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SAP2000 Tutorial Example ACECOMS, AIT

Objective
To demonstrate and practice step-by-step on the modeling and static
analysis of underground water tank
Problem
Carry out static analysis of underground water tank with the following
details
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SAP2000 Tutorial Example ACECOMS, AIT

Section View
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Material Properties (Use Default Material)
Compressive strength of concrete (f) = 281 kglcm?
Young Modulus of concrete (E.) = 253,105 kg/cm?
Unit Weight of Concrete = 2403 kg/m®
Unit Weight of Water = 1,000 kg/m®
Unit Weight of Soil = 1,800 kg/m®
Coefficient of Active Earth Pressure (Ka) = 0.6
(Assuming the back fill is cohesive)
Modulus of Subgrade Reaction (Ks) Properties
Direction Value (T/m?m)
Vertical (z) 1200
Horizontal (x and y) 500
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SAP2000 Tutorial Example

ACECOMS, AIT

Shell Section Properties

Location Section
Top Slabs 15cm
Bottom Slabs 30 cm
Walls 25cm
Load Cases and Details
Load Name Load Type Details
Self Weight: Calculate automatically using Self Weight
DEAD Dead Load Multiplier in SAP2000
LIVE Live Load 250 kg/m? on Top Slabs
TANK1 Weight & Weight and Pressure of Water on Walls and Bottom
Pressure of Fluid Slabs in Tank 1
TANK2 Weight & Weight and Pressure of Water on Walls and Bottom
Pressure of Fluid Slabs in Tank 2
TANK3 Weight & Weight and Pressure of Water on Walls and Bottom
Pressure of Fluid Slabs in Tank 3
Weiaht & Soil Pressure on All Side Walls and Cantilever Part of
SOIL Pressurge of Sail Base Slab
(Not including any surcharge from service vehicles)
UPLIFT Pressure of Water Uplift Pressure on Bottom Slabs (3.5 T/m* Upward)

Load Combinations (without Sanitary Durability Coefficient)

Load Comb. No. Details
1 U =1.4DEAD + 1.7 WATER
2 U=1.2DEAD + 1.7 WATER + 1.6 LIVE +1.7 SOIL
3 U=1.2DEAD + 1.7 WATER + 1.6 LIVE +1.7 SOIL + 1.7 UPLIFT
4 U=1.2 DEAD + 1.0 LIVE
5 U=0.9 DEAD + 1.7 SOIL + 1.7 UPLIFT

Sanitary Durability Coefficient
(Modified ACI Capacity Factors for Water Retaining Structure)

Reinforcement in Flexure
Direct Tension/Hoop Reinforcement =16U
Excess Shear (for Stirrup)
Compression + Flexure

=13U

=13U
=10U
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SAP2000 Tutorial Example ACECOMS, AIT

Step by Step

1. Start Model with Template

Step 1-1: Select Working Unit and Start New Model with Template
Start up screen of SAP2000, select working unit to be “ton-m” at drop-down menu

on the bottom-right of screen and click on ‘B to start new model with template
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Step 1-2: Select Template
Select “Grid Only” by clicking on it

I New Model

Mew todel Initialization

(v initialize: Model frorm Defaults with Units Ton.m,C -

" Initislize Madel fram an Existing File

Beam 2D Trusses 30 Trusses 20 Frames

Flat Slab Shells Staircases Storage
Shuctures

Underground SolidModel:  Cable Bridges  Caltrans-BAG  Bridge Wizard Fipes and
Concrete Flates
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SAP2000 Tutorial Example

ACECOMS, AIT

Step 1-3: Specify Grid System

Specify grid system as shown in above figure and click “OK”.

Mew Coord/Grid System

Cartesian l Cylindrical

Syztem Name

Murmber of Gnd Lines

# direction |47

' direction |47

Z direction |57
Gnid Spacing

# direction IEi

" direction IEi

£ direction |37

Edit Grid...

SRR l Cancel |

[=—pr—par——m~ |

l
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SAP2000 Tutorial Example

ACECOMS, AIT

2. Define Material Properties

Step 2-1: Change Working Unit

Change working unit to “kg-cm”

3 SAP2000 v10.0.1 Advanced - (Untitled)

File Edit Vigy "ERfind™brid ™= DW= S ign  Analyze Display Design Options Help
D@H‘EM@,@ T 3d s w2 1z G| 4+ % | T @ . -l =

-_—_ i s s s =
F] Frame Sections...

d Tendon Sections...
R B8 X-¥ Plan Cable Sections. ..

2 Area Sections...

Solid Properties. ..

N Link/Support Properties... 3 @
Freguency Dep. Link Frops...
Hinge Properties...

@7 Mass Source...

Coordinate Systems/Grids...

DX =

917 Joint Constraints...
Joint Patterns. ..

“a Groups...
Section Cuts...
Generalized Displacements. ..

'{:L Load Cases...
Bridge Loads 3

‘EO4 e s s

@
i

Functions 3
4 52 Analysis Cases...

B Combinations. ..
Add Default Design Combos...

A
. I

Named Views...
Pushover Parameter Sets 3
) Named Sets 3

e
Y Plane @ Z=1200 XG07.97 ¥243316 2120000 [GLOBAL v |[Kgl,em,C | I

Step 2-2: Modify Material Properties

Go to Define >> Materials..., and select “CONC?”, click on “Modify/ Show Material...”

Define Materials

b aterials Click. to:

ALUM Aedd New Material . |
[ CCOFFR — === ===
o SR Madify/Show Material.. |1

BFHER = —,

REBAR |

STEEL

Caricel

Analysis of Underground Water Tank

8/58



SAP2000 Tutorial Example

ACECOMS, AIT

Step 2-3: Accept the Default Values

Click “OK” to accept the default values. Next, also click “OK” in the preceding
window (Define Materials).

Material Property Data

Material Mame

Type of Material

t+ lzatropic
~

Analyziz Property Data

Display Color
Calar

Type of Design

—

[Concrete ~]

" Orthatropic Design
" Uniaxial

Dezign Property D ata [AC1 318-05/BC 2003)

taterial D'amping Properties. . |

Stress-Strain Curve Definitions... |

fass per unit Walume 2. 450E-06 Specified Conc Comp Strength, e |
Wheight per urit W olume 2.403E-03 Bending Reint. Yield Stess, fy 4218.4178
todulug of Elasticity 2531068.07 Shear Reinf. Vield Stress, fys 2812.2785
Paissan's Riatio nz [ Lightweight Concrete
Coeff of Thermal Expansion 9.900E-06
Shear Modulus 105460.45
Advanced Material Property Data
Time Dependent Properties. . | I -=- =1
(] Canicel
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ACECOMS, AIT

3. Define Shell Sections
Three shell sections (thick. = 15, 25 and 30 cm) are required in this model.

Step 3-1: Add New Shell Section

Go to Define >> Area Section, select “Shell” from drop-down menu and click on

“Add New Section”.

Sectiohs Select Section Type To Add

IJSheII o __|_

rChER'to:_ f—— =
I Add Mew Section...

Add Copy of Section...

Madify/Show Section...

Cancel

Step 3-2: Specify Shell Section Properties

Specify shell section properties as shown below for shell section thickness = 15 cm.

Afterwards, click “OK”.

Shell Section Data

Sectlun Name |TH15CM |

Dizplay Color .

rT;a__-l

| ' Shell - Thin I
7 Shell“Thick
Plate - Thin
Plate - Thick

kembrane

"j

Y Y Y

Shell - Layered/Monlinear

b aterial — o e e e .

Material Name |CONC | I
[ ™~ |
M aterial &ngle 0
Thickness -_— . - _I
kembrane
Bending I

- s s el
Concrete Shell Section Design Parameters

todifuShow Shell Design Parameters.. |

Stiffness Modifiers
Set Modifiers... | |

| I Cancel |
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SAP2000 Tutorial Example

ACECOMS, AIT

Step 3-3: Add 2 New Shell Sections

Repeat Step 3-1 and 3-2 to add two more shell sections with thicknesses of 25 and

30 cm, respectively. Next, click “OK”.

Sectionz

Select Section Tvpe To Add

Maseci 1
THIECM
THZ5CH
[} TH30CH

| Shel

Chick ta:

| Add New Sechon,

Add Copy of Sectiorn...

ModifuShow Section...

Delete Section

r—==
L

—
Cancel

Analysis of Underground Water Tank

11/58
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4. Modify Grid System

Step 4-1: Modify Grid System

Select working unit to be “Ton, m, C”, go to Define >> Coordinate System/Grid
and click on “Modify/Show System...”

I8 SAP2000 v10.0.1 Advanced - (Untitled) [9(=)E3]
Fle Edit W¥ew | Define Bridge Draw Select Assign Apalyze Display Design Options Help

D& | | & Ve taterik.. @H O 2 W3 w e v 6 ¢ 8 |BE| %, A= =

IE‘1 Frame Sections...

r Tendon Sections...

[ B3 X-Y Plan| Cable Sectons...

g Area Sections...

B

Solid Properties...
N Link/Support Properties... 3
\ Freguency Dep. Link Props...
™~ S Systems Click. to:
W

P?@Somm_ - —
0 add Mew System... |

= Coordinate Systems/Grids...

7 L Tt S, — ]
E Joint Patterns. .. Sy Add Copy of Syatem...
=

Coordinate/Grid Systems

~ — = = —

“4 Groups...
o N todify/Show System. . |

« Section Cuts... ~ ~
Generalized Displacements. .. ~ e e o= == = o= |

5 4
el DEL Load Cases... ‘

Bridge Loads 3

Functions 3

[ Convert to General Grid

a :P Analysis Cases...

B combinations...
Add Default Design Combos...

Cancel |

iy
. I

Named Views. ..
Pushover Parameter Sets »
+ Named Sefs 3

1 Plang @ 2=12 X358 v24.13 Z12.00 |Logsl  v[[TonmcC ~| I
= - -
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Step 4-2: Modify Grid System

Modify grid system as shown below. Click “OK” button. Next, also click “OK” in the
preceding window (Coordinate/ Grid Systems).

I3 Define Grid Data

Edit Format

Units
System Mame Ton.m C =

# Grid Data

U GrdiD Ordinate | Line Type | ‘isibiity | Bubble Loz | Grid Color =

1 I x1 0.5 Prirnary Shaow End
2 we 0 Primnary Show End
3 I %3 5 Prirnary Show End B
4 x4 10. Frimary Show End B
5 1] & 15, Frimary Show End B
B ¥B 155 Frimary Show end |
7 | —
8 =l

YGridDat.a e e Dizplay Grids a=

U GrdiD | Ordinate | LineType | ‘ishiity | Bubbleloc. | GridColor = & Didnates ¢ Spacing

1 I wl 0.5 Prirnary Shows End
2 we 0 Prirnary Shows End
3 ) 3 4, Primary Showe End BN | [~ Hids &Nl Giid Lines
4 ud 45 Primary Show End B ™ Glue to Grid Lines
E L o e e e
= Bubble Size  |2.4384
g -

2 Gnid Data

Bt S e g e S e e e e e Y e S e s Reset ta Default Color |
GridID | Ordinate | Line Type | Wisibilty | Bubble Loc. |
1 z1 0. Frirnary Show End .
2 I z2 3 Frirnary Show End Rieorder Ordinates |
3 23 35 Prirnar Show End
= e e e = === 4

5 — —
‘ I 1
: o |1 B
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5. Draw Top Slabs

Step 5-1: Change Plan View to Top Slab Level

Select left window, click on » Set XY View button to change view to plan view and

and click on % or “® to move to move plan level to Z = 3.5 m. Plan elevation (X-Y
Plane) is displayed at top-left of window.

18 SAP2000 v10.0.1 Advanced - (Untitled)

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

0w H% v e ppeppe Mdvle cos® im
—

-

12 X-Y Plane @ 7-3.5 9= 3R

% Plane @ Z=35 GLOBAL  =[[TonmC =

Step 5-2: Fill Object to Show Shell Element

Go to View >> Set Display Options, select “Fill Object” and “Apply to All
Windows”. Next, click “OK”.

Display Options For Active Window

| Jaints Frames/Cables/Tendons - General Wiew by Colors of -
[~ Labels LIk I~ Shrink Dbjects {* Objects
¥ Restraints s L Estrude Yiew " Sections
W Springs R I | Fill Objects " Materialz
I Local Awes [=aL — i B — ™ Color Printer
W Invisible I~ F v Show Ref. Lines " White Background, Black Objects
I Motin Yiew [ [~ Shaw Bounding Boves {~ Selected Groups
™ Te

Areas . Salids Linksz -
T Litels Lt i
Ji& | =
r I© Lo [l
5 FN =
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Step 5-3: Draw Roof Slab

Click on & Quick Draw Area Element button, select “TH15CM” and click on roof
slab panel area as shown in figure below one by one.

¥ SAP2000 v10.0.1 Advanced - (Untitled) CEx
File Edit Wiew Defne Bridge Draw Select Assign Analyze Display Design  Options Help

D@E&ﬁn d@b@@,@@,@ M 3d wp w oy g | ¢+ | T @ - S s

CE& @edMew =8

o
Ny 1B X-Y Plane @ 7-3.5

Properties of Object [—
Property TH15CH

W Plane B Z=3.5 %000 ¥0.00 Z0.00 GLOBAL  v|[Ton.mC ~]

Step 5-4: Divide Roof Slab

Click on & | Set Select Mode button, select all roof slab panels, go to Edit >> Divide
Areas....

13 SAP2000 v10.0.1 Advanced - (Untitled)

File Edit WView Define Bridge Draw Select Assign Analyze Display Design Optons Help

D Hig - G| 222220 M 2y v w G| ¢ ® |22 @| A, Slm z

Bad 3 [ 5801 - :

i —— =

B8 '8 XY Plane @ 7-3.5 EE&X) -0 view o= E3
L]+

\

S

W

=] 1

7

&

&

s — e e e e o e —

all®

p? I

c\rk’ I

’x& 2 - - -

! e e o e o e e e =

4
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]

—H«

|4

B

‘

8 Paints 3 Areas Selected X000 400 Z3.50 GLOBAL  w|[Ton.m.C =]
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SAP2000 Tutorial Example

ACECOMS, AIT

Step 5-5: Specify Slab Meshing Size

Specify parameters as shown below. Then, click “OK”.

_—— e e e e m ===

(# Divide Area Into Thiz Mumber of Object:  [Quads and Triangles Only] I

I Along Edge from Point 1ta 2 I
I Along Edae from Paint 1403 4 I

" Divide Area Into Objects of This Maximum Size  [Quads and Trangles Only)

—
—

" Divide Area Bazed On Pointz On Area Edges  [Quads and Triangles Only)
Paints Determired From:

a
.
.
-
-
-

" Divide Area Uzing General Divide Tool Based On Selected Points and Lines

—

Local &xes For Added Points
[~ Make zame on Edge if adjacent comers have same local axes definition

[~ Make zame on Face if all cormers have zame local axes definition

Restraints and Canstraintz For Added Paints

[ Add on Edge when restraints/constraints exist at adjacent comer points
[Applies if added edge point and adjacent comer pointz have zame local axes definition)

[ Add on Face when restraints/constraints exsist at all comer points
[&pplies if added face point and all cormer points have same local axes definition)

Divide Selected Areas

Tan. m, C -

Analysis of Underground Water Tank
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6. Draw Bottom Slabs
Step 6-1: Move Plan View to Bottom Level

Click on ¥ twice to move plan view to the level Z = 0.00.

13 SAP2000 v10.0.1 Advanced - (Untitled)

File Edit View Define Bridge Draw Select Assign Analyze Display Design Options Help —
DS HS o 7 & PRARAREL . Mw = n PR IR
A
. . Mave Down in List
L 12 XY Plane @ 7-0 CBEK) 23D View o [=1/E3
"EI- - . -
AN
~
W
& -
&
&
‘
alf®
pdt
1
a
i
A
4
|4
ud
1
% Plane @ Z=0 ®13.21 13,98 2350 GLOBAL  =[[TonmC =]

Step 6-2: Draw Bottom Slabs

Click on @l Draw Rectangular Area Element button, select “TH30CM” and click on
two nodes at the corners of bottom slab as shown below.

B3 SAP2000 v10.0.1 Advanced - (Untitled)

File Edit View Define Bridge Draw Select Assign Apalyze Display Design Options Help
D HiE v |/ & 22028800 M 30w w4 6 & % | @] A, a2
Undo Shell Assign {Ctrl+Z) -
i — ——
N I x-Y Plane @ -0 CEXK) £#3-0View N [=1E3
=

Properties of Object

Property

%t Plane @ Z=0 #0.81 ¥8.10 Z0.00 GLOBAL v |[Tonm,C ~|
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Step 6-3: Mesh Bottom Slabs

Select bottom slabs as shown in figure below and go to Edit >> Divide Areas...

I SAP2000 v10.0.1 Advanced - (Untitled) CEX
Eile

D HiE v |/ & 22028800 M 30w e 6 & % | E| A, a2

Edit View Define Bridge Draw Select Assign Analyze Display Design Options Help

X-Y Plane @ Z=0 CEX =

r

EY AR

‘EO4

1 Areas Selected %0.00 ¥0.00 Z0.00 GLOBAL  x[[TonmC =]

Specify parameters as shown below. Then, click “OK”.

Divide Selected Areas

Uitz

" Divide Area Into Thiz Mumber of Objects  [Quads and Triangles Ornly) m

—

" Divide Area Into Objects of Thiz Maximum Size  [GQuads and Triangles Only)

LB
[ = =

I (* Divide Area Bazed On Pointz On Area Edges  [Quads and Triangles Only) :
Points Determined From:
L — E Int&sectﬁns &Vis@ Striightﬁ G&LinﬂWiW_ﬁre‘ﬁdga d
[ Intersections of Selected Straight Line Objects With Area Edges
[~ Selected Point Objects On Area Edges

r

"~ Divide Area Uzing General Divide Tool Bazed On Selected Paints and Lines

—

Local &xes For Added Points
[~ Make same on Edge if adjacent cormers have same local axes definition
[ Make same on Face if all comers have zame local ases definiion
r el |
[~ Add on Edge when restraintz/constraints exist at adiacent comer points I
[Applies if added edge paint and adjacent comer paints have same local axes definition) _CaEal

[ &dd on Face when restraints/constraints exist at all corner points
[Applies if added Face point and all cormer points have zame local axes definition)

Restraints and Constraints For Added Paints
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SAP2000 Tutorial Example ACECOMS, AIT

Step 6-4: Mesh Bottom Slabs

Select bottom slabs as shown below and go to Edit >> Divide Areas...

13 SAP2000 v10.0.1 Advanced - (Untitled) (=113
File Edit View Define Bridge Draw Select Assign Analyze Display Design Options Help
D |HE o= |7 @ r ([ PPEPL L M|3dw e w 6 & ¥ PR E| A= 2

Y 13 XY Plane @ 7-0 fEx

4 Plane @& Z=0 X754 Y1372 2000 GLOBAL j Ton.mC =

Specify parameters as shown below. Then, click “OK”.

Divide Selected Areas

el il | Units

I + Divide Area Into Thiz Number of Objects  [Quads and Triangles Orly) I m

Along Edge from Paint 1ta 2 5 I
| _AowEdgshomPopies . I
" Divide Area Into Objects of Thiz Maximum Size  [Quads and Trangles Only)

e
—

" Divide Area Bazsed On Paintz On Area Edges  [Quads and Triangles Only)
Paints Determined From:

-
-
-
~
r
i Divide Area Using Cookie Cut Eazed On Selected Point Objects
Ii

" Divide Area Using General Divide Tool Bazed On Selected Points and Lines

—

Local &xes For Added Points
[~ Make zame on Edge if adjacent cormers have same local axes definition

[~ Make same on Face if all corners have same local axes definition

Restraintz and Caonstraints For Added Paints I
[ &dd on Edge when restraints/constraints exist at adjacent comer points I —_
[&pplies if added edge point and adjacent comer points have zame local axes definition) Cancel

[ Add on Face when restraintz/constraints exist at all cormer points
[&pplies if added face point and all cormer points have same local axes definition)
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Step 6-5: Mesh Bottom Slabs

Again, select bottom slabs as shown below and go to Edit >> Divide Areas...

13 SAP2000 v10.0.1 Advanced - (Untitled) (=113
File Edit View Define Bridge Draw Select Assign Analyze Display Design Options Help
D | HE - S &y PpRpeepl M sy v w 60 & ¢ |HE| %, Jl= =
(ST At R

Y 13 XY Plane @ 7-0 fEx

4 Points 2 Areas Selected #®13.95 Y0.75 20.00 GLOBAL j TonmC =

Specify parameters as shown below. Then, click “OK”.

Divide Selected Areas

_I nits

Tan, m, © hd

+ Divide Area Into This Mumber of Objects  [Quads and Trangles Only)

I Along Edge from Paint 1ta 2 1 I
| _AowEdgshomPonies . L

" Divide Area Into Objects of Thiz Maximum Size  [Quads and Trangles Only)

e
—

" Divide Area Bazsed On Paintz On Area Edges  [Quads and Triangles Only)
Paints Determined From:

a
.
.
-
=

i Divide Area Using Cookie Cut Eazed On Selected Point Objects

" Divide Area Using General Divide Tool Bazed On Selected Points and Lines

—

Local &xes For Added Points
[~ Make zame on Edge if adjacent cormers have same local axes definition

[~ Make same on Face if all corners have same local axes definition

[T —n1

Restraintz and Caonstraints For Added Paints I I

[ &dd on Edge when restraints/constraints exist at adjacent comer points
[&pplies if added edge point and adjacent comer points have zame local axes definition) Cancel

[ Add on Face when restraintz/constraints exist at all cormer points
[&pplies if added face point and all cormer points have same local axes definition)
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Step 6-6: Mesh Bottom Slabs

Once again, select bottom slabs as shown below and go to Edit >> Divide Areas...

13 SAP2000 v10.0.1 Advanced - (Untitled) (=113
File Edit View Define Bridge Draw Select Assign Analyze Display Design Options Help
D | EHE o Sy 2200 M| 3dy e e R = A = 2

Y 13 XY Plane @ 7-0 fEx

3 Areas Selected K136 ¥1.74 Z0.00 GLOBAL j TonmC =

Specify parameters as shown below. Then, click “OK”.

Divide Selected Areas

—— e e e e e e e e e e e

I + Divide Area Into Thiz Number of Objects  [Quads and Triangles Orly) I m

Along Edge from Paint 1ta 2 5 I
| _AengbdesremPonied B
" Divide Area Into Objects of Thiz Maximum Size  [Quads and Trangles Only)

" Divide Area Bazsed On Paintz On Area Edges  [Quads and Triangles Only)
Paints Determined From:

a
.
.
-
=
-

" Divide Area Using General Divide Tool Bazed On Selected Points and Lines

—

Local &xes For Added Points
[~ Make zame on Edge if adjacent cormers have same local axes definition

[~ Make same on Face if all corners have same local axes definition
I -

Restraintz and Caonstraints For Added Paints I

[ &dd on Edge when restraints/constraints exist at adjacent comer points
[&pplies if added edge point and adjacent comer points have zame local axes definition) Cancel

[ Add on Face when restraintz/constraints exist at all cormer points
[&pplies if added face point and all cormer points have same local axes definition)
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7. Draw Wall Panels

Step 7-1: Change View to Elevation View to XZ Plane

Select left window, click on = Set XZ View button to change view and click on
4 or % to move elevation view to Y = 0 m.

Y4 SAP2000 v10.0.1 Advanced - watertank-under01

Fle Edit View Qefie Bridge Oraw Select Assign Anslyze Display Design Options  Hel
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Step 7-2: Draw Wall Panels

Click on & Quick Draw Area Element button, select “TH25CM” and draw area to
cover wall panel area as shown in figure below.
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Step 7-3: Mesh Wall Panels

Click on B, select the top part of the wall panel as shown in figure below and go to
Edit >> Divide Areas...

Y4 SAP2000 v10.0.1 Advanced - watertank-under01

File Edit View Define Bridge Draw | Select Assign Anslyze Display Design Options  Help
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Specify parameters as shown below. Then, click “OK”.

Divide Selected Areas

Units

Ton.m. C -

rl'? Evid;reemto ms Nmbem Dlﬁts_[ﬂua_ds ar?l'riﬁlesﬁly]_ =

I Along Edge from Paint 1o 2 5 I
Along Edge from Paint 1ta 3 1 I

T Divae AT IMEOEER e AT hif T aximom Jee [Toad® and Thande: O = =
E—
E—

(" Divide Area Bazed On Pointz On Area Edge:  [Quads and Triangles Only)
Points Determined Fram:

-
=
=

~
-

(" Diwide Area Uszing Cockie Cut Bazed On Selected Paint Objects

(" Divide Area Uszing General Divide Tool Based On Selected Points and Lines

—

Local &xes For Added Paints

[~ Make same on Edge if adjacent comers have same local axes definition

[~ Make same on Face if all cormers have zame local ares definition r —_——

Restraints and Constraints For Added Points I

[ Add on Edge when restraintz/ constraints exist at adiacent comer paints I — o —
[Applies if added edge point and adjacent cormer points have same local axes definition) Cancel

[ Add on Face when restraints/constraints exist at all comer points
[Appliez if added face point and all cormer paints have same local axes definition)
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Step 7-4: Mesh Wall Panels

Select bottom wall panels as shown in above figure and go to Edit >> Mesh Area.

}5 SAP2000 v10.0.1 Advanced - watertank-under01
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Specify parameters as shown below. Then, click “OK”.

Divide Selected Areas

o — — —" — ——" — —— —— ]| {5
f* Divide Area Into Thiz Mumber of Objects  [Quads and Triangles Only) I m
I Along Edge from Faint 1to 2 B

I Along Edge from Point 1to 3 3 I

" Divide Area lnto Ds&tsmhm M S12e Tﬁuaas-anniara;s MJ] —_——
Ii
Ii

(" Divide Area Bazsed On Pointz On Area Edges  [Quads and Triangles Only)
Points Determined From:

2
.
.
-
-
-

" Divide Area Uzing General Divide Tool Bazed On Selected Paints and Lines

—

Local &xes For Added Paints

[~ Make same on Edge if adjacent comers have same local axes definition

[~ Make same on Face if all cormers have same local ares definition ' el |

Restraints and Constraints For &dded Points I I

[~ Add on Edge when restraintz/constraints exizt at adiacent cormer points - o
[Applies if added edge point and adjacent cormer points have same local ases definition) Cancel

[ Add on Face when restraintz/constraints exist at all cormer points
[Applies if added face point and all cormer paints have same local axes definition)
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Step 7-5: Copy Wall Panels

Select all wall panels, go to Edit >> Replicate by drawing rectangular selection to
cover all wall panels.
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Specify parameters as shown below. Then, click “OK”.

Replicate

l R adial ] kdirrar ]

ricrements — e wy [ Qeplicate Options
| o lﬂi
T re—
¢ o

increment Drata

I MNumber |1

M odifpShow Feplicate Options. .. |

4 of 4 active boxes are zelected

|
I
l [ Delete Onginal Objects
|
1
|

0k, | Cancel
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Step 7-6: Change View to Elevation View to YZ Plane

Select left window, click on » Set YZ View button to change view and click on %
or .. to move elevation view to X =0 m.
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Step 7-7: Draw Wall Panels

Click on B Quick Draw Area Element button, select “TH25CM” and draw
rectangular to cover wall areas as shown in above figure.
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Step 7-8: Mesh Wall Panels

Click on '® Set Select Mode button, select top wall panels as shown in figure below
and go to Edit >> Divide Areas...

12 SAP2000 v10.0.1 Advanced - watertank-under01
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Specify parameters as shown below. Then, click “OK”.

Divide Selected Areas

I————————————————1 U hits

Ton. m. C hd

+ Divide Area Into This Mumber of Objects  [Quads and Triangles Only)

Alamg Edge from Point 1t 2 4 I
Along Edge from Point 1to 3 1 I
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——
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" Divide Area Bazsed On Pointz On Area Edges  [Quads and Triangles Only)
Points Determined From:

-
-
-

-
" Divide Area Using Cookie Cut Bazed On Selected Point Objects

"~ Divide Area Uzing General Divide Tool Bazed On Selected Paints and Lines

—

Local &xes For Added Points
[~ Make same on Edge if adjacent cormers have same local axes definition

[ Make same on Face if all comers have zame local ases definiion

' —_——
Restraints and Constraints For Added Paints I
[~ Add on Edge when restraintz/constraints exist at adiacent comer points I
[Applies if added edge paint and adjacent comer paints have same local axes definition) _Can_cel

[ &dd on Face when restraints/constraints exist at all corner points
[Applies if added Face point and all cormer points have zame local axes definition)
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Step 7-9: Mesh Wall Panels

Select bottom wall panels as shown in figure below and go to Edit >> Divide
Areas...

¥4 SAP2000 v10.0.1 Advanced - watertank-under01
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Specify parameters as shown below. Then, click “OK”.
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-

(" Divide Area Uszing General Divide Tool Based On Selected Points and Lines
Local &xes For Added Paints

[~ Make same on Edge if adjacent comers have same local axes definition

[~ Make same on Face if all cormers have zame local ares definition
' —_——

[~ Add on Edge when restraintz/constraints exist at adiacent comer points I

[Applies if added edge point and adjacent cormer points have same local axes definition) — |

Restraints and Constraints For Added Points

[ Add on Face when restraints/constraints exist at all comer points
[Appliez if added face point and all cormer paints have same local axes definition)
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Step 7-10: Copy Wall Panels

Select all wall panels and go to Edit >> Replicate

12 SAP2000 v10.0.1 Advanced - watertank-under01
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Specify parameters as shown below. Then, click “OK”.

Replicate

l Radial ] Mirrar ]
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8. Define Load Cases

Water load in each tank will be assigned with difference load cases
(TANK1, TANK2 and TANKS) for all possible loading condition.

Step 8-1: Add Load Case

Go to Define >> Load Cases. Then, specify load case name in text box “Load Case” and then
click on “Add New Load” for each and every load case as shown in figure below

Define Loads
[y — = = = = = = — — — — —————— S
I [ e
Self Weight At
: Load Name Type builtiplier Lateral Load | L _A'jiNEiL':'ij _|
: IDEAD DEAD ~|h ] =] | vodijlosd |
| |LvE LIVE 0 ﬂ | I
TANKA OTHER 0 .
TANE? OTHER 0
b | ranes OTHER 0 < | Delete Load |
| |50l DTHER 0
UPLIFT OTHER 0 | - —
|
|
I— __________________ | Cancel
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9. Define and Assign Joint Pattern

A joint pattern is simply a set of scalar values defined at the joints for
assigning more complex distributions of temperature and pressure over the
structure. Joint patterns by themselves create no loads on the structure.
There are two types of joint pattern as described below.

a. XY, Z Multiplier Method. Type values in the Constant A, B, C and D edit boxes.
The pattern value at each selected joint is calculated as Ax+By+Cz+D, where x, y
and z are the joint coordinates of the selected joint in the current coordinate
system. The units of constants A, B, and C are 1/Length and constant D is unitless.
The calculated pattern value is also unitless.

As an example of this assignment method, the following input defines the joint
pattern values used to apply a varying soil pressure load on a wall.

10 110 -100
1 o
ol
+
a—
1
7 po 7
Value D Cz
Pattern Value = Ax + By +Cz + [
Constant & 0.
Constant B IU—
Congtant C IED—
Congtant D |11E1—
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b. Z Coordinate at Zero Pressure and Weight Per Unit Volume Method. Type Z
Coordinate and weight per unit volume (Wt per unit Vol) values in the edit boxes
and select a Restriction from the drop down list, then click the Add button. If
needed, check the Added Uniform Value per Unit Area check box to specify an
added uniform value per unit area. The specified Z coordinate is assumed to be in
the current coordinate system. The pattern value at each selected joint is
calculated as:

10 10 57 20=100

i

h=5ft

1

110
= - - 7
Value A R
£ Coordinate at Zema Prezsure and Weight per Linit Volume
£ Coordingte Wt per Unit Yol Reztichion

|Zer-:| Meg _:_| Add |

5 |20
IW Maodify
I Delete |

Added Uniform Yalue per Unit Area {10
Zcoord = specified Z coordinate
z =  Z coordinate of the selected joint in the current coordinate system
w = specified weight per unit volume

A specified added value per unit area

All appropriate unit conversion factors are used when calculating the pattern value;
however, after the pattern value has been obtained, it is thereafter assumed to be
unitless.

Note that positive and negative value restrictions can be specified individually for
each set of Z coordinates and weight per unit volume in the summation as well as
for the final calculated pattern value.

As an example of this assignment method, the following input defines the joint
pattern values used to apply a varying soil pressure load on a wall.
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Step 9-1: Add New Pattern

Go to Define >> Joint Patterns, enter pattern name and click on “Add New Pattern
Name to add 2 new joint patterns (“SOIL” and “WATER”")

Define Pattern Names

Patternz Click tor

WATEF | ™ s.dd New Pattem Name | |
DEFAULT | e
SOl Change Pattern MName |

Delete Pattern |

Cancel

Ok |
_Carcel |

Step 9-2: Select Only Wall Panels

Activate 3D View Window by clicking on it, go to Select >> Select >> Area Section
and select “TH25CM” from the list to select only wall panels. Go to View >>
Selection Only to view only selected element (wall panels)

}5 SAP2000 v10.0.1 Advanced - watertank-under01 = 18]

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

D HiEF o S &y PERREAED T 3d w w2 e o O & 5 @ T - Biligt
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=
X0 = [B][%] 3 3-0 View

K

Cancel

Clear Al

3D View X0.00 ¥0.00 20,00 Glogsl  =[[Tonmec -]
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Step 9-3: View and Select Only Wall Panels

After viewing the selected elements only (wall panels), select all elements in 3D
view.
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D H f & » PR2eaPL O I 3dy w w o Oé B , =

Iy [ Plane @ X0 M= i 3-D Vie m|
5 ‘

A

3D View X0.00 Y210 Z242.21 Glogsl  w|[kgemc -]

Step 9-4: Assign Joint Pattern (“SOIL")

Go to Assign >> Joint Patterns and specify parameters as shown in figure below.
Afterwards, click “OK”.

Pattern Data

e |

!
Pattern Name I ]SEIIL LJ'

— s e mes s s wes ol

Fattern Azzignment Type -
(%X, Z Moliphers (Paltem Value =+ By + G2+ D) _
r % Z Coordinate at Zero Pressure and Weight Per Unit W olurnd

FE:::::::::::::_

Coordinate at Zero Pressure and Weight per Unit 4 olumel
| £ Coordinate Wt per Unit Vol R estriction

- -
1135 1 Use &l = ';

Added Unifarm % alue per Unit Area 0.

Restrictions Options
& Usze all values e Add to existing values
i Fem Megative values (" FAeplace exizting values
" Zero Positive values " Delete existing values
-
OF. I | Cancel
L
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Step 9-5: Set View Limit

Go to View >> Set Limit and enter “Set Z Axis Limits” as shown in figure below.
Afterwards, click “OK”.

Set Limits

Drrawe Lirits on Plane

Chooze Plane -

" =Yy == =
Cvz _ Carcel |
(T Ke
[ lgnore Limit Settingz
e e
Set# Axiz Limitz Set Axiz Limitz Set £ Axiz Limitz

|
Min |05 Min |05 I Min IO
bl an 115-5 b an 14-5 IMa:-: H
: Shouw Al

Show Al Show Al

Step 9-6: Select Wall Panels

Select all shell elements in 3D view.

13 SAP2000 v10.0.1 Advanced - watertank-under01
File Edit View Defne Bridge Draw Select Assign Analyze Display Design Options Help
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Step 9-7: Assign Joint Pattern (“SOIL")

Go to Assign >> Joint Patterns and specify parameters as shown in figure below.

Pattern Data

e |

|
Pattern Hame I |W.-“—‘-.TEFH LJI

—-— e s s s s s sl

Fattern Az zignment Type-
(XX, ZMulilers [Patem Ve = A +By + C2+D) _
r {* 7 Coordinate at Zero Pressure and Weight Per Lnit Y olumd

rZ Coordinate at Zero Pressure and Weight per Unit W olume]
|  ZCoordinate ' per Unit Yol R estriction

ME 1. Use Al

Added Unifarm * alue per Lnit Area

Resztrictions Optionz
(o [ze all values (e Add to exizting values
(" Zero Megative values " Replace existing values
(" Zemn Pozitive values " Delete exizting values
= = o
Ok | | Cancel

Step 9-8: Clear Z Axis View Limit and Show All Elements

Specify parameters as shown in figure below and go to View >> Show All.

Set Limits

Dirave Linits on Plane

Chooze Plane r — e - = =
]

Ry -

C vz _Cancel |

Nz
™ lgnare Limit Settings
St fuis Limits Skt duis Limits et Aot Limits -|
Min 105 Min 105 | Min 10 I
Max 1155 Max |45 | Max |35
Shaw Al Show Al : EN
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10. Assign Soil and Water Pressure on Wall Panels

Pressure loads are assigned as triangular load using joint pattern. The
direction of pressure depends on side of shell element (Positive pressures
are directed toward the interior of the element.). In SAP2000, 2 sides of
shell element (top and bottom) are represented as face 5 and face 6. Face
5 of shell element is the positive side of local axis 3, shown in blue color
arrow. Local axes 1, 2, and 3 are marked with red, white and blue. Water
pressures are assigned in the load cases separately for each tank (TANKL,
TANK2 and TANK3).

Note:

To view local axis of shell element: Go to View >> Set Display Options and or
click on # Set Display Options button and select “Local Axes” in Areas

Display Options For Active Window

Joints Framez/Cables/Tendonz General Wiew by Colors of

™ Labels r ; [~ Shrink Objects + Objects

¥ Restraints r I~ Extrude Wiew " Sections

¥ Springs ~ |w Fill Objects " Materials

™ Local Axes r v Show Edges " Color Printer

¥ Irwisible r [w Show Ref. Lines " ‘white Background, Black Objects

I~ Matin Yiew ™ [~ Show Bounding Bowes " Selected Groups

I~

Areaz Solids Links

 Labeks I (e — [~ Apply to All Windows
I'FS!E!anI = E 1 7 |

W Local dwes r 1) e
=t T r~ )= = _Ea$l

To set color for face of shell element (Area): Go to Options >> Color >>

Display
Assign Colors
Display | Output ]
Darkness
Points Area Fill Face B I 3 i
AR I 7"9::' F;E;C:f I Transparency
Cabl T 15 Tdg
— —_— Line [5 -
Tendons Solid Fill/Face 1
Springs/MNLLinks Solid Face 2 Area B -
- Solid Face 3
Restraints ;
e Solid B A
Solid Face 4
Releazes EE——
Solid Face &
_ Awes | Salid Face b Device Type:
Text Solid Edge (+ Screen

: " Printer
Shadow Lines Background (~ Calor Printer
Guide Lines

W Use Calor Printer [Graphics) Ok Cancel
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Step 10-1: Change to in X-Z Plane at Y = 0.00

Select left window, click on = Set XZ View button and move elevation viewto Y =0

by clicking “®_ or -¥.. The location of this elevation is displayed in blue outline in 3D
view (right window).
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Step 10-2: Assign Water Pressure Load to Tank 1 Wall in XZ Plan at Y =4.00

Select wall panels in tank 1, go to Assign >> Area Load >> Surface Pressure
(All) and specify pressure parameters as shown in figure below.

SAP2000 v10.0.1 Advanced
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Step 10-3: Assign Water Pressure Load to Tank 2 Wall in XZ Plan at Y = 4.00

Select wall panels in tank 2, go to Assign >> Area Load >> Surface Pressure
(All) and specify pressure parameters as shown in figure below.
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Step 10-4: Assign Water Pressure Load to Tank 3 Wall in XZ Plan at Y =4.00

Select wall panels in tank 3, go to Assign >> Area Load >> Surface Pressure
(All) and specify pressure parameters as shown in figure below.
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Step 10-5: Assign Soil Pressure to All Tank Wall in XZ Plan at Y = 4.00

Soil pressure will be assigned to opposite face of water pressure (face 5). Select
wall panels in all tanks, go to Assign >> Area Load >> Surface Pressure (All),
select “Add to Existing Loads” options and specify pressure parameters as shown in
figure below (Multiplier = Ka x unit weight of soil = 0.6 x 1.8 = 1.08).
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Note: For more details on coefficient of active lateral earth pressure (K,), please refer the standard book on
geotechnical engineering (for example: page 478 of “Foundation Analysis and Design” by Joseph E.
Bowles)
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Step 10-6: Change View to XZ Plan to Y = 4.00

Move elevation view to Y = 4.00 by clicking “%_ or -¥_. In this elevation view, face 5
of wall panels faces outside of water tank then water pressure load will be assigned
at face 6 (water tank) and soil pressure will be assigned at face 5 (outside tank) by
using same parameters as assigned at elevation Y = 4.00.
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Step 10-7: Assign Water Pressure Load to Tank 1 Wall in XZ Plan at Y = 0.00

Select wall panels in tank 1, go to Assign >> Area Load >> Surface Pressure
(All) and specify pressure parameters as shown in figure below.
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Step 10-8: Assign Water Pressure Load to Tank 2 Wall in XZ Plan at Y = 0.00

Select wall panels in tank 2, go to Assign >> Area Load >> Surface Pressure
(All) and specify pressure parameters as shown in figure below.
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Step 10-9: Assign Water Pressure Load to

Select wall panels in tank 3, go to Assign

Tank 3 Wall in XZ Plan at Y = 0.00

>> Area Load >> Surface Pressure

(All) and specify pressure parameters as shown in figure below.
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Step 10-10: Assign Soil Pressure to All Tank Wall in XZ Plan at Y =0.00

Soil pressure will be assigned to opposite face of water pressure (face 5). Select
wall panels in all tanks, go to Assign >> Area Load >> Surface Pressure (All),
select “Add to Existing Loads” options and specify pressure parameters as shown in
figure below (Multiplier = Ka x unit weight of soil = 0.6 x 1.8 = 1.08).
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Step 10-11: Changetoin YZPlanat X =0

Select left window, click on 2 and move elevation view to X= 0 by clicking - or

¥, In this elevation view, shows face 5 of wall panels is inside tank then water

pressure will be assigned in face 5 and soil pressure will be assigned in face 6.
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Step 10-12: Assign Water and Soil Pressure to Tank 1 Wall in XZ Plan at X=0

Select wall panels in tank 1, go to Assign >> Area Load >> Surface Pressure
(All) and specify pressure parameters as shown in figure below to assign pressure
load one by one.
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SAP2000 v10.0.1 Advanced - watertank-under01 I Units I
Elle Edit View Define Bridge Draw Select Assign  Apalyze Display Design  Opff Load Case Mame |TANK1 j |T0n' m, IC j
D@ HSo - / B BPEPHOS M 30w e w |
= - Pressure Face
™ B Y-Z Plane @ X-0 (=0 I
S " By Element 5 - I
¥ P r
TEssure
s I Options I
I ' By Joint Pattem ¢ Add to Existing Loads I
Patten ETED :|v {* Replace Existing Loads
r — o o mmm o mmm e e I I Multiplier |1 " Delete Existing Loads I
o I.__.I.___.._____.l
o I )4 | I Cancel
» I
Area Surface Pressure Load
alf® I T " " _—_" S__—" " " ___—w- - -y =
pd é Units
I B I Load Case Name |SDIL j |T0n, m, C j
“ I I Pressure Face
2 " By Element [ -
M I I Pressure =
v I - . Options
i 1| e EydeiiPER ¢ Add to Existing Loads
l‘ I I I paten E0E :Iv f* Replace Exizting Loads:
i
. -_— e o e e e e . . . Multiplier  |-1.08 " Delete Existing Loads
] e s mm o mm e e .
08 | Cancel

'Z Plane (& k=0

Step 10-13: Assign Water Pressure for Tank 1 and 2 in XZ Plan at X =5

Click on ‘¥ to move elevation view, select all wall panels, go to Assign >> Area
Load >> Surface Pressure (All) and specify pressure parameters as shown in
figure below to assign pressure load one by one.
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Step 10-14: Assign Water Pressure for Tank 2 and 3 in XZ Plan at X = 10

Click on ‘¥ to move elevation view, select all wall panels, go to Assign >> Area
Load >> Surface Pressure (All) and specify pressure parameters as shown in

figure below to assign pressure load one by one.
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Step 10-15: Assign Water and Soil Pressure to Tank 3 Wall in XZ Plan at X =
15

Click on ‘¥ to move elevation view, select all wall panels, go to Assign >> Area
Load >> Surface Pressure (All) and specify pressure parameters as shown in
figure below to assign pressure load one by one.
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11. Assign Load on Top and Bottom Slabs

Step 11-1: Assign Live Load on Top Slabs (Z = 3.5)

Change view to XY plan at Z = 3.5 by clicking on » Set XY View button and move

plan level to Z = 3.50 by clicking on -, Select all slab panels, go to Assign >>
Area Loads >> Uniform (Shell) and specify parameters as shown in figure below.
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Step 11-2: Assign Water Pressure in Bottom Slabs at Tank 1 (Z = 0.0)

Click on ¥ to Z = 0, Select bottom slabs of tank 1, go to Assign >> Area Loads >>
Uniform (Shell) and specify parameters as shown in figure below.
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Note: To do slab selection easier, deactivate snap option by deselect -i* Points and Grid
Intersections button
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Step 11-3: Assign Water Pressure in Bottom Slabs at Tank 2 (Z =0.0)

Select bottom slabs of tank 2, go to Assign >> Area Loads >> Assign >> Area
Loads >> Uniform (Shell) and specify parameters as shown in figure below.
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Step 11-4: Assign Water Pressure in Bottom Slabs at Tank 3 (Z = 0.0)

Select bottom slabs of tank 3, go to Assign >> Area Loads >> Uniform (Shell)
and specify parameters as shown in figure below.
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Step 11-5: Assign Soil Pressure on Cantilever Slabs (Z = 0.0)

Select cantilever slabs, go to Assign >> Area Loads >> Uniform (Shell) and
specify parameters as shown in figure below.
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Note: Soil Pressure = (3.50 — 0.30/2 + 0.15/2) x 1.8 = 6.165 ton/m?

Step 11-6: Assign Uplift Pressure in Bottom Slabs (Z = 0.0)

Select all slabs, go to Assign >> Area Loads >> Uniform and specify parameters
as shown in above figure. Negative value is assigned for “Gravity” direction.
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Note: Soil Pressure = 3.50 + 0.30/2 + 0.15/2 = 3.725 ton/m?>
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12. Assign Spring Support

Vertical Spring (Z Direction)

Vertical spring support can be calculated from length and cross section of
pile as shown in following details.

Area (A) =455 cm?

Length (L) =20 m

Modulus of Concrete (E;) = 253,150 kg/cm?

K (Vertical) =2 xEXxA/L =2x253,150 x 455/ 2000
=115,183 kg/cm

Horizontal Spring (X and Y Direction)

Horizontal spring support will be assigned as line spring using dummy
frame element (30 x 30 cm) and can be calculated from contact area
between soil and foundation as shown in following detail

Foundation Depth (D) =030 m

Modulus of Subgrade Reaction (Ks) =500 T/m?/m

K (Horizontal) =D x Kg =500x0.3
=150 T/m/m

Note: 1. The soil restraints on side walls have not been included. If the lateral soil restraint and

water pressure are applied together the moment on the side walls will be less than when
tank has water without back fill.

2. For more details on modulus of subgrade reaction (Ks), please refer the standard book
on geotechnical engineering (for example: page 405 of “Foundation Analysis and Design”
by Joseph E. Bowles)

Step 12-1: Select Nodes at Pile Location to Assign Vertical Springs

Select working unit = “kg, cm”, activate snap option by clicking on -i* Points and Grid
Intersections button and select support nodes by clicking on nodes at pile location
as shown in above figure.
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Step 12-2: Assign Vertical Springs

Go to Assign >> Joint >> Springs and specify parameters as shown in above

figure.
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L I Cancel

Step 12-3: Add “DUMMY” Frame Section

Go to Define >> Frame Sections..., select “Add Rectangular” from second drop-
down menu. Click “Add New Property...” and specify parameters as shown in figure

below.
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a0 I — s I
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Cancel

Note: The beam does not exist in the tank in reality. The beam is defined only for the propose of applying
lateral soil restraints. The dimensions of this beam are assumed based on the thickness of the base
slab (30 cm).
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Step 12-4: Draw “DUMMY” Frame Section

Click on >~ Draw Frame/Cable Element button, select “DUMMY” and draw frame
section as shown in figure below.
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Step 12-5: Assign Horizontal Springs

Change working unit to “Ton, m”, click on R Set Select Mode button, select
“DUMMY” frames as shown in above figure, go to Assign >> Frame/Cable/Tendon
>> Line Springs and specify parameter as shown in figure below.
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Step 12-6: Apply Automatic Frame Mesh to “DUMMY” Frames

Select all “DUMMY” frames by clicking on =" Get Previous Selection button, go to
Assign >> Frame/Cable/Tendon >> Automatic Frame Mesh and specify
parameters as shown in figure below.
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13. Define Load Combinations

Envelop option is used in load combination (“WATER”) to find maximum
and minimum results among of all possible full or empty water in each tank.
Load combination details (without sanitary durability coefficient) are
summarized in following table.

Load Combination Name | Combination Type Combination Details
TANK120 Linear Add TANK1 + TANK?2
TANKO023 Linear Add TANK2 + TANK3
TANK103 Linear Add TANK1 + TANK3
TANK123 Linear Add TANK1 + TANK2 + TANK3
TANK1, TANK2, TANK3, TANK120, TANKO023,
WATER Envelope TANK103, TANK123
DESIGN1 Linear Add 1.4 DEAD + 1.7 WATER
DESIGN2 Linear Add 1.2 DEAD + 1.7 WATER + 1.6 LIVE +1.7 SOIL
. 1.2 DEAD + 1.7 WATER + 1.6 LIVE +1.7 SOIL
DESIGN3 Linear Add +1.7 UPLIFT
DESIGN4 Linear Add 1.2 DEAD + 1.0 LIVE
DESIGN5 Linear Add 0.9 DEAD + 1.7 SOIL + 1.7 UPLIFT
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Step 13-1: Add New Load Combination

Go to Define >> Combinations and click on “Add New Combo”

Define Response Combinations

Combinations I_Elid'.to:_ ———— |y

Add New Combao...
L AddNewCombo. | ||

L3

Cancel

Step 13-2: Define Load Combination

Specify “Name”, select “Combination Type”, enter load and scale factor and click on
“Add” to define load combination as shown in abovementioned table.

Response Combination Data

Reszponze Combination MName |EDMB1 I

Combination Type r Linear Add I |
L

Define Combination of Caze Results I
| Caze Mame Caze Type Scale Factor
| TaME1 |L|near Static

TANEZ Linear Static . I |
I. ——
| | | I | b odify
Delete

Cancel

Repeat this step to enter load combination as shown in table from previous page.

Define Response Combinations

Combinations Click to:

TANK120 [ B e Cambar.
TANKDZ3

TANK103 Modify/Show Combo.. |
TANK123 ﬂ

WATER

DESIGH Delete Combio |
DESIGNZ

DESIGN3 ﬂ = — o

DESIGMHA | I
Eanc:el
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14. Run Analysis

Step 14-1: Start Analysis
Go to Analyze > Run Analysis or click on *

Run Analysis button and click on

“Run Now” button to start analysis and wait until analysis process complete.

Set Analysis Cases to Run

Click to:
Caze Mame Type Statuz Achion
DEAD Linear Static Mot Run Run |
MODAL Modal Mot Fun Fun
LIVE Linear 5tatic Mat Fun Fun |
TANK1 Linear 5tatic Mat Run Fun
TANK2 Linear Static Mot Run Run |
TANK3 Linear Static Mot Fiun Fun
sl Linear 5tatic Mat Fun Fun
LPLIFT Linear Static Mok Run Fun
Fiun/Do Not Runall |
Delete All Results |

Show Analysis Case Tree...

1™ Runton |

e T

Cancel

L = o o

i SAP Analysis Monitor

Step 14-2: Complete Analysis

File Mame:  G:\temphwatertank-under(1.zdb
Start Time:  11/22/2006 12:23:028 Elapsed Time: 00:00:02
Finish Time:  11/22/2006 12:33:16 Run Status:  Done - Analyzis Complete
A
FREQUENCY SHIFT (CENTER) (CYC/TIME) = .000000 1
FEEQUENCY CUTOFF (RADIUS) (CYC/TIME) = -INFINITY-
ALLOW AUTCMATIC FREQUENCY SHIFTING = NO
Found mode 1 of 12: EV= 4.06E86080E+01, 1.015180, TI= 0.985047
Found mode 2 of 12 EV= 1.1524402E+02, 1.70855&8, TI= 0.585289
Found mode 3 of 1 EV= 1.2874830E+02, 1.805888, TI= 0.553744
Found mode 4 of 1 EV= 4.3058909E+03, 10.443834, I= 0.095752
Found mode 5 of 1 EV= 7.177T4E1E+03, 13.453880, I= 0.074143
Found mode & of 12 EV= 9.3100509E+03, 15.356638, T= 0.0685118
Found mode 7 of 12 EV= 4.7399476E+04, 34.650282, T= 0.028860
Found mode 8 of 1 EV= 5.2170111E+04, 368.352224, TI= 0.027508
Found mode 9 of 1 EV= 5.4675023E+04, 37.214708, I= 0.026871
Found mode 10 of 1 EV= 7.1670636E+04, 2.607%62, T= 0.023470
Found mode 11 of 1 EV= 7.6654771E+04, 44.064589, I= 0.022694
Found mode 12 of 12: EWV= 9.0842357E+04, 47.969405, I= 0.020847
NUMBER OF EIGEN MODES FOUND = 12
NUMBER OF ITERATIONS FERFORMED = 13
NUMBEER OF STIFFNESS SHIFTS = a
LANALYSTIS COMPLETE 2006/11/22 5
e I
_

Wait until analysis status window display “ANALYSIS COMPLETE".
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15. View Analysis Results

Forces and stresses in shell element for slabs, walls and footing can be
displayed in color contour. To use these results for design, sanitary
durability coefficients need to be applied as following details.

Reinforcement in Flexure =13U
Direct Tension/Hoop Reinforcement =1.6 U
Excess Shear (for Stirrup) =13U
Compression + Flexure =1.0U

**|J = Load Combination

STRESSES AND MEMBRANE FORCES

Siress 3/ Has Same Definition as Force Fij

FLATE BENDING AND TWISTING MOMENTS

The direction and sign convention of forces/ stresses in shell element are
described in “SAP2000 Analysis Reference Manual” page 131 to page 151
that is available in PDF format (file name “SapRefer.pdf’) located at the
“Manual” subfolder in folder that SAP2000 has been installed in your
computer.
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How to Compute Reinforcement from Finite Element Output

The direction of reinforcement for
M11 and M 22 are as shown in left
figure,

Step 15-1: Select Shell Analysis Results to View in Graphic

Go to Display >> Forces/Stresses >> Shells and select desired result parameters

Member Force Diagram

Caze/Combo

Case/Combo Mame DEAD hd

~

~

= liﬂ
=

Cantour Range

bin 0. Max |0,

Set To Default Contour R ange |

Stress Aweraging
" Mone

v At AllJoints
" Ower Objects and Groups

_SetGroups.._ |

Mizcellaneous Options
[~ Show Defarmed Shape
-

Component Type
* Resultant Forces
" Shell Sheszes

[.-h

" Concrete Design

Comparnent

l,-h

Y Y Y Y

F11
F22
F12
Fhax
Fhdin
FWh

Carncel

v M1 W13
" M2z W23
" M2 " Wiax
" Mbax

" Mhin

Reinforcement Design
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Step 15-2: View Shell Analysis Results in Contour

Forces/Stresses in shell elements are displayed in contour color. Color tab at the
bottom of screen indicates the value range of the results.

i SAP2000 v10.0.1 Advanced - watertank-under01 - [ Resultant M22 Diagram (DESIGN4)]

] Fle Edt Vew Defe Bridge Draw Select Assign Apalyze Display Design  Options  Help -1\ x|
Dw | | /@ v B@2@P 0 M 3y e we o Gy s @ = B .| mbrist- .
R

A

140 210 280. 350, 420 430 5

MIN=-0.212, M&x=0.733, Right Click on any Shell Element for detailed diagram 0,00 Y0.00 Z0.00 GLOBAL  +|[Tor,m.C =

Step 15-3: Select Shell Analysis Results to View in Tabular Form

Forces/Stresses in shell elements are displayed in tabular form. Go to Display >>
Show Table. Select “Area Output”, click on “Select Analysis Cases” to select
desired load cases and combinations

Choose Tables for Display

Edit

=[] MODEL DEFIMITION ([0 of 65 tables selected) s et
! # [ System Data Select Load Cases...
- @ O Property Definitions 7 of 7 Selected

. % 0O Load Definitions =

- & [0 Dther Definitions 'ﬁmsis;ages (Bt
H # O Analysiz Case Definitions oot hahes Gl
e - TSl — =

. # 0 Connectivity Data

- % O Joint Azsignments Modify/Shaw Optiohs. ..

- & [0 Frame Assignments

& [ Area Assignments Oiptions-
- & [0 Dptions/Preferences Data = i :
. & [ Miscellaneous Data Flai ey

= B ANALYSIS RESULTS (3 of 16 tables selected]
# [0 Joint Output
=& Element Dutput
1 tﬂFraﬁﬁDuﬁpﬁ -_— e = .

Area Output

: : [ Table: Element Forces - Area Shells - Mamed Sets

I [ Table: Element Stiesses - Area Shells I o VR e

1 B Table: Element Joint Forces - Areas
| Mooty Efmen s

# [ Structure Output

Cancel

Table Formats File... J Current Table Formats File; Program Default
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Step 15-4: View Shell Analysis Results to View in Tabular Form

Shell analysis results are displayed in tabular form as shown in figure below.

Element Forces - Area Shells

File \iew Options Format
Units: Az Moted ]Element Forces - Arsa Shells LJ
Area AreaElem ShellType Joint OutputCase | CaseType StepType F11 F22| «
Text Text Text Text Text Text Text Ton/m Ton/m| |
B 1 Shell-Thin b TANKIZ20 Combination -0.842 0.659| —
1] 1 Shell-Thir 13 TANKIZ0 Combination -0.89 0.417
» h i Shell-Thin TANKIZ20 Combination -0.332 0.523
h i Shell-Thin 15 TANKIZ20 Combination -0.283 0.771
h i Shell-Thin 15 TANKDZ3 | Combination -0.103 0.395
h i Shell-Thin 13 TANKDZ3 | Combination -0.15 0.157
] 1 Shell-Thir 14 TANKDZ23 | Combination -0.219 0.144
h i Shell-Thin 18 TANKDZ3 | Combination 0172 0.381
h i Shell-Thin 15 TANKI03 Combination -0.677 0.006977
h i Shell-Thin 13 TANKI03 Combination -0.645 0.168
h i Shell-Thin 14 TANKI03 Combination 0.038 0.304
h i Shell-Thin 18 TANKI03 Combination 0.006183 0.144
h i Shell-Thin 15 TANKIZ23 Combination -0.81 0.53
h i Shell-Thin 13 TANKIZ23 Combination -0.842 0.37
h i Shell-Thin 14 TANKIZ23 Combination -0.256 0.488
h i Shell-Thin 18 TANKIZ3 Combination -0.224 0.648
5 i Shell-Thin 5 WATER Combination Max 0.031 0.659
B 1 Shell-Thir 13 WATER Combination e 0.048 0.417
5 i Shell-Thin 14 WATER Combination Max 0.078 0.529
R 1 Shall-Thin 1R WATER Carhinatinn baw nnRg n7rl T
<« | [
Record: [ 4] 4] 3 [pl] of 22144
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