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Area Sections

.Défine... Section Properties...Area Sections...

Area

2 SAP2000 v14.0.0 Advanced - (Untitled)

Sections

Sections

Select Section Type To Add

Analyze Display Design  Optic

20 M 3d x K2 yz 1 l

Frame Sections... i |

Tendon Sectionsg:

Cable Sections..

File Edit View | Define ' Bridge Draw Select Assign
Materials... D) §C)
Section Properties b{ U
Mass Source...
Coordinate Systems|Grids...
Joint Constraints... [2

Area Sectiins...

\R'E —] Cancel

Joint Patterns...
Groups...

Section Cuts...

Functions

Load Patterns..,

Load Cases...

Load Combinations...
Bridge Loads
Named Yiews...

Mamed Property Sets

Pushover Parameter Sets

MNamed Sets

Solid Propeies. ..

Reinfojcessént Bar Sizes. ..

|irgfSupport Properties...
Freguency Dep. Link Props...

Hinge Properties...

Shell Section o

|4SECT
Modify/Show... |

[

{ ection }aie

Seclion Neles

Display Color

Type

" Shell - Thin

" Shell - Thick

" Plate - Thin

" Plate Thick

" Membrane

" Shell - Layered/Nonlinear

Material
Material Name +|[4000Psi =l
Material Angle 0.
Thickness
Membrane 0.25
Bending 0.25

Concrete Shell Section Design Parameters
Modify/Show Shell Design Parameters... |

Stiffness Modifiers

Set Modifiers... I ]

Cancel |
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Frame Sign Convention

Axis 3

[ PositiveAxial Force & Torque]

\ | Paralel to axis 1 at face+1 I
— 29




Frame Sign Convention

E%Ugression Face
O Axis 1

\ut
V2 Tension Face
Positive M3 & V2,

I Compressesface+2| | Parallel to axis 2 at facet+1 I

V2 f
Positive Moment and Shear - A
in the 1-2 Plane -‘

23



Frame Sign Convention

Positive Moment and Shear Axis 2
in the 1-3 Plane ' ,\k 0 Axis 1
Tension Face PP

%\N y M - Axis 3

[ Positive M2 & V3 ]
A

| Compressesface+3 | [Parallel to axis 3 at face+1 |

24



Shell Sgn Convention
Axis 2 %, 7 FAX

A
[Forces areper un/z‘
Axis 1

length
F22 ‘
F 2 ‘ ‘
Transverse Shear {(not shown)

Positive transverse shear forces and
\ stresses acting on positive faces
point toward the viewer

in j2

{ Positive Stresses and I n-Plane Forces ]

25



Shell Sgn Convention

Axis 2

) M-MIN g% \{AWA\% -
[ /l//ommz‘sareper] ‘D v

unit length \ \\ANGLE Axis 1

13 w2y ‘1 . ~
v
4

j1 j2

Positive M11 & Positive M22
Compress face+3

{ Positive Bending M omernts ]

26



Default Colors of faces +3 & -3

Axis 3 A
Face 3 14 F?e . \ .a

Axis 2

[ face 6 = face+3 = Red J \

face 5 = face-3 = Pink

{ Positive Bending M oments
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Degrees of Freedom
y - Zs;:cDeF;ame Plane Frame  Plane Gid  Space Truss _ o |
JAnalyze... Set Analys's Options 1 l ‘ @ ‘ o
“xz I;;ane“ \eY Plane _ Solver Dpions... |
e A W AV
Any spacejoint has 6 DOF ] = 3] 3

2D Frame XZ Plane

2D Frame XY Plane
3D Frame
W

3D Truss \(b
2D Truss XZ Plane
XY Slab (vertical Load

XY Slab (vertical & Horizontal Loads)

29
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[ oad Patterns, L oad Cases

L oad Combfjtﬂv%%s

Deéefine. (\Mvad Patterns...

%{ . Load Ccases...
..Def L oaa’ Combinations...

Mhmed M EL K ol 30



2L oad Patterns L oad Cases, L oad Combinations

Define... L oad Patterns..., L oad cases..., L oad
Combinations

— @ O @

L oad Case | || Load Combination)\/ \ L-oall Pattern

Y

|
v | L N ' 3
% § Oow I Dead:OW+Flooring+WaIIWeightJ A L oad Pattern must
S E Flooring | Work=Dead+Life] becreated for every
< | [walweight] | [UIE{dareiive] SGilleLose CaEs
© O . EER e to enter
O =z Live | Follow Chapter 3 th it
o1 2| [Wind | in ECP-RC Sl s
=| z AW (values & shapes) of
T ©|-= EQ-Stetic] T| ....... applied loads

2 Temperature | e In the case

EQ-Dynamic | """ |

Buckling | | =

Moving Load| ! I 31




2L oad Patterns L oad Cases, L oad Combinations
.Défine... L oad Patterns...

Define Load Patterns

Load Pattemns St tlc

Self Weight Auto ral

Load Pattem Name f Type Multiplier Load Flattim AddNewLoadPattem |
EQY Bﬁt |QUAKE LI |0 Iml‘il Loa P Modify Load Pattern |
ow DEAD 1 .
Flaoring DEAD 0 ﬂ Modify Lateral Load Pattem... |
Wall Weight DEAD 0
Li:e i LIVE P -/ Delete Load Pattem I
EQX QUAKE i User Loads 3
EQy ] [ UserLoads |
—_— Lhatlee st Show Load Pattern Notes... |

32
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[ oad Patterns 7L oad Cases, L oad Combinations

Deéefine... L oad cases...

Define Load Cases

Load Cases I :
Load Case Name Load Case Type 4
DEAD Linear Static ) ”
MODAL Modal i AddLopy of Load Lase. ..
Flooring [
t&’a" Weight Modify/Show Load Case...
ive
2 [ ]
: Delete Load Case
esponse spectrum _
'I; tsponse Spectrum 4 Display Load Cases

Show Load Case Tree...

0K I Cancel

33
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L oad Patterns 7L oad cases L oad Combinations

.Défine... Load Cases... Flooring (moaify/show
case)

Load Case Data - Linear Static

Load Case Name Notes
[Flooring Set Def Name | Modify/Show,-, |

Stiffness to Use

e Zero Initial Conditions - Unstressed State

~ Loads Applied W\
Load Type Load N e cale Factor
' Y

S add |
_Modty |

Modify

5 NOR.es@ard.ch

Delete |

Cancel l
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L oad Patterns 7L oad Cases, L oad Combinations

.EQ Modéling....

EQ Modeling

[\l

Equivalent Static
L oad Method

A [
Fb:[Sdajx/iQhﬂﬂ’g
= i

: =
Fi = [ hi/Zh] Fb

EQx - EQY

Static Response Spﬁﬁ/

Ime History Analysis

/\AJ\(\NNN\M\M >t

T Tc Tp

SPECX - SPECY

PO

35
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[ oad Patterns 7L oad Cases, L oad Combinations

.Défine... L oad Cases... Modal (moadify/show case)

Load Case Data - Modal

Load Case Name
|MODAL Set Def Name

Notes Load Case ’ v
Modify/Show... | | | [Modd

Stiffness to Use

(¢ Zero Initial Conditions - Unstressed State

-~

Number of Modes

Maximum Number of Mod:

Minimum Number of Mod ‘

E >3\n

Target Dynamic
Participation Z 90%

Load Name  Maximum Cycles  Ratios [%)

ECL 2012

Maodify

item: 8-4-2-6

DK|
_ Cencel |

Delete Cancel

B6

36



[ oad Patterns 7L oad Cases, L oad Combinations

Define Response Spectrum Functions

t. w;%acha Choose Function Type to Add
UNIFRS v

.Deéfine... Functions... Response Spe

Response Spectrum Function Definition

Click to:

Function Damping Ratic L‘.‘ Add New Function... 1
Function Name ECL2012 0.05 O (), .
Modify/Show Spectrum... |
Function File plues are:

Browse... Delete Spectrum |

File Name

" Frequency vs Yalue

(¢ Period vs Value

eh\mumesism-olals-muselramrsehpesentation’
spectrum eavotion’D7. txt

Header Lines to Skip E

| OK I Cancel |
I Response Spectrum Egyption’... E]@@

File Edit Format View Help

L Pick Function Data File p 5 20775 a
Convert to User Defined | View File | Look in: [ () LecturerEtabs 0.01 2 0968875
Function Graph 3 (ECP 2012 0.02 1.986525
(L)ECP-images 7 ~z
\ benm e 0.03 1.8761625
N, A Documents | project 2013 0.04 1.7658
9 fEI Response Spectrum Egy;” an'07.txt 0 O ; l 6 % .;_lg - .;
H Deskiop 0.06 1 545075
2 0.07 1.4347125
J 0.08 1.32435
My Documents L
i 0.09 1.2139875
':}_! 0.1 1.103625
My Computer 011 1.103625
«) y =
{....Display Graph | (4.4686 , 0.2943) D
My Network  File name: Response Spectium Egyption'07 txt
Places




L oad Patterns, 2L oad Cases, L oad Combinations

.Define... Load Cases... Add New L oad Case... Response
Spec..

Load Case Data - Response Spectrum

Notes
Modify/Show..

Modal Combination
& COC
" SRSS

0 — " Absolute
" Absolute 49 I ;%
~ GMC iodic + Rigi e v

" NRC 10 Percent

P
®

IMUDAL v|

UBC: 9.81/R

v

Add

Modify I

.DEf//?E. oo Delete |
F uncz‘lon S, .. [~ Show Advanced Load Parameters
Regjon e ‘%ecf rum. .. Other Parameters

Modal Damping | Constant at 0.05 Modify/Show...
Cancel 38
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L oad Patterns, 7L oad cases, L oad Combinati

.Define... Load Cases... Add New L oad Case... Respon
Spec..

Load Case Data - Response Spectrum

Load Case Name Notes Load Case T ‘
[Specy SeffDef Name | Modify/Show... m‘

@ o

{" SRSS

" Absolute

" GMC

¢~ NRC 10 Percent
" Double Sum

Absolute

MC 2

Periodic # Rigid Type

Modal Load

Use Wodes fro dal oasl:ase IMDDAL vl

......

Functlon Scale Facir Coord Sys Angle
| =ENFEE | B [GLoBaL v |0

2 ECL2012 1 GLOBAL
..Défine...

. —-
R won,% \S\pr rum. .. Other Parameters

Modal Damping I Constant at 0.05 Modify/Show...
Cancel I 39

39



[ oad Patterns L oad Cases, 7. oad Combinations

Deéefine... L oad Combinations...

Load Combination Data

Load Combination Name (User-Generated)

Notes

Load Combination Type

i~ Dptions

| Create Nonlinear L |

[D ead

G

Define Combination of Load Case Results

Load Case Name Load Case Ty
| wallweight v |[Linear Static
ow Linear Static

Floorina Linear Static

DKl

Cancel |

Moy |

Delete |

Modify/Show Notes...

{Lineal Add l]
[ ]
0 I I
! Define Combination of Load Case Results
U ) Load Case Name Load Case Type Scale Factor
I | Live Ll [Linear Static [1.6
Dead Combination 1.4

Linear Static

Modify I
Delete l

0K Cancel

40
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[ oad Patterns L oad Cases, 7. oad Combinations

Deéfine... L oad Combinations...
—_——— En ve/ope

2 - [B] J B Momen nt 3-3 Diagram (DEAD)

)




[ oad Patterns L oad Cases, 7. oad Combinations

-Déline... L oad Combinations... | ,, st

12 Moment 3-3 Diagram (absDead)

O "

Absolute (Dead)

W

/N ! | ‘ ) ; ! (1)
4.. | ..- — v — -

Absolute (Dead) + Dead “Linear”

&= [coeal  ~|[Torf.mcC ~
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Steps of Building a SAP Mode/

Units—ELitniaileifseg=cq]  X0.00 Y0.00 Z0.00 |GLOBAL _”Tonf m,C _|

INe\N Model _
ualche O R L[Sl

Define... Materials, Sections, Functions, L Pfatter ns, L Geses, L Combinations

Draw the Structure & Assign Sectionsj

Assign Joint.. Restraints, Constraints,/Sprifigs

Assign Frame.. Releases, End Qffiset, Intersection Points, Output Stations

Assign Area.. Springs

Display.. Show Loads & Misc Assignments

Alternative 2 ]

Run Draw the Structure

Check Warnings & ErrorsinthelLog File
|Display... Show Deformed Shapel— EILEE]
Read Deflections, Forces, Moments....

[
®
E-
3

Assign Sections

NAPIOAOOODOIOOOGC




i

New'Wr

Step 2

)L\NOM
odel ..



Step 3. New M odel
Flle... New Modée...

I3 New Model

New Model Initialization Project Iniormation
(e i Initialize Model from Defaults with Units Tonf, m, C vi Modifg/Show Ihfd”. |

" |nitialize Model from an Existing

2D Trusses 3D Trusses

b

Flat Slab Shells Staircases Storage
Structures

Blank 7 Bea;n

Underground Solid Models Cable Bridges Caltrans-BAG ~ Quick Bridge Pipes and
Concrete Plates

46

46



Step 4* )L\”‘M
Draw 1‘0@2@ odel ...

ﬁzﬁéw/n g 700/s



DS B o / & » D

Step 4%. Drawing the Model 22288 M 365 2 2 wo

ks
g nge /S on/ Vi S
P stz, D I‘ 3 WII] g 6'1 6‘ C tl 0" I 6' W T 0 01 Edit | Yiew Define Bridge Draw Select
clr% -. L Tl
i * ¢ ¢ 5 Mzt nd Ml Redc
l’j ° du ut! O \% Ctrl+X
@ Cop Crl+C
i N — - _
Options | Tools Help E IS s .
>@ \ DimensionsTolerances. .. mn 4 - n Delete Delete
-l‘ x gOlDl’S » Y A <
= _ Add to Model From Template Ctrl+T
I( — Set Program Default Displas Urjts).
1 & Database “ Interactive Database Editing...
wjl ] Graphics Mode I Replicate... Ctr+R
Windows » One
=] / _ . Extrude »
et Calculabgr Yoo Two Tiled Yertically
) m Two Tiled Horizontally Move... Ctr+M
Select | Assign  Apalyze  Disg Show Tips at Startup Three Edit Points 4
Select » /] show Bounding Plane Bour Edit Lines >
Deselect ’ Edit Areas »
Select Using Tables...
" View | Define Bridge
Invert Selection Set 3D View... B Show Grid : Show Duplicates
ps¥ Get Previous Selec Set 2D View... 7| Show Axes Merge Duplicates... 48

o Clear Selection Change Labels... 48




Step 4*, Drawing the M ode/
Drawing / Selection / View Tools

- Dimensions/Tolerances Preferences
Set 2D View [\

Set 3D View
Auto Merge Tolerance I;._U[J7-E 03 meters
20 %iew Cutting[lanes /- |l11 meters
Plen FineGrid 5pacing |U.25 meters
- Bigiiiudge Value |D. 25 meters
¢ Y-Z plane %= |3
o | View Direction Angle Fast View Screen Selection Tolerance |3 pixels
-Z plane =
%5 clane P o 225 il] Olan Y Screen Snap To Tolerance |12 pixels
— -
V'ff”?"e'::“" = = ﬂJ . w2 | v Gcreen Line Thickness
* Front Face { ackK race I—EU f\- Apellwe
S Printer Line Thickness
0K l Cancel ]
<\ U Eae M aximum Graphic Font Size
View | Define Bridge Drav Minimum Graphic Font Size
L= , 3 _
. f71  Show Selection Only
Set 3D View... i Auto Zoom Step 110 percent
. Invert View Selection
et 2D View... x Shrink Factor ITU percent
ol cat Named View Remove Selection from View
- v Max Line Length in Text File 240 charactel
Set Limits. .. S
v,
Show All
Set Display Options... al o { Hesetto Defaults : 0K | Cancel | 49




Step 4*. Drawing the Mode/
Drawing / Selection / View Tools

Joints

Labels
Restraints
Springs
Local Axes
Invisible

18 W By |

Not in View

Areas

™ Labels

I~ Sections
IV Local Axes
[ NotinView

Display Options For Active Window

Frames/Cables/Tendons General

™ Labels [~ Shrink Objects

™ Sections [T Extrude View

™ Releases [~ Fill Ok ”

7 Local Axes v Sho " Color Printer
™ Frames Not in Vi

-

-

Sohds

e

)

= |"' Sho L " ‘White Background, Black Objects
i " Selected Groups roul
L:n S Miscellaneous

[~ Show Analysis Model (If Available]
|_ [~ Show Joints Only For Objects In View
-

-

[~ Apply to All Windows

Cancel

50
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Step 4*. Drawing the M ode/
Drawing / Selection / View Tools
View... Set 3D View...

View Direction Angle options. Set these three ang
orientation of the view. These angles can

location of your eye, looking toward th

Plan angle: Your location in t m pI , Where zero is on the positive X

axis, and 90 ison the positiye
Elevation angle: Your | c@xéfn above or below the X-Y plane, where zero Is

on the X-Y plan XW\@%isom the positive Z axis

Aperture angie: A measure of how strong the per spective effect is, or how
far away you are from the origin. Zero indicates that you are infinitely far
away, and all receding lines are parallel (no perspective). A value between

51



Step 4*. Drawing the M ode/ *
Drawing / Selection / View Tools

Training Example




Step 4*. Drawing the M ode/

Usng Excel

Drawing aJomt

Type Name Z |USER

POINT 1| Y /

Drawmg a Frame

Type Name _ZI 1 XJ|YJ[zJ

LINE 0|7|5]|0

Drawing an Area
Type |Name| NumPoints | X1|Y1|Z1|X2|Y2|Z2|X3|Y3|Z3|X4|Y4|Z4
AREA | 1 4 3/5/0|5|5|0(46/89|0|11(7.2| 0

53
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Step 4*. Drawing the M ode/
Usng Excel :: Training Example

A4

o4



Joint Consyaéc)"f}

Déefine... %)Dn‘ Constrants...
Asstian”? JO/m‘ Constraints...

Ahmed M) EL Kok,
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Joint Constralnts

DefinegAssign... Joint Constraints..

Diaphragm

Weld
Plate
Rod

Equal

A Body Constraint causesall of its constrained joi
Body | k& move together as athree-dimensional rigid bqdly.

If alarge number of these constraints myst bec

to movetog the

m brane -plane) defor mation.
alnt can be used to model concretefloors.

axisischosen, thisconstraint isequivalent to

3 body constraint in the same coordinate system with
trandations X and Y and rotation Z chosen.

Column cross section — Roller support
L ateral load at slab CG — Hidden beams

56
56



Joint Constraints
DefineAssign... Joint Cc

o[-E-|[EESs] | ¥ 3-D View

Weld Constraint for lowering
bathroom floor




LW
Dem'tgdv o

Non Prismatic Section

P

Ahmed M) EL Kok,



Nonprismnatic Section

Define.Section Properties.Frame.Add New..Other..Nonprismatic

F=r
{5
" e ——— —— = X
File Edt View Define Bridge Draw - - - -
= =2 _ Nonprismatic Section Deﬁnltlon‘ . - . ; il . a8 4
D HS o= / & ¢ —
1Ny "
® Nonprismatic Section Name IBZSH[SD-TDU] Qisplay Cclor rf If
; Section Notes Modify/Show Notes... I
N ew Property... I
= Start Section End Section Length Length Type || EI33Vanation EI22 Variation v Propeity... |
= B25X60 ~|[psxio0 ~|[5 hiable #P[Cubic v/ |Linear  +| T —
O B25X100 B25XE0 A1 Wariable  [Cubic Linear rowPopey___|
= B25460 i B25X100 L fanaple Cubic Linea ‘
@ B25X100 B25X100 3 Absolute Cubic Linear te Property
al®
psd
cl® Display Color
o Add Insert ‘ Modify Delete

14/
7 3 Vanation EI22Variation
y i | |Linear v |
A 0K ' Cancel | - =

| Linear |
4 ar [Linear
[« T ——— = = = dar | Linear
S

Add Insert ‘ Modify ‘ | Delete |
Cancel \




Nonprismnatic Section
.Défine.Section Properties.Frame.Add New..Other..Nonprismatic

A linear variation in t2 for the rﬁm

would require elvar 33=1
A linear variation in t foﬁirectangular shape
would require elv

A linear v 'atiog&n t3 for the |- shape would re
quire elvar

Theinterpolation of the bending stiffnessin the 1-
2 plane, 122 x €1, is defined in the same manner
by the parameter eivar 22

60
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Framel/nt on Point
/ﬁﬁ&&/ Point
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Frame Insertion Point \/\ -

) c1-" " Cardinal
/nz‘ersecz‘/o Fornt I _{- Pomict
|10 (Centroid) |
JAssgn..Frame.[nter seqliQu Loeint /
Frame Joint Offsets to Cardinal Point Cardinal
Pont B1
Coord System ILocaI LI
End EndyJ
1 o
2 |o
A 2 axis
7 8 9
M
1. Bottom | ' B2 |
i 4 Bouom . _Cence | ISP <k
| 4 @Le jait T @3 eee————ee—— e m—— o B |
i iddle center 1
; . Middle right r )
14 7. Top left o
i 8. Top center I
| 9. Top right Y pau
§ 10. Centroid Bt I
1 2 3 pr Al
Note: For doubly symmetric members such as :ir f
e: u
this one, cardinal points 5, 10, and 11 are

the same. Plan 62



6

3
lntersection Point

JAssign..Frame.lntersection Point

B - [=]x]

File Edit View Define Bridge Draw Select Assign Anpalyze Display Design Options Tools Help

Do HE o 7 6§ » D OO 2PLO M 3dy ey w@é 48 M@ % _nizh-nd _IfF Q-
= [B]X] &

Cardinal Point
"1 0 [Centroid)

Mimor about Local 2

Frame Joint Offsets to Cardinal Point

Coord System ;Local

End-l

Do not transform frame stiffness for
oltsets trom centroid

_ Reset Defaults

Cancel

1 Frames Selected X0.00 Y0.00 2000 | ' 63



/I ntersection Point

Assgn..Frame.lntersection Point

374
File Edit Select

DS HS o /6D OPOODL M 3dn ey wdbr ¢ &

View Define Bridge Draw Assign  Analyze Display Design Options Tools Help

n &

S frdt - nd

1N 2 AEE)E
-SE

Cardinal Point

_8 (Top Center)

Mirror about Local 2

Frame Joint Offsets to Cardinal Point

Coord System [Local

End

~ Do not transform frame stiffness for
oltsets hom centrod

Reset Defaults

Cancel

1 Frames Selected

X0.00 Y0.00 Z0.00

L

o4



/I ntersection Point

Assgn..Frame.lntersection Point

B
File Edt View Define Bridge Draw Select Assign Analyze Display Design Options Tools Help
D B o 7 6§ »D D02 2P0 M 3dy v ew@e 48 :nd %6 nirt-nd
N & - [Bx) 3
N
N
b

Frame Insertion Point

Cardinal Point

18 (Top Center)

Mirror about Local 2

Frame Joint Offsets to Cardinal Point

Coord System [GLOBAL

— Do not transform frame stiffness for
oltsets lrom centroid

Reset Defaults

Cancel

1 Frames Selected

X0.00 Y0.00 Z0.00 |

Sle




)L\NOM
Fram @\pﬁlgﬁQ f1set
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End Off‘%l' Frame End Length Offsets

End Offset Along Length

. /4 SSYg/? . F rarmne. E /70' Of f 5191‘ " Automatic from Connectivity

(+ : Define Lenglhs'

End\&l
L\\; facto
Total Length L )

| L‘ - tength L‘ /] | 0K Cancel
Honzontal — % ’
I Member J

Thisis a factor used to define the percentage of
the zone specified through end offsets to be
taken as fully rigid.@means no rigid zone and 1
meansthat the entire zoneistaken asrigid.

67



A

Ca,b Vv Excel filesto L ab PC(s

Ahmed M) EL Kok,
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Example 1 *

[ russ-Frame

';Dfi{_ Release/Partial Fixity
Pv=03t "~ Outpu* >tat|ons

oA
.. k ‘IVI

B1 B2 B3

SZ‘ee/ 37
A lhttess members are 2L s 8Ox80x8

/frame members are HEA 360
DL, LL, WLL, WLR
X Special Names for chord, vertical & diagonal members

N
015t/m

10x2.00=20.00 m

™
All

69



Example’2

RC-Beam
DL 1.00t/m DL 1.25t/m %
LL 040tm LL 050tm KL\L N
Z /l (\ 25cm
DL 3Um LL 0.40m 3
X o
: 10 10, 25
1 4 25 25 '
|« A\ ’ >|< 4.5

DL, LL, Work, ‘Alivel\/lodel & B

Output Stations

70



M odifiers

Example 3 Using Two different alternatives

Frame Verificatior

57 9 f/m - (&‘)X

44 L B ,LTJ.. b -

71
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Example 4 B,
Beam under Temperature A

Q 000 /(///72
j\‘ a=0.0000065 /F

5 10 //70/7

| oad Case 1: Increase

60 F

y

2

L oad Case 2: I ngiex @F/mch along X-axis

L oad Case 3: Vinear Increase 60 F on thetop fiber

Casel. Temperature=+20 (+ increase)

Case2. Define/Assign (Joint Patterns) Temper ature=2X+10
Case3: Gradient22=+60/3=+20 (+ increase with local 2)

75



Example 4

Beam under Temperature

I 0 \fio!
i IS L
(OdseA  CaseB
LU F

Ux=0.0013 | Fx=-22.62
Ux=0.00065 | Fx=-11.31
Uz=-0.0065 | Fz=2.545

L oad Case,

w N e




Example 5 DL
Frame under different loads and temperature.L

+ + Inclined Support WL
Utemp
UTlemnp

S DL 3.0t

™ LL 1.2t

S

T

g Se. Concrete Fcu=350 K g/cir¥

1m|,1 3m 3m . 3m L 3m , 2m

WA
/_

77



Example 5
Frame under different loads and temperature
+ + Inclined Support

1-DL Case
2-L L Case L

s-W1L Ca

5-NUTenp Case:: Increase 30 C outside the frame

6-Settel Case. Downward settienent of 1 cm at hinged suppor
78




Frame under different loads and temperature
+Sett/ement + Inclined Support

e

JA\W\“@A

79



Cartesian 2-2-1-20-8-...

EX 3/77,0/3 6 Cylindrical 2-41-1-14.5-4.5-... & Origin=P
= Replicate Radial
Arch




Example 6
Arch

e
4&51 i Flil

81



Example 6




Example 7 *

Prestress Beam — Usng Tendon Element

1=220k Beam neutral axis é. " (Prestressing tendﬁ (&’\)X 18"
A

) 'O
Sﬁ% o
Section A-A

ST

Material Propenie% V\(\’ Sectlon Properties Prestress Properties

E = 3600 k/in b =18in A=15in2
v=02 d =30in E = 29000 k/in2
G= 1500 kiin? A =540in v=03

Uz=0.165 inch & M=2004 Kip

83
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Flat Slab Example
Flat Slab Modeling ... 3 Alternatives

Al 1l

e

86



Flat Slab Example

Minimum Dimens ons

ts=15cm.

ts=L/32 for edge spans.
ts=L/36 for internal spans.
nc=1/20 span.

nc=30 cm.

nc=1/15 floor heght.

Edge beam depth > 3ts

N o O s~ owDd

87



Flat Slab Exampl
Flat Slab Modéeling ... 3 Alternatives




Flat Slab Example
Flat Slab Modéeling ... 3 Alternatives




Flat Slab Example

AutoCAD DXF

1.
2.
3.

O

oo

Choose carefully & fix (0,0) point in CAD & SAP
Mesh 0.25x0.25 ~ 1.0x1.0 m?

Align the mesh at the beams lines, pbuilding edges
and lines separ ating different loads ar eas.

At least onejoint mus’ exist in the column C.G.
L arge columns may be represented by morejoints.

Avoid triangie and irregular elements shapes as
much as'possible

Delete the openings.
Apply therulesgiven in slides 4~6 and 19~20.
Draw Slabsin CAD & (Col, beams, SW) in SAP



Flat Slab Example

nput

N o Ok 0D

Fcu=300 Kg/cm2

Slab 22 cm “ | sotropic == Mater ial’angle=0"
Beam B25X70

Patterns. OW, Floorjiihg, Wall& LL

Cases. Péatierng

Combinations. DL & Work & Ultimate
Flooring=200 Kg/m2 & Walls=350 Kg/m2

91



F/al‘ .S/ab E)(amﬁ/e  ShellSection Data
Material Angle soctntime 2

Section Notes Modify/Show... |

" Plate< hick
K mbrane

Display Color
Type
| ¢ Shell - Thin \% |
; " Shell - Thick O
" Plate - Thin
”

" Shell - Lay onlinear

/¢ .|

M‘ﬂerial
Material Name i" Con300 L]

Material Angle IU- I SOf I' Opl C

W\/@ Thickness
Membrane |.22
Bending |.22

Concrete Shell Section Design Parameters

Modify/Show Shell Design Parameters.... |

Stiffness Modifiers




A /0 Ci U
U

Grid 9,10,1

X Spacing
182387287163163287387

o
» A y,
R 4
= DA iy
A & > ¥ B /N
& 8 - il
.}_ -
R Lol o = )
y x L =
i i Y X
42 i :-‘_;:‘_1 A
f A e L
\A
X
i ]
4
N

Y Spacing
3.38,2.74,1.5,1.31,2.25,1.31,1.5,2.68,3.44

Ahmed M EL KA, J




TABLE: Joint Reactions

Joint OutputCase CaseType F3

F / [- \9 b E m / Text Text Text Tonf
a a Xa p e 200 Ultimate Combination 7.9022
" g 201 Ultimate Combination 0.9557
R%C[/O/?S 202 Ultimate Combination -5.4936
203 Ultimate Combination 21.2258
. . 219 Ultimate  Combination  1.9104
Display... Show Forces... Joints 20 (imate  Combination 20728
. 236 Witimate Combination 3.5238
D| Spl ay .. ShOW Tabl es.. B3 Ultingdle  Combination  1.232
— '254 Vitimaie Combination 1.8949
- g ANALYS'S RESULTS [1 Of 12 tables _255 Ultimate Combination 24.5431
pay ] Ultimate Combination 1.9919

= B Joint Dutput A 7 Ultimate  Combination  -6.6575

. a
*-[J Displacements Joint Reactions _m

= E F:E:&CUDHS File View Formatfilter-Sork Options Sum= 55.1015
@ Table: Joint RBGC“OHS Uhits: jAsNoted 1UointFhsactims :J

-
N

F3
Tonf

7.9022|
0.9557
5.4936
21.2258|
1.9104
20728
35238
1.232
1.8949
24.5431
1.9919
56575

Loint OutputCase | CaseType
Text Text Text

200 | Ultimate | Combination |
201 | Ulimate | Combination
202 Ultimate Combination
203 Ultimate | Combination |
219 | Ulimate | Combination
220 | Ultimate Combination |
236 Ultimate | Combination
238 Ulimate | Combination
254 | Ultimate Combination
255 | Ultimate | Combination |
277 | Ulimate | Combination
273 Ultimate Combination

—
)
3
=

o
(=]

=== = = = = = = = =
(=== S = == = = = =

Record: | 14/ ¢/ 1p[p] of12 Add Tables...

94



Flat Slab EX&rgte

kglcm2

kg/cm?

RE T u max. 0.015

ade by : Eng. Ahmed Mostafa EL-Kholy
Sec. |Mu (m.t.)| b (cm) | d(cm) R @ | As(cm?) CHECK n ¢ (mm)
S1 2.25 100 19 |0.0208 | 0.024 | 3.875 Yafe 10
S2 5.35 100 19 |0.0494 | 0.060 | 9.556 Sa 12
S3 7.6 100 19 | 0.0702 | 0.088 13.91? Saf 13 12

95



F/az‘ Slab Ex&indlie i
. kg/cm*
R p max. 0.015
de by : Eng. Ahmed Mostafa EL-Kholy
Sec. |Mu(m.t)| b (cm) [d(cm)| R @ | As(cm?) | CHECK n | ¢(mm)
S1 2.25 100 19 |0.0208 | 0.024 | 3.875 _Safe D 10
S2 5.35 100 19 |0.0494 | 0.060 | 9.556 bate, | J 12
S3 7.6 100 19 |0.0702) 0.088 | 13.979 Safe 13 12

96



Flat S/aQ Xa mple

Ef

RFT Def:
=IO

MY

RUR
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Flat Slab Example

Development L ength & Embedment L ength

3.

1.
2.

ltem 4-2-5-1 ECP RC Structures

Ld> Ld+0.3d from critical section (@oiumn Face
for -M and mid span for+M,)

Le>d & Le> O3d+]0(1)

Check Punching

> WD

g= QB/bnd (0-25) <EqQ. (4-32-a & 4-32-b & 4-33)
p=1.15for internal columns

p=1.30 for edge columns

p=1.50 for corner columns

99



Flat Slab Example
Check Déeflection —itean 4-3-1-1

1. Abp+L+Creep<L/250

2. AD+L+Creep < L/480 “non structural éleménts likely to be
damaged by lar ge deflection”

AL < L/360

L?

A : from SAP gtMMM/EI

le musthe'used for estimating A
le= (Mcr/Ma)3lg+(1-(Mcr/Ma)d)lc
SAP modifier=1¢€/lg

© N o Ok W

100



AP B

D

e

SHEET

SIGN CALCULATION

Sheet No.

Computed by

Batool

Approved by

J -
Calculation of Deflection According to ACI 318M-0 SEEEER R

Concrete Compressive Strength (f'c) = 300.00|Kg/cm2 |= 30.00 | MPe |

Concrete Modulus of Rupture (f;) = 3.40|MPa B . (Eq. 9-9)
Concrete Modulus of Elasticity (E;) = | 2.6E+04 |MPa (Clause 8.5.1)
n(EJE)] | | | = 777 [ (Clause 8.5.2)
Section Properties 1 L \ \
Thickness of Section (t) = 32.09| ¢ Depihi-of Ten. Reinforcement (d) = 32.00(cm
Breadth of Section (b) \ = 10Q.00! ¢ Bepth of Comp. Reinforcement (d") |= 3.00/cm
Tension Reinforcement (As) = 1400086 m? Compression Reinforcement (Ag) = 8.00|cm?
span() | | | | = |\ 10.50/Mm |

Nutral Axis Depth (z) | = ), 7.06/cm

Gross Moment of Inejifia,(ly) ¥ 273066.67 oyt = | 2.73E+09 |mm

Cracked Moment of |nertial () ¥'= 80276.33|cm? 8.03E+08 |mm

Cracking Moment (Mq){ 1[Y | |= 5.80E+07|N mm = 5.80 |m.t (Eq. 9-8)
Service Straining Actions \

Bending Moment-Due to Dead Load only (My) = 540 ‘mt = |5.4E+07 N. mm

Bending Moment Due to Live Load only (M) = 266 ‘mt = |2.7E+07 |N. mm

% of Sustained Load from the Live Load = 50%

% of Gross Inertia Used in Calculation = 100%

Bending Moment Due to Sustained Load (Mgs) = 6.73m.t |= | 6.7E+07 |[N. mm

Calculated Short Time Deflection (Calculated by total or percentage of gross moment of inertia)

Deflection due to Dead Load (A)qg = | 0.3000 lcm = | 3.000 mm

Deflection due to Live Load (A), = | 0.1700 |cm = 1.700 |mm

01




Flat Slab Example

Check Deéflection —item 4-3-1-1

L | \ [(Eq. 9-7)
Under Dead Load Only (lg)q = 273066.67 |cm?* |= 2.73E+09|jym*
Under Sustained Load (l¢)sus = 203400.45 cm* = 2.03E+09| ym* R
Under Dead + Live Load (l¢)gss |= | 151953.891|cm* |= 1.52E+09 mm* 1] | 77\ ) V|
Modified Short time Deflection _‘ —
Deflection due to Dead Load (A))q = 0.3000|cm
Deflection due to Sustained Load (A)sus | |= | 0.5169(cny
Deflection due to Dead + Live Load (A)g+ |= 0.8446|cm
Deflection due to Live Load (A), | = | . 0/5446/cn} L/
Additional Long Term Deflection N\ __I_\ — (Clause 9.5.2.5)
For 5 years or more (Ajong) = [ 0.91887 |¢m For 12 months (Aigng) |= | 0.64321 (cm
For 6 months (Ang) = 1055142 [cm{! ¥ [ [For 3 months (Apng)] |= | 0.45944 [cm
|
Results AN L OV
--|Flat roofs not supporting q¢ny Roljeitdched to nonstructural elements likely to be damaged by large defelections:
&) [ | [=] 054464 chn < |IN80 |= | 55556 fem | | | | | | | | | | | |
--|Floors not supporting and not attached to nonstructural elements likely to be damaged by large deflections:
Ay | | |=]05%46 cm | < [360 [= | 27778 |em | | | | | | -]
--|Roof or floor construction supporting or attached to nonstructural elements likely to be damaged by
large deflections: \ \ \ \ \ \ \ \
(Aong) + (A |= | 1.4635 cm < |1/480 = | 2.08333 cm
--|Roof or floor construction supporting or attached to nonstructural elements not likely to be damaged by
large deflections: i i T i i T i i
(Aiong) + (A)r | =| 1.4635 cm < (/240 = | 4.1667 |cm
1 HEEEEEN HEN 102




Flat Slab Example
Reactions Slide 88 & Constraint Column Joints

With Constraint ——
Without Constraint Yo

i

onstrain

Coordinate System  |GLOBAL :_]

Constiaine: d DOFs

v

Label |100

Change Label of
the master joint

103




Flat Slab Example

Advanced |mport

MEsnEINSSEETa sl
‘ ANk -
[ 1
. ey = -
N

Saion: S22

EEEEREEEVEIEEEEEEENE -
_ﬂi-.i_;_::f..""
o el A Section: S22-C
b=t cH - HH e |
‘ﬂ=======un========¥ ! aver: SAP-Col R :
Aimamumn
i
L ] |

104



Flat Slab Example

Stairs & Bathrooms

[\

Two altennatives
I\~
jl \VWM@

105



Flat Assgnment Due
Raft Assgmm e
Thurs@a Y 03 Sep

Rl
First ﬁ}‘%s/l ssignment Due
Thursday 10 Sep
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Complex Examples

...Edit.. Add to Mode from Temnplate...

12 SAP2000 v14.0.0 Advanced - Add Temp - [3-D View]

ﬂ: File | Edit | View Define Bridge Draw Select Assign Apalyze Display Design Options Tools Help

B = Undo Selection Delete ctrl+Z2 @ @@ '@ @ 3d wp x2 yz w B by & B E’n”' - im! Fr it~ nd . RS N v a2 17 |0k
P we® 4 gl . ‘BEE TS B,
¥
i x
N\ Add to Model Erom Template Ctrl+T
N, -

Interactive Database Editing. ..

Show Duplicates

Change Labels...

108



Define, S-Doom

CO/??_,O/QX E. )(amp/eg R 2.5, Z divisions 6

Origin 10.181, 12.586

...Edit.. Add to Mode from Tempiare...

oard Syste L¢ \ ion And Orientation

Coordinfite System [N ame
08754

Origin Location
Global X

Global Y

Global Z
Spherical Dome Dimensions

T . . | - Origin Orientation - Rotations in Degrees
ﬁ | Radius, R |25 Num. of Divisions, Angular about Global Z IE]

Kol Down &nalenT (&7 Num. of Divisions, Z [8 about Global YY" |
[t 3 VU%

Locake Chialy/. about Global X" [
IS, Y

Seclion Properties P oK I Cancel

Areas |S-Doom
Parametric Definition

[v Gridlines

109



Complex Examples

...Edit.. Add to Mode from Temnplate...

110



R 2.5, Z divisions 6

Complex Examples Origin 10.215, 7.527

...Edit.. Add to Mode from Temnplate...
\

\
ord S 3 oc@tion And Orientation
i O

Ciordinate System Name
[Csyse

Uplion
“ 0 C 3D

Ungin Location
Global X

Global Y

Global Z2
Shell Type
Spherical Dome | N VS : Origin Orientation - Rotations in Degrees
| | . e it g
- Radius, B |215 Num. of Divisions, Angular |16 about Global Z 0
RollDobndnd= T 50 i Num. of Divisions,Z |6 ; ﬁ
A Ve VA @ ) about Global Y
A W
& I Lgcatedrigin... about Global X" [

&€ction Properties

4 Areas |S.Doom L‘i'
Parametric Definition

[v Gridlines 0K \ Cancel ‘

Cancel |
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Complex Examples

...Edit.. Add to Mode from Temnplate...

Ly

112
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fanks
...Problem

Bearing
Capacity
=1.0 Kg/cm?
=10.0 ton/m?

i
i
L

Ll
il

A

i ity




Janks
...Mode

Quick Area
o]

5Areas

Assign... Area .. Reverselocal 3
+3 face out

115



fanks

..Mode 0.5x0.5 n¥

Edit Areas...

Edit...

Divide Areas ...

(0.5x0.5 m?)
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Deéefine.J Patterns, . Assgn...Joint Patterns

. Pattern Data ——

Patern Nane ‘ |Water -l

Pattermn Asignment 1pe
(¢ X.Y.IZ Multipliers (Pattem Value =A% + By + Cz + D)

Z Cgordinate at Zero Pressure and Weight Per Unit Volume

Pattern Value = 4z +By + C2 + D

Constant & 0.

Constant B IUi
Constant C [ﬂi
Constant D [3—

Joint Patterns

Assign
J OI nt Patt er n ' Restrictions Options
+ Use all values (¢ Add to existing values
(" Zero Negative values (" Replace existing values
~ Zeio Positive values (" Delete existing values

| OK I Cancel

Water Pressure=3-(1)Z
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Assign | Analyze Display Design Options Tools Help

] Joint

ot
1

ASSgN. ;

Joint Loads

Area Loads

[anks zsee

Joint Patterns...

Assign to Group...

Clear Display of Assigns

Copy Assigns

Uniform (Shell)...

Uniform to Frame (Shell}...

Surface Pressure (All)...

Pore Pressure (Plane, Asolid)...

Temperature (All)...

Units

Tonf,m,C ﬂ

Load Pattern Name

_+_| I Live

Strain (All). ..

Rotate (Asolid)...

Pressure

Yehicle Response Components (AI01 . " ByElement

[ Bottom LI

—

By Joint Pattern ™ Add to Existing Loads

W ater _vj P
1.

Pressure

Pattem Replace Existing Loads

Multiplier Delete Existing Loads

R |

@
150, 50
80 2.6
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Display... Show Loads...Area... Contours

(=13

1.62 1.85 2.08 231 2.54 2
—

- Face Bottom (Live)

69 0.92 1.15 1.38

I3 Area Surface Pressure

Load Pattern Name

Show Area Loads
Load Type



ranks
Assgn...Joints OR Area... Sorings

Alternative 1.: Area Springs

Assign Springs To Area Object Face

Spring Type
& Simple
Spring Stiffness per Unit Area 1000
Simple Spring Resists (l wnsion and Compad ssieh LI

Spring Location
Area Object Fice Top L]

Spring Tension Diection
(¢ Parallel toArga Object Local Axis iq L]

" Mo 3T oSpecified Area Object Face

(Wl Uber Specified Direction Vector

Options
L Tonf, m,C v

(" Add to Existing Springs

(& Replace Existing Springs
(" Delete Existing Springs Cancel




Tanks
Assign...Joint

1

Joint Springs

Spring Direction

Coordinate System Local

Spring Stiffness
Translation 1
Translation 2 iD

Translation 3 250)
-

Rotation about 3 0.

Options
Add to Existing Springs
(¢ Replace Existing Springs
(" Delete Existing Springs

Advanced... ‘

__ Cancel J

All Base Joints

Bl (=]E3

Edge Joints

Spring Stiffness

Translation 1 [
Translation 2 10
Translation 3 [125

1 about 3 0.

pacity (ton/mExies \

~  Add to Existing Springs .
* Replace Existing Springs
~  Delete Existing Springs
=1

7

./

ol

fing Capadlty (10

Joint Springs

Spring Direction

Coordinate System [Local

Spring Stiffness

Translation 3
Rotation about 1
Rotation about 2
Rotation about 3
Options
~  Add to Existing Springs

(+ Replace Existing Springs
= Delete Existing Springs

Advanced... \

Cancel |



fanks
Run....Unstable!!

* * * WARNING™®* * *

THE STRUCTURE IS UNSTABLE OR ILL-CONDITIONED  !!
CHECK THE STRUCTURE CAREFULLY FOR:

- INADEQUATE SUPPORT CONDITIONS, AR

- ONE OR MORE INTERNAL MECHANISMS, OR

— ZERO OR NEGATIVE ST Ipstaaaa Sy = ”

- EXTREMELY LARGE STIH
- BUCKLING DUE TO P-DE Joint Restraints
- A FREQUENCY SHIFT (1

Restraints in Joint Local Directions

[~ Rotation about 1

v Translation 1
v
™ Translation 3

Translation 2 | Rotation about 2

[~ Rotation about 3

Fast Restraints

ol b ] o

Four corner pointsto get
symmetric defor med shape TR Cencel |
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13 Deformed Shape (Live)
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Resultant M11 Diagram (Work)

M11 Horizontal RFT

M22 Vertical RFT
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Check Bearing Capcity
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UltimateChange' D|_+L L Column Loadsare given in blue
RAFT °

— Problem EQ Core Momentsaregiven in Red

Cases
Patterns+|
SEXN
SEYN

Capacity
=2.0 Kg/cm? t=110 cm
=20.0 ton/m2| Fcu=300Kg/cm? &




De

RAFT

Patterns,
e 1( ] m—

fine Load Patterns

Load Pattems Click To:
Self Weight Auto Lateral
Load Pattern Name Type Multiplier Load Pattem Add New Load Pattern
[sev [quake | [Nore | Modify Load Pattem
SDL
SEX

OTHER
QUAKE None +
-

Cases
Patter ns+

Define Load Cases

Load Cases Click to:
Load Case Name Load Case Type
SDL Linear Static
SEX Linear Static
SEXN Linear Static
SEY Linear Static
SEYN Linear Static

SDLEX

SEXN
SEYN

Combinations
SDLEX
SDLEXN

SDLEY

SDLEXN
SDLEY

Def Name | Modify/Show... |
onditions - Unstressed State L Y N
o] " Nonlinear
¢ Nonlinear Staged Construction
Loads Applied
Load Type Load Name Scale Factor
ILoad Pallelr_”SEX __!l 1.

Modify

D elete

Cancel

| =

SDLEYN

Load Cambinations Click to:
SDL Add New Combo... |
SDL
SDLE
. +
_I Modify/Show Combo... |
\ Delete Combo |

Add Default Design Combos... |

Convert Combos to Nonlinear Cases... I

Load Combination Data

Load Combination Name (User-Generated) [SDLEX
Notes Modiy/Show Notes.. |
Load Combination Type Linear Add ~l
Options:
Define Combination of Load Case Results
Load Case Name Load Case Type Scale Factor
SEX v |[Cinear Static f
SDL Linear Static 1
Linear Static
oK Cancel




Patierns

RAFT SDL,
...Loads SEX

‘0ad SEX & SEY will be

explained in the lecture

|

Changeto
Ultimate

Complete Raft in thetwo
center openings
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