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Disclaimer ®

Considerable time, effort and expense have gone into the development and testing of this
software. However, the user accepts and understands that no warranty is expressed or
implied by the developers or the distributors on the accuracy or the reliability of this
product.

This product is a practical and powerful tool for structural design. However, the user must
explicitly understand the basic assumptions of the software modeling, analysis, and design
algorithms and compensate for the aspects that are not addressed.

The information produced by the software must be checked by a qualified and experienced
engineer. The engineer must independently verify the results and take professional
responsibility for the information that is used.
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Below you will find pricing for all CSI Products.All prices are in US Dollars.
STANDALONE LICENSE NETWORK LICENSE
License Price Annual MNT License Price Annual MNT
SAP2000
Basic 2000 350 2600 455
Plus 5000 875 6500 1135
Advanced 8000 1400 10400 1820
Ultimate 12000 2100 15600 2730 1 2000x3700=244F400°000 T
CSiBridge
Plus 9000 1575 11700 2045
Plus w/ Rating 13000 2275 16900 2955
Advanced 16000 2800 20800 3640
Advanced w/ Rating 20000 3500 26000 4550
. 6000x3700=22"200°000 T
Plus 5000 875 6500 1135
Nonlinear 8000 1400 10400 1820
Ultimate 12000 2100 15600 2730
SAFE
Standard 4000 700 5200 910
Post-tensioning 6000 1050 7800 1365
PERFORM-3D
PERFORM-3D 12000 2640 15600 3430
csicoL )
csicoL 1100 190 1430 250 ) \ P ﬁﬂ
— e = .y N P
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It should be noted that the design of reinforced concrete slabs is a complex subject and the
design codes cover many aspects of this process. SAFE is a tool to help the user in this
process. Only the aspects of design documented in this manual are automated by SAFE
design capabilities. The user must check the results produced and address other aspects not
covered by SAFE.
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General
Total DOF per Node = 3 (or 2)

Total Displacements per Node = 2
Total Rotations per Node = | (or 0)

Membranes are modeled for flat surfaces

Application

For Modeling surface elements carrying
in-plane loads

Building Specific Application

For representing floor slabs for Lateral
Load Analysis.

Model Shear walls, Floor Diaphragm etc

> cY

Node 1

Membrane
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The Shell Element

General
Total DOF per Node = 6 (or 5)

Total Displacements per Node = 3
Total Rotations per Node =3

Used for curved surfaces

Application

For Modeling surface elements carrying
general loads

May be used for modeling of general slabs systems.
But not used generally

Suitable for curved structures

Building Specific Application
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General
Total DOF per Node =3

Total Displacements per Node = |
Total Rotations per Node =2

Plates are for flat surfaces

Application

For Modeling surface elements carrying
out of plane loads

For representing floor slabs for Vertical
Load Analysis

Model slabs

Building Specific Application
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Simple Supports

Fix, Pin, Roller etc.
Support Settlement

Elastic Supports

Spring to represent soil
Using Modulus of Sub-grade reaction

Full Structure-Soil
Model

Use 2D plane stress elements
Use 3D Solid Elements
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Define menu > Materials
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Add New Matenal..
Add Copy of Material..

Moddy/Show Mateal..|

- Materials 4 ?
Materials : Click to:
T Add New Material Quick.
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f\ axiw This publication or any part thereof must not be reproduced in any form without the written permission

’ las K sl
— las sl (o Kbl
— h.k..ub.)l.m»lc]w&d»
B8 uick Material Definition 7 <
Specify Material Parameters
Material Type | Concrate _7 _ B %
Specification CSAC0 =
oK Cance!

Version: 1.0

”é WebSite: www.M-Alirezaei.com
(A Telegram: @AlirezaeiChannel

Bl Material Property Data 7 X ‘
General Data
Material Name N
Material Type Concrete
Material Display Color Bl cese. [ ]
Material Notes Mod#y/Show Notes...
Material Weight
Weight per Unit Volume 2.3563E-01| kN/m3
Isotropic Property Data
Modulus of Basticty, E [286673123¢ | Nmm2

Paisson’s Ratio, U bz ]

Shear Modulus, G 11111.38014

Other Propetties for Concrete Materials
Specfied Concrete Compressive Strength, fc [30 | wnm2
[ Lightweight Concrete

Modulus of Rupture for Cracked Deflections
@® Program Default (Based on Concrete Siab Design Code)

O User Specified

oK Cancel

Coefficient of Thermal Expansion. A |s.5E:08 vc\
N/mm2 19 =

N
mm?

. = (33007, +6900) (Z—;)

. = 25 kN/m?

kg
0.15 fOT' fc < 500 W

kg
0.2 for f. > 500 oz
a = 10° L
co kg
fe =200 ~500—=
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Point Spring Properties... Tendon Properties Tendon Tendon Property Data
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Coordinate Systems... Column Properties Column/Brace Column Property Data
Groups...
— 'Wall Properties Wall/Ramp Wall Property Data
ass SOUrce...
Load Patterns... . . .
Soil Subgrade Properties Area Soil Subgrade Property Data

Load Cases...

Load Combinations...
Add Default Design Load Combinations Point Spring Properties Point Point Spring Property Data

Convert Combinations To Nonlinear Uplift Cases...

Database Table Named Sets... Line Spring Properties Line Line Spring Property Data
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Draw Objects Draw Slabs/Areas

Draw | Select Assign

Design  Run

¢ Select Object Bl Draw Siabs/Areas ? X ‘
'?(' Reshape Object
Type of Object Slab
[# Draw Slabs/Areas Property DROP
.l Draw Rectangular Slabs/Areas Edge: Drawing Typa ek o
[all QuickDraw Stabs/Aress
@ Quick Draw Areas Around Points
. DrawBeams/Lines
!_"1! Quick Draw Beams/Lines
[®] Draw Columns
L3 Draw Walls
Draw Points f j
8 3 e
=  Draw Design Strips -
= (]
@  Draw Grids
i

Draw Dimension Lines g f , 4
3 ‘/ -
Draw Slab Rebar
=4 Snap Omluns ) - N %M
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Draw | Select Assign Design Run
¢ Select Object

Reshape Object

Draw Slabs/Areas
Draw Rectangular Slabs/Areas
&l Quick Draw Slabs/Areas

Quick Draw Areas Around Points

A BRUEN

Draw Beams/Lines
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Quick Draw Beams/Lines
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=y
1

{ Draw Columns

Draw Walls

n

Draw Points
=4  Draw Design Strips
®  Draw Grids
1%, Draw Dimension Lines
sssx  Draw Slab Rebar

%4 Snap Opticns...

Draw Rectangular Slabs/Areas

B Draw Rectangular Slabs/Areas ? X ‘
Type of Object Slab
Property DROP
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¢ Select Object

T Reshape Object

Draw Slabs/Areas

Draw Rectangular Slabs/Areas
Quick Draw Slabs/Areas

Quick Draw Areas Around Points

S BELN

Draw Beams/Lines

Quick Draw Beams/Lines

"4

=y
1

Draw Columns

Draw Walls

n

Draw Points
=4  Draw Design Strips
®  Draw Grids
&, Draw Dimension Lines
sssx  Draw Slab Rebar

=4  Snap Opticns...

Quick Draw Slabs/Areas

- Quick Draw Slabs/Areas ? X ‘
Type of Object Siab
Property DROP
Draw Object Using Grids
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Quick Draw Areas Around Points

¢ Select Object
T Reshape Object Type of Object
[# Draw Slabs/Areas Shape of Object
Property
.l Draw Rectangular Slabs/Areas X Dimension ]
ij\ Quick Draw Slabs/Areas Y Dimension [m]
Gl Quick Draw Areas Around Points i e Eoes

. DrawBeams/Lines
!;“11 Quick Draw Beams/Lines
[®] Draw Columns
L3 Draw Walls
Draw Points

=4  Draw Design Strips

®  Draw Grids

|—2. Draw Dimension Lines

sssx  Draw Slab Rebar

%4 Snap Opticns...

Slab
Rectangular Slab
DROP
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Draw Beams/Lines

Draw | Select Assign  Design  Run B Draw Beams/Lines

R Select Object
Type of Object
Property

Plan Offset Nomal [m]
Line Drawing Type

T Reshape Object

Draw Slabs/Areas

Draw Rectangular Slabs/Areas
Quick Draw Slabs/Areas

Quick Draw Areas Around Pgj

S BELN

Draw Beams/Lines

Quick Draw Beams/Lines

"4
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1

Draw Columns

Draw Walls

n

Draw Points
=4  Draw Design Strips
®  Draw Grids
&, Draw Dimension Lines

sssx  Draw Slab Rebar

=4  Snap Opticns...
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Quick Draw Beams/Lines

Draw | Select Assign Design  Run B Quick Draw Beams/Lines

¢ Select Object

T Reshape Object Type of Object
Property

[# Draw Slabs/Areas Plan Offset Nomal fm]

.l Draw Rectangular Slabs/Areas Draw Object Using

[_ﬂ Quick Draw Slabs/Areas
Gl Quick Draw Areas Around P
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Draw Beams/Lines
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Quick Draw Beams/Lines
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Draw Columns

Draw Walls
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Draw Points

Draw Design Strips

e 0

Draw Grids

Draw Dimension Lines
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Draw Slab Rebar
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Draw | Select Assign  Design  Run B Draw Columns

¢ Select Object

T Reshape Object Type of Object
Property Below

[#  Draw Slabs/Areas Property Above

. Draw Rectangular Slabs/Areas el

" Height Above: fm]

[al Quick Draw Siabs/Areas Plon Offset X ]

Gl Quick Draw Areas Around Points Plan Offset Y fm]
Angle [deg]

. DrawBeams/Lines Cardinal Poirt, (See Tookp)

!_g Quick Draw Beams/Li

[®] Draw Columns

L3 Draw Walls

Draw Points

=4  Draw Design Strips

@  Draw Grids

&, Draw Dimension Lines

Draw Slab Rebar
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Draw | Select Assign Design Run
Select Object

Reshape Object

Draw Slabs/Areas

LW "

Draw Rectangular Slabs/Areas

[_ﬂ Quick Draw Slabs/Areas
Gl Quick Draw Areas Around Points
. DrawBeams/Lines
[_1 Quick Draw Beams/Li
[®] Draw Columns
L3 Draw Walls
Draw Points
a Draw Design Strips
@  Draw Grids
1%, Draw Dimension Lines

Draw Slab Rebar

-4 Snap Options...

Draw Walls

- Draw Walls
Type of Object Wall
Wall Property Below WALLY
Wall Property Above NONE
Wall Height Below [m] 3
Wall Height Above [m] 0
Plan Offset Normal [m] 0
Line Drawing Type Straight Line
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Reshape Object

Draw Slabs/Areas
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Draw Rectangular Slabs/Areas

[_ﬂ Quick Draw Slabs/Areas
@ Quick Draw Areas Around Points
. DrawBeams/Lines
[_1 Quick Draw Beams/Lines
[®] Draw Columns
L3 Draw Walls
Draw Points
a Draw Design Strips
@  Draw Grids
&, Draw Dimension Lines

Draw Slab Rebar

=xd  Snap Opticns...
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. Draw Design Strips

Type of Object

Strip Layer

Strip Design Type
Start Width Left [m]
Start Width Right m]
End Width Left [m]
End Width Right [m]
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¢ Select Object
T Reshape Object

[# Draw Slabs/Areas

.l Draw Rectangular Slabs/Areas
[all QuickDraw Stabs/Aress

@) Quick Draw Areas Around Points

. DrawBeams/Lines
[_1 Quick Draw Beams/Lines
[T Draw Columns
L3 Draw Walls
Draw Paints . . .
Draw Dimension Lines
=4  Draw Design Strips |
@  Draw Grids - Draw Dimension Lines ‘ ? X ‘
1%, Draw Dimension Lines
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Draw | Select Assign  Design Run
¢ Select Object
T Reshape Object

[# Draw Slabs/Areas
.l Draw Rectangular Slabs/Areas
[all QuickDraw Stabs/Aress
@ Quick Draw Areas Around Points
. DrawBeams/Lines
'g Quick Draw Beams/Lines
L
= Draw Slab Reba
|&! Draw Columns
[ Draw Walls 1l Draw Siab Rebar Object 1 ? X
Draw Points
Type of Object Slab Rebar
=4  Draw Design Strips Rebar Size 16
Rebar Material CSAG30.18Gr400
@  Draw Grids Width Left jm] 06
&, Draw Dimension Lines oo Pk il b
Vert. Offset from Datum [mm] 50
ssss  Draw Slab Rebar Specification Type Total Number Bars
Total Number of Bars 4
=4  Snap Opticns...
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Selection by Graphical Methods Sl )5 Oy guas ol

Select menu > Select > Pointer/Window

SelectlAssign Design Run Display Detailing Tools Options Help

Select » Pointer/Window
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nvert Selection Ctrl+K Intersecting Poly ~ Ctrl+Shift+P
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Selection by Features

Select \ Assign  Design Run Display Detailing Tools
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»

ction

Clear Selection

Cri+K

Get Previous Selection  Crl+J

Crl+Q

Pointer/Window
Poly
Intersecting Poly

Intersecting Line

Properties

Groups...

Labels..,

Options  Help

ot | N B
Ctrl+Shift+0 L]
Ctri+Shift«P
CtrlShift+L E
> ! 2 Nl

¥ Materials Properties...
Ctrle ShifteU Slab Properties,.
Ctrl+Shift+B
Beam Properties...

all

Al

Ctri+A

Tendon Properties.

Column Properties...

Wall Propertiesi:

Soil Subgrade Properties..
Point Spring Properties...
Line Spring Properties...

Design Strip Layers...
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19.2.1.1 The value of fc' shall be

specifed in construction

documents and shall be in

accordance with (a) through Table 19.2.1.1—Limits for fc'

o Application Concrete Rin i Slximuey
(a) Limits in Table 19.2.1.1 PP fc', psi fc', psi

N Iweight and
(b) Durability requirements in General orl?";tvv\:/elig h:: an 2500 None
Table 19.3.2.1 ghtweig
Special moment .
(c) Structural strength P . Normalweight 3000 None
- frames and special
P e structural walls
Lightweight 3000 5000
_ — W} Q\
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= 02,8 Uiy sl S 5
1.4D (ACI Eqgn. 5.3.12)
[.2D + 1.6L + 0.5Lr (ACI Egn.5.3.1b)

12D + 1.0L + 1.6Lr . r\ (ACI Eqn.5.3.1¢)
4

1.2D + 1.6(0.75 PL) + 0.5Lr (ACI Eqn.5.3.1b, 6.4)

1.2D + 1.6L + 0.5S L : / (ACI Eqn.5.3.1b)
12D + 1.0L + 1.6S © (ACI Eqn.5.3.1¢)
0.9D + 1.0W ot (ACI Eqn.5.3.1f)
12D + 1.0L + 0.5Lr + |.0W (GJ (ACI Eqn.5.3.1d)
12D + 1.6Lr £ 0.5W (ACI Eqn.5.3.1¢)
1.2D + 1.6 * 0.5W (ACI Eqn.5.3.1¢)
12D + 1.0L + 0.5 + |.OW (ACI Eqn.5.3.1d)
0.9D * 1.0E (ACI Eqn.5.3.1g)
12D + 1.0L + 0.2S + |.0E (ACI Eqn.5.3.1¢)
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¢ = 0.90 for flexure (tension controlled) (ACI 21.2.1, Table 21.2.1)
¢ = 0.75 for shear and torsion (ACI 21.2.1, Table 21.2.1)
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@ Design shear reinforcement

@ Design torsion reinforcement
g 0 (5>|)Ja ALQ,IT (5>|)Ja o@'/&)ao.ﬁ) obg|6b»9m)§J):5|» (5|).3 L“)t-; %
bilyo ab 285 6 pSelr olad Lplyl (Hb Sl cwslia 5 po e Ges Gl L
ol (@20 yrosilo o 5ol 05 -+ Usles) BO ksi ol 0 3¥s8 s R 8T @anlym T
Aol il oad o5 Hlake ol Sl ey 0l iy a5 llas DY pulus LS &S (Soge )0
..&SGAJQW)L&EAOJ|A.»|) "ULQS)UEA

\ Y % dxiw Thls publlcatlon orany part thereofmust not be reproduced in any form W|t|10ut the written permission A Versmn 1.0

M.Alirezaei@iiees.ac.ir




www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

&

WebSite: www.M-Alirezaei.com
(A Telegram: @AlirezaeiChannel

sl B9 WS Jyl.'»o.)..«fb ool uv9) U"‘l"“’l)" k5>|)b X9, %
£=0.003 0851

d' c a=pc

() BEAM (I) STRAIN (Ill) STRESS
SECTION DIAGRAM DIAGRAM

\ YV dxaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.0

Z

WebSite: www.M-Alirezaei.com

&) Telegram: @AIirezaeiChannel
23 0,8 w0 0.003 @ (6)Lid LB o 5095 53 o GRS (B9 &S el ol o8 %
& Gogo 3wl U8 (i bk Sole 4 icws 0.005 5 s piis > Sl
Slol S g oads ailol ghie 4y 5)Lid slas Koo ails Klsz o cnl oo ghite )b
Ao s Ul 4 Caclan LidiS sla el g (5 Lid 6&3,,{1.9 g3

Table 21.2.2—Strength reduction factor ¢ for moment, axial force, or combined moment and axial force

[
Type of transverse reinforcement
Net tensile stain g, Classification Spirals conforming to 25.7.3 Other
& < &y Compression-controlled 0.75 (a) 0.65 (b)
0.0 itionl! 075+0.15 -G ) 065+025- %) d
€, <€ <0.005 Transition! . . (0.005—¢,) (c) a . (0.005—¢,) (d)
&> 0.005 Tension-controlled 0.90 (e) 0.90 | ®
&cuy = 0.003 C
c
dp
=

&

N y P
Reinforcement closest - 2 -y “__ '3 %\ Ny
' to the tension face = 4 % NG
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YW

—d— |d2 -
4 0.85f, b

c _ €c max
max = %
€cmax T €smin g
S
1 90 02 4
€cmax = 0.003
€smin = 0.005 ...
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Amax = P1 X Crmax

Table 22.2.2.4.3—Values of B, for equivalent rectangular concrete stress distribution

( 0.85 175 K9 _ o1 2 9g0 X9
% P —— —

' cm? ~ fe = cm?
0.05(f/ —280) kg kg

=< - —_ 4 [

B1=140.85 =0 - 280 — < f¢ <560 —;
0.65 > 5609

. - —

\ fC = cm?2
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Amax = P1 X Crmax

Table 22.2.2.4.3—Values of B, for equivalent rectangular concrete stress distribution
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9.6.1.2 As,min shall be the greater of (a) and (b), except as provided in 9.6.1.3. For a
statically determinate beam with a flange in tension, the value of b, shall be the lesser of b,

d 2b,,.
ane By 0.8./f! 14
Amin = max| ——b,,d ,—b,,d
fy Y
9.6.1.3 If As provided at every section is at least one-third greater than As required by
analysis, 9.6.1.1 and 9.6.1.2 need not be satisfed.
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22.5.5.1 For nonprestressed members without axial force, Vc shall be calculated by:

V. = 0.530/f/b,d — kg,cm
V. =017M/f/b,d - N,mm

22.5.3.1 The value of sqrt(fc’) used to calculate Ve, Vci, and Vew for one-way shear shall

not exceed 100 psi (27 kg/cm?), unless allowed in 22.5.3.2.

Ggd absly )3 @i ewile e SolST Vo4 pn dasie cwglis > Jlade bilgs Gb
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A = modifcation factor to reflect the reduced mechanical properties of lightweight
concrete relative to normalweight concrete of the same compressive strength.

19.2.4 Lightweight concrete

19.2.4.1 To account for the properties of lightweight concrete, a modifcation factor A is
used as a multiplier of sqrt(fc') in all applicable provisions of this Code.

Concrete Composition of aggregates A
. . Fine: ASTM C330
All-lightweight Coarse: ASTM C330 0.75
Lightweight, fne Fine: Combination of ASTM
blend ’ C330 and C33 0.75 to 0.85[1]
Coarse: ASTM C330
. . Fine: ASTM C33
Sand-lightweight Coarse: ASTM G330 0.85
Sand-lightweight, Fine: ASTM C33
coarse blend Coarse: Combination of ASTM 0.85to 1[2]
C330 and C33
Normalweight Al A5 1 C 1
Coarse: ASTM C33 A

R A
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22.5.1.2 Cross-sectional dimensions shall be selected to satisfy Eq. (22.5.1.2)
V, < (d)l/c + 2.2\/Ebwd) - kg,cm
Vo < (0. + 0.66fibyd) — N,mm

wl ¢=075 )l..\.an é,s .b.g'g) 0

| &
I
o

< T sl V0.5V, 31 %
Ay _ (Vu B (I)Vc)

s 0fpd

o ol 0.50V <V SOV, 51
b alys el (Kivnd bolyd il V>0V, 51

Aw@).b.:d).ﬁo u‘ )| ;Ju»l.ao.)u.b «_9.3).!5
fyt = specifed yield strength of transverse reinforcement o \//
k A y o - R B — 4Ny oy
\¥$ d>aw This publication or any part thereof must not be reproduced in any form without the written per -

mission : Version: 1.0

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
(A Telegram: @AlirezaeiChannel

s 2 05T 4 S5l 05 bl b 3929 g0 3 ACH bilss 3ub
9.6.3.1 A minimum area of shear reinforcement, Av,min, shall be provided in all regions
where Vu > 0.5¢Vc except for the cases in Table 9.6.3.1. For these cases, at least Av,min
shall be provided where Vu > @Vec.

Table 9.6.3.1—Cases where Av,min is not required if 0.5¢Vc < Vu < ¢Vc

Beam type Conditions ] . é
Shallow depth h<10in. h 5 Gee Sl
h < greater of 2.5tf or 0.5bw
Integral with slab and :(Slﬁ.b.:.m.n (_;l.m):.:” t5|)-3
h<24in.
h <25cm

h < min{60 cm, max(2.5hy, 0.5by,)}
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9.6.3.3 If shear reinforcement is required and torsional effects can be neglected according
to 9.5.4.1, Av,min shall be in accordance with Table 9.6.3.3.

Table 9.6.3.3—Required Av,min

Beam type Ay minlS
’ h\«
Nonprestressed 0-75\/Z_ (a) 0.2 fl
f\; A . C 3 5b
and prestressed Greater of v > .5by, k
with 4, f,, < S b — =2 max W - g, cm
0.4,y + AS) 50> ) N fyt fyt
b,
075, ’
A A 0.062 /fc 0.35b
Greater of?: v > b . w N N
Prestressed with ) — =2 max w B mm
Apfie 2 0.4(Apfou Lesser of: 50— (d) S fyt fyt
+A4f) "/ i
At [T
807,d \b, ©

' e AP
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22.7.3.2 In a statically indeterminate structure where Tu 2 ¢Tcr and a reduction of Tu can
occur due to redistribution of internal forces after torsional cracking, it shall be permitted
to reduce Tu to @Tcr, where the cracking torsion Tcr is calculated in accordance with
22.7.5.
pald s oS @)igisl Ol 5 035 (Kbl (umels 5 &5 (o 0 ACH Gk ez gs
)29 w)ia O )guo ML»).' L:...:,S L):“'Ql{ U'.’-I als U;.mlf ¢Tcr L) |) Tu )|.)..6.o Ulg.'i.tﬁ a.hbl)
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Equilibrium torsion, the design torsional moment may not be reduced
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Compatibility torsion, the design torsional moment may be reduced
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Acp = bh (ACI 2.2, R22.7.5) +*‘C}H’—2H|C}:r
Aoh = (b = 2¢)(h — 2¢) (ACI 2.2, R22.7, Fig R22.7.6.1.1) - P 9
Ao = 0.85 Aoh (ACI 22.7.6.1.1, Fig R22.7.6.1.1) ,_,.
pcp = 2b + 2h (ACI 2.2, R22.7.5) |
ph = 2(b - 2¢) + 2(h = 2¢) (AC122.7.6.1.1, Fig R22.7.6.1.1) —%~ -

%b_‘—'\
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Acp = bwh + (bf — bw)hf (ACI 2.2, R22.7.5) C
-P{bw —2¢|
Ach = (bw — 2¢)(h — 2¢) (AC1 2.2, R22.7, Fig R22.7.6.1.1) kb,
Ao = 0.85 Aoh (ACI22.7.6.1.1, Fig R22.7.6.1.1)
pcp = 2bf + 2h (ACI 2.2, R22.7.5)
ph = 2(h = 2¢) + 2(bw — 2¢) (ACI 2.2, R22.7.5)
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il
9.6.4.2 If torsional reinforcement is required, minimum transverse reinforcement (Av +
2At),.../s shall be the greater of (a) and (b):

(02 f’b‘”
A, + 24,  fyr
— 2= - kg,cm
S bw
3.5—
\ fyt
0062 fc—
A, + 24
17—t2< fyt - N,mm
S
0.35——=
x fyt
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9.6.4.3 If torsional reinforcement is required, minimum area of Iongitudlnal relnforcement
Afmin shall be the lesser of (a) and (b):

((133flAep <ﬁ> fyt
Apmin < Jy fy - kg,cm
1.33fAep <25bw> fye
\ fy fyt fy

[ 042(f Ay <ﬁ> fyt
A min <3 Ty fy - N,mm
0.42/f! Acp <0.175bw> fye
\ fy fyt fy
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22.7.7.1 Cross-sectional dimensions shall be selected such that is satisfed
vy, \2 Tuon \2 v,
u ulPh u [
—_— — ] < —_— -
(bwd) + (1.7A§h> =¢ (bwd +2 fc) kg, cm

() + (B) = (v osedi) -

2 o3l 55 slal i3l

N, mm
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22.6.4.2 For two-way members reinforced with headed

shear reinforcement or single- or multi-leg stirrups, a critical section with perimeter bo
located d/2 beyond the outermost peripheral line of shear reinforcement shall also be
considered. The shape of this critical section shall be a polygon selected to minimize bo.
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Table 8.4.2.3.4—Maximum modifed values of yf for nonprestressed two-way slabs

Column Span Vug & Maximum modified yr
Location Direction
Corner Either <0.5¢v. | =0.004 1.0
column direction
Perpendicular | <0.75¢v. | 20.004 1.0
to the edge
Edge
column Parallel to <0.4¢v. | =0.010 - 1.25 <
the edge " 1+(2/3)b,/b,
Interior Either <0.4¢v. | =0.010 1.25 <1.0
i P —————=<
column direction 1 +(2 /3) /bl /bz
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i i / j>\ Effective load area
Ny /X
. . . e - H Actual load area
22.6.5.3 The value of q is 40 for interior ! .
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I, = E I, where "sides" refers to the sides of the critical section for punching shear
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n

I3z = E I33 where "sides" refers to the sides of the critical section for punching shear
sides=1
n

123 = E 123 where "sides" refers to the sides of the critical section for punching shear

sides=1
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critical section for
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Plan View For Side of Critical Section Parallel to 3-Axis Ld
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12 12

Critical section for
punching shear shown
by heavy line. Side of
critical section being
considered shown solid
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Plan View For Side of Critical Section Parallel to 2-Axis
Work This Sketch With Equallons 5a,6aand 7 y
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Centroid of entire
critical section for
punching shear.

Coordinates are (X3,Ys).
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b, = Perimeter of the critical section for punching shear

d = Effective depth at the critical section for punching shear based on the average of d for 2 direction
and d for 3 direction

l,, = Moment of inertia of the critical section for punching shear about an axis that is parallel to the local
2-axis

I33 = Moment of inertia of the critical section for punching shear about an axis that is parallel to the local
3-axis

l,3 = Product of the inertia of the critical section for punching shear with respect to the 2 and 3 planes
L = Length of the side of the critical section for punching shear currently being considered

My, = Moment about the line parallel to the 2-axis at the center of the column (positive in accordance
with the right-hand rule)

Mus; = Moment about the line parallel to the 3-axis at the center of the column (positive in accordance
with the right-hand rule)
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vy = Punching shear stress

Vy = Shear at the center of the column (positive upward)

x;, ¥;= Coordinates of the column centroid

X,, ¥,= Coordinates of the center of one side of the critical section for punching shear
X3, Y;= Coordinates of the centroid of the critical section for punching shear

X4, ¥4= Coordinates of the location where stress is being calculated

Yvo = Percent of M, resisted by shear

Vy3 = Percent of M; resisted by shear
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22.6.7.1 Single- or multiple-leg stirrups fabricated from

bars or wires shall be permitted to be used as shear reinforcement in slabs and footings satisfying (a)
and (b):

(a) dis at least 6 in.

(b) d is at least 16db, where db is the diameter of the stirrups
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48, i, s sk
P, =1.2x 100+ 1.6 X 80 = 248 ton

_ P _248000 kg
W=7 T 3502 = VT o2
o S Vo 3 ,8ha 3l oslitl 5 yastl A calius 2,5 b o jign caalinis

2.0
d=80—7—(7)=72t0n
22.5.5.1 For nonprestressed members without axial force, Vc shall be calculated by:

V. = 0.530/f/byd — kg,cm
V. =017/ f/b,d — N,mm

22.5.3.1 The value of sqrt(fc) used to calculate V¢, Vci, and Vew for one-way shear shall
not exceed 100 psi (27 kg/cm?), unless allowed in 22.5.3.2.
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V. = min 027( )X 7 - kg, cm
40 for interior columns,
\ LIMS as =1 30 for edge columns,and

20  for corner columns.

k
>1.0V300 = 18.35—g2
cm

.
0.53 <1 + 50/
25

40 x 72
438

— 7 k
Ve = Miny 0,27 <2 + >1.0\/30 = 40.1—‘92
cm

k
1.1 x 1.0v300 = 19_g
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M; = 2.024 x (150 x 350) x - = 7.97 X 10° kg.cm
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M, = 2.024 x (162.5 x 350) X
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Cmax =
€cmax T €smin

—d— |dz -
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Amax

2

0.85
0.05(f) — 280)
=< -
p1 0.85 =5
0.65
\

= B1 X Cmax

Table 22.2.2.4.3—Values of B, for equivalent rectangular concrete stress distribution
kg

kg ,
175 — < f{ < 280—

%
C
kg , kg
- 280 oz < fi < 560@
kg

fi 2560 —
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_d 22 2|M,,| - 792 2|7.97 x 10°| — 139
“= 0.85f,0b 0.85x300x0.9x350
( kg kg
. < fl < <
0.85 - 175 oz S fc <280 o
0.05(f/ — 280) kg kg
=140.85 — 280 — < f < 560—
A 70 ~ cm? e cm?
0.65 ' > 5602
. g —
\ fez cm?2
B, = 0.85 — 203Uc=280) _ g5 0.05(300-280) o5
70 70
€cmax - 0.003 _ _ _
Crnax = ecmax+esmind 7 Y N T d =0.375d = 0.375x 72 =27 cm
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o~ =
ofy (d - 7) 0.9 X 4000 (72 -

= 0.00123 < pyiy = 0.002

Ag =

_Ag _ 31.05
P = %d = 350x72

Ag min = Pmin X bd = 0.002 x 350 X 72 = 50.4 cm?
Try = 11025 = 11 X 4.9 = 53.9 cm? > 50.4 cm?
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_ P _ 1500000 N
=g~ 25002 2
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2500 = 400 2500 — 400
M; = 0.24 X — X 2500 x — 7 =330 x 10° N.mm

=d— |d? 21Mul _ 420 — [4202 21330 x 10°| =16.8
“= 0.85f/0b 0.85x 25 x 0.9 x 2500 0™

€cmax _ 0.003
€cmaxtE€smin 0.003+ .005

Cmax -
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Code  Min. Cover Slabs  Min. Cover Beams  P/T Swess Check
Design Code L [aaase
Resistance Factors: R 2
Phi Tension Controlled 470.9000
Phi Compression Controlled L. |06500
Phi Shear 0.7500
Reset Tab Defaults
=

B Design Preferences % ?

Code Min. CoverSlabs  Min. Cover Beams  P/T Stress Check

Non-Prestressed Reinforcement W)
Clear Cover Top (mm) 75
Clear Cover Bottom nm) - s
Prefemed Bar Size 20
| lwerSeh RebarLayer | B
Post-Tensioning 2
CGSof Tendon Top fom) |25 I N
CGS of Tendon for Bottom of Exteror Bay (nm) | 40
CGS of Tendon for Bottom o Interior Bay fnm) | 25 -~
Minimum Reinforcing
Slab Type for Vai:un Qmmg Two Way A

Reset Tab Defauts |
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Quick Units
USS. Defauts Metric Defauts |
Units.
tem Units Units Label
Structure
Coordinates Kgf.m.C m
| Absokte Distance Kgf. m.C m
|_Relative Distance
E«w
Section Dimensions
Length Kgf. m,C m
Area Kgf. m,C m:
Lengthd . m.C mé
Rebar Area. Kgf. m.C m
Rebar Area/Length . m.C m2/m
Transiational Displ Kgf.m.C m
tmmw
Forces
Force Kgf.m.C ket
Force/Length m.C kg/m
Force/Area . m.C kgt/m2
Moment . m.C kgfm
Moment m.C kgfm/m
Temperature Change &.m.C 3
Stresses
FSW-M Kgf. m.C kgf/m2.
I:a.mcuw Kgf.m.C | kgf/m2
Stiffness
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O User Specfied

Data B Material Property DaL} 2
Mt e C—
Material Type Concrete v General Data
Material Display Color B o Material Name ]
Material Notes Modfy/Show Notes... Material Type Rebar v
v Material Display Color - [7 Change. 1
Weightper Un Vokume [2se-03 kg3 Metria Hotcn Madfy/Show Notes
Isotropic Property Data Material Weight
Modulus of Basticty, E [2700000000 | kgf/m2 Weight per Uit Volume kgf/m3
Possons i, U
Coeffcient of Themal Expansion, A [pse0s i thiand Hopoty Dele
e T wgm Modulus of Hasticty, E [21E:010  |kgm2
Other Properties for Concrete Materials Other Properties for Rebar Matenals
Specfied Concrete Compressive Strength fc kf/m2 Miimum Yield Stress, Fy kaf/m2
(] Ughtweight Concrete Minmum Tensile Stress. Fu kgtm2 &
Modulus of Rupture for Cracked Deflections ok Cancel
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Type Footing v
T —
M Thick Plate [ Orthotropic
0K Cancel
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Materials...

Slab Properties...

Beam Properties..
Reinforcing Bar Sizes...

Column Properties...

Wall Properties...

Soil Subgrade Properties...

Point Spring Properties...
Line Spring Properties...

Coordinate Systems...

Groups...

IN
W

:
%
f

8 soil subgrade Property Data

General Data
Property Name
Display Color
Property Notes

Property
Subgrade Modulus (C

Ks2.2
Modfy/Show Notes...

Only) 226406 kef/m3

Nonlinear Option (Nonlinear Cases Only)

O None (Linear)
O Tension Only
(@ Compression Only
O Hasto-Plastic

0K
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s
Materials.. &

GAEL slagll iy 25 -0

il Load Patterns
Slab Properties...

Beam Properties.. Load Pattems %
Reinforcing Bar Sizes... [ - - Seff Weight
Load Type sl Notes
Column Properties... DEAD DEAD 0
Wall Properties... LIVE LIVE d

Soil Subgrade Properties...
Point Spring Properties..,
Line Spring Properties...

Ceordinate Systems..,

Groups...

Mass Source... Note: Double click cellin the Notes column to expand it

Load Patterns...
Load Cases... L&

Load Combinations...
Add Default Design Load Combinations

Convert Combinations To Monlinear Uplift Cases...
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Materials...

Slab Properties...
Beam Properties..

Reinforcing Bar Sizes...

Column Properties... 7

.2D+1.6L Wal Popertic

Soil Subgrade Properties...
Point Spring Properties...

Line Spring Properties...
Coordinate Systems...
Groups..

Mass Source...
Load Patters..
Load Cases...
Load Combinations...
Add Default Design Load Combinations
Conyert Combinations To Nonlinear Uplift Cases...
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Materials...

Slab Properties...

Beam Properties..
Reinforcing Bar Sizes...

Column Properties...

Wall Properties...

Soil Subgrade Properties...
Point Spring Properties...
Line Spring Properties...

Coordinate Systems...
Groups...
Mass Source...

Load Patterns...

Load Cases...

Load Combinations... %
Add Default Design Load Combinations
Conyert Combinations To Nonlinear Uplift Cases...

. Load Combinations

Combinations

Click to: C

i P PN
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il Load Combination Data a3 ?
General Data
Lo Canbitn o
Combination Type Linear Add v
Notes Modfy/Show Notes...
Auto Combination No

Define Combination of Load Case/Combo Resuits

| Load Name Scale Factor |
» U v 1.0000
. v

. Load Combination Data

General Data
Load Combination Name
Combination Type
Notes
Auto Combination
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[; Draw Slabs/Areas
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@ Quick Draw Areas Around Points

. Draw Beams/Lines

Quick Draw Beams/Lines
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ke Select Object
T Reshape Object Type of Object Slab
[# Draw Siabs/Areas Shape of Object Rectanguiar S8
.l Draw Rectangular Slabs/Areas Fropee cl
— X Dimension [m] 05
L&l Quick Draw Slabs/Areas ¥ Dimension [m] 0325
@) Quick Draw Areas Around Pointsh Trim At Slab Edges Yes

7
. Draw Beams/Lines
[_1\ Quick Draw Beams/Lines
[E Draw Columns
5 DrawWalls
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R Select Object

% Reshape Object
[; Draw Slabs/Areas

J Draw Rectangular Slabs/Areas
jj Quick Draw Slabs/Areas

Q Quick Draw Areas Around Points
. Draw Beams/Lines
["‘ Quick Draw Beams/Lines
[_1 Draw Columns

& Draw Walls

Draw Points

=4 Draw Design Strips

@®  Draw Grids

Draw Dimension Lines
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Assign | Design Run Display Detalling Tools

Options Help é [""..‘m')‘fn

Assign To Group...

nclude/Exclude Point in Analysis Mesh..

Slab Data » | O d $
Beam Data » N g " Y A [ . +

I 18 I 1 [ —+ 4 —+ i ,

T f t T :
Column/Brace Data »
Wall/Ramp Data » !

I
Support Data » I Soil Prierties... k ‘
e

Load Data 4 Line Springs T

Point Restraints..

Paint Springs
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‘ Load Pattem Name Options
Support Data » Name LIVE | @ Addto Existing Loads
O Replace Existing Loads
Load Data » Surface Loads Loads P
Assign To Group... Slab Temperature Loads.. A de
! Y lo ket
Include/Exclude Point in Analysis Mesh... Point Loads on Lines Graviy (2) [20 ket
nclude/Exclude Line in Analysis Mesh.. Distributed Loads on Lines ™ b W Jkgfm
Clear Display of Assigns Point Loads... My 9 kgim
E Point Displacements... Mz 0~ Jkgm
Size of Load for Punching Shear
X Dimension [os m oK
Y Dimension m
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Select  Assign
Select Object

Design R

Reshape Object

Draw Slabs/Areas T
Draw Rectangular Slabs/Areas

Quick Draw Slabs/Areas

Quick Draw Areas Around Points

Draw Beams/Lines

Quick Draw Beams/Lines

a

a
P
N
L
ES] Draw Columns )
s Draw Walls
Draw Points
<] Draw Design Strips N
W
@ Draw Grids
2, Draw Dimension Lines A

Draw Slab Rebar

Start Wickh Left fm]
Start Widh Right fm]
End Width Left ]
End Width Right fm]
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Design | Run Display Detailing
Design Preferences... . Design Preferences % ?

/¥\

Design Combos...

Code Min. Cover Slabs  Min. Cover Beams  P/T Swess Check

Non-Prestressed Reinforcement

OearCover Top (m) 0.07
 Clear Cover Battom () 007 '
 Prefemed Bar Size

nner Siab Rebar Layer
Post-Tensioning

CGS of Tendon Top (m)

CGS of Tendon for Bottom of Exterior Bay (m)

CGS of Tendon for Bottom of Interior Bay (m)
Minimum Reinforcing

Slab Type for Minimum Reinforcing

Reset Tab Defaults

OK
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Design ‘ Run  Display Detailin§
Design Preferences...

Design Combos...

Slab Design Overwrites

i Design Load Combirations Selection ? X
Beam Design Overwrites... 1}
Select Type
Load Combination Type Strength (Ultimate) v
Select Load Combination
List of Load Combinations Design Load Combinations
S01
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Design Preferences... v O3 B =
Design Combos... . Strip Based Slab Design Overwrites ? X
Slab Design Overwrites 3 ip Based.,.
| Seh Desfon Qv || swip | N
Beam Design Overwrites Finite Element Based... >
Punching Check Overwrites... | S 8 i
—I Strip Design Type Column Strip N

[ Design This Strip
[ Ignore PT When Designing This Strip

Material
Rebar Material Alll hl | I

Cover j
@® From Preferences g

(O Specified to Center of Steel

Live Load Reduction

Reduced Live Load Factor 1
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Design | Run Display = Defailing 1

Design Preferences..

Design Combos...

Slab D Overwrites » | B Punching Shear Design Overwrites ? X

ea n Querwrites

Punching Shear Design Overwite Options

1 Punching Check Ovengritts.,.h |

Check Punching Shear
Location Type (See Tooltip)
! Permeter

Effective Depth

User Effective Depth Value

Openings
.
< Alowed

Reinforcement Pattem
Reinforcement Fy
| Reinforcement Diameter

Reinforcement Spacing

OK Cancel

1 + g -1
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User Effective Depth V3
Openings
Reinforcement Allowed

Reinforcement Pattem

olumn Plan Showin ion T

Comer 4

3
2
Edge 4 Edge 2

Reinforcement Fy
o ol Comer 1 Edge 1 Coiner 2
Reinforcement Spacing

Mote: Edge and comer numbers are

Edge 3 Comer 3

based on column local axes.
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Run [ Display Detailing Tools Optigf

Run Analysis
P Run Analysis & Design F5
Run Detailing... Shift+F5

Automatic Slab Mesh Options... N
Cracking Analysis Options...

& by Jubs 4 by e wledis -

S s Sl LS las s S

Advanced Modeling Options...

. Automatic Slab Mesh Options

Mes Spcns
@ Use Rectangular Mesh
[ Use Localized Meshing
[4 Merge Points Where Possible
O None

Advanced SapFire Options...

Show Last Run Details...

Mesh Size
Approximate Maximum Mesh Size
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Run l Display Detailing Tools

Automatic Slab Mesh Options...

Cracking Analysis Options...

o%k e ol s i 3%

Run Analysis :
Bl o Araysis & Design 5 i Advanced Modeling Options ? X
Run Detailing... Shift+F5 Active Degrees of Freedom

[ 2D Plate - UZ, RX. RY Only

Advanced Modeling Options...

Add Special Constraint

Advanced SapFire Options...

g ac et

[[] Add Rigid Diaphragm Constraint at Top of Columns and Walls Above

Vertical Offset Modeling
[ Ignore Vertical Offsets in Non P/T Models
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Run | Display Detailing Tools O

Run Analysis

Jo (b g Julos 2k

P Run Analysis & Design F5

s
4

I&m Detailing... Shift+F5

Automatic Slab Mesh Options...
Cracking Analysis Options...

Advanced Modeling Options...

il OS5 O{).&T O 3%

Automatic Slab Mesh Options...
Cracking Analysis Options...

Advanced Modeling Options...

Advanced SapFire Options...

= dsapfire OB Analysis Complete
\Mﬂ Fle Name:  FAMy and o SaFE g rop [Tems
Run | Display Detailing Tools Ope SatTme:  9/1/2017103710AM  Bapsed 00:00:00
Fiish Tme: 9/1/2017 10:37:11AM  RnStatus  Done - Anaysis Complete
Run Analysis N
P Run Analysis & Design F5
B4 Run Detailing... Shift+F5

NUMBER FOUND AT/ FINAL CONVERGED STATE = o, OK.

NUMBER OF STIFFNESS FORMATIONS/SOLUTIONS

TOTAL TIME FOR THIS ANALYSIS
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Display | Detailing Tools Options Helﬂ (5>9)‘> °ML‘:“A N \ v
O Show Undeformed Shape F4
. . A a . Al
G Show Loads... Shift+F4 { 8 Reactions ? QA ¥ )L“d UJ‘.’.) a
A. Show Deformed Shape... 6 ¢ 1.ond Case/lond Combination’ %
[ é Show Reaction Forces... Shifh-rg g e -
© Load Combination S0 v

Show Beam Forces/Stresses...

5 Slab F S Shift+F7 Type of Reactions
how Slab Forces/Stresses... ift+ 0O Ford reiers
% Show Strip Forces... F8

@ Soil Pressures
€5 Show Slab Design... Shift+F9

Display Options

\M@f\m’\f O Display Cortours on Undefomed Shape

(@ Display Contours on Deformed Shape
O Display Contours in Extruded Fom

Scaling
@ Automatic
O User Defined
Contour Range
) | Er—
Maximum 159 kgf/cm2
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O Show Undeformed Shape F4
<% Show Loads... Shift+F4
[l Strip Forces ? %
A, Show Deformed Shape... F6
Load Case/Load Combination
Q Show Reaction Forces... Shift+F6 O Load Casef Y
dA Show Beam Forces/Stresses... F7 @ Load Combination | DO v
i Show Slab Forces/Stresses...  Shift+F7 Component
@® Moment O Aal Force
K Show Strip Forces... NN~ F8 O shear P O Torson
&= Show Slab Design... Shift+F9 Show Forces For These Strip Layers
ShowB 5 ™ M LayerA
\ w ] UesH
N Show Bear :gn’, A r -
L
Scaling
® Automatic
O User Defined
Display Options
[ Fil Diagram
| [ Show Values on Diagram
! G ,
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Display I Detailing  Tools  Options Hdp}

O  Show Undeformed Shape F4
<% Show Loads... Shift+F4
A, Show Deformed Shape... F6
* Show Reaction Forces... Shift+F6
b Show Beam Forces/Stresses... F7
H Show Slab Forces/Stresses... ~ Shift+F7
%2 Show Strip Forces... F8
€ Show Slab Design... Shift+F9

= Show Beam Design... F9

Show Punching Shear Design F10

Show Crack Widths...

Save Named Display...
Show Named Display...

EE  Show Tables... Ctrl+T

e )9@ @'}.b 6[.&)'9.’ L;[?fb S99 i

Il Choose Tables for D
Edit

(=-[0 MODEL DEFINITION (0 of 45 tables selected)
|

= B ANALYSIS RESULTS (1 of 19 tables selected)
0 Analysis Result Summaries
| 1 ® Analysis Result Enveloping Summaries
1 -8 Analysis Result Enveloping Summary Tables
[ Table: Nodal Displacements - Enveloping Summary
[ Table: Sod Pressures - Enveloping Summary

Options.

B Table: Stip Foroes - Enveloping Summary
# 0 Nodal Results
# 0 Element Results
# 0 Structure Result Data!
0] DESIGN RESULTS (0 of
0] Design Result
0] Concrete Design

7 x t;::"’nbr.‘_

w Unformatted

Load Patterns (Model Def.)

| Select Load Pattems...
2012 Selected

Load Cases (Resuls)
2016 Selected

Modify/Show Options... |

id sets

Save Named Set..

Named Set

W
te Named Set.
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. Strip Forces - Enveloping Summary %
Fle FomatFiterSot Select Options
Units: As Noted [ Strip Forces - Enveloping Summary
Strip SpaniD Location Outputitem Valforce ValMoment OutputCase CaseType
Text Text Text Text kgf kgf-cm Text
CSA1 Span 1 Start AosMaxV2 | 6610434 D01 | Combination
CsAl Span 1 Start AbsMaxT 1456E06] D01 | Combinati
| csat | spn1 | st MaM3 | | 200884263 D01 | Combiation
» CsAl Span'1 Stat 643145| D01 | Combination
CSA1 Span 1 Middie AbsMaxV2 -92772.04 | D01 Combination
CSA1 Span 1 Midde AbsMaxT | 5se7e06] D01 | Combination
| csat | spant Midde MaxM3 | 78891473| D01 | Combimation
| csat | span1 | Mdde | MnM3 T 399002187 D01 | Com
CsA1 Span 1 End AbsMaxV2 | 6610434 D01 Combin
CsAl | Span1 End AbsMaxT 5966E06| D01 | Combination
csAl Span 1 End Mah3 | | 200884269| D01 | Combination
[Cesar | span End Min3 643145) D01 | Combination
cse1 Span 1 Stat MbsMaxV2 | 5719088 DO1 | Combination
csB1 Span 1 Stat AosMaxT | 1725605 D01 | Combination
CsBl | Spant St || MaM3 | | 150373616| D01 | Combination
™ cser Span 1 Sat | MaM3 551436|  DO1
Span 1 AbsMaxV2 | -1034396 D01

ST s
YO - d>aw This publication or any part thereof must not be reproduced in any form without the written permiss|

ion

Version: 1.0

M.Alirezaei@iiees.ac.ir

125



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

%j Telegram: @AlirezaeiChannel

WebSite: www.M-Alirezaei.com

=z s
[_)ispla)5'\r Detailing Tools Options  Hel, lew Uu).i 56
@O Show Undeformed Shape F4
<% Show Loads... Shift+F4
A. Show Deformed Shape... F6
Q Show Reaction Forces... Shift+F6 i + - y
A Show Beam Forces/Stresses... F7,

Show Slab Forces/Stresses...  Shift+F7

Show Strip Forces... F8 s
€= Show Slab Design... Shift+F9

Show Beam Design F9
{::I Show Punching Shear Design F10
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053(1+2 |2/
. B c
Combination = DO1 _
Point Label = 13 - Ve=m
Column Shape = Rectangular
(Column Location = Interior
Glabal X-Coordinate = 175 om [
Global Y-Coordinate = 175 cm

asd
027 {2+~ |WF - kgem
0

4 LT
Load Punching Check
\Avg. EAf. Slab Thickness = 70.5 cm 40 fOT interior colum

Eff. Punching Perimeter = 432 cm
Cover =95 cm ag =14 30 for edge columns,a
Conc. Comp. Strength = 300 kaficm2
Reinf 1 Ratio = 00000
S:‘cr::;’nclerzzz’r‘a |2; fSA%EWUA 22 cmé 2 O for corner COlum,
Section Ineria I33 = 76476718.28 cmd
Section Ineria [23 = 0 cmd Column Punching Perimeter 2 kg
Gamma_v2 = 0.372443
428199 0.53({1+-——)1.0v300 = 18.35—
075E-005 kgf-cm 50 cm?
226E-004 kgfcm 25
Shear Force = -225310.57 kgf
Unbalanced Moment Mu2 = -1.518E-005 kgf-cm
Unbalanced Moment My X 2 — 40 x 72 kg
Max Design Shear Stress = 7.42 kgfem2 02724+ ———1]1.0v300 = 40_1—2
Conc. Shear Stress Capacity = 13.78 kgfiem2
Punching Shear Ratio 054 438 cm

St k
1.1 x 1.0v300 = 19cm_gz

k k
concrete punching shear stress capacity = Bv, = 0.75 X 18.35% = 13.78—g2
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ACI 318-14 Punching Shear Check & Design

(Combination = D1

Paint Label = 13

(Column Shape = Rectangular

(Column Location = Interior

Global X-Coordinate = 175 cm |
Global Y-Coordinate = 175 cm

Load Punching Check |
Avg. Eff. Slab Thickness = 70.5 cm

Eff. Punching Perimeter = 432 cm

Cover=9.5 cm _\
Conc. Comp. Strength = 300 kaflcm2

Reinforcement Ratio = 0.0000

|Section Inertia [22 = 54550704.22 cmd
Section Inertia I3 = 7647671828 cmd
Section Inenia 23 = 0 cmé
Gamma 12 = 0.372449

[Gamma_y3 = 0.428193

Moment Mu2 = -4 075E-05 kgf-cm
Moment Mu3= -2.226E-004 kgfcm

Shear Force = -225910.57 kgf

Unbalanced Moment Mu2 = -1.518E-005 kgf-cm max Desi
Unbalanced Moment Mu3= -3 53E-005 kchm/'

Max Design Shear Stress = 7.42 kgffern2

Conc. Shear Stress Capacity = 13.78 kgffcm2
Punching Shear Ratio = 0.54

e W

Punching Shear Ratio:

22591057 __ kg
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Display | Detailing Tools Options Help}
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4[] Definitions.

4 [0 Assignments

Show Slab Forces/Stresses... ~ Shift+F7 # 0] Design Data

=00 ANALYSIS RESULTS (0 of 19 tables selected)

7

Show Beam Forces/St

40 Analysis Result
Show Strip Forces... 23 i ey, )
< o O Nodal Results.
& Show Slab Design... Shift+F9 4= -
Show Beam Design Fo #-0) Structure Result Data
= -/ B DESIGN RESULTS (1 of 4 tables selected)
7] ShowPunching Shear Design ~ F10 # [ Design Result Summaries

Concrete Design
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[ Table: Conerete Siab Design 01 - Flexural And Shear Data

1] Table: Concrete Slab Design 02 - Punching Shear Data|

Show Crack Widths...
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Show Tables... ol cui-} r’
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Show Slab Forces/Stresses... Shift+F7 [ inpose Miomum Reeforong

= i Rebar Location Shown Display Options
K2 Show Strip Forces... Fe [ Show Top Rebar & Fil Disgram
r - ~ 4 Show Bottom Rebar [ Show Values at Controling Stations on Diagram
& Show Slab Design... Shift+F9
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Show Beam Design %; O Show Rebar Intensty (Area/Unit Wicth) @ None
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71 Show Punching Shear Design F10
= @© Show Number of Bars of Size: O Reinforcing Spectied in Slab Rebar Objects
Show Crack Widths... Bar Size.
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Reirforcing Diagram
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Pp = 2.97 ton
P={Py, =—26ton o9 Sz )b S 5
Pg = 4.66 ton Pservice1 = Pp = 2.97 ton
Pservicez = Pp + P = 297 + 4.66 = 7.63 ton
Psorvices = 0.6Pp + 0.6 X 1.4P,,
=0.6X2974+0.6 X1.4X%2.6=3.96ton

= 6 Sk
// E Pservice = maX(Pserviceb PserviceZ: PserviceS)
= 7.63 ton
)
E
<t

50
<«
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PUltimatel = 14PD = 14 X 297 = 4158 ton
Pyitimate = 1.2Pp +1.6Ps = 1.2 X 297 + 1.6 X 4.66 = 11.02 ton

Pyitimates = 1.2Pp + 1.4P,, + 0.5 X Pg = 1.2 X 2.97 + 1.4 X 2.6 + 0.5 X 4.66 = 9.53 ton

Pyitimate = Max(Pyitimater, Puitimate » Puitimates) = 11.02 ton

o sl k=11 kglemd S iy o0 5 q,=1.0 kglem? o 55 e s jlaie %

Pservice 7630 kg kg kg
- - =053 ~L < 1.0—L
1 4 120 x 120 . cm?
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P, 11020 kg

Q=7 =50z = 0765 3

is Sl 18 5 Ko 5l oslatwl 9 jiesle 00 culbks 8,8 L (o g cualis

1.6
d=50-75- (7) =41.7 ton
22.5.5.1 For nonprestressed members without axial force, Vc shall be calculated by:
V. = 0.530/f/byd — kg,cm
V. =017/ f/b,d — N,mm

22.5.3.1 The value of sqrt(fc) used to calculate V¢, Vci, and Vew for one-way shear shall
not exceed 100 psi (27 kg/cm?), unless allowed in 22.5.3.2.
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V, = 0.765 x 120 x (0.8) = 73 kg &b 4,bK b 9

o b b b e b
V. = 0.530/f/b,yd = 0.53 x 1.0 x V300 x 120 x 41.7 = 46 ton
oV, = 0.75 X 46 = 344 ton > 73 kg

120 120

___________ 008 _ __ |

'd = 41.7!

d = 417 1 1

40 cm! 1

1

________ ) (S— -—— - - 1 1
1

H I;o em 120 H: Egg 120

30 cm: :

1 1

1 1

1 1

1 1
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by = 2(76.7 + 76.7) = 306.8 cm @ bg> v 8
V, = 11020 — (0.765 X 76.7 X 76.7) = 6.52 ton

120

35+41.7 =76.7
.

1

1

>

&
[~
[\S)

76.7

120 |

I’""T
-
U
~
A

35+ 41.7
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( 2
0.53 (1 + E) WIA

= [ a.d
VU, = min+ 0.27 <2+ lj )X [ - kg,cm
0

40 for interior columns,
a; =130 for edge columns, and
20  for corner columns.

.

2 k
053[{1+5=—11.0V300 = 27.5—g
30/30 cm2

40 x 41.7
306.8

O SV

_.N k
Ve =MUNY (27 <2 + > 1.0300 = 34.7 -9

cm?

k
1.1 X 1.0v300 = 19—‘92
\ - e _Cmc=

2N
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V. = v, x by xd =19 x 306.8 X 41.7 = 243 ton

OV, = 0.75 x 243 = 182 ton > 6.52 ton Ok s o 3 S ol b 3t
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[ NewModel. Ctrl+N |l QQ W (3dxy xzyznv 5 &9

Open... Ctrl+0

Save Ctrl+S (

Save As... Ctrl+Shift+S
Import >

S @
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Sull

Export » |4z SAP2000 MS Access Database .mdb File...
Upload to CSiCloud... SAP2000 MS Excel Spreadsheet .xis File...
Fn )

e

L3

i G SAP2000 .s2k Text File...
Batch File Control... -
SAP2000 .XML File...
Create Video... e —
SAFE .F2k Text File... N
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[§  NewModel... Ctrl+N ® Q W 3oxvizie 6aSEv
New Model from Existing File... Ctrl+Shift«N :
2| [ &l Plan View
& Open. Ctrl+0
B seve Ctrl+s =
Save As... CtrlsShift=S
Import » " SAFE F2KFile... I
Export Model » DXF/DWGFie.. S Ctrls,
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Data B Material Property DaL} ?
Material Name c%0
Material Type Concrete v General Data
Material Display Color B crege Material Name All
Material Notes Maodiy/Show Notes... Material Type |Rebar v
Material Display Color | Change...
Material Weight ¥ - 1
Weight per Unit Volume [25e+03 ] kgf/m3 Metetal Notee Modfy/Show Notes...
Isotropic Property Data Material Weight
Modulus of Blasticty, E 2700000000 kgf/m2 Weight per Unit Volume kgf/m3
Posori R, U
Uniasial P
Coefficient of Themal Expansion, A 99606 " kel Popody Dot
Shear Mo, G T g Modulus of Basticty, E 2.1E+010 kgf/m2
Other Properties for Concrete Materials Other Properties for Rebar Matenals
Speciied Concrete Compressive Strength. fc kgf/m2 Minimum Yield Stress, Fy kgf/m2
[ Lightweight Concrete Minmum Tensile Stress. Fu kgim2 &
Modulus of Rupture for Cracked Deflections OK Cancel
(® Program Default (Based on Concrete Slab Design Code)
O User Specified
oK Cancel
" & \} on.
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Thickness Thickness
[ Thick Plate Thick Plate
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‘. Beam Properties ? X
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Wall Properties...

N
€
g
= $ U111, o
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Rebar Material Alll = | e 3 H FH 3 H
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Display Color N Sy Be H H H
PmpenyNotes Modify/Show... !ll\ I 11 III I l Il
Analysis Property Design Property
Analysis Property Data Design Property Data
Beam Shape Type e v @ Flange Dimensions from Analysis Property Data
Web Width at Top. 40 | em O Fange Dimensions Automatic from Slab Property
Web Width at Bottom 40 cm O Hange Dimensions User Specified
Depth 40 cm Flange Width
Slab Depth
Cover Top tto Centroid) E cm
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[J No Design
oK Cancel
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Wall Properties...

Soil Subgrade Properties... N
Point Spring Properties... Al

Line Spring Properties...
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Coordinate Systems...

Groups...

- Soil Subgrade Property Data ¥

Subgrade Modulus (s

General Data

Pepery ane

Display Color Change..
Property Notes Modify/Show Notes...
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Nonlinear Option (Nonlinear Cases Only)

O None (Linear)
O Tension Only
@® Compression Only
O Basto-Plastic
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1.D

2.D+L

3.D+(L orSorR)
4.D+0.75L+0.75(L_or SorR)
5.D +(0.6(1.4W) or 0.7E)

o s sla)l w5 9,

D)

sl w5 bl s (ol sl
»&0L 2 Oga 4 s )l
Kgh Jas b

6.D +0.75L +0.75(0.6(1.4W)) +0.75(L, or S or R)

7.D +0.75L + 0.75(0.7E) + 0.75S

8.0.6D + 0.6(1.4W)
9.0.6D +0.7E

10.D+T

11. D+0.75(L+(L, or S) +T)
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Load Combination Name [p1 d Load Combination Name [p2
Combination Type Linear Add v Combination Type Linear Add v }
Notes Moddy/Show Notes... Notes Modfy/Show Notes... .
Auto Combination No Auto Combination No
Define Combination of Load Case/Combo Resuits Define Combination of Load Case/Combo Restits
Load Name Scale Factor | Load Name Scale Factor
» |DEAD v | 1.0000 » |DEAD | 1.0000
SNOW. | 1.0000 I |wx v| 08400
v ™~
Design Selection Design Selection
[ Strength (Uimate) [0 Service - Nomal [J Strength (Utimate)
[ Service - Intial [ Service - Long Temn [ Service - Inttial
oK oK
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R

R Select Object
'ﬁ' Reshape Object

17 Draw Slabs/Areas

j
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-2

JE Draw Columns r

<
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- Quick Draw Areas Around Points ? X

.l  Draw Rectangular Slabs/Areas
{ _j Quick Draw Slabs/Areas Type of Cbject Slab
— 5 = Shape of Object Rectangular Sisb
@]  Quick Draw Areas Around Points - 5

. X Dimension [cm] 120
. Draw Beams/Lines ¥ Do =
] Quick Draw Beams/Lines Trim At Siab Edges Yes
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[# Draw Slabs/Areas
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n
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Rt Select Object
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\\ DrawBeams/Lines
[_1 Quick Draw Beams/Lines
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Draw Points
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= Draw Design Strips N
W
@ Draw Grids

2, Draw Dimension Lines

ssss  Draw Slab Rebar
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Type of Object Strip
Strip Layer B
Strip Design Type Column Strip
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& Design Preferences...

Design Combos...

[ Design Preferences

Code Min. Cover Slabs  Min. Cover Beams  P/T Stress Check

Non-Prestressed Reinforcement.
Glear Cover Top om)

Clear Cover Bottom (cm)

Prefemed Bar Sze y

Inner Sisb Rebar Layer
Post-Tensioning

CGS of Tendon Top (cm) |25

G of Tendon for Botom of Extenr Bay cm) |4 e
(S of Tendon for Botiom of Interor Bay (om) 25
Miimum Reirforcing

Siab Type g Reirforcing | Two Way

[ Design Preferences
Coda | Mix Coa Stabe | Vin o S5-I P/T Swase Chock
Non-Prestressed Reiforcement

Clear Cover Top (cm)
Clear Cover Bottom (cm)

Prefered Bar Size (Flexure)

Preferred Bar Size (Shear)
Post-Tensioning

CGS of Tendon Top (cm) 5
L CG_Sd zmdon_Bmom (em) "5

Reset Tab Defaults

YAY d>aw This publication or any part thereof must not be reproduced in any form without the written permission

Version: 1.0

M.Alirezaei@iiees.ac.ir

142



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

5 WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

b slal s 5 bl Y

Design ‘ Run  Display Detailin§
Design Preferences... . Design Load Combinations Selection ? X\
Design Combos... et e
Slab Design Overwrites Load Combination Type Sﬂwhﬂﬁfﬂ;ﬂ)ii v
Begm Design Overwrites
Select Load Combination
List of Load Combinations Design Load Combinations
P-Control [upconut N
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Beam Design Ovenwrites.. Finite Eiem%g Based... o 4
Punching Check Overwrites... [ 9P Layer '; al
1] Strip Design Type | Column Strip N
[ Design This Strip
[ Ignore PT When Designing This Strip
Material
Rebar Material Alll v
Cover

(@ From Preferences
O Specified to Center of Steel

Live Load Reduction
Reduced Live Load Factor
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Design Preferences...
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Slab Design Overwrites }
Beam Design Overwrites... E ) |
dupching G 50 r |

i Beam Design Overwrites ? X

s

Cover
(® From Section
(O From Preferences
(O Specified to Center of Steel

Live Load Reduction

Reduced Live Load Factor M ]

Design Option
[] Ignore PT When Designing This Beam
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Design Preferences...
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Punching Check Ovenrites... I\

Check Punching Shear
Location Type (See Tooltip)
Perimeter

Effective Depth

User Effective Depth Value
Openings

Reinforcemert Allowed

Reinforcement Pattem

. Punching Shear Design Overwrites ? X ‘

Punching Shear Design Ovenwrite Options

oK | Cancel

Reinforcement Fy
Reinforcement Diameter

Reinforcement Spacing
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P Run Analysis & Design F5
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Cracking Analysis Options...
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Advanced Modeling Options...

. Automatic Slab Mesh Options

(® Use Rectangular Mesh
[ Use Localized Meshing
[ Merge Points Where Possible

Advanced SapFire Options...

Show Last Run Details...

O None
Mesh Size
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Run Analysis :
Bl o Araysis & Design 5 i Advanced Modeling Options ? X
Run Detailing... Shift+F5 Active Degrees of Freedom

[ 2D Plate - UZ, RX. RY Only

Advanced Modeling Options...

Add Special Constraint

Advanced SapFire Options...

g ac et

[[] Add Rigid Diaphragm Constraint at Top of Columns and Walls Above

Vertical Offset Modeling
[ Ignore Vertical Offsets in Non P/T Models
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I&m Detailing... Shift+F5

Automatic Slab Mesh Options...
Cracking Analysis Options...

Advanced Modeling Options...
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Automatic Slab Mesh Options...
Cracking Analysis Options...

Advanced Modeling Options...

Advanced SapFire Options...

= dsapfire OB Analysis Complete
\Mﬂ Fle Name:  FAMy and o SaFE g rop [Tems
Run | Display Detailing Tools Ope SatTme:  9/1/2017103710AM  Bapsed 00:00:00
Fiish Tme: 9/1/2017 10:37:11AM  RnStatus  Done - Anaysis Complete
Run Analysis N
P Run Analysis & Design F5
B4 Run Detailing... Shift+F5

NUMBER FOUND AT/ FINAL CONVERGED STATE = o, OK.

NUMBER OF STIFFNESS FORMATIONS/SOLUTIONS
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U-BOOT DOUBLE H 20 cm
Working dimensions cm 52 x52
Height H cm 20
Foot height p cm 0-5-6-7-8-9-10
ad Spacer height d cm 0,8
e / Piece volume m? 0,0426
sown T ‘H UP H10cm Pallet dimensions cm 110x 110 x 240 h
+ Pallet pieces* pz./PAL. 720
il Pallet weight* Kg./PAL. 840
DOWN H 10 cm Pallet dimensions cm 110x 110 x 240 h
Pallet pieces* pz./PAL. 720
Pallet weight* Kg. 840
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