required for the determination of internal forces in RFEM are described
in detail in Chapter 4.3 of the RFEM manual. The design relevant material properties are stored
in the global material library and preset automatically.

To adjust the units and decimal places of material properties and stiffnesses, select Units and
Decimal Places on the Settings menu (see Figure 8.6, page 78).

B 7 RF-CONCRETE Members - [Frame ACI]

x
File Edit Settings Help
CA1-Stahbeton-Bemessung v | 1.2 Materials
Input Data [ A B c
;General Data Material Waterial Description
i~ Materials lo. Concrete Strength Class Reinforcing Steel Comment
|+ Cross-Sections B[ Concrete fc = 30MPa 7] Grade 60

{ Supports 2
=+ Reinforcement
i L.1-Beams

Rolled Shapes and | Grade 60

H 2 - Columns
i Deflection Data

[ ¥} [ 4]

Material Properties Concrete stress-strain curve for
{ElConcrete Strength Class: Concrete f'c = 30 MPa ? | section desion

Concrete Compressive Strength Fo 30.000 | N/mm <

Moduius of Elasticty Ec 25922.900 | N/mmZ

Modulus of Rupture fe 3411 | N/mm2

] Strains for Parsbolic-Rectanguiar Diagram
Strain for Pure Compression ) 157 [ % 0.85f,
Utimate Strain at Faiure cud 300 | %

El Reinforcing Steel: Grade 60

Modulus of Elasticty Es 193938.000 | N/mmZ

Specfied Yield Strength fy 413,665 | N/mm?2

Limiting Strain &eu 50.00 | %o 0 P

Reinforcement stress-strain curve for
section design
fr
arctan E
\
\
Esy
2| (8|2 Calculation Chedk Graphics Cancel

Material No. 1 - Concrete fc = 30 MPa in members: 1-15,14.1

Figure 3.4: Window 1.2 Materials

Material Description

Concrete Strength Class

The concrete materials defined in RFEM are preset. Materials of a different material type are
highlighted in red. When a manually entered Material Description corresponds to an entry of
the material library, RF-CONCRETE Members imports the relevant material properties.

Concrete f'c = 5000 psi
Concrete f'c = 6000 psi

Itis possible to select a different material by using the list: Place the pointer in a table row of
column A, and then click the button [¥] or use the function key [F7]. The list shown on the left
opens. Subsequent to the transfer, the properties will be updated.

The list contains only materials of the Concrete category complying with the design concept of
the selected standard. The import of materials from the library is described below.
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Reinforcing Steel
In this column, the program presets a common steel grade that corresponds to the design
concept of the selected standard.

Itis possible to select another reinforcing steel by using the list: Place the pointer in a table row
of column B, and then click the button [¥] or use the function key [F7]. The list shown on the
left opens. Subsequent to the transfer, the properties will be updated.

Material Library

Many concrete and reinforcing steel materials are stored in the library. To open the library, use
the button shown on the left. The button can be found below column A and B.

Material Library *
Fitter Material to Select
Material category group: Material Description Standard
WMetal W Grade 40 ES ACI 318-14
[ Grade 50 = ACI 318-14

Material category:

E= ACI 318-14
MReinforcing Steel M Grade 75 5 ACI 318-14

Standard group:
E=ul

Standard:

ESACT 318-14 ~

Indude invalid. ..

Favorites group:

= = imil == Search: ®

Material Properties. Grade 60 | ACI318-14
il Main Properties H

Modulus of Elasticity E 19993.80 | kN/cm2

Shear Modulus G 7689.92 | kN/em2

Poisson’s Ratio v 0.300

Specific Weight r 78.50 | kN/m?

Coefficient of Thermal Expansion o 1.0000E-05 | 1/°C

[ Additional Properties

Modulus of Elasticity =5 15993.80 | kN/ecm2

Uttimate Strain Zuk 0.050

Characteristic Yield Strength Fyk 41.37 | kN/em2
D v Cancel

Figure 3.5: Dialog box Material Library

The material relevant for the standard are preset so that no other categories or standards are
available in the Filter section. Select a material from the list Material to Select and check the cor-
responding parameters in the lower part of the dialog box. The material properties cannot be
edited in this dialog box.

Click [OK], use the [J] button, or double-click the materila to import the selected material to
Window 1.2 Materials of the add-on module.

Chapter 4.3 of the RFEM manual describes how materials can be added or rearranged. Via the
[Create New Material] button, you can create new types of concrete or reinforcing steel with
user-defined material properties and store them for later use.
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Cross-Sections

This window lists the design relevant cross-sections.

7 RF-CONCRETE Members - [Frame ACI] X
File Edit Settings Help
CAL - Stahlbeton-Bemessung | 1.3 Cross-Sections.
Input Data [ A | ] [ c 1 D Rectangle 35125
© GeneralData Section | Matenal Ly
- Materials No. No. Cross-Section Description mize Notes
e Rectangle 35/25 ]
++ Supports Rectangle 35/35 a
= Reinforcement Rectangle 40/55 a
N Rectangle 20/55 a
e Rectangle 20/35 [m]
paosieciontaR Rectangle 16/20 a RN -
W 27129 AISC 8 O 32) i 5
IS 60/8/0 4/0.6/06 a 32 :
i
i
A4
fin]
i)
)
2 |83 Calculation Check Messages... Graphics Cancel
No. 1 - Rectangle 35/25 in members: 1-4

] E

al.

Figure 3.6: Window 1.3 Cross-Sections

Cross-Section Description

When you open this window, the cross-sections used in RFEM are preset with the assigned ma-
terial numbers.

It is always possible to modify the preset cross-sections for the design. The description of a
modified cross-section is highlighted in blue.

To change a cross-section, enter the new description in the corresponding table row. You can
also select the new cross-section from the [Library] by clicking the corresponding button below
the table. Alternatively, place the pointer in the respective table row and click the [...] button,
or use the function key [F7]. The cross-section library that you already know from RFEM appears.

For the design in RF-CONCRETE Members, the following buttons are enabled in the Parametric
- Massive section of the library (see Figure 3.7):

Rectangle

Floor beam (symmetric, unsymmetric or conic)
Rotated floor beam (symmetric or unsymmetric)
I-shape (symmetric, unsymmetric or conic)
Circle

Ring

Hollow rectangle (Z-symmetric)

Conic shape (symmetric)

Channel (symmetric)

The selection of cross-sections from the library is described in Chapter 4.13 of the RFEM manu-
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Rolled Parametric - Thin-VWalled Parametric - Massive Parametric - Timber i
N BEN B B BTN T BN BN B || T |4 X i
N Een T (RN (NI T @ ||©o|l O ;
BEEE EEEE (v =][z][T] |
Qv ||OD| 0 T || da
Built-up H ﬂ H
I NG GEN (ar To| L [f| N
T || I I T = (T ||L||T
I I I I: 1— E |—_‘| I:' Standardized - Timber
ee || T 5 0 ]
User-Defined From Cross-Section Program
FE 25/75/8.5/35
7
D | | Cancel
75.00 o - -
. s Figure 3.7: Cross-section Library
o
: If the cross-sections in RF-CONCRETE Members are different from the ones used in RFEM, both
e cross-sections are displayed in the graphic in the right part of the window.
|
Y, Optimize
For each cross-section it is possible to perform an optimization analysis. Applying the internal
_ forces from RFEM, the program determines the cross-section within the same section table
dd that meets the reinforcement requirements specified in the Optimization Parameters dialog
e

box with the least possible dimensions (see Figure 8.5, page 77).

Rect le 35/35 o e ope . . . .
R To optimize a specific cross-section, select its check box in column C. Recommendations on

35.00 the optimization can be found in Chapter 8.2 on page 77.
Notes
2 A ., This column shows remarks in the form of footers. They are described in detail below the cross-
8 T section list.
)
I
v

[in]
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3.4 Ribs

The ribs defined in RFEM are preset. Ribs represent a special type of member consisting of a
beam and a plate cross-section which is also effective (cf. Chapter 4.18 of the RFEM manual).
The program takes the rib internal forces from RFEM and uses them for the design.

7 RF-CONCRETE Members - [Ribs ACI] X
File Edit Settings Help
CAL - Concrete Design ~ | 1.4Ribs
Input Data mwwm e | c | b | E | F | Rectangle 8116
i General Data Member | Cross-Section No Effective Widths
£ Materials No Start End |Suface 1| bessft] |Suface 2| berr2f)
1+ Cross-Sections 1 1 1 246 1 3162
s 2 1 1 1 362 1 352
[ELeTE 3 1 1 2 258 1 258
= Reinforcement 2 1 1 2 288 1 258
1 5 1 1 3 160 2 160
3 1 1 3 180 2 160
R
;
3
1
{3
3
v
=
fin]
= I O
FBU 2412552139 44/8/8/8 Options
[JShow rib effective widths for determination
2052 43.4¢ of internal forces
25582 3944
A I 2|
N0
3 |_|‘
3
i
i
j8.00
i
i
A\l
B
fin]
2| (8= Calaulation Check Messages... Graphics Cancel

Figure 3.8: Window 1.4 Ribs

The effective widths in this table can be modified either directly by entering values in columns
D and F or indirectly by using the [Edit Rib] button. A recalculation in RFEM is not required as
the stiffness of the model is not changed. The calculation of the cross-section properties and
the integration of the rib internal forces are always carried out automatically when the effec-
tive widths are modified.

Member No.

This column shows the numbers of the members that have been defined as member type Rib
in RFEM.

Cross-Section No. Start / End

These columns show the cross-section numbers (see Chapter 3.3). If different numbers are dis-
played, the object is a tapered member.

Effective Widths b«

Column D and F show the effective widths for the left and the right sides of the member. The
values are identical with the specifications entered in the RFEM dialog box New Rib (cf. RFEM
manual, Figure 4.172). The rib internal forces are determined on the basis of the integration
widths for the pro rata internal forces in surfaces.

The effective width is important for the design with respect to the equivalent cross-section.
Therefore, you can adjust the values for beff (increasing the integration width is not allowed,
hovwever). To check the data, select the check box Show rib effective widths for determination of
internal forces: The table is extended by two more columns, and the button [Edit Rib] becomes
accessible (see Figure 3.9).
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File Edit Scttings Help

CA1 - Concrete Design | 1.4Ribs
e mwwm e | c | o | E | F [ 6 [ H | Rectangle 8/16
i General Data Member Cross-Section No Effective Widths
+Materials No. | Stat | End |Suface 1| berr,1 ft] | b1 ] [Suface 2| baira ] | b2 fit]
RCISCes o D . 1 246 246 1 362 362
B 2 1 1 1 362 362] 1 362| 362
[rEieTE 3 1 1 F3 258| 258| 1 258 258
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i
¥
L
;
i
v
=
[in]
=T O
FEU 24125.52139 4413273 +
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& [ 2|
<[ | SNSSNSNNNNN
3 |_|‘
3
i
i
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i
i
v
‘ =
[in]
|
sJARE==S Calculation Check Messages.. Graphics oK Cancel

Figure 3.9: Window 1.4 Ribs

Modifications are shown dynamically in the cross-section graphic below the table. The graphic
shows the equivalent cross-section that is used for the design.

Reduced effective widths result in reduced member internal forces which affect the design in

RF-CONCRETE Members.

Remark

If a rib represents a problem for the design, a note is given.

The buttons below the table have the following functions:

Button Description Function

& Edit Opens Solid Cross-Sections — Unsymmetric Floor Beam
dialog box with parameters of equivalent cross-section

- Opens Edit Rib dialog box with rib parameters
E Edit Rib (cf. RFEM manual, Figure 4.172)
a Info about Shows cross-section properties of equivalent cross-section
Cross-Section (type: FBU - floor beam unsymmetric)

Table 3.1: Buttons in Window 7.4 Ribs

To design ribs in a correct manner, consider the following requirements:
o The local z-axis of the rib must be parallel to the local z-axis of the surface.
e The local z-axis of the rib must be orthogonal to the xy-axis of the surface plane.
e The connected surface must be defined as surface type Plane.
e The cross-section type of the rib member must be a Rectangle.
e When a set of members is used, a uniform rib type must be defined for the entire set.

e The rib member must have the same cross-section at its start and its end (i.e. no taper).

I Program RF-CONCRETE Members ACI © 2017 Dlubal Software GmbH 2 5




3 InputData /l\
@

Dlubal
3.5 Supports

This window provides information about the support conditions of the members that are to be
designed. The nodal supports defined on horizontal members in RFEM are preset. If necessary,
it is possible to adjust them. RF-CONCRETE Members also distinguishes between intermediate
and end supports.

Non-zero support widths affect the design (redistribution of moments, moment reduction, re-
duction of shear force) and the reinforcement proposal (length of anchorage). However, only
members in horizontal or slight inclined position are affected, i. e. no columns!

i RF-CONCRETE Members - [Frame ACI] X
File Edit Settings Help
CAL-Stahbeton-Bemessung | 1.5 Supports.
Input Data A (mErwm Cc | D [ E | F | G
i General Data Support | Node [Support Wicth| Direct | Monolthic | End | M Fato
+ Materials M. No. b fin] Support | Connection | Support [ Comment
i Cross-Sectons [ 1 0
i Supports 2 5 12.00 [m] [m] 1
=) Reinforcement 3 3 12.00 a a 1.00
i 1-Beams 7] 12 1200 a ] 1.00
i 2-Columns 5 17 1200 a ] 1.00
Defiection Data T 20 10.00 =] 1
7
E i
E) i
b3 l2-b1)
LU
i
i
i
i
i
i
[ Consideration of limited moment
redistribution of the supporting moments
according to 6.6.5
[AReduction of the shear forces in the
support area according to 9.4.3.2
S[v][®
D (&= Calculation Check Graphics Cancel
[Node No. 3 - on members: 10

Figure 3.10: Window 1.5 Supports

Node No.

This column lists the supported nodes of the members that have a horizontal position or a po-
sition that is inclined up to 15°. Use the [...] button to select additional nodes graphically in the
RFEM work window.

Support Width b

In column B, you define the effective width of the corresponding nodal support. In this way
you can determine, for example, the bearing area of a wall which is modeled by a singular
support in the RFEM model.

Direct Support

The data in this column specifies the support type of the beam. When the load of an adjacent
beam is introduced to a main beam, the support is an indirect support and you should clear
the check box.

The specifications of this table column affect the lengths of anchorage and the shear design.

Monolithic Connection

In column D, you decide if a flexurally rigid connection with the column is available, or if there
is a free rotary support including reduction options for the supporting moments.
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End Support

An end support has a different influence on the design moment and the anchorage length of
the reinforcement than an intermediate support. Column E provides a check box for the ap-
propriate assignment.

M-Ratio &

For continuous structural components you can define the ratio & for the redistributed moment
and the elastically determined initial moment. Column F is only available if you have selected
the option Consideration of a limited moment redistribution of the supporting moments according
to 6.6.5 below the graphic on the right.

The &-values can be determined according to ACI 318-14, 6.6.5.

Comment

In the final column, you can enter comments, e.g. to describe the support conditions.

Taking into account the support widths

Below the interactive graphic in the window, you find two check boxes whose specifications,
have different effects on the required reinforcement. Those settings are globally valid for the
current design case.

Consideration of limited moment redistribution

For continuous beams it is possible to apply the linear-elastic methods with limited redistribu-
tion of the supporting moments. The resulting distribution of internal forces must be at equi-
librium with the acting loads. The standards describe the moment ratios & that must be ob-
served in order to ensure the ability for rotation in the critical areas without special designs, for
example ACI 318-14, 6.6.5.

RF-CONCRETE Members determines this limit value and compares it with the value that is
specified in column F. The higher value is used for the redistribution.

Reduction of the shear forces in the support area

For direct supports, the design value of the shear force can be reduced (cf. ACI 318-14, 9.4.3.2).

Loads near supports are taken into account, regardless of whether the check box for shear force
reduction is selected — but only if they are included in load cases or load combinations.

If there is a result combination, the shear force is designed generally on the edge of the support
because the requirement of the Code for a "uniformly distributed load" by means of envelopes is
not verifiable in detail.
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3.6 Reinforcement

This window consists of several tabs in which all reinforcement data is to be specified. As the
individual members often require different reinforcement settings, you can create several rein-
forcement groups in each design case of RF-CONCRETE Members. The reinforcement specifica-
tions can be defined for members as well as for sets of members.

Reinforcement Group

To create a new reinforcement group, use the [New] button in the Reinforcement Group sec-
tion. The number is allocated by the program. The user-defined Description helps you to over-
look all reinforcement groups created in the design case.

7 RF-CONCRETE Members - [Frame ACI] X
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Figure 3.11: Window 1.6 Reinforcement with two reinforcement groups

To select a reinforcement group, use the No. list or the entries in the navigator.

By using the [Delete] button, the currently selected reinforcement group is deleted from the
RF-CONCRETE Members case without any additional warning. Members and sets of members
that were contained in such a reinforcement group won't be designed. You must reassign
them to a new or an existing reinforcement group if you want to design them.

In the dialog section Applied to, you define the members or sets of members that are part of
the current reinforcement group. All members and All sets of members are preset. If the check
boxes are selected, no further reinforcement group can be created: Members and sets of
members cannot be designed more than once with different reinforcement specifications
within the same design case. Therefore, in order to use the possibility for several reinforcement
groups, clear at least one of the All check boxes.

Enter the numbers of the relevant members or sets of members into the text boxes. The rein-
forcement specifications defined in the tabs of the window will be valid for all selected objects.
You can also use the [Select] button to determine the objects graphically in the RFEM work
window. You may only select members and sets of members that have not been assigned to
an existing reinforcement group yet.

Single members contained in sets of members will be automatically deactivated for the design.
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Cross-Section

The graphic in the right part of the window shows how the input in the tabs affect the cross-
section. Use the list above to select a different cross-section. The graphic is dynamic: Modifica-
tions to the specifications of the reinforcement are instantly displayed.

Settings

If the check box Design the provided reinforcement is selected, RF-CONCRETE Members will use
the specifications entered in the various tabs to calculate a rebar reinforcement. If you clear
the check box, some of the text boxes cannot be accessed. In this case, the program will de-
termine only the required reinforcement areas.

If you activate the design for the serviceability limit state in Window 1.7 General Data, it is not
possible to clear the above-mentioned check box because the SLS design is based on a pro-

vided reinforcement: Crack widths, crack spacings etc. can be determined only by the applied
rebar diameters and spacings.

Select the check box Use saved reinforcement results to apply a reinforcement stored in the us-
er-defined library of templates. Reinforcement templates can be defined and saved in module
Window 3.1 (see Chapter 5.2.1, page 54). Then, the check box will be enabled.

The appropriate reinforcement template can be selected in the list. Use the button [Select
template] to access the database of reinforcement templates where you can choose among
the templates that you have stored.

Shear Reinforcement

mber No. 1 - Rectangle 35/25

B [ € [ 0 1 E [ F [ G Ja|f 2 top) § H &7 FARE]
ltem No. of ds x-Location[ft] Spacing Number of 2 | +z (bottom) 3 3 471 2119
No Stimups fin] from to sift] Legs Member No. 2 - Rectangle 35/25

Member Mo. 1 - Rectangle 35/25 1 2 ftop) 6 8 47 1877

1 2 3 0.00 19.69 0.94 2 2 |+z {bottom) 6 8 47 15.77

Member Mo. 2 - Rectangle 35/25 Member Mo. 3 - Rectangle 35/25
2 16 3 0.00 14.44 0.96 2 1 |z top) 3 ] 47 21.02

Member No. 3 - Rectangle 35/25 2 | +z (bottom) [ g 47 21.02

3 22 3 0.00 19.69 0.94 2 Member No. 5 - FB 25/75/85/35

Member Mo. 5 - FB 25/75/8.5/35 1 |-z iop) 8 8 6.28 36.34

4 36 3 0.00 3318 0.55 2|v 2 +2 {bottom) 8 8 628 3801 v

B QXS RELER O &)@ < BEEDm L= A== ~
(1 )6us,1=2119 1

(Z)ewm1-21131

B [&][X Cancel

Figure 3.12: Dialog box User Database of Reinforcement Templates

User-defined reinforcement templates allow for keeping the rebars and using them for design,
even if the input data is changed.

The reinforcement stored in the reinforcement template is not dynamic. This means that the
positions and lengths of the reinforcement are fixed and assigned to a particular member. So,
if the original length of a member is changed in RFEM, it won’t be adjusted in the template.

User Database of Reinforcement Templates n
Name of the Reinforcement Template L\\XLD ngitudinal Rein forcement
B[ € [ D T E T F [ A
FB 25/75/8.5/35 > tem |Reinforcement| Mo. of ds s Length
Na. Position Bars in] [inZ] il
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In this tab, you enter the specifications to define the longitudinal reinforcement.

7 RF-CONCRETE Members - [Frame ACI]
File Edit Settings Help
CA1-Stahbeton-Bemessung | 1.6 Reinforcement
putBgt Reinforcement Group Applied to
i General Data
i.. Materials MNo.: Description: Members: [1o.11
1 v [Beams [ (| [ %] setsofmembers: |5
i 1-Beams Longitudinal Reinforcement  Ties and Stirrups  Reinforcement Layout  Min Reinforcement  ACI 318-14
*2 - Columns Reinforcement Reinforcement Layers
Possible bars: Max. number of layers:
1~
Minimum spacing
~First layer ER 0.750 5] [in] ssase
= 0n I
|
[ #11 Anchorage Type
214
E 18 Straight v
Steel surface:
Uncoated v
Curtailment Type Provided Basic Reinforcement
(O No curtaiment [asz sy [ A s+ fpomom)
(@ Curtailment by zones n 0= 0 5|1
Number of zones: 3 v No. 2
(O Curtailment by reinforcement bars As [,nz]
2
2 8= Calaation Chedk Graphics

x
1S Oai
YRS E=lmT
Cross-Section
5 -Rectangle 20/35 v
Rectangle 20/35
. .
1
s
i
SRR
i
T
v
2
lin]
Settings
[/] Design the provided reinforcement
Use saved reinforcement results:
=
@ 08
Cancel

Figure 3.13: Window 1.6 Reinforcement, tab Longitudinal Reinforcement

Reinforcement

The list of Possible bars includes common ASTM Standard reinforcement bars. A multiple selec-

tion is no problem for the design.

Use the [Info] button to to view the diameters and cross-sectional areas associated with the

bar numbers.

Info *
[ A [ C [ D
Bars No. Diameter Cross-Sectional
Inch-Pound | fin] Area [in2]

3 1 w0 0.375 0.11

4 i3 0.500 0.20

5 16 0.625 0.31

6 13 0.750 0.44

7 2 0.875 0.60

8 25 1.000 0.79

5 25 1.128 1.00

10 32 1.270 127

11 36 1.410 1.56

14 43 1.693 225

18 7 2257 4.00

Figure 3.14: Info box of rebar properties
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Reinforcement Layers

For the reinforcement proposal, the program also takes into account multi-layer arrangements
of rebars. Use the list to specify the Max. Number of Layers. It is possible to define up to ten rein-
forcement layers. The boxes below allow for entering specifications concerning the Minimum
Spacing a for rebars of the first layer and b for further layers, if necessary.

When RF-CONCRETE Members creates the reinforcement, these structural specifications are
considered. They affect the number of possible rebars inserted in each layer and the lever arm
of internal forces.

If an arrangement of several reinforcement layers is defined, a curtailment of reinforcements is
not possible.

Anchorage Type

The two lists provide a variety of possibilities with respect to the anchorage. The graphic to the
right is dynamic, which means that modified settings are immediately displayed.

The anchorage type as well as the steel surface affect the required length of anchorage.

Curtailment Type

No curtailment is preset. If you have specified more than one reinforcement layer, the other
two options are disabled.

If you select a Curtailment by zones, you can use the list to the right to define how many zones,
each with identical reinforcement, are allowed in the reinforcement proposal. With this setting,
RF-CONCRETE Members determines how to cover the required steel cross-sectional areas with
the available rebars in an optimal way.

If Curtailment by reinforcement bars is selected, a new zone will be available only when the
maximum number of rebars specified is reached. Use the list to the right to define the number
of rebars.

Provided Basic Reinforcement

In this dialog section, you can specify a basic reinforcement separately for the top and the bot-
tom reinforcement layers. When the check boxes are selected, the boxes below become active.
Enter the number of rebars n and the rebar number No. to define the reinforcement. The A
text boxes will display the corresponding reinforcement areas.

The user-defined basic reinforcement is taken into account when the reinforcement proposal
is created. It will be inserted along the entire length of the member or set of members. If the
required reinforcement cannot be covered by the basic reinforcement, the program calculates
the additional rebars and inserts them into the cross-section.

3 InputData /l\
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3.6.2 Ties and Stirrups

This tab manages the specifications concerning the shear reinforcement.

7 RF-CONCRETE Members - [Frame ACI] x
File Edit Settings Help [
CA1-Stahbeton-Bemessung | 1.6 Reinforcement
putBgt Reinforcement Group Applied to
i General Data -
- Materials MNo.: Description: Members: [1o.11 & ][ Cai
s;up:s;:muns 1 o [Beams [[5=| [F| [ % || setsofmembers: |5 I E ==
% Reinforcement
il Longitudinal Reinforcement  Ties and SHTUPS | Reinforcement Layout  Min Reinforcement  ACI 318-14 Cross-Section
*2 - Columns Reinforcement | Tie and Stirrup Parameters E=imea e AT >
Possible bars: Number of legs per section: Rectangle 20135
= 2~ 1
[ #4
O =s Indination:
L= 90.00 [+ [*
B [ s L 3
05 AN
[ =w TR
[#11 Anchorage type: :
O =14 = le : N
# ook v ( :
[ #18 i
T
-
Stirrup Layout / Spacing =
(O Uniform spacing throughout Spacing limits
Maximum stirrup spacing according to standard -
User-defined
@I T A Maximum: 0.9 13 11 Settings
3 ] Miniurm: =iy []Design the provided reinforcement
O Subdivided according to stirup spacing: Use saved reinforcement results:
el =)
(@ Defined stirrup spacing:
3:4-12in, 4in v B
a {1 =100 2]
D] &2 Calculation Check Graphics Cancel

Figure 3.15: Window 1.6 Reinforcement, tab Ties and Stirrups

Reinforcement
The list of Possible bars includes common ASTM Standard reinforcement bars. A multiple selec-
tion is no problem for the design.

Use the [Info] button to view the areas and diameters associated with the bar designation
numbers (see Figure 3.14).

Tie and Stirrup Parameters
With the list Number of legs per section, you define the stirrup sections. Two sections are preset.
To adjust the presetting, use the list. It is possible to define up to four legs.

The Inclination of the shear reinforcement is defined by the angle between the longitudinal
and the shear reinforcement. It is preset to 90°, which means that the stirrups are perpendicular
to the longitudinal rebars. If you want to modify the inclination, respect the specifications of the
Code for nonprestressed members: ACl 318-14, 22.5.10.5.2 only allows for angles between 45°
and 90°.

Anchorage Type

The list provides numerous possibilities for stirrup anchorages which affect the anchorage
length. The graphic to the right is dynamic, which means that modified settings are displayed
immediately.

Stirrup Layout / Spacing
This dialog section is only available when a reinforcement proposal is created.
For all members and sets of members, a Uniform spacing throughout is preset.

If you select a Zone related spacing, you can use the list to the right to define how many zones
with the same stirrup layout can be assumed for the reinforcement proposal. For one zone, the
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program creates one extra zone in addition to the zone with the maximum stirrup spacing (i.e.
the minimum reinforcement). The additional zone covers the maximum value of the required
shear reinforcement. If two zones are set, RF-CONCRETE Members determines the mean value
from the required minimum and maximum reinforcement and applies the corresponding
member x-locations as additional zone limits. The division into three or more zones is similar.

If the layout is Subdivided according to stirrup spacing, you define a particular spacing for the
stirrup zones. The zones change in the corresponding spacing intervals that are determined
from the required minimum and maximum reinforcement by an interpolation method.

If you choose a Defined stirrup spacing, you can select an option from the list shown on the left.
The [Edit] button allows you to adjust the entries or to create a new entry with user-defined
spacings.

Mew List of Allowable Stirrup Distances *
No. List Description
4 [B-12in, 4in |

Stirrup Distances (i.e. "50 100 150 200 ..."} [in]
| 2.000 4.000 6,000 8.000 10,000 12,000 |

D Cancel

Figure 3.16: Dialog box New List of Allowable Stirrup Distances

The Maximum and the Minimum spacing of the stirrup reinforcement can be defined directly.
The zones determined by the program and shown in the reinforcement proposal can be modi-
fied or supplemented in Window 3.2 Provided Shear Reinforcement (see Chapter 5.2.2, page 55).
3.6.3 Reinforcement Layout

This tab defines how the reinforcement is inserted and which RFEM internal forces are to be
designed.

7 RF-CONCRETE Members - [Frame ACI] x
File Edit Settings Help
CA1 -Stahbeton-Bemessung | 1.6 Reinforcement
putBgt Reinforcement Group Applied to
i General Data -
- Materials No.: Description: Behas [1011 J[% % Can
ggz:::["””s 1 v [Beams [[5][F][&]| setsofmembers: [s IR E=ImL]
= Reinforcement
i1 -Beams Longitudinal Reinforcement  Ties and Stirrups  Reinforcement Layout | Min Reinforcement  ACI 318-14 Lrseiizar
2 - Columns ey e 5 -Rectangle 20/35 v
C-2 o) 1.750 12 lin] v AETREED
€42 (bottom) © 1750 |5 [in] i |eeese
Cay (sid) 1.750 {2 fin 5
£y (side) [in] 3 £
i
Cover to Bar Centroidal Ax) 3 R
8
2.314 3 lin] L §
: = —— e —
2 fin i
R
Tt :
NI
Reinforcement Layout Settings H
+
2 (9p) - +2 (bottom) (optmized diswibution) v Eelevant internal forces for concrete =
jesign:
N fAmT
Sl Hvy Emy fin]
Ev2 kM2 Settings
[+ Design the provided reinforcement
Distribute reinforcement evenly over complete slab width
Use saved reinforcement resuits:
< S
[nistribute torsional reinforcement circumferentially
0| o2
D (82 Calaulation Chedk Graphics Cancel

Figure 3.17: Window 1.6 Reinforcement, tab Reinforcement Layout
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Concrete Cover

The settings for concrete covers interact with the specification for a reinforcement proposal: If
a reinforcement proposal is created, the covers refer to the edge distances c of the rebars. If no
provided reinforcement is to be determined, the specifications refer to the dimensions of the
centroidal axis u of the rebars. Figure 3.18 explains the difference.

Depending on the settings, you can access the upper or lower text boxes.

H :
Centroid Edge

Figure 3.18: Relations of concrete cover

In the cu0p bOX, enter the concrete cover of the longitudinal reinforcement at the top side of the
member. The C:-potom bOX accordingly defines the cover of the longitudinal reinforcement at the
S oCO0 bottom. Those values represent the values cc of the clear concrete cover. On the basis of these
specifications and the applied rebar diameters, RF-CONCRETE Members determines the lever
l ~ arm of the internal forces of the rebars and concrete section.
LN N N N

.!DI::.-l r-

Gz (battam)

"Top" and "bottom" are defined by the position of the local member axes in RFEM. The specifi-
cations concerning the cover csy siqe are required to determine the equivalent thickness for the

K . .
Gy (sice) torsional design.

For multilayer reinforcements, the cover u refers to the centroid of all layers defined for the top
or bottom side.

-

Reinforcement Layout

2 (top) - +2 (bottom) {optimized distrbuton) < The list contains several options how to lay out the reinforcement in the cross-section:

-z (top] - +z (botto optimized distribution) k

-z (top) - +z (bottom) (symmetrical distribution) -z ( ) -

-z (top) - +z (bottom) (define ratio A-s,z (top) [ A-s)

-z (top) - +z (bottom) (define ratio A-s,tension / A-s) . . . .

i Corners (symmetrical distrbuton) e -z (top) - +z (bottom) (symmetrical distribution)
-7 ( ) -

Uniformly surrounding
+z (bottom) (define ratio As-; top) / As)

e -z (top) - +z (bottom) (define ratio Astension / As)

top) - +z (bottom) (optimized distribution)

top

e In Corners (symmetrical distribution)
e Uniformly surrounding

For the layout -z (top) - +z (bottom) (optimized distribution), RF-=CONCRETE Members performs
an optimization concerning biaxial bending.

It is also possible to define the reinforcement by means of the ratio for top reinforcement and
total reinforcement, or for tension reinforcement and total reinforcement. The value of those
ratios can be entered in the text box below the list. In this way, existing constructions can be

T — . modeled for the design.
TE = : For T-beams and I-sections, you can Distribute reinforcement evenly over complete slab width.
EJ:_ . With this option, the program sources part of the rebars out (see figure to the left).
i =ib Modified layout settings are shown dynamically in the graphic of the window.
lz x If the moment distribution is My = 0 and M. > 0 for a top - bottom layout, the output will give

g'v increased values of reinforcement: The design moment (My ) does not act in the defined direc-
tion of the target layout. In this case, choose the In Corners layout for a correct design.
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3.6.4 Min Reinforcement

This tab controls the specifications concerning the minimum and structural reinforcement.

7 RF-CONCRETE Members - [Frame ACI] x
File Edit Settings Help

CA1-Design ACI ~ | 1.6 Reinfercement

Input Data

Reinforcement Group
i General Data

Applied to

-
- Materials MNo.: Description: Members: [19,11,5 & ][ Cai
. Cross-Sections T [5eors |7 ] [X]| Sets o members: [ | % %= Oa
- Supports
=)- Reinforcement
i 1-Beams Longitudinal Reinforcement  Ties and Stirups  Reinforcement Layout  Min Reinforcement  Acl 318-14 Cross-Section
2~ Columns Minimum Reinforcement 5 -Rectangle 20/35 >
Min Ac = og) E <) & [N Rectangle 20135
Win As.+z foottom) 0.49 2] [in?]
Winimum longitudinal reinforcement according to iy
Standard
[+] Minimum shear reinforcement according to Standard
—— e —
3
Secondary Reinforcement R
[ Maximum bar spacing: RN
T
8.000 & [in] +

[ Identical diameter as longitudinal
reinforcement

lin]

Settings.

[ Add corner reinforcement [/] Design the provided reinforcement

Use saved reinforcement results:

® 08

Calculation Chedk Graphics Cancel

Figure 3.19: Window 1.6 Reinforcement, tab Min Reinforcement

Minimum Reinforcement

You can define a basic minimum reinforcement in the two text boxes. Enter the steel areas for
Min As 2 top) and Min As 2 wortom. Via the [Edit] button, you can define the cross-sectional areas in a
separate dialog box from the number of rebars and the rebar diameters.

For the calculation of the required reinforcement, you can take into account - independently
of each other - the Minimum longitudinal reinforcement and/or Minimum shear reinforcement
according to the Code.

Secondary Reinforcement

This dialog section is accessible when a reinforcement proposal is to be created.

The Maximum bar spacing of the secondary reinforcement — the rebars that are not structurally
required in the cross-section — can be defined in the text box. The reinforcement proposal then
tries to realize a uniform distribution of rebars (for example for webs of T-beams or for slender
rectangular sections).

With the option Identical diameter as longitudinal reinforcement the program aligns the sec-
ondary reinforcement with the rebar diameter of the required reinforcement. Alternatively,
you can use the list to define a specific Bar No. for the secondary reinforcement.

If you select the check box Add corner reinforcement, a secondary reinforcement is generally ar-
ranged in all corners of the cross-section. In this way it is possible to define a reinforcement
outside the web of I-shaped sections.

Similar to the minimum reinforcement, the secondary reinforcement is taken into account, if
sufficiently anchored, for the design and for the calculation of crack widths.
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3.6.5 ACI318-14

The fifth table tab manages the settings of the Code that has been selected in Window 1.7
General Data (see Figure 3.2, page 18). It contains the code-specific settings concerning the re-
inforcement. In the following, the specifications of ACl 318-14 are described.

In the bottom section of this tab, the button [Set Default Values] is displayed. Use this button
to reset the initial values of the Code.

7 RF-CONCRETE Members - [Frame ACI] X
File Edit Settings Help
CAL - Design ACI | 1.6 Reinforcement
Input Data Reinforcement Group Applied to
! General Data -
L Materials Mo.: Description: Members: [10,11,5 NS [CJan
I Cross-Sections P Pe— 3] @] K] sets of members: [ % %] =] Oa
+Supports
= Reinforcement
{ L -Beams Longitudinal Reinforcement  Ties and Stirups  ReinforcementLayout  Min Reinforcement  ACI 318-14  Serviceability e
H D’"ﬂz 'hc°‘;'“"t: Percentages of Reinforcement Factors SorEE Lo AT e
eflection Daf
Maximum: Strength reduction factors FEELETED
P 5002 14l according to 21.2.1 for:
- Compressive strength: e 0.65 (=
Various - Tensile strength: 1 0,90 = —_—
~Shear and torsion: Ew.r 0.75 |5 3 N
e 0 T e
i
Shear and Torsion Reinforcement
5
o
[ Mominal shear strength Ve ace. to Table 22.5.5.1 ;
T
Indlination of concrete strut according i
to227.6.1:
] 5[
lin}
Seftings
Design the provided reinforcement
Use saved reinforcement results:
=)
® 0| (0%
D] &= Calculation Check Graphics Cancel

Figure 3.20: Window 1.6 Reinforcement, tab ACI 318-14

Percentages of Reinforcement

The entry in this text box defines the general maximum reinforcement ratio for beams. ACI
318-14,10.6.1.1 recommends the value of Asma=0.08 Ay for compression members, where Aq
is the gross area of the section.

For flexural members and members whose axial load Py is less than O.1Ofc'Ag , the maximum
reinforcement is limited by the net tensile strains & which shall not be less than 0.004 at nomi-
nal strength.

Shear and Torsion Reinforcement

With the option Nominal shear strength V. acc. to Table 22.5.5.1, the program computes the
shear strength provided by the concrete using the following equation:

V. :(1 9f +2500p,, \,\/;l‘d jbwd <350t b,d ACI 318-14, Table 22.5.5.1
u

where Ved/Mu<1

Otherwise the simplified equation V. =2M\,/f.'b,,d is used according to ACI 318-14, 22.5.5.1.
For more details, see page 10.

The text box defines the inclination of concrete struts according to ACI 318-14, 22.7.6.1. If user-
defined angles are beyond the allowed limits mentioned in the Code, an error message appears.
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Factors

The three text boxes define the Strength reduction factors of the compressive strength, ¢, the

tensile strength, ¢:, and for shear and torsion, ¢w,. The values according to ACI 318-14, 21.2.1
are preset.

The reduction factor for members in the transition zone (where the net tensile strain in the ex-
treme tension steel at nominal strength & is between the limits for compression-controlled
and tension-controlled sections) is determined by a linear interpolation between ¢.and ¢..

3.6.6 Serviceability

This tab includes the parameters for crack control as well as the specifications concerning the

deflection analysis. It is active only if loads for the SLS design have been selected in Window
1.1 General Data.

# | RF-CONCRETE Members - [Frame ACI] x
File Edit Settings Help
CAL - Design ACI | 1.6 Reinforcement
putBgt Reinforcement Group Applied to
i General Data -
- Materials MNo.: Description: Members: [4 %% Cai
SL”D:S;;E"””S 3 «| [Tapered beam [ (| [ %] setsofmembers: | Y E=l=]
= Reinforcement .
i — Ties and Stirups  Reinforcement Layout  Min Reinforcement  ACI 318-14  Serviceabiity  Tapered 4]r] Cross-Section
2- Columns CrackAnalysis 5 -Rectangle 20/35 v
L. 3-Taperedbeam
. Defiection Data Limit value for allowable crack width w i, max Bectigle206s
(@) Limit values
() user-defined
W,z (top) 0.004 | Iin] AR
Wk, +z (bottom) 0,004 ~ | fin] 8 »
["] Design without direct crack width calculation ace. to 24.3.2 _ 0 | .
[#] Design with direct crack width calculation L
AR
»
Deflection Analysis }
T
[ pefiection ulz H
[Aictivate long-term defiection acc, to 24,2.4, 1 =
Duration of load: 60 [+ [months]
lin]
Settings
Design the provided reinforcement
Use saved reinforcement results:
=
{1 =100 2]
D] &2 Calculation Check Graphics Cancel

Figure 3.21: Window 1.6 Reinforcement, tab Serviceability

Crack Analysis

The maximum allowable crack width wi.me can be selected from the list. Depending on the ex-
posure conditions, the allowable crack widths for reinforced concrete members are presented
by ACI Committee 224 in a report on cracking.

0.012 fin]

Exposure Condition | Crack Width [in] |
Use in water-retaining structures 0.004
Seawater and seawater spray 0.008
Deicing chemicals 0.007

Dry air or protective membrane 0.016

Figure 3.22: Allowable crack widths

The crack widths are regulated in the Code by establishing the maximum center-to-center

spacing, s, for the reinforcement which is closest to a tension face. This spacing is specified in
ACl 318-14, 24.3.2 (see page 12).

For structures with very aggressive exposure or structures that are supposed to be watertight,
special considerations are required - such as Gergely-Lutz equation (see page 12).
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Deflection Analysis

This dialog section can be used to consider the deflection during the Serviceability Design. The
first check has to be set if the immediate deflection is to be designed, while the second check

considers the long-term deflections according to ACI 318-14, 24.2.4.1 using a time dependent
factor, &, for sustained loads.

3.6.7 Tapered

This tab appears only in case a tapered member has been defined in the RFEM model.

B RF-CONCRETE Members - [Frame ACI] X
File Edit Settings Help
CA1 - Design ACI + | 1.6 Reinforcement
Input Data Reinforcement Group Appled to
i General Data =
o Materials Mo Description: Members: [1a &% Clan
EL”D:;:E“””S 3 | [Taperedbeam [[f=] [F| [ % setsofmembers: | IR E=l=E
= Reinforcement
I feams Ties and Stirups  Reinforcement Layout  Min Reinforcement  ACI 318-14  Serviceabilty Tapered || Cross-Section
i 2-Columns Tapering 5 -Rectangle 20/35 v
{3 -Tapered beam
Lo O Uiform Rectangle 20135
(@) Bottom
2 - - NS e
- i
i
)
i
T
QOTop T +
= z
lin]
Settings
jicpete e e e e
Tapered beam axis for the reinforcement drawing:
Use saved reinforcement results:
~| e
Tepered end of member fixed =]
L]
D [8] =2 Calaulation Chedk Graphics Cancel

Figure 3.23: Window 7.6 Reinforcement, tab Tapered

RF-CONCRETE Members designs tapered members, provided that the same cross-section type
is defined for the member start and the member end. Otherwise it is not possible to interpolate
intermediate values, and RFEM displays an error message before the calculation is started.

-

-

RFEMG4
Eror No. 1614

Member MNo. 14
Cross-section tapering mismatch!
Flease check this in Table 1.17 or another related table.

%

4

Figure 3.24: Error message for incompatible tapered cross-sections

Tapered sets of members cannot be designed. They have to be designed as single members.
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Tapering

O Uniform I

(®) Bottom _ﬁ'

O To
° =S

Tapered end of member fixed

e

Tapered end of member displaced
Tapered end of member fixed
Member axis like in RFEM

Dlubal
Tapering

The following three options can be selected to describe the taper in detail:
e Uniform
e Bottom
e Top

The specification affects the design as well as the arrangement of the longitudinal reinforce-
ment.

{(1)5#8,1= 346,766 In

117

]

|

(2)448,1=3706201n I

@12 #3,1=314.961 in

Figure 3.25: Taper with inclined bottom side

Tapered Beam Axis

For the display of the reinforcement in the 3D rendering of RFEM it is necessary to determine
the slope of the tapered beam axis. In general, tapers are defined centrically in the structural
model. In the RF-CONCRETE Members model, however, the tapers are usually calculated with
an even top or bottom side, i.e. shifted out of the center line. For a correct view of the rein-
forcement connection to the adjacent members, the correct position of the tapered end has to
be specified - unless this has already been done in RFEM by a member eccentricy.

Additional explanations are available via the [Info] button.

Information X

Diagram of Tapered Beam Axis in the Module
RFEM RF-CONCRETE Members
Tapered end of member displaced

—+ """ e

Tapered end of member fixed

————— Member axis in RFEM
————— Member axis in RF-COMCRETE Members

Figure 3.26: Dialog box Information for further explanation on Tapered Beam Axis
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3.7 Deflection Data

This window is available only when in Window 1.6 Reinforcement, tab Serviceability the deflec-
tion analysis has been activated.

1.7 Deflection Data

[ A [ [ D | E | F [ G [ H
Set of members Reference Length Precamber Limit value Uz,max
No Reference to Na. Blement L ft] wo [in] L/H [in] Comment
1 Member 4 Member 12.00 0.000 250 0.576
2 | Member 5 Member 16.00 0.000 250 0.768
Set of members 3 2400 0.000 250 1.152
4 Set of members 2 Set of members 19.00 0.000 250 0.912

o

@

-~

&

@

o0
11
12
13
14
15
16

3

|

2

B

i)

B‘Rﬁ

[
i~

E‘E

ra
5

=1
=

B

s

8 e[S (& [e
Figure 3.27: Window 1.7 Deflection Data

The design criterion for the deflection, u;., considers the deformation in the direction of the
local member axis z.

Reference to

Column A regulates if a member or a set of members is considered for the design.

Member / Set of Members No.

In this column, the numbers of the members or sets of members have to be entered. Via the
[...] button, you can select the objects graphically in the RFEM work window. The length of the
member or set of members is then preset as reference length in column D.

Reference Length

Via list in column C, you can adjust the reference lengths: The default setting Member refers to
the distance between the nodes, while with the option Distance between supports considers
the reduced span width which is based on the support dimensions of Window 1.5 Supports
(see Chapter 3.5, page 26).

The option User-defined makes it possible to define the reference length manually in column D.

If sets of members with different segment lengths are used, the variable distances between the
supports are determined automatically. They can be shown via the tool tip.

[ A [ B [ c [ D 1 = [ F | G
Set of members Reference Length Precamber Limit value Uz,max
Na. Reference to Mo. Element L ] w [in] L/ [in]
1 Set of members 6 Distance between supports var. 0.00 250 Var.
§ Nodes 15-16: L1= 7.00
Z Nodes 16-17: L2=6.00
3 Modes 17 - 18: L2=6.00

Figure 3.28: Reference lengths on a set of members with different distances between supports
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Limit value

Userdefined
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Precamber
In column E, a Precamber wo can be entered, if necessary.

The shape of the precamber can be determined as follows:

Wp =Wy sin{*rr- xfr]l

where
Woex precamber at location x
Wo precamber specified in column E
X location x
L length of member or set of members

Limit value / uzmax

The relative limit of the deflection has to be specified in column F. Default is the limit of L/250
as specified in ACI 318-14, Table 24.2.2 for constructions supporting non-structural elements
not likely to be damaged by large deflections. Different limits can be selected from the list or
specified individually.

The maximum permissible deflection is stated in column G. This value is determined from the
limit value (column F) and the reference length (column D).

3 InputData /l\
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Calculation
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4. Calculation
4.1  Plausibility Check

Before you start the calculation, it is recommended to check the input data. The [Check] but-
ton is available in each input window of the module. If no input error is detected, the following
message will be displayed.

RF-CONCRETE
Members
Information No.
13538

Plausibility check is OK!

K

Figure 4.1: Result of plausibility check

4.2  Start Calculation

To start the calculation, click the [Calculation] button.

RF-CONCRETE Members searches for the results of the load cases, load and result combinations
that are to be designed. If they are not yet available, the RFEM calculation starts to determine
the internal forces relevanat for the design. In this process, the calculation parameters set in
RFEM are applied.

You can also start the design of RF-CONCRETE Members in the RFEM user interface. All add-on
modules are listed in the dialog box To Calculate, like load cases or combinations. To open this
dialog box in RFEM,

select To Calculate on the Calculate menu.

To Calculate x

Load Cases / Combinations / Module Cases  Result Tables

Not Calculated Selected for Calculation
Mo. Description e Mo. Description €
LC1 Seff-weight CAl RF-CONCRETE Members - Design ACI

Lcz Live load Roof
LC3 Live Load Member 10
LC4 Live Load Member 11
LC5 Live Load Member 12
LCE Live Load Member 13
LC7 | Live Load Member 14
L w Jle Wind in =X =
[ 1mp Jek] Imperfection towards +X ==
co1 g+wsmp
oz |gwimp
CO3 | g+pges+wimp. <
co4 g+pges-w-mp )
CO5 g+p10+p12+pT1d+w+mp
Co8 g+p 10+p 12+p14-wimp
co7 g+p 11+p13+w+mp
cog g+p11+p13-wimp
co% g+p10+p11+p13+p1d+wsmp
CO10 | g=+p10+p11+p13+p14-wimp
CO1 | g#p12=w+mp
C012 | g+p12-wimp
o132 |gep
RC1 Uttimate Limit State

RC? Servicashilib |imit State he ~
¥
2 [B|[% Cancel

Figure 4.2: Dialog box To Calculate
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To transfer the selected RF-CONCRETE Members cases to the list on the right, use the button

>
[»]. Then start the calculation with [OK].
Calculation
You can also use the load case list in the RFEM toolbar to calculate a RF-CONCRETE Members
® case: Select the relevant design case, and then click the button [Show Results].
-,_‘

Besults Tools Table Options Add-onModules Window Help
79 @ FE T ||EIE] s RF-CONCRETE Members CAT-Design, = €@ > & 1" [ &9 | 6f g e | 8 25 & £
@8- GE - IBRAL RAADSE==u %

Figure 4.3: Calculating RF-CONCRETE Members design case in RFEM

Subsequently, you can observe the design process in a separate dialog box.

FE-Calculation... X
- Running
RFEM - Calculation by FEM
RF-CONCRETE Members cal
-
! Partial Steps
> Design according to ACI 318-14 No. of members 3
— | Initizlizing Data... Mo. of sets of members 1
- | Calculating Required Reinforcement ... No. of reinforcement groups 3
. e o No. of LCs 0
B No. of COs 4
MNo. of result combinations 0
No. of module cases 1
- | Load Case / Load Combination CO13 (1/1)
— | Member No. 14 (3/9)
- O Graph

Figure 4.4: Design with RF-CONCRETE Members
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5. Results

After the calculation, Window 2.7 Required Reinforcement by Cross-Section is displayed.

The reinforcement areas required for the strength limit state design are listed in the result
windows 2.1 to 2.4. If the program created a reinforcement proposal, the provided reinforce-
ment including steel schedule is displayed in the result windows 3.1 to 3.4. The results for the
serviceability limit state design are represented in the result windows 4.1 to 4.4.

All windows can be selected directly in the navigator of RF-CONCRETE Members. You can also
use the two buttons shown on the left or the function keys [F2] and [F3] to select the previous
or subsequent window.

To save the results and quit the add-on module RF-CONCRETE Members, click [OK].

In the following, the different result windows are described one by one. Evaluating and check-
ing results is described in Chapter 6 Results Evaluation, page 64.

5.1 Required Reinforcement

5.1.1 Required Reinforcement by Cross-section

7 RF-CONCRETE Members - [Frame ACI] X
File Edit Settings Help
2.1 Required Reinforcement by Cross-Section
Lnput Bor B [ € [ D | E [ F T G | ~| [ Rectangle 35725
i General Data Member | Location Reirforoemert Enror Message
-+ Materials Reirforcement| Mo. | xf] |loading|  Area Unit ar Note
i+ Cross-Sections Cross-Section Na. 1- Rectangle 35/25
++Supports 1 0.000] CO5 237[nZ 88)
B As,az feottom) | 1 0.000| CO5 437|in2 88)
=0 Al 1 0.000| CO5 [07] L I ) S S =0
(=l ay 2 14436 CO1 035|n2f_ [903) i
=~ Required Reinforcement B 1 0000 CO5 0.00|n2A
i [ by Cross-Section Cross-Section No. 2 - Rectangle 35/35
i [ by Member As.= (o) 5 0.000] CO5 6.12[n? gy ] = =
| by xdocation As.zbotiom) | 5 0.000| CO5 6.12|in? 88) i
;[ NotDesignable A 5 0.000[ €05 0.00|n? i
= Provided Reinforcement . 5 1443 o1 035 (n2A |503) \
- Longitudinal Reinforcement. 5, 5 0000 Co5 0.00 [in2A
¢} Shear Reinforcement Cross-Section No. 3 - Rectangle 40/55 v lin]
%1 Reinfarcement by x-Locatic
- Steel Schedule @
Detailed Results - Cross-Sedtion No. 1 - Rectangle 35/25 - CO5 o il Eps %
i Reirforcemert HE
Longtiudinal Feinforcement - 1op A=z (o) {37 in? . o
Longtudinal Reinforcemert - Bottom As. sz (battom) 437 [in?
Longtudnal Torsion Rerrforcement Al 0.00 | inZ
Ties and Stimups (Shear Reinforcement) G 0.00 i/
Ties and Stimups (Torsion Reinforcement) ar 0.00 [in2/
Percentage of Reinforcement - Top ?-2 (top) 053 %
Fercertage of Reinforcement - Bottom P12 (bottom) 053 |%
Percentage of Shear Reinforcemert [ 0.000 %
El Design Intemal Forces
Factored Bending Moment My 2151260 | kipin
Factored Bending Moment Mzu 0.000 | kipin
Factored Torsional Moment Tu 0.017 | kipin
Factored Axial Force Pu -1018.060 | kip
Factored Shear Force Vyu 0.000 [icp.
Factored Shear Force Vou -17.078 | kip o288 0.0
Reduced Design Shear Force Vzured 17.078 | idp
B State of Strain
E1Prov. Stress v
< >
| (& Z Calculatio To Display... Messages... Graphics Cancel
88) Min. reinforcement for compression members acc. to 10.6.1.1

Figure 5.1: Window 2.1 Required Reinforcement by Cross-Section

For all designed cross-sections, the program displays the maximum required reinforcement
areas resulting from the parameters of the reinforcement groups and the internal forces of the
governing actions.

The reinforcement areas of the longitudinal and shear reinforcement are listed according to
cross-sections. The upper table of the window lists the reinforcement types and design details
that have been activated in the dialog box Results to Display (see Figure 5.2).

In the lower part of the window, the Detailed Results of the item selected in the table row above
are shown. Due to those design details, you can evaluate the results specifically. The output of
the detailed results is updated automatically when a different row is selected above.
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To Display...
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Reinforcement

The following types of longitudinal and stirrup reinforcement are preset:

Reinforcement | Explanation

Reinforcement area of required top longitudinal reinforcement due to

As- . . . . .
sz lton) bending with or without axial force or axial force only

Reinforcement area of required bottom longitudinal reinforcement due

As+2 (bottom) . . . . .
e otiom to bending with or without axial force or axial force only

A Reinforcement area of required longitudinal torsion reinforcement, if
|

applicable
a Area of required shear reinforcement for absorption of shear force, refer-
' ring to standard length of 1 ft
a Area of required stirrup reinforcement for absorption of torsional mo-
t

ment, referring to standard length of 1 ft

Table 5.1: Longitudinal and stirrup reinforcements

The bottom reinforcement is defined on the member side in direction of the positive local
member axis z. Accordingly, the top reinforcement is defined in direction of the negative z-
axis. To display the local member axes, use the Display navigator in the RFEM graphical user in-
terface or the shortcut menu of the member.

Click the button [To Display] to open a dialog box where you can specify the types of rein-
forcement that are to be displayed. These settings also define the types of results appearing in
the printout report.

| Display - Reinforcement
| Longitudinal Reinforcement - Top A-s,-z (top)
| Longitudinal Reinforcement - Bottom A-s, +2 (bottom)
| Longitudinal Torsion Reinforcement A-
| Ties and Stirrups (Shear Reinforcement) a-w
| Ties and Stirrups (Torsion Reinforcement) a-t
| [ Total Reinforcement - Top A-s,-z (top) + A/2
[] Total Reinforcement - Bottom A-s, +z (bottom) + A4/2
| ] Complete Shear Reinforcement 2%a-t +a-v

| €
|| L5 OK Cancel

Figure 5.2: Dialog box Results to Display

Member No.

For each cross-section and each reinforcement type, the table shows the number of the mem-
ber with the maximum reinforcement area.

'5 Results /l\ -
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Location x
This column specifies the x-locations of the respective members for which the maximum rein-
forcement have been determined. For the table output, the program uses these member loca-
tions x:

e Startand end nodes

e Partition points according to possibly defined member division (see RFEM Table 1.16)

o Member division according to specification for member results (Global Calculation Parameters
tab of Calculation Parameters dialog box in RFEM)

e Extreme values of internal forces

Loading

In this column, the numbers of the load cases, load or result combinations are displayed that
are governing for the respective designs.

Reinforcement Area

Column E contains information about the maximum reinforcement areas required for each re-
inforcement type. They are required to fulfill the strength limit state design.

The Unit of the reinforcements shown in column F can be adjusted. To modify the correspond-
ing settings,

select Units and Decimal Places on the Settings menu.

The dialog box shown in Figure 8.6 on page 78 opens.

Error Message or Note
The final column indicates non-designable situations or notes referring to design issues. The
numbers are explained in the status bar.

To display all messages of the currently selected design case, use the [Messages] button
shown on the left. A dialog box with relevant information appears.

Error Messages or Motes to Design Process *

Used Error Meszages or Notes
88 | Min. reinforcement for compression members acc. to 10.6.1.1 -
903  |Min. shear reinforcement acc. to 9.6.3.3
904 | Cross-section cannot be designed for shear acc. to 22.5.1.2

2 Al

Figure 5.3: Dialog box Error Messages or Notes to Design Process
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Required Reinforcement by Set of Members

i RF-CONCRETE Members - [Frame ACI] X
File Edit Settings Help
cAz-ACt | 2.2 Required Reinforcement by Set of Members
P iR [ A | [ € [ D | F G Rectangle 20/55
General Data Member | Location Reinforcement Error Message
Materials Reinforcemert,  No. xfl | Loading Area Urit or Note
~Cross-Sections Set of Members No. 1 - Rectangle 35/35
- Supports As.total 8 0.000| €03 1225[in? 22)88)
SR A g 0.000| €05 0.00 [in?
Lyeans av 9 7.218] CO1 0.35[infA | 903)
-2 - Columns at 8 0.000| CO5 0.00 inZ/t R [
Reail Set of Members No. 4 - Rectangle 20/55 :
£I-Required Reinforcement: K omn, ol 11 0000] CO3 971 in2 :
B by Crozs-Section  ootiom) |12 22497 C05 4.3 |in? —— — NN — —
2Ry Set of Menbers] i 0000 CO5 000 in :
B, el 11 4475| CO3 076 ik "
Setof Memberso. 4| 5 11 0.000] 05 0.00 |inZAt +
- by Member =
- by x-Location fin]
- Provided Reinforcement
fi-Longitucinal Reinforcement @
- Shear Reinforcement
[t} Reinforcement by x-Locati| Detailed Results - Set of Members No. 4 - CO3 fe fisi] Eps ]
Steel Schedule {E Reinforcement. ~
Longiudinal Aeinforcement - Top Aez (op) 5.7 in? 1aas
Longtudinal Reinforcemert - Bottom As sz (pottom) 062 [inZ
Longtudinal Torsion Reirforcemert Al 0.00[inZ
Ties and Stimups (Shear Reirforcement) B 0.00 i3
Ties and Stimups (Torsion Reirforcement) a 0.00 in2At
Percentage of Reinforcemert - Top ) 0510 %
Percentage of Reinforaement - Bottom P vz botiom) 0058 %
Percentage of Shear Reinforcement o 0000 %
E1 Design Intemal Forces
Factored Bending Moment Wy 26122600 | kipn
Factored Bending Moment Ma 0517 ldpin
Factored Torsional Moment Tu 0.027 | kipin o
Factored Axial Force Pu 5363 ki
Factored Shear Foros T 0.000 | kp
Factored Shear Force Vau 0.000 | Gp aese 200
Reduced Design Shear Force Vaures 0.000 | kip
B State of Strain
EIFrov. Stress v
< >
2| [8Z To Display... Messages... Graphics Cancel
Figure 5.4: Window 2.2 Required Reinforcement by Set of Members
This window presents the maximum reinforcement areas that are required for the individual
sets of members. Details on the columns can be found in the previous Chapter 5.1.1.
. .
5.1.3 Required Reinforcement by Member
8 RF-CONCRETE Members - [Frame ACI] ®
File Edit Settings Help
cA2-ACL | 23 Required Reinforcement by Member
e B [ Cc [ D T E F G | ~| | Rectangle 3525
General Data Member | Location Reforcament Enor Message
Materials Reinforcement| Mo xft] |losdng |  Area Uit or Note B -
st Member No. 1 - Rectangle 35/25
Supports 1 0.000] CO5 875 [in? 22)88)
= Reinforcement Al 1 0.000| CO5 0.00[in?
=Lz av 1 0.000| CO5 0.00 |in/t R
2 - Columns ar 1 0.000[ cos 0.00 |in2A ) B
Resuits Member No. 2 - Rectangle 35/25 \
- Required Reinforcement Asaral 2 0.000] cO3 875 [in? 288 :
- by Cross-Section A 2 00w | co5 0.00[in? .
[5-by Set of Members av 2 12436 col 035|inZ& | 803 i
£ by Member at 2 0000 CO5 0.00 [inZAt i
- Member No. 1 - Rectd | Member No. 3 - Rectangle 35/25 b
Member No. 2 - Rectal [ A_ o 3 0.000[ CO5 8.75|in? 22)88)
Member No. 3 - Recta| [3; 3 0000 CO5 000 |in2 ™ in]
Member Na. 8 - Recta
- Member No., 9 - Recta @
Member No. 10 - Rect
Member No. 11 - Rect| Detsiled Results - Member No. 1 - Rectangle 35 £ fsi] Eps el
«Member Mo, 12 - Rect| [EH A
- by x-Location Longitudinal Reinforcemert - Total Astotsl 8.75|in? &6 260
- Provided Reinforcement Longtudinal Torsion Reinforcemert Al 0.00in2
Fi-Longitudinal Reinforcement Ties and Stimups (Shear Reirforcement) a 0.00 in2A
- Shear Reinforcament Ties and Stimups (Torsion Reinforcement) a 0.00 in2At
F-Renforcement by x-Locatic Percentag of Reinforcement - Total e T072[%
Steel Schedule Percentage of Shear Reinforcement Py 0000 %
1 Design Intemal Forces
Factored Bending Moment My 2151.260 | kipn
Factored Bending Momert Wz 0.000 | kipin
Factored Torsional Momert T 0.077 | ldpin
Factored Aial Force Pu -1018.060 | kip
Factored Shear Force T 0.000 | kip
Factored Shear Foroe Viu 7078
Reduced Design Shear Force T 47078 ki
E State of Strain -0.358 010
EIProv. Stress
Steel Stress - Top Fs.2 (tog) -60.000 | ksi
Steel Stress - Bottom F2, 52 (bottam) - v
< >
SJARE=I=Y To Display... Messages. . Graphics Cancel
22) Corner , 88) Min for members acc. to 10.6.1.1

Figure 5.5: Window 2.3 Required Reinforcement by Member

The maximum reinforcement areas are listed according to members. For tapered beams, both
cross-section descriptions are displayed to the right of the member numbers.
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5.1.4 Required Reinforcement by x-Location

7 RF-CONCRETE Members - [Frame ACI] X
File Edit Settings Help
CcAz-ACI | 24 Required Reinforcement by x-Location
Input Dat2 B [ ¢ [ o [ E T F T G | A | | Rectangie 35735
General Data Member | Location Reirforcemert Error Message
- Materials Reinforcemert|  No xf] | Loadng |  Area Unit or Note
Cross-Sections As toral ) 7:8| CO3 12.25 | in? 22 88) R J
-~ Supports Al 3 7218 €05 0.00|n?
= Reinforcement ay 9 7218 CO1 0352/ (909
o= at 3 7218 €05 0.00 | n2/t
2 -Columns Member No. § - Rectangle 35/35 - x 14 436t LAY 5
Resuits ] 14438 C03 1225]in2 22)88) !
=-Required Reinforcement m 3 14436 CO5 0.00|in? e R — .
4} by Cross Section av 3 14.436| CO1 035|nZf  |903 ;
- by Set of Members at 9 14436 CO5 0.00 | in? At = - s
#1- by Member Member No_ 10 - Rectangle 40/55 - x 0.0001 ¥
=} by x-Location As.z (o) 10 0.000] CO5 711[in2 902) z
;Member No. 1-Rectan 7, wotom | 10 0.000[ CO5 0.62[in? 12)
i Member No. 2-Rectan [ 4, 10 0000 CO5 0.00|in2 w fin]
i~ Member No. 3 -Rectan
i+ Member No. 8 - Rectan @
- Member No. 9 -Rectan
{- Member No. 10 - Recta| Detailed Results - Member No. 8 - x 14,438 fi - CO2 P —
t Member No. 11-Rects fiE] Reinforcement HES
L. Member No. 12 - Recta Longtudinal Reinforcement - Total A total 1225 [in?
=i Provided Reinforcement Longtudinal Torsion Reirforcement Al 0.00 |in?
#- Longitudinal Reinforcement Ties and Stinups (Shear Reinforcemert) av 0.00 [in2/t
) Shear Reinforcement Ties and Stimups (Torsion Reinforcemert) at 0.00 [in2At
- Reinforcement by x-Locatic Percentage of Reinforcement - Total ) 1.050 %
- Steel Schedule Fercentage of Shear Reinforcemert [P 0.000 | %
B Design Intemal Forces
Factored Bending Moment My 6712.000 | kipin
Factored Bending Moment Mzu 96.536 | kipin
Factored Torsional Momert Tu 5.194 | kipin
Factored Al Force Fu -967.553 | kip _ -
Factored Shear Force Vyu -0.176 | kip
Factored Shear Force Vzu 16.271 | kip
Reduced Design Shear Force Vzured 16.271  kip
D State of Strain
B Prov. Stress
Steel Stress - Top ) “60.000 [ksi
Steel Stress - Bottom Fs,+2 fbottom) - v
< >
2 (8F Calculatio To Display. . Messages.. Graphics Cancel

[22) Corner reinforcement, 86) Min. reinforcement for compression members acc. to 10.6.1.1

Figure 5.6: Window 2.4 Required Reinforcement by x-Location

This window shows for each member the required reinforcement areas including intermediate
results listed by x-location:

e Startand end node

e Partition points according to possibly defined member division (see RFEM Table 1.16)

e Member division according to specification for member results (Global Calculation Parameters
tab of Calculation Parameters dialog box in RFEM)

e Extreme values of internal forces
Locations of discontinuity are indicated separately.

The window offers you the possibility to specifically access information on the design results.
This way, you can check, for example, the required sheareinforcement with the related details
of a particular member location (designed location).

The different columns are described in Chapter 5.1.1.
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Required Reinforcement Not Designable

File Edit Settings Help

B 7 RF-CONCRETE Members - [Frame ACI]

CA3 - Design of concrete memb | 2.5 Required Reinforcement Not Designable

btz [ A [ C | E [ F 1 G
& General Data Member | Location Reirforcemert Emor Message
i~ Materials Reinforcemert|  No. xf] | Loading Area Unit or Note
i Cross-Sections Member No. 15 - Rectangle 16/20 - x: 0.000#
[ELeTE ET— T 0.000] CO3 [Not Desgnabl [nZAt | 904)
=) Reinforcement Member No. 15 - Rectangle 16/20 - x: 0.820
1 ar 15 0.820] CO3 |Mot Designabl [in2/t | 904)
Resuits Wember No. 15 - Rectangle 16/20 - x: 1.640%
= Required Reinforcement av 15 1.640[ CO3 [ MNet Designabl [in2/t
+1- by Cross-Section
#1- by Member
- by x-Location
= Not Designable
“- Member No. 15 - Recta
& Provided Reinforcement
@ Longitudinal Reinforcement
i} Shear Reinforcement
#)- Reinforcement by x-Locatic
. Steel Schedule
Detailed Results - Member No. 15 - x 0.000 ft - CC3
i Heinfarcement
Longttudinal Reinforcement - Top Ac. (to) 483 inf
Longitudinal Reinforcement - Bottom As 42 (otiom) 0.00 |in?
Longtudinal Tarsion Reirforcement A 0.00 [in?
Ties and Stimups (Shear Reinforcement) B Not Designak
Ties and Stimups (Torsion Reirforcement) ar 0.00 [in2A
Percentage of Reinforcement - Top P (tog) 1847 | %
Percentage of Reinforcement - Bottom £ +2 (pottom) 0.000 %
Percentage of Shear Reinforcemert [ -
El Design Intemal Forces
Factored Bending Moment My ~4137.930 [ kipin
Factored Bending Moment Mz 0.000 | kipin
Factored Torsional Moment Tu 0.000 | kipin
Factored Axial Force Pu 0.000 | kip
Factored Shear Force Vyu 0.000 [ kip
Factored Shear Force Vzu 210207 | kip
Reduced Design Shear Force Veursd 210.207 | kip
B State of Strain
B Prov. Stress
< >
sJIRF=1=N To Display... Messages... Graphics

Rectangle 16/20

v

:
!

s

[in]
o fisi] Eps [3]
7.21
3.639 2.00
Cance

Figure 5.7: Window 2.5 Required Reinforcement Not Designable

Error Messages or Motes to Design Process

Used Error Messages or Notes.

904 | Cross-section cannot be designed for shear acc. to 22.5.1.2

All Available Error Messages or Notes

1 Left

2 |right

3 Max percentage of flexural reinforcement exceeded

4 The top flexural compression reinforcement cannot be designed
5 Bottom flexural compression reinforcement cannot be designed
[ Flexural compression reinforcement required - Top

7 Flexural compression reinforcement required - Bottom

8 Minimum flexural compression reinforcement - Top

g Minimum flexural compression reinforcement - Bottom

10 | Minimum secondary reinforcement top /baottom

11 | Minimum secondary reinforcement - Top

12 | Minimum secondary reinforcement - Bottom

13 Summetrical reinfarcement for hiaxial hendina

OK

x

Figure 5.8: Dialog box Error Messages or Notes to Design Process

This window is displayed when the program has detected failed designs or some other prob-
lem during the calculation. The error messages are sorted by member and x-location.

The number of the Error Message indicated in column G is described by comments in the footer.

Click the [Messages] button to display all issues that have occurred in the design process.

Click the [All] button in this dialog box to show all messages available for RF-CONCRETE Members.
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5.2  Provided Reinforcement

The result Windows 3.1 to 3.4 are displayed if the Design the Provided Reinforcement option has
been activated in Window 1.6 Reinforcement (see page 29), and if no design problems have
been detected (see Chapter 5.1.5, page 49). The serviceability limit state design as well as the
non-linear calculation also require the determination of a provided reinforcement.

Based on the specifications of Window 1.6, RF-CONCRETE Members manages the reinforce-
ment proposal of the longitudinal and shear reinforcement. The program tries to cover the re-
quired reinforcement, taking into account the corresponding parameters (specified rebar di-
ameter, possible number of reinforcement layers, curtailment, type of anchorage), by means of
the least possible amount of rebars or reinforcement areas.

The proposed reinforcement can be edited in the Provided Reinforcement windows so that you
can adjust the diameter, number, position and length of the individual reinforcement groups
to the respective requirements.

5.2.1 Longitudinal Reinforcement Provided

1 RF-CONCRETE Members - [Frame ACI] X
File Edit Settings Help
CA1-Design ACT | 3.1 Provided Longitudinal Reinforcement
Input Data B [ C I b [ E T F 1 G 1 ®© 1 1 [ J T K "
General Data kem | Rerforcement | No.of [BarNo| As Lengih xLocation ft] Weight
-~ Materials No Postion Bas | [ In2] [ from to | Anchorage | [b] Notes
oD Member No. 5 - FB 25/75/8.5/35
i~ Supparts 1 [=ztop) ] 8 628 3634 BRT 3523 777.05
- Reinforcement 2 |+ bottom) 8 ] 628 3801 SN 36.90 812.65
1 -Beams Member No. 10 - Rectangle 40/55
2 - Columns 1 [z top) g ] 628 350 155 795 203.16
3 - Tapered beam 2 2tiop) 7 2 550 1668 3737 54.04 31204
- Defiection Data 2 top) 4 ] 314 5559 -155 5404 594,36
=Tl 4| +2 bottom) 2 ] 157 425 024 4279 22743
= Required Reinforcement 5 |+ botiom) 4 3 314 47.36 024 4761 506.37
- by Cross-Section 6 | +z bottom) 3 ] 334 60.24 387 56.37 644.07
- by Set of Members Member No. 11 - Rectangle 20/55
e+ by Member 1 |zfop) 2 3 157 8.7 146 731 46.86 101)
G- by x-Location 2 |ztop) 2 3 157 877| 4518 5395 46.86107)
=) Provided Reinforcement 3 | zfop) 8 [ 628 5541 146 5385 1184.74| 101) v
&1 Longitudinal Reinforcement] =
- Shear Reinforcement & 9 %] [®
- Reinforcement by x-Locati|
Steel Schedule Q&S FEEO 2G| 4 B0 L 2E2l== =
=)- Serviceability Check
- by Cross-Section —
- by Set of Members (30943, =55.5910
=1-by Member
il by x-Location T)o#a,1=9501 2)7#8,1= 1650 1t
(a)248,1= 42.54
5 448, 1= 4736 T
§ 443, 1= 5024 f
< >
2| (&= Calculation 3DRendering | Messages... Graphics Cancel

Figure 5.9: Window 3.7 Provided Longitudinal Reinforcement

The results for the provided reinforcement are sorted according to /tem numbers (reinforce-
ment groups) for every designed member and set of members.

The graphic below the table shows the reinforcement including item members. The current
item (the row selected in the upper table) is highlighted in red. Modifications to the parame-
ters entered in the table are updated and displayed immediately in the graphic.

The reinforcement proposal also takes into account structural regulations. For example, in ac-
cordance with ACI 318-14, 9.7.3.8, it is required to arrange a minimum reinforcement to sup-
ports that are assumed to be pinned, and at least one-third of the positive moment reinforce-
ment of single members and one-fourth of continuous members must be continued uninter-
ruptedly along the same face of the beam for a distance of at least 6 in.
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Item No.

The results are listed by items which have the same properties (diameter, length).

The items of all members and sets of members are summarized in Window 3.4 Steel Schedule.

Reinforcement Position
This column indicates the position of the reinforcement in the cross-section:
e Top
e Bottom
e Corners
e Allround

e Secondary

RF-CONCRETE Members considers the specifications set in Window 1.6 Reinforcement, tab Rein-
forcement Layout (see Chapter 3.6.3, page 34) for the arrangement of the reinforcement.

No. of Bars

The number of rebars of an item can be edited: Select the corresponding cell and click the but-

NB':'E;: ton [...] to open the corresponding dialog box.

lLJ Longitudinal Reinfercement - Coordinates | Member Mo. 1, ltem No. 1 =

Reinforcement Bars
Number;  Bar No.: As

CH o [ o e

Bar Coordinates and Hook Rotation
[ A | B C
Coordinates Hook: Rotation

v [in] | zin] B[] L =

-10.819 180.0
-10.819 180.0
15.879 -10.819 180.0
-15.819 -10.819 180.0
-5.491 -10.879 180.0
1] -3.164 -10.879 180.0

Place rebars evenly ®

NHOZ

[

Y

en

2 Cancel

Figure 5.10: Dialog box Longitudinal Reinforcement - Coordinates

) The Number of Reinforcement Bars can be set manually by using the spin buttons or by directly
entering a number. In the section below, you can adjust the position of the rebars in the indi-
vidual input rows. To delete a row selected in the lower section, click the [Delete] button.

The position of a rebar is defined by its Bar Coordinates: The coordinates y and z determine the
global distances from the cross-section's centroid. The angle, 3, describes the inclination
against the longitudinal member axis for the anchorage types "Hook" and "Bend." For example,
a Hook Rotation about § = 90° results in a downward rotation (i.e. in direction z) for the top re-
inforcement. The angle B = 270° rotates the anchorage end of the bottom reinforcement up-
wards. For the anchorage type "Straight”, column C is of no importance.

30-Rendering When modifying the hook rotation, it is recommended to check the data subsequently in the
rendering mode by clicking the [3D-Rendering] button.
Bar_No. Bar NO.

5
N The used rebar diameters affect the calculation of the inner lever arm of the forces as well as
3 oA the number of rebars per item. Use the list to change the rebar designation number for the
4 .
5 current item number.
6
t]

A

10 The total reinforcement area of each item is listed in column E. It can be modified by changing
1 the number of rebars or the rebar designation number.
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Length

For each item, the column displays the total length of a representative rebar. The entry, com-
posed by the required member length and the lengths of anchorage at both member ends,
cannot be edited in this table.

x-Location from/to

These values represent the mathematical start and end positions of the rebars. They refer to
the start node of each member as defined in RFEM (x = 0). When the program determines the
dimensions, it takes into account the support conditions and the lengths of anchorage lrand ..

& The values of both columns cannot be modified. To change data, use the [Edit] button above
the graphic to open the Edit Longitudinal Reinforcement dialog box (see Figure 5.12, page 53).

Anchorage
The anchorage lengths of the reinforcement proposal can be changed by using the list. The
Anchorage Details option opens the following dialog box.
-
Mo Anchorages | Member No. 10, ltem No. 1 *
Detais... Anchorage on Start Anchorage on End
Anchorage type: Anchorage type:
Straight Bend w
Bond type: Bond type:
poar il poor ~
Anch Id: | [ Anch la: | [
e ¢ ] -l Bl
lengths I | [ft] lengths I1 | [ft]
l2: sl Iz: 1,00 |5 [ft]
:: [f] : 267 Irg
< Bending <
- | [f] diameter  dir: 0.50 15 [f]
Straight Bend
iG]
z
Iy I )
[ —
D Cancel
Figure 5.11: Dialog box Anchorages
This dialog box manages the parameters of the Anchorage on Start and on End of the rebar.
Straight o Use the lists to adjust the Anchorage Type and the Bond Type. The anchorage type is described

in Chapter 3.6.1 on page 31. RF-CONCRETE Members recognizes automatically the bond condi-
tions resulting from the cross-section geometry and the position of rebars. However, it is also
possible to enter user-defined specifications. "Good" and "poor" bond conditions affect rein-
forcement location factor W: according to ACl 318-14, 25.4.2.4.

Straight with transverse bar
Hook with transverse bar

Straight with two transverse bars

For control reasons the program displays the design value of the anchorage length /s. The
length, 1, is determined according to ACl 318-14, Equation (25.4.2.3a). It cannot be modified.

Length [ is the length of anchorage for hooks and bends, in accordance with ACI 318-14,
25.4.3. For 90° hooks, for example, it should be at least 12 db.
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The required Bending Diameter d: is specified according to ACI 318-14, 25.3. It can be adjusted,
if necessary.

The total anchorage length X at each end of the member results from the respective portions.

Weight

Column J of Window 3.1 indicates for each item the mass of all rebars.

Notes

If a number is displayed in the final column, a special condition is the reason. The numbers are
explained in the status bar.

To display all messages of the currently selected item, use the [Messages] button. A dialog box
with relevant information appears (see Figure 5.3, page 46).

Editing the reinforcement proposal

The graphic in the lower section of Window 3.1 represents the reinforcement including item
members. The currently selected reinforcement position (the row in the upper table where the
pointer is placed) is highlighted in red. To open the edit dialog box for the selected item, click
the [Edit Reinforcement] button above the graphic.

Edit Lengitudinal Reinforcement - Member Mo, 1, Item Mo. 1 *
Location Bar Positioning
x from: |::J.DD sall (i MNumber of bars: IE = Al 4,71 [in?]
EE IE il Bar coordinates and hook rotation:
. I_I-H}i B | c
kel I Coordinates Hook Rotation
No. | yin] zlin] BI1
Reinforcement Layout -E -10.819 180.0 ,_
-z (top) ~ 2 5.451 -10.813 180.0 L
3 15.819 -10.813 180.0
4 -15.813 -10.813 180.0
Reinforcement Bars Number 5 5451 -10.819 180.0
6 -3.164 -10.813 180.0
g
[Jrlace rebars evenly K
Anchorages
Anchorage and Additional Lengths
Anchorage Type Bond la 11 Total
Start:  |staight o] [poor ~| (78 : | [0S 3 I i
End: Straight ~| |poor 0.75 - = o [it] > |
Straight Straight
H i
from s o
|‘ ! length |‘ i
Total length: [f
Total weight: [Ib]
) Cancel

Figure 5.12: Dialog box Edit Longitudinal Reinforcement

This dialog box summarizes the reinforcement parameters already described above. Use the
dialog box to control or adjust, if necessary, the specifications for Location, Bar Positioning, Re-
inforcement Bars Number, and Anchorages.

When you have modified data, the design must be calculated again with the new reinforce-
ment. So, when leaving Window 3.1, the program asks you whether you want to recalculate
the safety (see Figure 5.13).
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Restart Calculation X

The provided reinforcement has been modified. Therefore, the
provided safety must be recalculated.

Do you want to recalculate the provided safety or do you want to
undo all modifications?

D Recaloulate Undo Cancel

Figure 5.13: Query when leaving Window 3.1

An exception exists for the results of nonlinear analyses: They are generally deleted so that a
manual [Calculation] is required.

Reinforcement Templates

A modified reinforcement proposal can be stored as a template by using the [Save] button. In
the following dialog box, the Name of the Reinforcement Template has to be specified.

Save Provided Reinforcement

Name of the Reinforcement Template

| FB 25/75/3.5/35] T v|

Option

Save with shear reinforcement

2 Cancel

Figure 5.14: Dialog box Save Provided Reinforcement

These templates are useful to reset the user-defined reinforcement when the design specifica-

a new provided reinforcement.

The possibililty to import reinforcement templates is described in Chapter 3.6 on page 29.
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5.2.2 Provided Shear Reinforcement

87 RF-CONCRETE Members - [Frame ACI] X
File Edit Settings Help
CA1-Design ACI | 3.2 Provided Shear Reinforcement
Input Data B | € [ b0 E [ F [ & [ ® T 71 1 J 1 K Al o
- General Data Section | ltem MNo of |BarNo | Length cLocation ] Spacing |Number of | Wieight W0 FEES-DISt.089d
Materials No. | Sumps | [ R from to siftl | Sectons | [b] Nates s,
pIESI=mTE 1 1 2 3 1969 000 1963 04| 2 8455 N *
Supports WMember No. 2 - Rectange 35/25 -
=) Reinforcement 2 1 16 3 1444 0.00] 1444 08| 2 6143
Lgres WMember No. 3 - Rectangee 35/25 - o
-2 - Columns 3 1 2 3 1969 0.00[ 1963 054] 2 8455 o g
Sgioacdbem WMember No. 5 - FB 25/75/8.5/35 8 ]
ST 4 2 3% 3 3318 0.00] 3318 085 4 20582
= s 5 2 1 3 094 3318] 3412 084] 4 572
= Required Reinforcement Member No. 10 - Rectangle 40/55
fi by Cross-Section e 1 3 3 15.45 000 1545 077 4 196.83 37250 34
*':Y ;E“;]f""‘fmhﬁfs 7 3 16 3 1418 1545 2963 083 4 15746
e 8 3 10 3 772]  2963] 3738 077 4 98.41 78430491080 ft
- LR
i by x-Location 3 3 14 3 763| 3735 4438 054 4 13778 v @
=) Provided Reinforcement P >
- Longitudinal Reinforcement : _
f} Shear Reinforcement @ DIEAKR.S|A =
- Reinforcement by x-Location
Sr=li=irs RIEQAS RERFO F 2@ = B20)m L= E == =
=} Serviceabiity Check
- by Cross-Section
1 by Set of Members
Fi by Member
&1 by x-Locaton ®1E#S—Dﬁﬂfl @14#3&54'[ @wﬁumn
(z)20#3-0771 G)10#s-077 1 (@317 #3- 043 1|
< >
D (8= Caleulston | 30-Rendering | | Messages... Graphics Cancel

Figure 5.15: Window 3.2 Provided Shear Reinforcement

Similar to the output for the longitudinal reinforcement, the results for the shear reinforcement
are sorted by members and sets of members according to Item numbers (reinforcement groups).

The graphic below the table represents the reinforcement including stirrups. The currently se-
lected item (the row selected in the upper table) is highlighted in red. Modifications to the pa-
rameters entered in the upper table are displayed immediately in the graphic.

The reinforcement proposal also takes into account structural regulations. For example, in ac-
cordance with ACI 318-14, 9.7.6.2.2, the maximum spacing of stirrups shall neither exceed d/2
nor 24 in.

Section

The sections allocate the shear reinforcement to zones with the same diameters and spacings.
The zones are defined in columns F and G where they can be adjusted, if necessary (see below).

Item No.

The results are listed by /tems having each the same properties (diameter, dimensions).

The items of all members and sets of members are summarized in Window 3.4 Steel Schedule.

No. of Stirrups
When the program determines the stirrup reinforcement, it takes into account the user-defined
specifications of Window 1.6 Reinforcement, tab Ties and Stirrups (see Chapter 3.6.2, page 32).

The number of stirrups of an item can be edited: Select the corresponding cell and enter a dif-
ferent value. The stirrup spacing in column H will be adjusted automatically.

Ll
Bar No.
The reinforcement proposal is based on the specifications defined in Window 1.6 Reinforcement,
tab Ties and Stirrups. Use the list to change the rebar diameter for the current item.

v
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Length

Column E displays the total length of the stirrup zone for each item. It is determined by the start
] and end locations x, but cannot be edited in the table. To change data, use the [Edit Reinforce-
ment] button and open the Edit Shear Reinforcement dialog box (see Figure 5.16, page 56).

x-Location from/to

These values represent the start and end positions of the stirrup zones. They refer to the start
node of the member given in RFEM (x = 0). The entries in both columns can be edited so that it
is possible to shift the zone limits by modifying the values.

g To subdivide a zone, enter a new location for the start or end which lies between both values.
RF-CONCRETE Members will automatically create a new stirrup zone (section).

Spacing s;;

The proposed stirrup spacing considers the specifications defined in Window 1.6 Reinforce-
ment, tab Ties and Stirrups(see Chapter 3.6.2, page 32). This value can be edited: Click in the
corresponding cell and enter the new spacing. The number of stirrups (column C) will be ad-
justed automatically. The exact stirup spacing, however, is calculated by the amount of stirrups
defined by an integer.

Number of Sections
Number of
Sections The sections of the stirrups are based on the specifications defined in Window 1.6 Reinforcement,

= tab Ties and Stirrups(see Chapter 3.6.2, page 32). Use the list to change the number of sections.

s

i

Weight

For each item, column J of Window 3.2 shows the mass of all stirrup rebars.

Notes

If a footer is displayed in the last column, a special condition is the reason. The numbers are
explained in the status bar.

Messages To display all messages of the currently selected item, use the [Messages] button. A dialog box
with relevant information appears (see Figure 5.3, page 46).

Editing the reinforcement proposal

The graphic in the lower section of Window 3.2 shows the reinforcement including stirrups.
B The currently selected reinforcement position (the row in the upper table where the pointer is
placed) is highlighted in red. To open the edit dialog box for the selected item, click the [Edit
Reinforcement] button above the graphic.

Edit Shear Reinforcement | Member Mo, 10, [tem Mo, & *

Location Stirrup Dimensions

xocation from: [ft]
o "

Length: [ft]

Stirrup Parameters

Spacing: [ft] Mumber: EI
oo [ Ja T

Mumber stirrups
per section:

2 Cancel

Figure 5.16: Dialog box Edit Shear Reinforcement
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This dialog box summarizes the reinforcement parameters already described above. Use the

dialog box to control or, if necessary, modify the specifications concerning the Location, Link
Dimensions and Link Parameters.

When you have modified data, the program automatically recalculates the design as described
in chapter 5.2.1, page 54, using the values of the new provided stirrup reinforcement. The re-
sults of a non-linear analysis represent an exception: The program deletes these results and a
new manual [Calculation] is required.

5.2.3

This window contains information on the strength limit state designs that have been fulfilled
or failed. In the case of a recalculation after having modified the reinforcement in Window 3.1
or 3.2, the results are updated automatically.

Provided Reinforcement by x-Location

7 RF-CONCRETE Members - [Frame ACI] *
File Edit Settings Help
CA1-Design ACT | 3.3 Provided Reinforcement by x-Location
lnputpor B [ T [ D [ E [ F | | [Rectangle 3526
- General Data Location | Asz(ep | Asse (wetom) | Assom | asstme
Materials x ] [in?] in?] n?] in2f] Notes s TR
-+ Cross-Sections Member No. 1 - Rectangls 35/25
Supports a7 a7 9.42 024
SRetr et 9.84 47 47 942 024
== 1969 471 471 9.42 0.24 R S
i+ 2~ Columns Member No. 2 - Rectangls 35/25 1
S piiapeted e 0.00 471 47 942 03 !
pefisciontatz 72 4n 47 942 0.23 :
Resuits 1344 a7 a7 9.42 023 LS : NN
I Reauired Reinforcement Member No. 3 - Rectangle 35/25 i
By Choss Sechor! 0.00 471 471 9.42 0.24 i
Dyt ot Nenbars 5.84 47 47 9.42 0.24 +
By eher 1968 47 47 9.42 0.2¢ =
by Locatan) WMember No. 5 - FB 25/75/8.5/35 v fin]
=)-Provided Reinforcement
1 Longitudinal Reinforcement @
) Shear Reinforcement
= R.e\r\forcemer\t by x-Locatic Detailed Results - Location x: 0.00 ft - [usi] EpS [%]
£+ Member No. 1 Bl Reinforcemert ~
& Member No. 2 Percentage of Reinforcement - Top £-2 (iop) 0539 % . .
- Member No. 3 Percertage of Reinforcement - Bottom P 1z (cotom) 0535 [%
- Member No. 5 Percentage of Shear Reinforcemert v 0.0% [%
i Member Mo, & Safety - Top s 108
- Member No. 9 Safety - Battom A 1.08
£ Member No. 10 Tie and Stimup Safety a -
- Member No. 11 Reaquired Reirforcement - Top A 437 [in2
% Member No. 14 Required Reirforcement - Bottom A " 437 |in?
Steel Schedule Reauired Shear Reirforcement as.simip.req 0.00 i/
=) Serviceabilty Check El State of Strain
1. by Cross-Section El Factored Intemal Forces
#1- by Set of Members Aal Force Fu -539.319 | kip
1 by Member Momert About y-Ais Muy 723.804 | kipin
- by x-Location Momert About z-Auis Muz 0.000 | kipin
B Factored Momertt -1.288 033
Factored Momert WMy vemax 723.804 [ kipin
Factored Momert My, uz.min 601,670 | kipin
Bl Curvatures v
<
sARE==) Calculatio Messages.. Graphics Cancel

Figure 5.17: Window 3.3 Provided Reinforcement by x-Location

The table in the upper part of this window lists the longitudinal and shear reinforcement areas
at the individual member location x. The lower part of the window lists all Detailed Results for
the table row selected above.

Location x
The provided reinforcement areas for each member are listed by x-location:
e Startand end nodes
e Partition points according to possibly defined member division (see RFEM Table 1.16)

o Member division according to specification for member results (Global Calculation Parameters
tab of Calculation Parameters dialog box in RFEM)

e Partition points according to possibly defined member division

e Extreme values of internal forces

In case of reinforcements by curtailment, the output shows two identical x-locations with both
reinforcement values at the zone limit.
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As,—z (top)
This value represents the reinforcement area of the provided top longitudinal reinforcement.

As,+z (bottom)

This value represents the reinforcement area of the provided bottom longitudinal reinforce-
ment.

As,total
The provided total longitudinal reinforcement is determined from the values of columns B and C.

as,stirrup
This column shows the areas of the provided shear reinforcement per unit length.
The Detailed Results in the lower section allow for a specific evaluation of the designs. The de-

sign details refer to the x-location selected in the table above. They are updated automatically
when clicking into a different table row.

The detailed results contain information about the Percentage of Reinforcement and the Safety
of the selected reinforcement, i.e. the ratio of the provided to the required reinforcement. The
safety of the longitudinal reinforcement is designed by an increased moment taking the global
offset into account.

5.2.4 Steel Schedule

The schedule displays the provided rebars in an overview. The table cannot be edited.

7 RF-CONCRETE Members - [Frame ACI] X
File Edit Settings Help
CAL - Design ACI | 3.4 Steel Schedule
(o eriaen w8 | c | D I E [ F | I [ 1 |
General Data ftem | Reinforcemert Bar No No.of | Length Anchorage Type Bending | Weight
Materials No. Type - Surface Bars R Start End Diameter ft] Ib]
r Cross-Sections [Waterial No. 1 - Reirforcing Steel Grade 60 |
Supports 1 Longtudinal | 3 Ribbed with epoxy resin coating 12 2625 No anchorage No anchorage 118.38
- Reinforcement Longtudinal | 8 Fibbed 12 2119 Straight Straight 679.76
i 1-Beams 3 Longtudinal | 8 Ribbed 12 1577 Straight Straight 505.77
2~ Columns 4 | Longtudinal | 8 Fibbed 12 21.02 Straight Straight 674.14
3 -Tapered beam 5 | Longtudnal | 8 Ribbed B 3634 Straight Straight 777.05
Defiection Data 6 | Longtudnal | 8 Fibbed ] 39.29 Straight Straight 84232
Resits 7 | longtudinal | 8 Fibbed 11 5559 Straight Straight 163438
=3 Required Reinforcement 8 | Longtudnal | 8 Fibbed 10 5985 Straight Straight 1599 58
- by Cross-Section 3 | Longtudnal | & Fibbed 15 5538 Straight Straight 22073
#1- by Set of Members 0 | Longtudinal | 8 Ribbed with epoxy resin coating ;] 2897 Straight Straight 618.40
- by Member 11 | Longtudnal | & | Ribbed with epoy resin coating 4 3260 Straight Straight 34851
i by x-Location 12| Longtudinal | 8 Fibbed B 3588 Straight Straight 769.42
sy proided Refifix ement 13 | Longtudinal | 8 Ribbed g 854 Streight Straight 82412
) Longitudinal Reinforcement |44 | Tie/Sfmp | 3 Fibbed 37 1355 Hook Hook 013 21154
&} Shear Reinforcement 15 | Te/Smp | 3 Ribbed 78 2439 Hook Hook 013] 76763
- Renforcementby xocatc |46 | Tie/Strup | 3 Ribbed 67 21.05 Hook Hook 0.13] 56144
o S 17 | Te/Smp | 3 | Ribbed withepowyresincoating | 53 518 Hook Hook 0.13] 21605
= Serviceahilty Check 18| Tie/Stmp | 3 Ribbed 116 10.22 Hook Hook 013 4579
- by Cross-Section Total 473 1381460
- by Set of Members
i#)- by Member
- by x-Location
< >
D (&= Calaulatiol Graphics Cancel

Figure 5.18: Window 3.4 Steel Schedule

Item No.

The rebars are listed by items having each the same properties (diameter, length, type of an-
chorage, etc.).

The item numbers are not identical with the numbers of the Windows 3.1 or 3.2.
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Reinforcement Type
This column indicates whether the reinforcement is a Longitudinal or a Stirrup reinforcement.

Bar No.

Column C shows the used rebar designation numbers.

Surface

This column displays the surface type of the reinforcing steel which can be Ribbed or Ribbed
with zinc/epoxy resin coating.

No. of Bars
In column E, you can see the number of identical rebars for each item.

Length

This column shows the total length of a representative rebar.

Anchorage Type Start/End

The two columns provide information about the types of anchorage at the start and end of the
rebars (No anchorage, Straight, Hook, Bend, etc.).

Bending Diameter
For stirrups and hooks, you find the bending diameters dw: in column I.

Weight

The last column indicates the mass of all rebars for each item.

Total

The final table row of the steel schedule shows the total number of rebars and the mass of
steel that is totally required. It is determined from the values of the individual items above.
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5.3  Serviceability Limit State Design

The result Windows 4.1 to 4.4 are only shown when the design of the Serviceability Limit State
was activated in Window 1.1 (see Chapter 3.1.2, page 19) and no design problems were detected
by the program (see Chapter 5.1.5, page 49 and Chapter 5.2.3, page 57).

The SLS design is based on the reinforcement layout, i.e. the Reinforcement Provided as defined
in Window 3.1 and 3.2.

5.3.1 Serviceability Check by Cross-Section

7 RF-CONCRETE Members - [Frame ACI] X
File Edit Settings Help
CA1-Design ACT | 4.1 Serviceability Check by Cross-Section
e B[ ¢ [ D T E T F FET I W 1 ~
General Data Member | Location Design
Materials No xf] loadng | Type | ExisiingValue | Limé Value Unit Capaciy Note
ComasEie Cross-Section No.2 - FB 25/75/8.5/35
-~ Supports 9 i CO13_|uzlooal 0062 2047 [in 0.04
P 0.00 €013 Ims - B 204330
D= 5 0.00 Co13 Wk 0.000 0012 in 0.00 | 204)
i+ 2 - Columns Cross-Section No.3 - Rectangle 40/55
o pr = besn 10 26.25 CO13|uzkocal 0.544 3,150 [in 0.18
Dot chenDatal 10 5243 €013 [lmsi 018 083t 0.13
Resuits 10 5249 Co13 |wk 0.007 0012 [in 058
- Required Reinforcement Cross Section No.4 - Rectangle 20/55
- by Cross-Section 11 30.00 CO13 | Uzlosal 0438 2520 in 012
1 by Set of Members 1 0.00 co13_|Imsi 016 084 [kt 0.20
(- by Member i 0.00 co13 | wk 0.007 0.012[in 059
- by x-Location Cross-Section No.5 - Rectangle 20/35 v
=) Provided Reinforcement . =
#- Longitudinal Reinforcement Max: 0.59(<1 @ 2% T e
i} Shear Reinforcement.
- Renforcement by x-.ocatic  Detailed Resutts - Member No. 5 - Location x: 0.00 ft
. Steel Schedule [ State of Strain
=) serviceabilty Check 1 Determination of Mazdmum Steelbar Distance
) by CrossSection @ Caloulation Parameters
)by Set of Members Maimum Steelbar Spacing on Top () Surface Sz (195) 0.8 [k
- by Member Maximum Steslbar Spacing on Bottom {+2) Suface S1.max.+2 (bottom) 038t
%1 by x-Location E1 Bésting Steelbar Distance
Existing Steslbar Spacing on Top (2) Suface Slexist 2 (log)
Existing Steelbar Distance on Botiom (+2) Surace 51 exist 2 (bortom)
E1Design
Existing Steelbar Spacing on the Top Surface (z) -
Maximum Steelbar Spacing on Top () Surface U381
Design Citerion -
< >
sJIRF=1=N Calculatior Messages... Graphics Cancel
|204) Cross-saction is over pressed, no cracks wil arise., 330) Deflection is not satisfy.

Figure 5.19: Window 4.1 Serviceability Check by Cross-Section

The serviceability design is sorted by cross-sections. The table shows the most unfavorable
values of different criteria that must be proved for the serviceability limit state. The values re-
sult from the parameters of the reinforcement groups for the crack width control (see Chapter
3.6.4, page 35), the provided reinforcement and the internal forces of the governing actions.

Member No.

For every cross-section, the number of the member with the greatest result values (column E)
or capacity (column H) is shown. The reference can be changed using the [Sort] button.

Location x

The column displays the respective x-location where the most unfavorable values or capacities
occur. The distances refer to the start node of the governing member.

Loading

This column shows the numbers of the load cases, load or result combinations that are govern-
ing for the SLS design.
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Type
This column describes the criteria of the serviceability check. Those can be
®  Uzoal - Deflection in direction of the local member axis z
e lims - Crack width design without direct crack width calculation according to

ACl318-14,24.3.2

o Wi - Crack width design with direct crack width calculation according to the
GERGELY-LUTZ equation (see page 12).

Existing Value

Column E displays the values that are governing for each criterion of the serviceability limit
state design.

Limit Value
The limit values are determined from the specifications of the ACI Standard.

Capacity
This column lists the ratios of the SLS design. They depend on the specifications made in Win-
dow 1.6 Reinforcement, tab Serviceability.

Note

The final column indicates design problems or shows notes referring to difficulties which have
occurred during the analysis. The numbers are explained in the status bar.

To display all notes of the serviceability limit state design, use the [Messages] button. A dialog
box with relevant information appears.

Error Messages or Motes to Design Process *

Used Error Meszages or Notes
204 | Cross-section is over pressed, no cracks will arise, -
330 |Deflection is not satisfied

2 Al [ ok |

Figure 5.20: Dialog box Error Messages or Notes to Design Process
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5.3.2 Serviceability Check by Set of Members

B 7 RF-CONCRETE Members - [Frame ACI] x
File Edit Scttings Help

CAL - Design ACI + | 4.2 Serviceability Check by Set of Members
Input Data A B ¢ [ b E | F [ G I H [ _
General Cata Member | Location Design
Materizis Ho. xF] loadng | Type Edsting Value |  Limt Value Unit Capacty Note
O s Set of Members No. 1 - FB 25/75/8.5/35
Supparts [} 7.2 013 |uzlocal 0.062 2047 |in 0.04
&} Reinforcement 3 0.00 co13_[Imsi - B0 - 204
Lybeans 8 0.00 CO13 Wk 0.000 0012 [in 0.00| 204
2 - Columns
3 -Tapered beam
Deflection Data
Results

=1 Required Reinforcement

by Crass-Section

() by Set of Members

Fi- by Member

i+ by x-Location

=1 Provided Reinforcement

il Longitudinal Reinforcement Max: 0.04<1 @ 2% S
Fr} Shear Reinforcement

- Reinforcement by xocation|  Detailed Results - Member No. 9 - Location x: 7.22 ft

Steel Schedule State of Strain
= Serviceability Check = Deflection D
F+ by Cross-Section i CaleLiation Parameters
i by Set of Members Ve Alowable Deflection sco. 1o User Input Ur it 5047 Tin
& by Member Moduius of Rupture 0.474 ks
i by x-Location Effective Modulus of Hasticity of Concrete 3604.890 | ksi
Deflection 0.062 |in
E1Design
Maximum Allowable Deflection acc. to User Input ULz fimit 2.047 |in
Deflection Uz D.062 [in
Design Citerion Crierion 0.04
< >
sJIRE= =Y Messages... Graphics Cancel

Figure 5.21: Window 4.2 Serviceability Check by Set of Members

When sets of members have been selected for design, the governing serviceability limit state
designs are sorted by sets of members in this result window.

Details on the individual columns can be found in Chapter 5.3.1.

5.3.3 Serviceability Check by Member

8] RF-CONCRETE Members - [Frame ACI] X
File Edit Settings Help
CAL-Design ACI | 4.3 Serviceability Check by Member
merien B [c [ 1o 7 E I F [ G I H [ I ~
General Data Member | Location Design
- Materials No xf loadng | Type | Bisting Value | Limi Value Unit Capacty Note
Cross Sections 5] om co13_|wk 0.000 0.012 [in 0.00| 204)
- Supparts Member No. 10 - Rectangle 40/55
PR 10 2625 CO13_[uziocal 0544 3.150 [in 0.18
feEmm 10 5249 Co13_|Ims 0.16 083 f 0.13
2= 10 52.45 co13_|wk 0.007 0.012 [in 058
Sl beay Member No. 11 - Rectangee 20/55
EeeoenDey 1 30.00 CO13_[uziocal 0438 2520 in 0.18
=T 1 0.00 Co13_|Imsi 0.18 084 020
e e il 0.00 CO13_ | Wk 0.007 0.012[in 053
[+ by Crass-Section Member No. 14 - Rectangle 20/35 -
e e e ] 0.00 CO13 vz 0.3% 1575[in 0.2
EErby Member 14 0.00 013 |Ims 0.5 088 |7 017
i by xLacation 14 0.00 Co13_|wk 0.005 0.012 [in 0.40 v
= Provided Reinforcement
fil- Longitucinal Reinforcement Max: 05351 @ 2% S
FF Shear Reinfarcement
- Reinforcement by xocation|  Detailed Results - Member No_§ - Location x: 0.00 ft
Steel Schedule I State of Strain
= Serviceabilty Check =l Detemination of Calculated Value of Crack Width
Fi by Cross-Section Caculated Value of Crack Wicth acc. o Gergely-Lutz Equation on Top (2) Surface Wz (i) 0.000 [in
i by Set of Members Calculated Value of Crack Width ace. to Gergely-Lutz Equation on Bottom (+z) Surface Wisz ootom) 0.000 [in
FE by Member Bl Alowable Crack Width
e by x~_ocation Mesimum Alowable Crack Width on Top (z) Surface acc. to Users Input Wizt top) 0012 [in
Masdmum Alowable Crack Width on Bottom (+2) Suface ace. to Users Input Wh.szimit bottom) 0.012in
Bl Desion
Crack Width acc. to Rissbreite Gergely-Lutz Equation on the Top Surface (2) Wz (i) 0.000 [in
Mesimum Alowable Crack Width on Top (z) Surface acc. to Users Input Wizt top) 0072 [in
Design Crtesion Crterion 000
< >
sJIRF= =Y Messages... Graphics Cancel
|204) Cross-saction is over pressed, no cracks wil arise.

Figure 5.22: Window 4.3 Serviceability Check by Member
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This result window shows the output for the crack width designs sorted by member. The table
columns correspond to the columns of Window 4.1. They are described in Chapter 5.3.1.

5.3.4 Serviceability Check by x-Location

B 7 RF-CONCRETE Members - [Frame ACI] X
File Edit Scttings Help

CA1 -Design ACT | 4.4 Serviceability Check by x-Location
(o eriaen B [c [ 1o 7 E I F [ G I H [ I ~
General Data Member Location Design
- Materials No [ loadng | Type | EistngValue | Limé Value Uni Capacty Note
Cross-Sections Member No. 10 - Rectangle 40/55
- Supports 10 0.00 CO13 | uzkessl 0.218 3.150 [in 0.07
el Rt Comen co13_imsi 0.30 EHI 0.31
i+ 1-Beams Co13 |k 0.001 0012 in 0.12
PO 10 750 CO13 | uzjocsl 0.362 3150 In 0.12
i ardbean Co13_|Imsi 033 098 |7 034
etSanpt —] Co13_|wk 0.003 0.012 [in 023
Res 10 15.00 CO13 | Uzkesal 0478 3.150[in 0.16
= Required Reinforcement o132 |Ims! 033 038 f 034
- by Cross-Section Co13 | w 0.007 0012 in 0.60
- by Set of Members 10 2250 CO13 | uzjocal 0533 3.150 |in 0.18
by Member Co13_|Ims 033 082 041
) by x-Location Co13_|wk 0.008 0.012 [in 077 v
=) Provided Reinforcement
4 Longitudinal Reinforcement Max: 07s1 @ 2 (%] S
- Shear Reinforcement
+}- Reinforcement by x-Locatic  Detailed Results - Member No. 10 - Location x: 7.50 ft
. Steel Schedule 1 State of Strain
=)-Serviceabilty Check 1 Determination of Calculated Value of Crack Width
1. by Cross-Section Calculated Value of Crack Width ace. to Gergely-Lutz Equation on Top 2) Suface Wiz (10p) 0.000 [in
#1-by Set of Members Caloulated Value of Crack Widih acc. to Gergely-Lutz Equation on Bottom {+z) Suface Wiz (oottom) 0.003 [in
7l by Member Bl Alowable Crack Wicth
#1- by xLocation Maximum Alowable Crack Width on Top (-2) Surface acc. to Users Input Wiz imt 1op) 0072 [in
Maximum Alowable: Crack Wicth on Battom (+2) Surface ace. to Users Input Wiz imit (botom) 0.012 [in
E1Design
Crack Width acc. to Fissbreite Gergely-Lutz Equation on the Bottom Surface (+2) Wiz (pottom) 0.003 [in
Maximum Alowable Crack Width on Bottom (+z) Suface acc. to Users Input Wiz it pottom) 0.012 [in
Design Crterion Crerion 129
< >
sJIRF= =Y Messages... Graphics Cancel

Figure 5.23: Window 4.4 Serviceability Check by x-Location

This window lists the SLS design results (see Chapter 5.3.1) for all locations x of the designed
members.
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6. Results Evaluation

The results can be evaluated in various ways. The individual results tables are described in de-
tail in Chapter 5. This chapter describes the graphical evaluation.

6.1 Reinforcement Proposal

The result Windows 3.1 and 3.2 show you how the required areas of reinforcement can be cov-
ered with rebars to fulfill the relevant design, for example the serviceability limit state design.
The reinforcement proposal is displayed graphically in the lower part of Window 3.7 Provided
Longitudinal Reinforcement and Window 3.2 Provided Shear Reinforcement (see Figure 5.9, page
50 and Figure 5.15, page 55).

1iE#E, =950 1t (297 #8,1=1666 ft

(4)z#3,1=92541t

(5)ana,1=4736 1t

(5)ae3,1=50241

Figure 6.1: Reinforcement drawing in Window 3.7 Provided Longitudinal Reinforcement

The currentitem, i.e. the row selected in the table above, is highlighted in red. The graphic al-
lows you to display the position and arrangement of the individual item members in order to
evaluate them appropriately.

To open the edit dialog box for the selected reinforcement item, click the [Edit Reinforcement]

button in the toolbar above the graphics. The dialog box shown in Figure 5.12 on page 53 orin
Figure 5.16 on page 56 appears. In this dialog box, you can check the individual parameters of

the selected longitudinal or stirrup reinforcement and adjust them, if necessary.
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| 6.2 3D Rendering of Reinforcement

In the result Windows 3.7 Longitudinal Reinforcement and 3.2 Shear Reinforcement, the button
[3D-Rendering] is available. It enables a photo-realistic visualization of the provided reinforce-
ment. A new window opens, showing a rendered graphical representation of the reinforcing
cage of the current member or set of members (i.e. the table row of the object where the
pointer is placed).

£9 FB20/28/7.5/10 m} X
(g File Extras  View Window -
‘B BAXS REEEREG @ [«@/s) @EOm & =5 = 5==0 =

| SCRY

Figure 6.2: 3D rendering of provided longitudinal and stirrup reinforcement

By means of the graphic, you can check the selected reinforcement close to reality.

To set the graphic display appropriately, use the View menu or the corresponding buttons (see
Table 6.1). Similar to the display in RFEM, you can use the control functions - shifting, zooming
and rotating the object — by keeping the [Shift] or the [Ctrl] key pressed.

The current graphic can also be sent to the printer, the printout report or the clipboard.
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The buttons in the toolbar have the following functions:

Button Description Function
: . Opens the dialog box Graphic Printout (see Figure 7.4,
@ Print i . .
page 74) providing the printout settings
Allows for shifting the view by the mouse (zooming/
% Move, Zoom, Rotate rotating by pressing [Shift] or [Ctrl]/[Alt] key)
Allows for increasing a particular region in the graphic
Q Zoom . . .
by drawing a window with the left mouse button
e Show whole model | Resets the graphic's full view
? Previous view Shows the previously selected view
I View in X Shows the view in YZ plane
) 8 = | Viewin-y Shows the view in XZ plane (vertically/horizontally)
£ TF |ViewinZz Shows the view in XY plane (vertically/horizontally)
Isometric view Shows the object in 3D

Shows the object in a perspective view (can be com-

Perspective view bined with all four types of view)

View support Shows the supports defined in Window 1.5 Supports

OO W=

Line model Hides the concrete material

Represents the concrete in the member or set of

Solid model
members

Top reinforcement Displays the longitudinal reinforcement defined in top

of member
Bottom reinforce- Displays the longitudinal reinforcement defined in
ment bottom of member

Peripheral reinforce-

ment Displays the peripheral longitudinal reinforcement

Link reinforcement Shows the stirrup reinforcement

B DD D@

Member axis system | Controls the display of the local member axes x,y,z

2.0 Longitudinal rein- Shows the item of the top reinforcement above the
= forcement - top member
= Longitudinal rein- Shows the item of the bottom reinforcement below
= forcement - bottom | the member
(=15 Shear reinforcement | Displays the items of the stirrup reinforcement
5 Direction of descrip- | Shows description of stirrup reinforcement perpendicu-
L tion lar to member

66

Program RF-CONCRETE Members ACI © 2017 Dlubal Software GmbH



6 Results Evaluation

VAN

Graphics

RFCONCRETE Members |

Dlubal

View start of anchor-
age

==

Shows anchorage of longitudinal reinforcement at start
of member

View end of anchor-
age

=

Shows anchorage of longitudinal reinforcement at end
of member

o

Show information

Shows additional information for reinforcement in lower
left corner of window

- Edit reinforcement

Opens dialog box for editing reinforcement
(see Figure 5.12, page 53 and Figure 5.16, page 56)

Table 6.1: Buttons for 3D rendering

6.3

6.3.1

Results on RFEM Model

You can also evaluate the design results in the RFEM work window.

RFEM Background Graphic

The RFEM graphic in the background is useful when you want to check the position of a par-
ticular member in the model. When you select a table row in the results table of RF-CONCRETE
Members, the corresponding member is highlighted in the background graphic. In addition,
an arrow indicates the x-location of the selected member.

7 RF-CONCRETE Members - [Reinforcement optmized Floor Beam] X
File Edit Settings Help
CA1-Design of concrete memb | 23 Required Reinforcement by Member
Input Dat2 B [ c [0 [ E | G | A| [Fe20r8m.510
General Data Member | Location Reirforcemert Emor Message
- Materials Reirforcemert| No xft] |Loading | Ares Unit or Note
- Cross-Sections Wember No. 1 - FB 20/28/7.5/10
Supports Aszftop) 1 19.69] CO2 282[in? - —
= Reinforcement 1 1280] coz 305/ in2
e LeE=s Al 1 000 coz 0.00in?
- 2 - Columns av 1 19.02| Co2 091 [in2A
(=i at 1 000| coz 000[inZ/t
=) Required Reinforcement WMember No. 2 - FB 20/28/7.5/10
- by Cross-Section Aszftop) 2 000 coz 126 in? :
- by Set of Members Asazfpotom) | 2 1804 CO1 0.34|in2 !
g by Member A 2 00| co2 0.00[in? M
)by x-Location ED 2 220 co2 0.12[n2At :
- Provided Reinforcement o 2 000 coz 0.00 [ in2A
i Longitudinal Reinforcement. | Wember No. 3 - Circle 16 w fin]
¥1- Shear Reinforcement
- Reinforcement by x-Locatic @
- Steel Schedule
Detsiled Results - Member No. 1 - FB 20/28/7.5(0 - CO2 e il Eps [
5 Reintorcemert in
Longtudnal Feinforcemert - Top As  ftos) .08 [in? . -
Longtudinal Reinforcement - Bottom As 42 (bottom) 305 |in2
Longtudinal Torsion Reinforcement Al 0.00 |in? o L.
Ties and Stimups (Shear Reinforcement) B 088 i/
Ties and Stimups (Torsion Rerrforcement) at 0.00 [in2A
Percentage of Reinforcement - Top ?-2 (top) 0.000 %
Fercertage of Reinforcement - Bottom P4z foottom) 0983 %
Percentage of Shear Reinforcemert Py 0731[%
E1 Design Intemal Forces
Factored Bending Moment My 2824810 | kipin
Factored Bending Moment Mz 0.000 | kipin
Factored Torsional Mament Tu 0.000 | kipin
Factored Axial Force Py 12244 [idp
Factored Shear Force Vyu 0.000 | kip =
Factored Shear Force Vou £3.170 | kip 2081
Reduced Design Shear Force Vzured 63.170 [ kip
B State of Strain
B Prov. Stress v
< >
D (83 Calculztio To Display... Messages... Graphics Cancel

Figure 6.3: Indication of the member and the current Location x on RFEM model

This function, however, is only available when the results of the RF-CONCRETE Members case
are set in the RFEM user interface. You can use the [Graphic] button to switch to RFEM and the
button [RF-CONCRETE Members] in the control panel to return to the add-on module.
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6.3.2 RFEM Work Window

You can check the reinforcement areas and detailed results graphically on the RFEM model:
First, click the [Graphic] button to close the add-on module. Then, all design results are dis-
played in the work window of RFEM, like the internal forces or deformations of a RFEM load
case.

You can set the design case in the drop-down-list of the RFEM menu bar.

The Results navigator is aligned with the design results of the RF-CONCRETE Members module.
It enables you to select the different reinforcement types for the strength limit state and the
serviceability limit state designs including all detailed results.

Project Navigator - Results x Panel *

= [¥] v Diagrams Inter Coupled - Normalized RF-CONCRETE Members
= [B] vi# Required Reinforcement

A=z ffop)
""" E| Az {bottom) I
----- Pt Aot I As.22 (bottom)

..... [ F¥ Az frop) + AV2

----- D i Az {bottom) + A2

----- D 2 Astotal + Al

..... [ r 2*ac+ av

+-[B] » Provided Reinforcement

= [B] v Serviceability Limit State Design

2. [H] F# Ratio

: D':" Uzlocal

e wi

[ v wi-z frog)

= [B] ri¥ Serviceability Check

[0 2 uzioca

[ v wi-z frog)

------ [ F¥ wi+z (bottom)

= [#] ri¥ Reinforcement - Rendering
+E| r# Longitudinal reinforcement
- [] Pl Stirrups
_|:| 2 Anchering Ea 4

[#] ## Beginning

.[w] P End

L[] P Member

ﬁData EDisplay Aviews D Results

Figure 6.4: Results navigator and panel for RF-CONCRETE Members

The Results navigator allows you to display several reinforcement types or designs at the same
time. In this way, it is possible, for example, to compare graphically the required longitudinal
reinforcement with the provided longitudinal reinforcement. The panel will be synchronized
with the selected types of results.

Find an example for the graphical documentation for a shear analysis in the following article:
https://www.dlubal.com/en-US/support-and-learning/support/knowledge-base/000715

Due to this multiple selection and the automatic color assignment, the options available in the
Display navigator for the representation of member results are of no relevance.

To turn the display of design results on or off, use the toolbar button [Results on/off]. To display
the result values in the graphic, use the [Show Result Values] button to the right of it.

As the RFEM tables are of no relevance for the evaluation of the RF-CONCRETE Members results,
you may deactivate them.
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Similarly to the member internal forces, the member diagrams can be scaled in the second
panel tab Display Factors for the evaluation and the printout.

Panel x

Display Factors

Deformation:

Member diagrams:
Hs

Surface diagrams:

Section diagrams:

Reaction forces:

Trajectories:

Increments:

Figure 6.5: Panel tab Display Factors

In addition to the required and the provided reinforcement, it is possible to evaluate the in-
termediate results of all designs graphically.

&) RFEM 5.12.01 x4 - Reinforcement optmized Floor Beam - [u] X
File Edit View Inset Calculate Results Tools Table Options Add-on Modules Window Help
DS9IRHEBE B FRQECS [E|E] % RF-ONCRETE Members cat -pesign. = & > # 17| S| of B B B RWE L YO AXSIBE BEPL
VAP Ay MM m-B- -G i RREY - MRATI RAEE - -T2 Mo @y =B-2H ES-K-B-8- -8
Project Navigator - Results 2 x E—— —
= [=E]=]| = [= ==
912 Diagrams Inter Coupled - Normalized!
B2 Required . ~Desianof RF-CONCRETE Members CA1 - Design of concrele members
Ore
Ore
Q= e 309 209 303 209
On A o7 A= o6t 0 I !
A = Il = I
- I T T o ! .
O s o
7 g 208 [20e 2
O Asez o) + AV2 305
07 As+z ootiom) + Av2 ]
7 Astoi + Al
Ort 2"at+ av
[E] i Provided Reinforcement o
O 2 As.z top)prov 1
(5 A Axe frotormppeor. o 0 0ss i o .
O
] ® "
[ -2# Det: ults
[E] - Serviceability Limit State Design Max A-s folal 3.44 2. Max A-statalprov: 61872
[E -# Ratio Max A5 +4 (bottom} 3 05 in2 Ve s (boltomprov. 3092
e w2 (o T Wik 3T Comaront 30 w2
O uzioca
O wee [ ——
; = [© (@ [ 5] | I Renforcement optmized Floor Beam =
RF-CONCRETE Mermbers CA1 - Design of concrete menbers RF-CONCRETE Members CA1 - Design of corcrele members
o
0 i oo o T o o o
[+ Reinforcement - Rendering $ o e o
2 Longtudinal reinforcement [ on ose | " H Ll '
6] stimups
[+ Anchoring
[l Beginning
@ End
[ r2* Member
o
o o o
I_‘ % 1_‘ w
. N z H
Mo a-v: 091 2t Wi - sl rov. 091 2t
oata EDisplay Aviews O resuts
[SNAP GRID [CARTES [OSNAP [GLINES [DXF

Figure 6.6: Graphical output of required and provided reinforcement

All results graphics can be transferred like RFEM graphics to the global printout report (see
chapter 7.2, page 74).

With the Reinforcement - Rendering option in the navigator, it is possible to display the rebars
and stirrups in the RFEM work window (see Figure 6.7).
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Project Navigator - Results x
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. [H "2 Required Reinforcement
[ As-zropy
[ As+z ppotiom)
e Asoal
[mESYY
[mESEN
- av
[l rsé Asez ropy + A2
[ ¥ As 2z fboram) + AV2
[ v Astotal + A1
e Zacs av
- [E] v Provided Reinforcement
[ ra* As-z rophprov.
[0~ As.+z otiomyprov.
O Aszoulprov.
[ r asstirupprov.
[B] r2#* Detailed results
[H] v Serviceability Limit State Design
() [ r# Reinforcement - Rendering
[ - Longitudinal reinforcement
[ vi* A-s, 2 (top), prov.
..... [#] v A-5,+2 (bottom),prov. —
[l ¥ A-s total,prov. [
[#] r* Description on -z (top) T
..... [#] v Description on +z (bottom) o T
£ [] A Stirrups T i
- [ »# Description
£ [l s# Anchoring
|- Beginning .
< T > *
fyData [='Display 4 Views © Results

Figure 6.7: 3D rendering of reinforcement in RFEM
As usual in RFEM, you can use the [Print Graphic] button to send the graphic to the printer, or
to transfer it to the printout report.

It is always possible to return to the design module by clicking the [RF-CONCRETE Members]
button in the panel.
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6.4 Result Diagrams

The result diagrams are available in the RFEM graphic. To display the diagrams,

select Result Diagrams on Selected Members on the Results menu,

or use the button in the RFEM toolbar shown on the left.

VAN

Dlubal

A window opens showing the distribution of the reinforcement areas and detailed results on

the selected member or set of members.

<9 Result Diagram on Member - o
Members No:: 1 RS BB R E L E = e ud | AN
|5 | reconcrere Members - @
= (@ Required N a1z N2t
0 As 2 tom Required Reinforcement - As, z top) [jn?] = ~
x Rez )
[ Assoat o ] 2]
O 3 - o0 074 A
Oat 044 061
Ea - 2 0.82 061
O As 2 gop + Av2 5 5 - g S 164 061
[0 As.z omom) + AV2 | L S f H 1% 061
O Assora+ At 246 061
Oavac+av 328 000 v
& [H] Provided Reinforcement
[IMax/minorly  []Ends only
e Required Reinforcement - As +2 bottom) in?] A
[ asstirupprov x As.ez (botom)
[ Detailed results L} 2]
&-[H] Serviceability Limit State Design - 0.00 000 A
[ Ratio 1 T : : : : ! 044 000
i [8] Serviceability Check 2 082 0.00
5. 8] Detailed results ° 164 0,00
198 061
246 061
328 061 v
[IMasminorly [ Ends only
Required Reinforcement - ay [in2/ft] e
x ED
_ _ ) 2/
3 2 - 0w 000 ~
044 010
- Ed £l = 2 0.82 0.36
s | QIR ) s o S 164 034
AT T | 7T i 7T
245 0.10
328 026 v
[IMax/minorly  []Ends only
< >
Resuits 4 b v
Location x: 4.24 ft Start X2 00,00 00ft End X¥.Z: 19.7, 0.0, 0.0ft Order. 14

Figure 6.8: Dialog box Result Diagram on Member

In the Navigator on the left, select the reinforcements and detailed results. By means of the
lists in the toolbar above you can set a particular design case of RF-CONCRETE Members as
well as specific members or sets of members for the display.

For more detailed information on the dialog box Result Diagram on Member, see Chapter 9.5 of
the RFEM manual.
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6.5 Filter for Results

In addition to the result windows which already allow for a particular selection according to

certain criteria due to their structure, you can use the filter options for members or results to
evaluate the designs graphically.

Furthermore, you can apply defined or new Visibilities (see Chapter 9.9.1 of the RFEM manual)
to group objects for the evaluation.

To set the numbers of those members whose results are to be shown exclusively, use the Filter
tab of the control panel. This function is described in Chapter 9.9.3 of the RFEM manual.

Panel x

282 Show diagrams for
. members No

i 12
Ak

e Al 081

None

T ‘ 7 1 i —

35

B (& X

Figure 6.9: Filtering members in the panel

In contrast to the Visibilities function, the entire model is displayed in the graphics.
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7. Printout

7.1 Printout Report

for the reinforced concrete design.
generated relatively quickly.

output data in all add-on modules.

the documentation.

VAN

Dlubal

Creating printouts is similar to the printout procedure in RFEM. First, the program generates a
printout report for the results of RF-CONCRETE Members. Then, graphics and descriptions can
be added. In the printout report, you can select the types of results which you want to include

When your model is rather extensive, it is advisable to split the data into several small reports.
If you create a separate printout report for RF-CONCRETE Members, this printout report can be

The printout report is described in detail in the RFEM manual. In particular, Chapter 10.1.3.5
Selecting Data of Add-on Modules provides information concerning the selection of input and

The Printout Report Selection dialog box provides various options to select input and output
data. Thus, the reinforcements as well as the detailed results can be individually prepared for

Printout Report Selection - PR1

Program Global Selection Input Data  Reinforcement  Serviceability Check  Fire Resistance  Nonlinear Analysis
RFEM

R Display
Reinforcement Required Mo. Selection (e.g. '1-5,20)
[Jz.1... by Cross-Section All

Detailed Results
2.2... by Set of Members Sets: All
[petziled Results
2.3 ... by Member Members: Al
[ petziled Results

[J2.4... by xLocation All
Detailed Results Al
[J2.5... Mot Designable All

Longitudinal Reinforcement
3.1... Provided Members: Al
... Provided - Anchorage Sets: Al

.. Provided - Graphics

Shear Reinforcement
3.2... Provided Members: All

... Provided - Graphics Sets: all

[ 3.3 Reinforcement Provided by x-Location All

Detailed Results Al

3.4 Steel Schedule

Display Error messages or notes
[ Cover sheet ]

[] Conterts

Info pictures

Uppercase tiles

D

ol

Figure 7.1: Printout report selection of results of RE-CONCRETE Members, tab Reinforcement
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7.2 Graphic Printout

The design graphics can be either integrated in the printout report or sent directly to the
printer. Printing graphics is described in detail in the RFEM manual.

|""_;f'3 | Every picture that is displayed in the graphic window of the main program RFEM can be in-

= cluded into the printout report. Furthermore, it is possible to incorporate the 3D rendering
graphics and the member result diagrams in the printout report by using the [Print Graphic]
button.

To print the current RF-CONCRETE Members graphic displayed in the RFEM work window,
select Print on the File menu or use the toolbar button.

&P RFEM 5.12.01 %64 - [Reinforcement optrized Floor Beam?®]

E File Edit View |Insert Calculate Results Tools Table Options  Add-on Modules Window  Help
NE99EE8wE = Q@S ||E|E) %8 RF-CONCRETEMembers CAT - Design ~ @ >
e e e @B G- -t BRRES  RAAD

Figure 7.2: Button Print in the toolbar of the main window

£ Member No. 2
£9 File Extras  View Window

(B HBAESF FRELE RO ||« | s BE2|0m L =20 E ==

Figure 7.3: Button Print in the toolbar of the 3D rendering window

The following dialog box opens:

Graphic Printout *

General Options Color Scale  Factors  Border and Stretch Factors

Graphic Picture Window To Print Graphic Scale
(O Directly to a printer... = (® Current only (®) As screen view

PR1: Ik ~ More... | (O Window filing
(O To the Clipboard (O Mass prirt... = OToscale 1: 100
() To 3D PDF
Graphic Picture Size and Rotation Options
Use full page width Show results for selected xdocation in result

diagram

O Use full page height [] Lock graphic picture {without update)

(® Height: 5115 [% of page]

Rotation: 0 171

Show printout report on [OK]

Header of Graphic Picture

| Results

2 Cancel

Figure 7.4: Dialog box Graphic Printout, tab General

This dialog box is described in detail in Chapter 10.2 of the RFEM manual.

To move a graphic within the report to another position, use the drag-and-drop function.

Remove from Printout Report

To modify a graphic subsequently in the printout report, right-click it in the report Navigator.
The Properties option in the shortcut menu opens the Graphic Printout dialog box where you
can adjust the settings.

Start with New Page

Selection..

Properties...

74 I Program RF-CONCRETE Members ACI © 2017 Dlubal Software GmbH
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RF-COMCRETE Members CA1 - Design >

R <
by

LC1 - Seff-weight

LC2 - Live load

LC3 - Imperfection towards +X
CO1-14°1C1 +1C3
C02-1.25°LC1 +1.5°LC2 + LC3
Co3-1C1

CO4-1C1+LC2

RCT - Utimate Limit State

RC2 - Serviceability Limit State
RFCOm IMembers CA1 - Design of concrete members

RF-CONCRETE Members CAZ - Column design
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8. General Functions

This chapter describes some menu functions as well as export options for the design results.

8.1

Members and sets of members can be arranged in groups for different design cases. In this
way, you can define particular design specifications (materials, cross-sections, reinforcement
layout, etc.) for groups of structural components, for example.

Design Cases

It is no problem to analyze the same member or set of member in different design cases.

In RFEM, you can set the design cases of RF-CONCRETE Members in the load case list of the
toolbar.
Create new design case
To create a new design case,
select New Case on the File menu of the RF-CONCRETE Members add-on module.

The following dialog box appears.

Mew RF-COMNCRETE Members Case *
No. Description
|B | |Design of concrete members -
» Cancel

Figure 8.1: Dialog box New RF-CONCRETE Members Case

In this dialog box, enter a No. (which is not yet assigned) and a Description for the new design
case. When you have clicked [OK], Window 1.7 General Data opens where you can enter the
new design data.

Rename design case

To change the description of a design case,

select Rename Case on the File menu of the RF-CONCRETE Members add-on module.

The dialog box Rename RF-CONCRETE Members Case appears.

Rename RF-CONCRETE Members Case *
No. Description
| 3 | | New description| -
» Cancel

Figure 8.2: Dialog box Rename RF-CONCRETE Members Case

In this dialog box, you can specify a different Description as well as a different No. for the de-
sign case.

. 4
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Copy design case

To copy the input data of the current design case,

select Copy Case on the File menu of the RF-CONCRETE Members add-on module.

Copy RF-COMNCRETE Members Case *
Copy from Case
CA1 - Design of concrete members w
New Case
MNo.: Description:
|4 | |COIumn design -
) Cancel

Figure 8.3: Dialog box Copy RF-CONCRETE Members Case
In the dialog box, you can specify the No. and, if necessary, the Description of the new case.

Delete design case
To delete a design case,
select Delete Case on the File menu of the RF-CONCRETE Members add-on module.

In the dialog box Delete Cases, you can select a design case in the Available Cases list.

Delete Cases *

Available Cases
#
No. Description -

1 Design of concrete members
2 Column design

2 Cancel

Figure 8.4: Dialog box Delete Cases

To delete the selected case, click [OK].
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Edit

Info About Cross-Section...

Import Cross-Section from Library...

Import Cross-5Section from RFEM
Export Cro{}-’iection to RFEM

Edit List ‘Members to Design’

Import Material from Library
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8.2  Cross-section Optimization

As mentioned in Chapter 3.3, RF-CONCRETE Members offers you the possibility to optimize

cross-sections. Select the check box of the relevant cross-section in column C of Window 1.3
Cross-Sections (see Figure 3.6, page 22). Immediately afterwards, the following dialog box is

opened where you can define the parameters.

Optimization Parameters, FB 20/28/7.5/10 *
To Optimize
Opti- .
mize Current Minimum Maximum Increment o D ~
b 20.00 | 20,00 5 40.00 |5 2,00 5 [in] |
(b 28.00 : : > | lin]
Ot : : 3l -
s: : o > | [in] -

z
s
Targeted percentage of reinforcement:

2.0 4 28] [ FB 20/28/7.5/10

(O Not to be exceeded at any location

(®) As average value over the whole member or setlength

D @ Cancel

Figure 8.5: Dialog box Optimization Parameters of a T-beam

By selecting the check boxes in the Optimize column, you decide which parameter(s) you want
to modify. The selected check boxes enable the Minimum and Maximum columns where you
can define the upper and lower limits of each parameter for optimization. The Increment col-
umn controls the interval in which the dimensions of each parameter vary during the optimi-
zation.

The criterion for optimization is controlled by the specification that the Targeted percentage of
reinforcement either is not exceeded at any location or is available as average value over the
entire object. The reinforcement ratio can be defined individually.

During the optimization, RF-CONCRETE Members finds out which dimensions of the selected
parameter(s) should be used in order to still fulfill the design. Please note that the internal
forces won't be recalculated automatically with the modified cross-sections (the internal forces
may vary considerably because of the changed stiffnesses within the model). It is up to you to
decide when to transfer the optimized cross-sections to RFEM for a new calculation. Therefore,
it is recommended to recalculate the internal forces with the modified cross-sections after the
first optimization, and then to optimize the sections once again.

You do not need to transfer the optimized cross-sections to RFEM manually: Got to Window 1.3
Cross-Sections, and then

select Export Cross-Section to RFEM on the Edit menu.

You can also you the shortcut menu of the table rows in Window 1.3 to export the modified
cross-sections to RFEM.

Before the cross-sections are transferred, a query asks you whether the results of RFEM should
be deleted. When you confirm this query and start the [Calculation] in RF-CONCRETE Members,
the internal forces and areas of reinforcement are determined in one calculation run.
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To reimport the original RFEM cross-section to RF-CONCRETE Members, use the menu function
described above. Please note that this option is only available in Window 1.3 Cross-Sections, too.

If you optimize a tapered member, the program modifies the member's start and end and in-
terpolates the second moments of area for the intermediate locations linearly. As these mo-
ments are considered with the fourth power, the designs may be inaccurate if the depths of
the start and end cross-sections differ considerably. In this case, it is recommended to divide
the taper into several single members whose start and end cross-sections have minor differ-
ences in depth.

8.3 Units and Decimal Places

The units and decimal places for RFEM and all add-on modules are managed in one dialog box.
In the module RF-CONCRETE Members, you can use the menu to change the units. To open
the corresponding dialog box,

select Units and Decimal Places on the Settings menu.

The following dialog box, which you already know from RFEM, opens. RF-CONCRETE Members
is preset in the Program / Module list.

Units and Decimal Places *

Program / Module RF-CONCRETE Members

- RFEM ~

- RF-STEEL Surfaces pu ot Results

- RF-STEEL Members Unit Dec. places Uniit D
- RF-STEEL EC3 Lenaths: Bt -
- RF-STEEL AISC
.. RF-STEEL IS Section dimensions: in ~
- RF-STEEL SIA
- RF-STEEL BS
.. RF-5TEEL GB Reinforcement areas:
- RF-STEEL CSA
- RF-STEEL AS
- RF-STEEL NTC-DF Stresses: kesi w
- RF-STEEL SP

- RF-STEEL Plastic
- RF-STEEL SANS Angles: : ~
- RF-STEEL Fatigue Mer

- RF-STEEL NER

- RF-STEEL HK

- RF-ALUMINUM

- RF-ALUMINUM ADM

- RF-KAPPA

- RF-LTB

- RF-FE-LTB

- RF-EL-PL

- RF-C-TO-T

- PLATE-BUCKLING

- RF-CONCRETE Surfac

- RF-CONCRETE Memi»

- RF-CONCRETE Columi ¥

D | 2| |&E m Cancel

laces

=
@

C.

=]

A
A

Stresses: kesi ~

A
A

Lengths: ft -
Support widths: in ~ Reinforcement areas: in"2 w
Forces: kip ~

Reinforcement ratios:

Ar| 4] [

Forces: kip w

Strains:

Ak 4
i
<

Ak 4

Dimensionless: Dimensionless:

A

Deflection: in -
Crack widths: in w

A

N
[

A

[ S P |

Figure 8.6: Dialog box Units and Decimal Places

The settings can be saved as a user profile so that they can be reused in other models. This
function is described in Chapter 11.1.3 of the RFEM manual.
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8.4  Export of Results

The results of the reinforced concrete design can also be used in other programs.

Clipboard

To copy cells selected in the result windows of RF-CONCRETE Members to the clipboard, use
The headers of the table columns won't be transferred.

Printout report

The data of RF-CONCRETE Members can be printed into the printout report (see Chapter 7.1,
page 73) where they can be exported. In the printout report,

select Export to RTF File or VCMaster on the File menu.

The function is described in Chapter 10.1.11 of the RFEM manual.

MS Excel

RF-CONCRETE Members provides a function for the direct data export to MS Excel or as a CSV
file. To open the corresponding dialog box,

select Export Tables on the File menu in the RF-CONCRETE Members add-on module.

The following dialog box appears.

Export of Tables =
Table Parameters Application
With table header (®) Microsoft Excel
[ only marked rows (s fle format

Transfer Parameters

[]Export table to active workbook
Export table to active worksheet

Rewrite existing worksheet

Selected Tables

@ Active table [JExpert hidden columns
O All tables |:| Export tables with details
Input tables

Result tables

? Cace

Figure 8.7: Dialog box Export of Tables

When you have selected the relevant parameters, start the export by clicking [OK].

Excel will be started automatically. Itis not necessary to run the program in the background.

the keys [Ctrl]+[C]. To insert them, for example in a word processing program, press [Ctrl]+[V].
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Insert Page La

1 19,69

1 12,80

1 0,00

1 19,02

1 0,00
Member No. 2 - FB 20/28/7.5/10
2

2

2

2

2

3

3

E

3

2.3 Required Reinforcement by M

Figure 8.8: Result in MS Excel
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9. Example

This chapter describes an example where the doubly reinforced beam is designed for strength
limit state according to ACI 318-14.

9.1 Input Data

System Cross-section

3,600 Kip#ft [ LC2 - Live load )

I .

1800 kip#ft [ LC1 - Dead Load ) I : e o

T v v ! ¥ f 3

I - coe ’-

z

Figure 9.1: System, loads and cross-section
Cross-section Rectangle
h=25in,b=11in

Material Concrete f'c=5 000 psi
Reinforcing steel f, = 60 000 psi

Reinforcement Top 2#8 (As=1.57in?,d=21.5in
Bottom 6#8 (A’s=4.71in?,d =2.5in

Stirrups #4
Loads
Dead load
(including self-weight) woL = 1.80 kips/ft
Live load wi = 3.60 kips/ft

Factored internal forces
Load factor 1.2 (dead load)
Load factor 1.6 (live load)

Factored load combination w, =1.2wp +1.6w; =1.2-1.80+1.6-3.6 =7.92kips/ft

Factored moment M, :%WUL2 :%7.92 -20% =396kips - ft

Factored shear force Vy, :%WUL :%7.92 -20=79.2kips
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9.2  Flexural Strength
Check reinforcement ratio
p=Ls = 471 601992
b-d 11.215
p=2s = 157 400664
b-d 11.215
200 = _200 =0.00333
fy 60,000
Pmin =Max , = Pmin = 0.00354
3/f N
<= 345000 =0.00354
f, 60,000
Check yielding of compression reinforcement
Equilibrium equation A, =085f' b-a+A'f,
A —A —
_(A-AV,  (471-157)60 _403n
0.85f'.b 0.85-5-11
(31 = 0.80 for concrete 5000 psi
C :i:4'_03:5_04in
B, 0.80
—d 04-2.
Strain in the compression steel €= c-d 0.003 = 204-25 0.003=0.00151
C 5.04
f
Yield strain of steel g, == 0 _ 600207
E, 29,000
€< &, = Compression reinforcement does not yield, assumption is not valid.
Define rectangular concrete stress distribution
. , c—=d'
Equilibrium equation Af, =0.85f' b-Bic+ A’ TO~003' Ec
c-25
4.71-60=0.85-5-11-0.80-c+1.57 0.003-29,000
C
Solution of the quadratic equation: ¢ =5,55in
a=(1c=0.80-555=4,44in
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Strains and stresses

—d 5.55-2.5
s'sz(c ]0.003:[Tjo.003:o.00165 <e,
C .

f'.=¢' E, =0.00165- 29,000,000 = 47,810psi

g = [ d-c j0.003 = (MJO.OO.’) =0.00862>0.005=¢=0.9
C 5.55

Design moment strength

(471-60-1.57- 47.81)(21 5 —%} +

0-M, =0(Af, — A, f's(d —gj +ALF (d—d)=09
+1.57-47.81(21.5-2.5)
=4885kips -in=407.7kips - ft

¢-M, =407.kips - ft >M,, =396kips - ft OK

9.3  Shear Strength

Shear strength provided by concrete

Mu,sup port = 0

v,d
M

<1.0

u,sup port

[1 IfFc +2500p,, MLdjbwd =

u,sup port

= (1 9-1.04/5000 +2500-0.01992 - 1)1 1.21 .sﬁz 43.55kips
3.5h/fcb,,d=3.51/5000 -1 1-21,5%: 58.53kips

. [43.55kips .
V.=mi =43.55kips

c— n .
58.53kips
V, =79.2kips >%(I)VC :%OJS -43.55=16.33kips = Stirrups needed

Shear strength provided by shear reinforcement

V-9V, 79.2-0.75-43.55

V. =62.05kips
* o 0.75 P
Theoretical spacing
Afd 2. .60 -
_AVd 2.020-60-215 _ 8.39in

V,

S

62.05
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Maximum spacing to provide minimum A.:

Ay 2.0.20-60,000

5= = = 41.14in
0.75,/f.b,,  0.754/5000 -11

o AJf, 2.0.20-60,000
50b,, 5011

=43.63in

Spacing limits acc. to 11.4.5.1:
1
V, =62.05kips < 4,/f b,,d=4+4/5000 -11-21 55 = 66:8%Kips

d

§=—=
2

%z]OJEin <24in

= bars #4@8 in

Design shear strength

Afd 2.020-21.
V, = VSV _2:0 g 5:64.5kips

V, = (V. +V, )=0.75(43.55 + 64.5)=81.04kips > V, = 79.2kips

9.4 Development of Reinforcement

Development length of tension reinforcement

Spacing of longitudinal reinforcement s=3in
e +%=241225
Cp=min{ € 2 =1.5in

40A 40-2-0.20
Ky = r = =0.333
sn 8-6

Cp +Kyr _ 1-5J;%333 =1.833<25

Development length of compression reinforcement

_0.02f, ~ 0.02-60,000
Mmff. ° 1.045000
<0.0003f,dj, =0.0003-60,000-1.0=18in

=16.97in

dc

db
f . .
ly= 3 N wweys dy = 360000 1.0:1.0-10) . o,
40 2/t [chth,J 401.04/5000 1.833
db

VAN

Dlubal

84

I Program RF-CONCRETE Members ACI © 2017 Dlubal Software GmbH




.9 Example /I\

Dlubal

19.5 Results in RF-CONCRETE Members

The following figures show the longitudinal and shear reinforcement designed by the add-on
module RF-CONCRETE Members.

3.1 Provided Longitudinal Reinforcement

B C D E F G | H ] J K
ltem Reinforcement MNo.of |Bar Mo. As Length x-Location [in] Weight
No. Position Bars H in3] [in] from | to Anchorage [b] Motes
Member Mo. 1 - Rectangle 11/25
1 2 ftop) 2 8 1.57 343847| 51924 291524 ¥ 183.17
2 42 (bottom) 3 8 236 319883 | -39941| 279.941 o 21375
3 +2 (bottom) 3 8 236 319883 | -39.941| 279.941 ] 21375

b e
B RAXS FEEOQ & (e |sBDim - === =
(1)243,1= 343347 n
(2)343,1=313333n
(3)3e3,1=313333 0
Figure 9.2: Window 3.7 Provided Longitudinal Reinforcement
3.2 Provided Shear Reinforcement
D E F | G H | J K
Section | tem No. of Bar No.| Length x-Location fin] Spacing |Mumber of| Weight 1 A1 - 000N
Ma. Stimups H fin] from | to sifin] | Sections flb] Motes
Member No. 1 - Rectangle 11/25 \a‘&
1 1 k)l 4 240.000 0.000 | 240.000 8.000 2 123.62 \

2250

.00

BIHAYSF REREO S v@ s |B2am 5= == =

(17731 #4 - 5.0000n

Figure 9.3: Window 3.2 Provided Shear Reinforcement
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ACI 318-14: Building Code Requirements for Structural Concrete (ACI 318-14) and
Commentary, ACI Committee 318, September 2014

EN 1992-1-1:2005 + AC2010: Design of Concrete Structures — Part 1-1 : General Rules
and Rules for Buildings. 2005
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