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Introduction and Model Description

The purpose of this document is to provide a step-by-step modeling, analysis and design tutorial
for the use and application of the ADAPT-Builder platform on a multistory post-tensioned and
conventionally-reinforced concrete structure with two-way flat plates, beams, columns and
shear walls. The document follows a streamlined approach building on multiple steps for
completion of the example project. The use of Builder modules, ADAPT-Edge and ADAPT-Floor
Pro will be utilized. American units will be used as well as the RC&PT design scope. FIGURE 1-1
shows the splash screen settings to be used.
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Figure 1-1

The structure will consist of 7 levels including a roof. Levels 1-3 will be unbonded, post-
tensioned (PT) concrete flat plates consisting of the larger of two floor plans. These slabs
include a line of reinforced concrete (RC) beams. The concrete slabs at levels 4-Roof will be
conventionally reinforced concrete slabs. The gravity supports will be square and rectangular
concrete columns and walls. The lateral resisting system will be concrete shear walls. Note that
the design of concrete diaphragms is not included in this tutorial.



The project site is located in Salt Lake City, Utah 84101 with GPS and latitude/longitude
information shown below. The governing design codes to be used for the tutorial are ACI318-
2014/1BC 2015 and ASCE7-10.

Lat Long GPS Coordinates

(40.770020, -111.898104) 40° 46'12.072" N
111° 53" 53.1744" W

The following assumptions apply:
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The structural analyses are limited to gravity, wind and seismic load design of the post-
tensioned and conventional reinforced slabs.

It is assumed that the slabs act as rigid diaphragms which transfer the lateral forces
through the floor system and are apportioned to lateral-resisting frame elements as a
function of their individual stiffness as determined by the Finite Element Method.

For gravity analysis and design, it is assumed that all column-to-slab joints can transfer
moment and are not released for rotation in XYZ directions.

For lateral analysis and design, it is assumed that all column-to-slab joints are pinned-
pinned.

For analyses performed in Single-Level mode, the support conditions are assumed as
fixed rollers with translation X and Y stabilization at the slab level.

For analyses performed in Multi-Level mode (aka “global,” “multistory”, “full structure”)
the support conditions for columns at the base are fixed for translation and rotation
about the X, Y and Z global axes.

The “effective flange” concept does not apply and the design tributaries for beams will
consider the entire tributary width associated with a design strip.

Other design assumptions not explicitly noted in this document will be defined further
in the tutorial document.

GEOMETRY

FIGURE 1-2 shows the structure geometry for Levels 1-3. FIGURE 1-3 shows the
structure layout for Levels 4-Roof.
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The following parameters define the structure geometry, component dimensions,
material properties, design criteria, loads and load combinations.

Dimensions:

e Post-tensioned slab thickness = 8"

e Post-tensioned balcony slab thickness = 7” w/1” offset
e Reinforced concrete slab thickness = 9”

e Reinforced concrete beams = 18x24” (levels 1-3)

e Columns =18" sq., 18x30”, 30x18”, 12x32”

e Floor-to-floor heights = as shown below

M arme Elevation Height

Roof [EL73.5) 73.50 12.00
Level 6 (EL 67.5) B7.50 10.00
Lewel 5 (EL 57.5) 57.50 10.00
Lewvel 4 [EL 47.5] 47.50 10.00
Lewel 3 (EL 37.5) 37.50 12.00
Lewel 2 [EL 25.5] 25.50 13.00
Lewel 1 [EL12.5] 1250 12,50
Ground (EL O] 0.00 0.00

e Wall thickness = 12” all levels

Material Properties:

Concrete
e Concrete unit weight = 1501b/ft3
e Cylinder Strength (f'c) at 28 days = 5000 psi (slabs, beams, cols, walls
above L3)
e Cylinder Strength (f'c) at 28 days = 6000 psi (walls below L3)
e Modulus of Elasticity (5000psi) = 4287 ksi
e Modulus of Elasticity (6000psi) = 4696 ksi
e Creep Coefficient =2

Post-Tensioning

e Low-relaxation, seven wire strand

e Strand Diameter = 0.5 in nominal
e Strand Area =0.153in2

e Modulus of Elasticity = 28500 ksi

e Ultimate strength (fpu) =270 ksi

e Yield strength (fpy) =240 ksi

e Average effective stress (fse) =175 ksi

e Effective force/strand =26.7k

e System type = Unbonded



e Angular friction

e Wobble friction

e Jacking stress

e Seating loss (draw-in)

e Concrete strength at stressing

Non-prestressed Reinforcement

e Yield Strength
e Modulus of Elasticity

=0.07

=0.001 rad/ft

= 0.80fpu = 216 ksi
=0.25in

=0.75fc

=60 ksi
= 29000 ksi

Average Precompression and Balanced Loading:

e  Minimum precompression
e Maximum precompression
e Minimum balanced loading
e Maximum balanced loading

Allowable Stresses for Post-Tensioned Slabs:

Maximum tensile stress

e Due to prestress plus sustained loads
e Due to prestress plus total loads
e Due to prestress plus self-weight

Maximum compressive stress

e Due to prestress plus sustained loads
e Due to prestress plus total loads
e Due to prestress plus self-weight

Tendon Profiles:

= 125psi

=300psi

=50% (total dead load)
=100% (total dead load)

=6*sqrt(f'c)
=6*sqrt(f'c)
= 3*sqrt(f'ci)

=0.45*f'c
=0.60*f'c
=0.60*f'ci

e Interior spans - Reversed parabola with inflection point ratio of 0.1

e Exterior spans with no cantilever - Low point at center; exterior half simple
parabola; interior half reversed parabola with inflection point at 0.1 ratio

e Exterior spans with cantilever - Same as interior span

e Cantilever - Single simple parabola with center of curvature at bottom

Cover:
Non-prestressed Reinforcement - Slabs

e Cover to top bars (enclosed areas)

e Cover to bottom bars (enclosed areas)

=0.75in
=0.751in
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e Cover to top bars (exposed area)
e Cover to bottom bars (exposed areas)

Non-prestressed Reinforcement - Beams

e Cover to stirrups - top
e Cover to stirrups - bottom

Post-Tensioned Slabs

e TopCGS
e Bottom CGS — Interior spans
e Bottom CGS — Exterior spans

Design Loads:
Gravity Loads

o Self-weight

e Superimposed dead load

e Exterior cladding (dead load)
e Live Load (reducible)

e Live Load (unreducible)

e Roof Live Load (unreducible)

Wind Loads

e Basic wind speed

e Exposure

e Gust factor

e Topographic factor

e Directionality factor

e Velocity pressure coefficients
e Windward coefficient, Cpw

e Leeward coefficient, Cpl

e Eccentricity (%)

e Design Wind Load Cases

=1.5in
=1.5in

=1.5in
=1.5in

=1.0in
=1.0in
=1.75in

= based in unit weight
=25 psf

=400 Ib/ft

=40 psf (L1-3)

=100 psf (L4-6)

=20 psf

=115 mph

=C

=0.85

=1.0

=0.85

= per Figure 27.3-1 ASCE 7-10
=0.85

=0.5

=15%

= as shown below

= PO (Wind X)

= P90 (Wind Y)

= MO (Wind X + 15% ecc.)
=M90 (Wind Y + 15% ecc.)



Main Wind Force Resisting System — Part 1 All Heights

Figure 27.4-8 I Design Wind Load Cases
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Seismic Loads

e Design Procedure =ELFM
e Spectral Acceleration, Ss =1.479
e Spectral Acceleration, S1 =0.546

e Occupancy Category =l
e Seismic Use Group =

e Occupancy Importance Factor =1.0

e Site Class =D

e Seismic Design Category =D

e Response Modification Factor, R =5

e Deflection Amplification Factor, Cd =5

e LongPeriod, TL =8 sec.

e Coefficient, Ct =0.02

e X, Approximate period parameter =0.75

e Eccentricity =5%

e Seismic Mass = 1.0*Self-weight

Load Combinations:
Serviceability Load combinations (SLS) — Gravity

e 1.0*SW +1.0*SDL + 1.0*LL + 1.0*PT [Total Service]
e 1.0*SW + 1.0*SDL + 1.0*RLL + 1.0*PT [Total Service]

e 1.0*SW +1.0*SDL + 0.75*LL + 0.75*RLL + 1.0*PT [Sustained Service]
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1.0*SW + 1.0*SDL + 0.3*LL + 1.0*PT [Sustained Service]
1.0*SW + 1.15*PT [Initial]

Serviceability Load combinations (SLS) — Lateral

1.0*SW + 1.0* SDL + 1.0* WL + 1.0*PT

1.0*SW + 1.0*SDL + 0.7*EQ + 1.0*PT

1.0*SW + 1.0*SDL + 0.75*WL + 0.75*LL + 0.75*RLL + 1.0*PT
1.0*SW + 1.0*SDL + 0.53*EQ + 0.75*LL + 0.75*RLL + 1.0*PT
0.6*SW + 0.6*SDL + 1.0*WL + 1.0*PT

0.6*SW + 0.6*SDL + 0.7*EQ + 1.0*PT

Strength Load Combinations (ULS) — Gravity

1.2*SW + 1.2*SDL + 1.6*LL + 0.5*RLL + 1.0*HYP
1.4*SW + 1.4*SDL + 1.0*HYP

Strength Load Combinations (ULS) — Lateral

In the combinations listed above, seismic loads (EQ) applied to the combinations should
reflect seismic load in the X and Y directions respectively with respect to provisions

1.2*SW + 1.6*RLL + 1.0*LL + 1.0*HYP

1.2*SW + 1.6*RLL + 0.8*WL + 1.0*HYP

1.2*SW +1.2*SDL + 1.6*WL + 1.0*LL + 0.5*RLL + 1.0*HYP
1.2*SW + 1.2*SDL + 1.0*EQ + 1.0*HYP

0.9*SW + 0.9*SDL + 1.6*WL + 1.0*HYP

0.9*SW + 0.9*SDL + 1.0*EQ + 1.0*HYP

found in ASCE7-10 Section 12.4.

In the combinations listed above, wind loads (WL) applied to the combination should

consider all load case permutations as shown below.

1.00 x Wind_PO

-1.00 x Wind_PO

1.00 x Wind_P90

-1.00 x Wind_P90

0.75 x Wind_P0 + 0.75 x Wind_MO
0.75 x Wind_P0 -0.75 x Wind_MO
-0.75 x Wind_PO0 + 0.75 x Wind_MO
-0.75 x Wind_P0 -0.75 x Wind_MO
0.75 x Wind_P90 + 0.75 x Wind_M?90
0.75 x Wind_P90 -0.75 x Wind_M90



e -0.75xWind_P90 + 0.75 x Wind_M90

e -0.75x Wind_P90 -0.75 x Wind_M90

e 0.75xWind_PO+0.75 x Wind_P90

e 0.75xWind_P0-0.75 x Wind_P90

e -0.75x Wind_P0 +0.75 x Wind_P90

e -0.75xWind_P0-0.75 x Wind_P90

e 0.56xWind_PO+0.56 x Wind_P90 + 0.56 x Wind_MO + 0.56 x Wind_M90
e 0.56 x Wind_PO + 0.56 x Wind_P90 + 0.56 x Wind_MO -0.56 x Wind_M90
e 0.56 xWind_P0O +0.56 x Wind_P90 -0.56 x Wind_MO + 0.56 x Wind_M90
e 0.56 xWind_P0O +0.56 x Wind_P90 -0.56 x Wind_MO0 -0.56 x Wind_M90

e 0.56x Wind_P0-0.56 x Wind_P90 + 0.56 x Wind_MO0 + 0.56 x Wind_M90
e 0.56 xWind_P0-0.56 x Wind_P90 + 0.56 x Wind_MO0 -0.56 x Wind_M90

e 0.56 x Wind_P0-0.56 x Wind_P90 -0.56 x Wind_MO + 0.56 x Wind_M90

e 0.56 xWind_P0-0.56 x Wind_P90 -0.56 x Wind_MO0 -0.56 x Wind_M90

e -0.56 x Wind_PO0 + 0.56 x Wind_P90 + 0.56 x Wind_MO0 + 0.56 x Wind_M90
e -0.56xWind_P0+0.56 x Wind_P90 + 0.56 x Wind_MO -0.56 x Wind_M90
e -0.56 x Wind_PO +0.56 x Wind_P90 -0.56 x Wind_MO + 0.56 x Wind_M90
e -0.56 x Wind_PO0 + 0.56 x Wind_P90 -0.56 x Wind_MO0 -0.56 x Wind_M90
e -0.56 x Wind_P0 -0.56 x Wind_P90 + 0.56 x Wind_MO + 0.56 x Wind_M90
e -0.56 x Wind_P0 -0.56 x Wind_P90 + 0.56 x Wind_MO0 -0.56 x Wind_M?90
e -0.56 x Wind_P0 -0.56 x Wind_P90 -0.56 x Wind_MO + 0.56 x Wind_M90
e -0.56 x Wind_P0 -0.56 x Wind_P90 -0.56 x Wind_MO0 -0.56 x Wind_M90

Usage Cases — Stiffness Modifier Sets:

e Drift = 0.7 (walls and columns)

e Strength Design = 0.5 (walls and columns)
=0.35 (RC slabs and beams)
=0.5 (PT slabs)

e Column-to-slab releases = pinned-pinned (lateral drift)

Deflection and Drift:
Deflections

Assuming the hypothetical tensile stresses within the limits stated in the preceding are
maintained, the total and live load deflections will be considered based on un-cracked,
linear-elastic properties for gravity service evaluation of slab deflections.

For the floor slabs and beams the maximum deflections are maintained below the
following values with the understanding that the floor structure is not attached to
nonstructural elements likely to be damaged by large deflections of the floor:

e Total service load =1/240
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Total live load =1/360

Allowable story drift for seismic

=.025/(Cd/I) =.005 (0.5%)
Allowable story drift for wind (story)  =h/400 =.0025 (.25%), or,
Allowable story drift for wind (height) =h/400, where ‘h’ is total height
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Creating a Level Using Native Modeling Tools

This section will describe how to efficiently model the structure using the native modeling tools
in ADAPT-Builder. The first steps to creating a model is opening the software. Once the software
is open, using the options referenced in FIGURE 1-1, the user should be greeted with a screen
similar to that of FIGURE 2-1. Note that in ADAPT-Builder 20 and later versions the program now
has a Property Grid dialog window used to modify the properties of a selected component. In
this tutorial we will modify properties of components through their property window and not
the Property Grid except where the use of the Property Grid to modify a property is required.
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Figure 2-1

Once ADAPT-Builder is open we can start to create our model. One of the first steps in creating a
model is to create the set of gridlines to use for assisting in modeling our project. Note that after
each section it would be good to save the model file. This document will not explicitly call for
the user to do so, but it is good practice to save regularly.

2.1 Creating Gridlines

In ADAPT-Builder we have two options for creating gridlines. A user can create gridlines
using the Wizard or by creating User-Defined gridlines. In this tutorial we will use the
User-Defined gridline option of the software.
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To create a gridline:

e Goto the Model 2Gridline and click on the text Gridline Wizard underneath the

LI ]

)
Gridline Wizard -I-\l- icon. This will bring up a list as shown below.

.0
N
Gridline
Wizard -
it Gridline Wizard
User Defined Gridlines

Import Gridlines from DWG

Figure 2-2

e Click on the User Defined Gridlines option.

e Inthe Message Bar click the Enter button. This will bring up the Drawing Input
window as shown in FIGURE 2-3.

Drawing Input

Global Relative
X i
|IZI.EIIZIIII |1=t |n.unn |1’-t

Close Window

Figure 2-3

e Click your mouse on the text entry box under the X coordinate and type 160.000
on your keyboard.

e Click you mouse on the text entry box under the Y coordinate and type 10.000
on your keyboard.

e Click the Apply button. This will place the first point of the first gridline and
open the Drawing Input dialog window again for the user to enter the second
point of the gridline.

e Enter the second point of the gridline by clicking your mouse on the text entry
box under the X coordinate and type 0.000 on your keyboard.

e Click the Apply button. This will place the second point of the first gridline and
reopen the Drawing Input dialog window again.



Enter the next gridlines by continuing to enter the first and last coordinate for
each gridline you would like to enter as we did when creating the first gridline.
Below you can find a list of the coordinates used for each gridline.

Horizontal Gridlines

Gridline First Coordinate Second Coordinate
1 160,10 0,10

2 160,20 0,20

3 160,45 0,45

4 160,75 0,75

5 160,90 0,90

6 160,100 0,100

Vertical Gridlines

Gridline First Coordinate Second Coordinate
A 10,0 10,110

B 30,0 30,110

C 60,0 60,110

D 80,0 80,110

E 105,0 105,110

F 125,0 125,110

G 150,0 150,110

After entering all the gridlines above click the Close Window button to close the
Drawing Input window.

Right-click on white space in the model and choose Exit from the right-click
menu.

Click on the Zoom Extents icon @ in the Bottom Quick Access toolbar. The
user should see the gridlines for the model as shown in FIGURE 2-4. Note that at
this point the gridlines have been numbered sequentially.
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Figure 2-4

e Double Click on the upper most vertical gridline. This should bring up the
Gridline properties window as shown in FIGURE 2-5.

v B

General Location Properties

H: 7
Label:  |Gridline 7 |
Group: | Group 1 w |

Mumber:

Shape: | w ['.irmlar|

Figure 2-5

e Click on the Number text box.



e Change the “7” to be “A”.
e C(Click on the green check mark of the Gridline properties window.

e (Close the Gridline properties window by clicking X in the upper right corner of
the window. The gridline label will now read A.

e Renumber all vertical gridlines in the same fashion so that they match those
from the CAD drawings we are using. In the end the user should have gridlines
as shown in FIGURE 2-6.

2.2

Figure 2-6

Setting up Reference Plane Levels and Story Heights

By default, a new file in ADAPT-Builder has three reference planes, the Bottom Plane,
the Current Plane, and the Top Plane. A user has the option to add as many reference
planes as needed as well as to modify the level height of each reference plane.

To setup Reference Plane Levels and Story Heights:

e Go to Model PLevel and click on the Story Manager icon @ to open the
Reference Plane Manager shown in FIGURE 2-7.
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Reference Plane Manager X

Mame

Topplane 2000  10.00 Label:

Current plane 10,00 10.00 i
ol t
Bottom plane 0,00 0.00 Height. | 10.000 Apply

Elewation Height Edit Properties

Add Plane

Height: | 10.000| f Add

Delete Plane

Current plane Delete

Set az active

Figure 2-7

For our model we need 8 reference planes. One representing the ground where
the columns are supported, and one for each level we intend to model. Here we
will first click on the Bottom Plane level under the Name column of the
Reference Plane Manager.

Next, we will change the label name by changing the text “Bottom Plane” in the
Label text entry box in the Edit Properties section of the Reference Plane
Manager to “Ground (EL 0)”.

Now click on Current Plane under the Name column of the Reference Plane
Manager.

Change the text “Current Plane” in the Edit Properties Label text entry box to
“Level 1 (EL 12.5)".

Change the text in the Height text box from “10” to “12.5".

Click on Top Plane under the Name column of the Reference Plane Manager.
Change the text “Top Plane” in the Edit Properties Label text entry box to “Level
2 (EL 25.5)".

Change the text in the Height text box from “10” to “13”.

Click the Apply button in the Edit Properties section of the Reference Plane
Manager

Click the Add button in the Add Plane section of the Reference Plane Manager.
Now click on Plane 4 under the Name column of the Reference Plane Manager.
Change the text “Plane 4” in the Label text entry box to “Level 3 (EL 37.5)".
Change the text in the Height text box from “10” to “12.0”.

Click the Apply button.

Continue adding levels, assigning the levels their names, and assigning their
heights, until you have all the levels shown in FIGURE 2-8.



Reference Plane Manager

Mame Elevation  Height Edit Properties

Foof [EL795)  73.50 12.00 Label |Roof [EL 79.5)

Level 6 (EL £7.5) E7.50 10.00 ) it

LevelS[EL57.5) 5750  10.00 Height: | 12.000

Lewvel 4 (EL 47.5] 47.50 10.00 Add Flane

Level 2 [EL 25.5] 2560 13.00 -

Level1(EL125] 1250 1250 Delete Flane

Ground (ELO]  0.00 0.00 Plane 8 Delete

Set &z active Cloze

Figure 2-8

e When finished click on the Level 1 (EL 12.5) level in the Name list and click on
Set as active.
e C(Click the Close button.

2.3 Defining Material Properties

Next, we will define the material properties in our model based on the criteria laid out
in Section 1 of this document.

Define Concrete Material Properties:

e Go To Criteria ?Material Properties and click on the Concrete icon. This will
open the Material window shown in FIGURE 2-9.

Material
Concrete
Label: |Concrete 1 Design Type
We: pef Normal v Norinear
Uit price: $4d"3 Fiber Material Type
Mechanical properties (28 days)
(®) Cylinder Strength (O Cube Strength Fielative Humidity: | Dry Air
. o Dozage 0| Ibs/ypd3
fe: psi o 5000 psi Size Factor Ks Shrinkage Factor | 0.0004
Modulus of elasticity o
Ec ksi Auto Calculate Fielauation Factor: |26
Wee: o Help User Defined s Friction Coelicient |15
Add Delete: - @
Structural Use Factor K 0.80
Mechanical properties at stressing (inttial; PT transfer) e s e e
Add Dramix® FRC Strength Reduction Factor, FRC
Cylinder Strength Cube Strength rengt uetion Factar, T
& BEKAERT Fei 0.75 e Feui: 0.75 Feu Flesure .
Shear 0.75
Shear Modulus: 1500 ksi Poisson's Ratio: Haag: in 1 h2 fa frd
Thermal expansion coefficient F Residual [0.00 0.00 0.00 000 | psi Overide Residuals
OK
Figure 2-9
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Click on the Add button. This will add Concrete 2 to the list view on the right
side of the Material window.

Click on the Label text input box and change the label from “Concrete 2” to
“5000psi”.

Click on the f’c text input box and change the concrete strength from “4000” to
“5000”.

Click on the Ec text input box this will automatically update the modulus of
elasticity to the 4287 ksi value.

Click on the Add button. This will add Concrete 3 to the list view on the right
side of the Material window.

Click on the Label text input box and change the label from “Concrete 3” to
“6000psi”.

Click on the f’c text input box and change the concrete strength from “4000” to
“6000”.

Click on the Ec text input box this will automatically update the modulus of
elasticity to the 4696 ksi value.

Click OK to exit the Material window.



Define Post-Tensioning Material Properties:

e Go to Criteria ?Material Properties and click on the Prestressing “ icon. This
will open the Material window from FIGURE 2-10.

Material

|

Prestressing

Label: |Preslressing 1 ‘ Unit price |1 80 |Sﬂb

Mechanical
Speified ullimate strength fpu): | 270.000] ksi
Yield stress fpy): 240.000| ksi
Modulus of elasticity (Eps): 28000 | ksi

Add Delete |
| L:=o |

OK

Figure 2-10

The default value for the Specified ultimate strength matches the criteria for this
property so there is no need to change this property.

The default value for the Yield stress matches the criteria for this property so
there is no need to change this property.

Click on the Modulus of elasticity (Eps): text input box and change the value
from “28000” to “28500”.

Click on OK to exit the Material window.

Define Mild-Steel Material Properties:

e Go to Criteria ?Material Properties and click on the Rebar % icon. This will
open the Material window from FIGURE 2-11.
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Material

Mild Steel

ildSteel 1 Label: MidSteel 1
fy: 60.000| ksi
Es: 30000| ksi

Add

Unit price: 1.35(8/1b

Delete

OK

2.4

Figure 2-11

o The default value for fy matches the criteria for this property so there is no need
to change this property.

e C(Click on the Es text input box and change the value from “30000” to “29000”

o C(Click OK to exit the Material window.

Defining Design Criteria

Now that we have our material properties setup, we can move on to setting up our
Design Criteria. The design criteria will be input based on the criteria laid out in Section
1 of this document.

Defining Criteria:
e Go to Criteria ?Design Criteria and click on the Design Code © icon. This will
open the Criteria window from FIGURE 2-12.
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Beam criteria

Shear Design Options
Design Code

Choose code
(O ACI 1999
(O ACI 2005/1BC 2006
(O ACI 2008/1BC 2009
(O ACI 2011/1BC 2012
(@) ACI 2014/1BC 2015
(O ACI 2019/1BC 2018

Strength reduction factors

Bending (max value):

Shear two-way:

Rebar Round Up
Reinforcement Bar Lengths

Australian 2001
Australian 2009
B58110

Hong Kong 2007
Haong Kong 2013

EC2

Allowable Stresses
Prefemed Reinforcement Size and Material

Analysis/Design Options Tendon Height Defaults (FEM)

Rebar Minimum Cover

(CINBR 6118: 2014
(C)Canadian 1934
(O) Canadian 2004
(O) Canadian 2014
(O Chinese

Indian Help

ok

Design Code Tab:

Figure 2-12

For this project we will be using the ACI318-2014/IBC 2015 design code option.

Click on the radio button next to the ACI318-2014/IBC 2015 option.

The Strength reduction factors will be updated automatically for the code you
have chosen however the user has the option to modify these if wanted. For
this tutorial we will use the default values for the ACI318-2014/IBC 2015 design

code.
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One-way slab criteria
Bearn criteria

Reinforcement Bar Lengths Tab:

e Click on the Reinforcement Bar Lengths tab. This will open the window

from FIGURE 2-13.

Rebar Round Up Analysis/Design Options

Tendon Height Defaults (FEM)

Design Code Reinforcement Bar Lengths Rebar Minimum Cover

Minimum bar lengths

Preferred Reirforcement Size and Material

Tendon Height Defaults for Strip Method

Alowable Stresses
Shear Design Options

Cut off length of minimum steel over support (Length//Span): 0.7
Cutt off length of minimum steel in span (Length/Span):
Extension of strength reirfarcement beyond point of zero moment
Tap bar: 12.00(n
Bottom bar: 1200/ in
Bar length adjustment and position reparting
[] Adjust length and center top bars over support
[ Adiust length and center battom bars in span
[] Enter position of bars on plan Help
0K
Figure 2-13

e For this project we will use the default values in this window. We can

move to the Rebar Minimum Cover tab.

Rebar Minimum Cover Tab

e Click on the Rebar Minimum Cover tab. This will open the window from

FIGURE 2-14.



Beam criteria

Rebar Round Up
Design Code

Non-Prestressed reinforcement
op bar
Outer layer:

Inner layer: Program calculates using bar size specified

Bottom bar
Outer layer:

Inner layer: Program calculates using bar size specfied

Analysiz/Design Options Tendon Height Defaults (FEM) Tendon Height Defaults for Strip Method Allowable Stresses
Reirforcement Bar Lengths Rebar Minimum Cover Prefemred Reirforcement Size and Material Shear Design Options

m-

[ o

0K

Figure 2-14

Click on the Outer Layer text input box within the Top Bar section of this
tab.

Change the value from “1.00” to “0.75".

Click on the Outer Layer text input box within the Bottom Bar section of
this tab.

Change the value from “1.00” to “0.75".

Click on One-Way slab criteria in the list box on the left side of the
Criteria window. This will bring up the covers to be used for support
lines defined as One-Way criteria. This will be covered later in the
tutorial.

Click on the Minimum bar cover to the top fiber text input box.

Change the value from “1.00” to “0.75".

Click on the Minimum bar cover to the bottom fiber text input box.
Change the value from “1.00” to “0.75".

Click on Beam criteria in the list box on the left side of the Criteria
window. This will bring up the covers to be used for support lines
defined as Beam criteria, or Two-Way design criteria support lines
where the support line is, inside of, and has vertices snapped to the
ends of the beam. This will be covered later in the tutorial.
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e The default values in the Beam section of the Rebar Minimum Cover tab
are set to the same values as we need from our criteria, therefore, we
will accept these values.

e Click on the Two-way slab criteria in the list box on the left side of the
Criteria window.

Preferred Reinforcement Size and Material Tab:

e Click on the Preferred Reinforcement Size and Material tab. This will
open the window from FIGURE 2-15.

Tt IE]
One-way slab cnten Rebar Round Up Analysis/Design Options Tendon Height Defaults (FEM) Tendon Height Defaults for Strip Method Allowable Stresses
Beam criteria Design Code Reirforcement Bar Lengths Rebar Minimum Cover Prefemred Reinforcement Size and Material Shear Design Options
Reinforcement {non-prestressed) .
Prefemed bar size for top bars: #H5 ~ Select prmary rebar ibrary @) USA (O MKS Qs
Prefemed bar size for bottem bars ua - E3 ] Diameter (inch) | &rea (inch2) ~
Prefemed stimup bar size {beam only): | #5 ~
1 |# 038 01
2 |# 0.50 0.20
Materia 3 |# 0.63 031
Top and bottom bars MildSteel 1 v 4_ #5 0.75 044
Mesh reinforcement MildSteel 1 ~ 5 |F 088 0.0
Beam stimups NildSteel 1 . B _JE L0 015
Punching shearstuds | MildSteel 1 » 7 |* 113 1.00
) 3 |20 127 127
Punching shear stimups | MildSteel 1 hd —
9 |Z1 141 156
10 |14 1.69 225
1 |#18 226 4.00
12
13
14
15 v
Click to Edit Import Export Restore Default
0K

Figure 2-15

e Inthis window you can set the preferred reinforcement size for top
bars, bottom bars, and stirrups, for each of the different design criteria.
For this tutorial we use the default values for each.



Shear Design Options Tab:

Click on the Shear Design Options tab. This will open the window from
FIGURE 2-16.

teria
leria

e
One-way slab cri
Beam criteria

Design Code Reinforcement Bar Lengths Rebar Minimum Cover Prefered Reinforcement Size and Material
Shear Design Options Rebar Round Up Analysis/Design Options Tendon Height Defaults (FEM) Allowable Stresses
One-way shear reinfarcement

Stimups normal to member

Punching Shear
Design Options

(®) Design for moment from each side seperately Help
(_) Combine moments of the two sides
[ Consider critical sections outside shear reinforced zone

Edge distance
[ Apply minimum
[] Extend ertical

[ Limit rail spacing to x effective depth

Openings

Radius of detection: x slab thickness
Max. reduction per face of support %

to rail or stimup line: in

reinforcement for drift
section to slab edge

ok

Figure 2-16

In this window we can define some options for Punching (Two-way)
Shear in the software. The use of these options is described in the
documentation found within the program. Prior to ADAPT-Builder 20
we were able to define shear reinforcement used in the design of one-
way or two-way shear in this dialog. However, defining these globally
had its limitations. In ADAPT-Builder 20 and later the shear
reinforcement used will be defined per the support line for one-way
shear, and per column for Punching (two-way) shear. For beams the
program will use the preferred size and material from the Preferred Size
and Material tab of the Criteria window for the shear reinforcement.
We will leave this window with the default settings.

Rebar Round Up Tab:

Click on the Rebar Round Up tab. This will open the window from
FIGURE 2-17.
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One-way slab criteria

Design Code Reinforcement Bar Lengths Rebar Minimum Cover Preferred Reinforcement Size and Material Shear Design Options
Bearn criteria Rebar Round Up Analysis/Design Options Tendon Height Defaults (FEM) Tendon Height Defaults for Strip Method Allowable Stresses

Bar length and spacing
Bar length round up: 6.00|In

Bar spacing round down: | in

Stimup spacing
Stimup spacing round down: n

Round up to standard bar lengths

LIBRARY1_US # | Top bar ~ |# | Bottom bar ~
(ft) (ft)
1 |eo0 1 |eo0
2 |s.00 2 200
3 [1000 3 [1000
1 [1200 1 [1200
5 [1200 5 [1200
A < A <
< > < >

Import rebar length library

0K

Figure 2-17

e Inthis window we can define Bar length round up, Bar spacing round
down, and Stirrup spacing round down properties. In addition, we can
define a bar length library that the program will grab bar lengths from
to standardize rebar lengths generated by the software if you so choose

to.
e For this window we will accept the default values.

Analysis/Design Options Tab:

e Click on the Analysis/Design Options tab. This will open the window
from FIGURE 2-18.
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One-way slab criteria
Beam criteria

Design Code Reinforcement Bar Lengths Rebar Minimum Cover Preferred Reinforcement Size and Material
Rebar Round Up Analysis/Design Options Tendon Height Defaults (FEM) Tendon Height Defaults for Stip Method

General analysis/design options
Both prestressed and conventionally reinforced

(®) Regular floor system () Includes wafflejoist construction
(®) Design all "beams" using the respective buiding code requirements for
"beams”

() Design each "beam" as defined by user in its associated design strip

Support condition at the far ends of walls and columns

Retain user modification and create the rest as selected below Single-Level
(®) Roller support and rotationally fixed

(O) Fixed in position and ratationally fixed

(O) Simulate fixity of rotation at the far ends of supports, while allowing
for free shortening of the floor/beam system

() User defined
Translation Rotation
Fixed in Xdir Fixed about X-X
Fixed in Y-dir Fixed about Y-¥
Fixed in Zdir Fixed about Z-Z Help

[ Include twisting mament in design of bending reinforcement (Wood-&mer method)
[] Reirforcemert for strength be larger than cracking moment
[[] Consider the contribution of prestressing for deflection only
Minimum rebar option
Prestressed
Include the minimum code specified non d reirfi it

General analysis options

Disregard the torsional stffness of beams [ *of torsional stiffness to consider
Disregard the torsional stffness of lower columns  [[] % of torsional stiffness to consider
Disregard the torsional stffness of upper columns  [] % of torsional stiffness to consider

[[] Check i fraction of bending strength of a "beam” section provided by prestressing exceeds
Meshing: @ Generate sparse mesh O Generate unifarm mesh

0K

Shear Design Options
Alowable Stresses

Figure 2-18

e Again, we will stick with the default values used in this window.
e For more information on the options in this window the user can go to
Help = Documentation and open the ADAPT-Builder 20 Design

Options.pdf.

Tendon Height Defaults (FEM) Tab:

e Click on the Tendon Height Defaults (FEM) tab. This will open the

window from FIGURE 2-19.
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Design Code Reinforcement Bar Lengths Rebar Minimum Cover Preferred Reinforcement Size and Material Shear Design Options
Bearn criteria Rebar Round Up Analysis/Design Options Tendon Height Defaults (FEM) Tendon Height Defaults for Strip Method Allowable Stresses
Defaults
CiES of tendon from top fiber: 1.0p[in
CGS of tendon from bottom fiber: 1.00(in
Round up for CGS from soffit: 0.25|in
M slab/beam edge, tendon is anchored at slab/beam centroid.

"Round up for CES from soffit” is used to automatically adjust

the distance from the Center of Gravity of Strand fendon) to the
nearest "round up” value.

0K

Figure 2-19
[ ]

Since the values here already match that of our project criteria no
change needs to be made.

Allowable Stresses Tab:

Click on the Allowable Stresses tab. This will open the window from
FIGURE 2-20.



T eria
One-way slab cnten Design Code Reirforcement Bar Lengths Rebar Minimum Cover Prefemred Reirforcement Size and Material Shear Design Options

Bearn criteria Rebar Round Up Analysis/Design Options Tendon Height Defaults (FEM) Tendon Height Defaults for Strip Method Allowable Stresses
Sustained load Total load
Tension stresses as multiple of fc™1/2 Tension stresses as multiple of f'2™1/2
Top fiber: Top fiber: m
Bottom fiber: Bottom fiber:
Compression stress as multiple of ' Compression stress as muttiple of f'e
Extreme fiber: Extreme: fiber:
Initial condition transfer)
Tension stresses as multiple of £i™1/2
Top fiber 3.00
Bottom fiber: 3.00
Compression stress as muttiple of fici
Extreme fiber:
Fci = concrete cylinder strength on day of stressing
- I cube strength fcu) is specified, program converts it intemally to
cylinder strength f'c = 0.8fcu)
e = 28 day cylinder strength
For conventionally reinforced sections Envelope of rebar doesn't
include area of rebar for cracking control f it is larger than 1.33 area
of strength rebar. Area of rebar for cracking control is included in
rebar diagrams for service condition.
[1]:8
Figure 2-20

e Again, the values in our criteria match those shown in this window,
therefor, no changes need to be made.

e Note thatif you click on the One-way slab criteria or Beam criteria that
the user can enter different limits for these criteria. Again, we will
accept the default values here.

e Click the OK button to exit the Criteria window.

2.5 Setting up Gravity Load Cases

With our material properties and our design criteria setup properly, the next step in
creating our model would be to setup the load cases to be used in the gravity design of
the model. The load cases we need for the gravity design of the model per our criteria
are Dead Load, Live Load, and Roof Live Load.

Setting up gravity load cases in the model:

e Goto Loading 2 Load Case/Combo.

e C(Click on the Load Cases EE icon. This will open the Load Case Library window
from FIGURE 2-21.
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Load Case Library x

General Loads (Gravity/Lateral] [] Lateral Load Solution Sets | Help
Reserved Load Cases
Dead lnad
Live load
Prestressing Help
General Loads (Gravity/Lateral]

III Label: | Deadload
Add Delete
Reducible Temperature
Shrink.age
Building Loads
Label:
Add Delete
Fieactions Only

Figure 2-21

By default, the program already adds Dead load and Live load cases as shown in
FIGURE 2-21. These are default program load cases that cannot be modified.
Click on the Add button. This will create a Load Case 1 load case.

Click on the Load Case 1 load case in the General Loads (Gravity/Lateral) section
of the Load Case Library window.

Click on the Label text box to the right of the Load Case list box.

Change the name from “Load case 1” to “RLL".

Click on the check box next to Reducible, this sets this load case as one that is
reducible so that we can apply our reducible live loads to it when the time
comes. Notice reducible load cases are denoted by (R) being appended to the
load case name.

Click the OK button to exit the window.

Setting up Gravity Load Combinations

After setting up our load cases that we can add loading too we now must setup the load
combinations we want to evaluate for the gravity design of the model.



Setting up gravity load combinations in the model:

Go to Loading 2 Load Case/Combo.

Click on the Load Combinations ‘ icon. This will open the Combinations
window from FIGURE 2-22.

Combinations (5)

Add Combination Filter Rows Filter Columns

Analysis/Design Options: | SERVICE SUSTAINED LOAD ~ ~ | | Clear Choose... | | Show all Cases Combos

Label Analysis/Design option Load Combination Seffweight | Dead load | Liveload | R Prestressing | Hyperstatic | Servi

Service(Total Load) SERVICE TOTAL LOAD Self +Dead + Live + Pres 1 1 1 1

Service(Sustained Load)  SERVICE SUSTAINED LOAD  Self +Dead + 0.3 x Live +Pres | 1 0.3 i

Strength{Dead and Live) ~ STRENGTH 1.2% Self + 1.2 x Dead + 1.6 x Live +Hype 1.2 1.2 1.5 1

Strength(Dead Load Only) STRENGTH 1.4 x Self + 1.4 x Dead + Hype 1.4 1.4 i

Initial INITIAL Self + 1,15 x Pres 1 1.15

< >

Add Long-Term Deflection Combination... oK Cancel
Figure 2-22

Right-click on the Service (Total Load) text shown under the Label column of the
Combinations window.

Choose Clone. This will add a new combination under the Service (Total Load)
combination.

Double click on the Serv1 text shown under the Label columns of the
Combinations window.

Replace “Servl” text with “Service (Total Load) RLL".

Scroll to the right to find the RLL column.

Double click on the box for this combination under the RLL column and type “1”.
Right-click on the Service (Sustained Load) text shown under the Label column of
the Combinations window.

Choose Clone. This will add a new combination under the Service (Sustained
Load) combination.

Double click on the Serv1 text shown under the Label columns of the
Combinations window.

Replace “Servl” text with “Service (Sustained Load) RLL".

Scroll to the right to find the Live Load column.

Double click on the box for this combination under the Live Load column and
change “0.3” to “0.75".

Scroll to the right to find the RLL column.

Double click on the box for this combination under the RLL column and type
“0.75".

Click on the Strength (Dead and Live) text shown under the Label columns of the
Combinations window.

Scroll to the right to find the RLL column.
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e Click on the box for this combination under the RLL column and type “0.5”.

e C(Click Enter on your keyboard.

e The user should now have a load combination list similar to that shown in
FIGURE 2-23.

2.7

36

Add Combination Filter Rows Filter Columns
+ | Analysis/Design Options:  SERVICE SUSTAINED LOAD | | Clear Choose... || Show all Cases Combos
Label Analysis/Design option Load Combination Selfweight | Dead load | Live load | RLL | Prestressing | Hyperstatic | Se
iService(Total Load) SERVICE TOTAL LOAD Self + Dead + Live +Pres 1 1 1 1
Service (Total Load) RLL SERVICE TOTAL LOAD Self + Dead + Live +RLL +Pres 1 1 1 1 1
Service(Sustained Load) SERVICE SUSTAINED LOAD  Self + Dead + 0.3 x Live +Pres 1 1 0.3 1
Service {Sustained Load) RLL SERVICE SUSTAINED LOAD  Self + Dead +0.75 x Live +0.75 x RLL + Pres 1 1 0.75 0,75 1
Strength{Dead and Live) STRENGTH 1.2x Self + 1.2 x Dead + 1.6 x Live + 0.5xRLL +Hype 1.2 1.2 1.6 0.5 1
Strength{Dead Load Only)  STRENGTH 1.4 x Self + 1.4 x Dead + Hype 1.4 1.4 1
Initial INITIAL Self + 1,15 x Pres 1 115
< >
Add Long-Term Deflection Combination. .. Cancel
Figure 2-23

e Click OK to exit the Combinations window.

Modeling Level 1

Now that we have our design criteria defined in the model and setup our gridlines, load
cases and load combinations, we can start to model the first level of our structure. Our
first elevated level will be modeled on the Level 1 (EL 12.5) level.

Navigate to Level 1:

e Click on the Level Assignment @ icon in the Level Toolbar at the top right of
the main Ul window.
Or,

Go to Model ?Level and click on the Story Manager @ icon. Click on the Level
1 (EL 12.5) text under the Name column of the Reference Plane Manager.

e Click on the Set as active button.

e Click on the Close button to exit the window.

We have two options for modeling the slab region. We can model the slab using
coordinate entry or we can model the slab using the dynamic dimensioning tools within
Builder. For this tutorial we will use coordinate entry. For more information on the
dynamic dimensioning and modeling tools in the software please go to Help 2>
Documentation and review the ADAPT-Builder Tips and Tricks in Modeling.pdf.



Modeling of the main slab region:

Go to Model = Add Structural Components
Click on the Slab =4 icon to enter the slab modeling tool.

Click on the Item’s Properties icon of the Properties panel. This will open up
the Slab Region properties window as shown in FIGURE 2-24.

Slab Region x
v 7

General | Location Stiffness Modifiers  Properties

H: 1

Labe:
Material: Concrete 1 ~
Group: Group 1 ~

Thickness: in

Figure 2-24

Click on the Thickness text box Type “8” in the Thickness text box.

Click on the green check mark v located at the upper left corner of the
window to accept the change.

Close the Slab Region properties window by clicking the close n button
located at the upper right corner of the window.

In the Message Bar click the Enter button. This will bring up the Drawing Input
window as shown in FIGURE 2-25.
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Figure 2-25

e Click the mouse on the text entry box under the X coordinate and type 20.000
on the keyboard.

e Click the mouse on the text entry box under the Y coordinate and type 19.250
on the keyboard.

e Click the Apply button. This will place the first point of the slab region.

e Modeling in a clockwise motion we can enter the second point of the slab
region by clicking the mouse on the text entry box under the X coordinate and
typing 20.000 on your keyboard.

e Click the mouse on the text entry box under the Y coordinate and type 76.250
on the keyboard.

e Click the Apply button.

e Input each successive point while clicking Apply after each coordinate you enter.
The coordinates for each slab point are shown below.

Slab Region Coordinates
Point X-Coordinate Y-Coordinate

1 20.000 19.250
2 20.000 76.250
3 29.250 76.250
4 29.250 101.250
5 70.000 101.250
6 70.000 90.500
7 115.000 90.500
8 115.000 101.250
9 150.750 101.250
10 150.750 44.500
11 140.000 44.500
12 140.000 19.250

e Once you have entered the last point and have clicked the Apply button you can
click the Close Window button to close the Drawing Input window.

e Right-click and choose Close/End/Accept
Or,



You can click C on your keyboard to close the slab region.
Right-click on white space and choose Exit

Or,

You can click ESC on your keyboard to end the slab region modeling.

Click on the Zoom Extents @ icon. The user should see the slab modeled as
shown in FIGURE 2-26.
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Figure 2-26

Modeling of the balcony slab region:

Click on the Slab =4 icon.

Click on the Item’s Properties icon of the Properties panel. This will open up
the Slab Region properties window as shown in FIGURE 2-24.

Click on the Thickness text box Type “7” in the Thickness text box.

Click on the Location tab of the Slab Region properties window. This will open
the tab as shown in FIGURE 2-27.
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Figure 2-27

Click on the Vertical start offset text box.
Enter “1.00” in the text box.

Click on the green check mark v located at the upper left corner of the
window to accept the change. Note that, the program, for slab regions only
considers the Vertical start offset as slab regions in ADAPT-Builder are modeled
flat with no slope. The Vertical End Offset option is for use when modeling
Ramp entities within ADAPT-Builder. For more information on Ramp modeling
please refer to the ADAPT-Builder 2019 New Features Supplement manual.

Close the Slab Region properties window by clicking the close n button
located at the upper right corner of the window.

In the Message Bar click the Enter button. This will bring up the Drawing Input
window.

Click the mouse on the text entry box under the X coordinate and type 20.000
on the keyboard.

Click the mouse on the text entry box under the Y coordinate and type 19.250
on the keyboard.

Click the Apply button. This will place the first point of the slab region.
Modeling in a clockwise motion we can enter the second point of the slab
region by clicking the mouse on the text entry box under the X coordinate and
typing 135.000 on your keyboard.

Click the Apply button.

Input each successive point while clicking Apply after each coordinate you
enter. The coordinates for each slab point are shown below.



Balcony Slab Region Coordinates
Point X-Coordinate Y-Coordinate

1 20.000 19.250
2 135.000 19.250
3 135.000 10.000
4 10.000 10.000
5 10.000 45.500
6 20.000 45.500

Once you have entered the last point and have clicked the Apply button you can
click the Close Window button to close the Drawing Input window.

Right-click and choose Close/End/Accept

Or,

You can click C on your keyboard to close the slab region.

Right-click on white space and choose Exit

Or,

You can click ESC on your keyboard to end the slab region modeling.

Click on the Zoom Extents @ icon. The user should see the slab modeled as
shown in FIGURE 2-28.
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Figure 2-28
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Model the 18”x30” columns:

e Goto Model 2 Structural Components and click on the Column m icon

e Click on the Item’s Properties icon D of the Properties panel. This will open up

the Column properties window as shown in FIGURE 2-29.

Coelumn x

v 7
FEM Release Stiffness Modifiers Properties
General Location Boundary Condition {Stip Method)
Section Type: | Mone Edit...
#: 1 Material: | Concrete 1 ~
Lael Grouw: Goun v
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Shape: | Rectangular A i"'

P —
< L) A
Y
LX COLUMN SECTION

Unbraced Length

®) Program calculated () User defined Update

Individual Lu {s-s): o ft
Group Lu (s-s): ft () ft

Figure 2-29

Click on the A: text entry box under the Cross-Section section of the window.
Type 18.00.
Click on the B: text entry box under the Cross-Section section of the window.
Type 30.00.

Click on the green check mark i located at the upper left corner of the
window to accept the change.

Close the Column properties window by clicking the close n button located at
the upper right corner of the window.

Click on the Snap to Intersection X icon in the Lower Quick Access Bar
Hover your mouse over where gridline 2 intersects with the 8” slab region.
When you see the snap to intersection marker at this location, left-click your
mouse to place the column. If you wanted to enter the coordinates for the
column the coordinates would be 20.000 for the X input and 20.000 for the Y
input.



Right-click on the screen and choose Exit from the right-click menu.

The other 3 columns along gridline 2 have the same dimensions as the first
column we placed. There is a distance of 35’ between the columns along this
line. To copy the column:
Select the column you just placed by clicking on it once with your

mouse.

+
Go to Modify = Copy/Move and click on the By Coordinate icon.
This will open up the Copy - Move window as shown in FIGURE 2-30.

Copy - Move W
(®) Harizontal translation Ratation [<7-plane]
Offset ¥ 0.00] f % 0.00 R
Dffset Y o.on| ft o 0.og f
Difset Z: .00 f Z oo #
Number: Angle: 0.00
MHumber: 1
Figure 2-30

Click your mouse in the Offset X: text box.

Type “35.00".

Click your mouse in the Number text box.

Type “3”.

Click the Copy button.

Go to Model 2 Structural Components and click on the Column m icon

Next hover your mouse over the intersection of gridline 4 and gridline B. When
you see the snap to intersection marker at this location, click to place the
column. If you wanted to enter the coordinates for the column the coordinates
would be 30.000 for the X input and 75.000 for the Y input.

Continue placing the 18.00x30.00 columns in the same fashion as stated above.
The coordinate table is shown below if you choose to enter the coordinate for
the columns.
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18”x30” Column Coordinates

Column X-Coordinate Y-Coordinate
1 20.000 20.000
2 55.000 20.000
3 90.000 20.000
4 125.000 20.000
5 30.000 75.000
6 30.000 100.000
7 60.000 100.000
8 125.000 100.000
9 150.000 100.000
10 125.000 75.000
11 150.000 75.000

Model the 30”x18” columns:

With the column creation tool still active click on the Item Properties icon D of
the Properties panel. This will open up the Column properties window as shown
in FIGURE 2-29.

Click on the A: text entry box under the Cross-Section section of the window.
Type “30.00”.

Click on the B: text entry box under the Cross-Section section of the window.
Type “18.00".

Click on the green check mark located at the upper left corner of the
window to accept the change.

Close the Column properties window by clicking the close n button located at
the upper right corner of the window.

Make sure the Snap to Intersection >< icon in the Lower Quick Access Bar is
active and turn off any other snap tool that may be active.

Hover your mouse over where gridline 3 intersects with gridline C. When you
see the snap to intersection marker at this location, click to place the column. If
you wanted to enter the coordinates for the column the coordinates would be
60.000 for the X input and 45.000 for the Y input.

Hover your mouse over where gridline 4 intersects with gridline C. When you
see the snap to intersection marker at this location, click to place the column. If
you wanted to enter the coordinates for the column the coordinates would be
60.000 for the X input and 75.000 for the Y input.



Model the 32”x12” columns:

With the column creation tool still active click on the Item Properties icon D of
the Properties panel. This will open up the Column properties window as shown
in FIGURE 2-29.

Click on the A: text entry box under the Cross-Section section of the window.
Type “32.00”.

Click on the B: text entry box under the Cross-Section section of the window.
Type “12.00”.

Click on the green check mark located at the upper left corner of the
window to accept the change.

Close the Column properties window by clicking the close n button located at
the upper right corner of the window.

Make sure the Snap to Intersection >< icon in the Lower Quick Access Bar is
active and turn off any other snap tool that may be active.

Hover your mouse over where gridline 5 intersects with gridline D. When you
see the snap to intersection marker at this location, click to place the column. If
you wanted to enter the coordinates for the column the coordinates would be
80.000 for the X input and 90.000 for the Y input.

Hover your mouse over where gridline 5 intersects with gridline E. When you
see the snap to intersection marker at this location, click to place the column. If
you wanted to enter the coordinates for the column the coordinates would be
105.000 for the X input and 90.000 for the Y input.

Right-click and choose Exit

Or,

You can click ESC on your keyboard to exit the column modeling tool.

Click on the Zoom Extents @ icon. The user should see the slab and columns
modeled as shown in FIGURE 2-30.
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Figure 2-30

Model the Walls:

e Goto Model 2 Add Structural Components and click on the Wall m icon.

e C(Click on the Item’s Properties icon of the Properties panel. This will open up
the Wall properties window as shown in FIGURE 2-31.

v T

FEM Release Stiffness Modifiers Properties
General Location/Openings Boundary Condition (Strip Method)

et - v | Edt.
# 1 Material: | Concrete 1 ~
Label: Wall 1 Group: | Group 1 h
Thickness: in

Figure 2-31

e Click on the Thickness text entry box.
o Type “12”".

e Click on the green check mark v located at the upper left corner of the
window to accept the change.

o Close the Wall properties window by clicking the close n button located at the
upper right corner of the window.



In the Message Bar click the Enter button to bring up the Drawing Input
window.

Click the mouse on the text entry box under the X coordinate and type 15.000
on the keyboard.

Click the mouse on the text entry box under the Y coordinate and type 45.000
on the keyboard.

Click the Apply button. This will place the first point of the first wall.

Click the mouse on the text entry box under the X coordinate and type 30.000
on the keyboard.

Click the Apply button. This will place the wall.

You can then enter each successive wall in the same manner. The Xand Y
coordinates for each wall point is shown below.

Wall Coordinates

Wall End 1 (X, Y) End 2 (X, Y)

1 15.000, 45.000 30.000, 45.000
2 130.000, 45.000 150.750, 45.000
3 85.000, 55.000 85.000,65.000
4 100.000, 55.000 100.000, 65.000
5 85.000, 60.000 100.000, 60.000

Once you have entered the last point and have clicked the Apply button you can
click the Close Window button to close the Drawing Input window.

Right-click on white space and choose Exit

Or,

You can click ESC on your keyboard to end the wall modeling tool.

Click on the Zoom Extents @ icon. The user should see the slab, columns and
walls modeled as shown in FIGURE 2-32.
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Model the Openings:

Go to Model =2 Add Structural Components and click on the Opening b icon.
In the Message Bar click the Enter button to bring up the Drawing Input
window.

Click the mouse on the text entry box under the X coordinate and type 85.500
on the keyboard.

Click the mouse on the text entry box under the Y coordinate and type 65.000
on the keyboard.

Click the Apply button. This will place the first point of the opening we want to
model.

Click the mouse on the text entry box under the Y coordinate and type 60.500
on the keyboard.

Click the Apply button.

Click the mouse on the text entry box under the X coordinate and type 99.500
on the keyboard.

Click the Apply button.

Click the mouse on the text entry box under the Y coordinate and type 65.000
on the keyboard.

Click the Apply button.

Click the Close Window button to close the Drawing Input window.
Right-click and choose Close/End/Accept

Or,

You can click C on your keyboard to close the slab region.

Right-click on white space and choose Exit



Or,
You can click ESC on your keyboard to end the opening modeling tool.
e Select the opening just created by left-clicking your mouse on it.

e Go to Modify = Copy/Move and click on the By Coordinate %’3 icon. This will
open up the Copy - Move window as shown in FIGURE 2-30.

e Click your mouse in the Offset Y: text box.

e Type “-5.50”.

e Click the Copy button.

e Click on the Zoom Extents icon @ The user should see the openings modeled
as shown in FIGURE 2-33.
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Figure 2-33

Model the Beams:

e Goto Model 2 Add Structural Components and click on the Beam @ icon.

e C(Click on the Item’s Properties icon of the Properties panel. This will open up
the Wall properties window as shown in FIGURE 2-34.
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Figure 2-34

Click on the Width text entry box.
Type “18”".
Click on the Depth text entry box.
Type “24”.

Click on the green check mark v located at the upper left corner of the
window to accept the change.

Close the Beam properties window by clicking the close E button located at
the upper right corner of the window.

Activate the Snap to Endpoint icon / in the Bottom Quick Access Toolbar and
turn off any other snap tool that may be active.

Hover your mouse over the column along gridline 2 between gridlines A and B.
When the snap to endpoint icon appears at the center of the column in this
location left-click the mouse to place the first end of the beam.

Move your mouse to the column to the right of this, around gridline B.9. Hover
your mouse over the column, when the snap to endpoint icon appears at the
center of the column in this location left-click the mouse to place the second
end of the beam.

To start the second beam, hover your mouse over the same column you placed
the second point of the first beam at. When the snap to endpoint icon appears
at the center of the column in this location click the mouse to place the first end
of the second beam to be modeled.



Move your mouse to the column to the right of this, around gridline D.4. Hover
your mouse over the column, when the snap to endpoint icon appears at the
center of the column in this location click the mouse to place the second end of
the beam.

To start the third beam, hover your mouse over the same column you placed
the second point of the second beam at. When the snap to endpoint icon
appears at the center of the column in this location click the mouse to place the
first end of the third beam to be modeled.

Move your mouse to the column to the right of this, at the intersection of
gridline F and gridline 2. Hover your mouse over the column, when the snap to
endpoint icon appears at the center of the column in this location click the
mouse to place the second end of the beam.

To start the fourth, and final beam hover your mouse over the same column you
placed the second point of the third beam at. When the snap to endpoint icon
appears at the center of the column in this location click the mouse to place the
first end of the last beam to be modeled.

Activate the Snap to Perpendicular icon —L'- and turn off any other snap tool
that may be active.

Hover your mouse over the slab edge running vertically around gridline F.6.
When the snap to perpendicular icon appears at the slab edge in this location
click the mouse to place the second end of the beam.

Once you have entered the all of the beams you can right-click and choose
Close/End/Accept

Or,

You can click C on your keyboard to exit the current beam modeling.

Right click and choose Exit or press ESC on the keyboard to exit the opening
modeling tool.

Click on the Zoom Extents @ icon. The user should see the beams modeled as
shown in FIGURE 2-35.
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Copying Level 1 Vertically

This section will describe how to copy the Level 1 slabs, columns, walls, openings, and beams we
just modeled up vertically to create levels 2 and 3 of our multi-story model.

To copy the level up:

e Goto Home 2 Selection Tools and click on the Select by Type TR icon. This will
open the Select by Type dialog window as shown in FIGURE 3-1.

Select by Type X
Beam | ok |
Colurnn
Gridline [

O pening
Slab Reqgion
" all
Criteria
@ Al
() By keyweord:
() By design group: | Mone
Myshd Utilization min |0
Mwshd Utilization max | gq gq
(O By column size: | 18,00 % 30.00 in
Selection Type
(®) Fefresh all selection
() Add ta curent selection
() Flemove from curent selection

Figure 3-1

e Highlight the words Beam, Column, Gridline, Opening, Slab Region, and Wall by
clicking on each one of them in the Select by Type list.
e Click the OK button.
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e Click on the Zoom Extents @ icon. The user should see all items modeled
highlighted in red to denote they have been selected as shown in FIGURE 3-2.

> B T@@& 2019 Tuloral Modeladm - ADAPT| Edge | Floor Fro | RC o x
- odty  Crtet Las st [T — Afl 4 % Comemtbane  «an @ (D) -
8 o | & + b ? L APRPpR C > *+X S XHE&
Sg.,, &% :r“;{q om W5 geeses U =X IV JXBE
o w = N Dra A BEABOS s BZ Ot
veskr 5| seetan st ook & 5 - no & Soup oot
@) C © © © © ®
¢ 3
(5
X
@
X
a3 g = il
T
[F—— s rOXB /A BOrSEEPOD N M B o S B E 5551678120 UNKRUS | Levet L 3
Figure 3-2

e Go to Modify = Copy/Move and click on the on the Copy/Move Vertical t

icon. This will open up the Copy - Move window as shown in FIGURE 3-3.

Copy/Move Vertical

zelected temsz | To e | plane | Foof [EL ¥3.5)

| Cancel ||

1]

Figure 3-3

Click on the drop-down box labeled To and select Up. This will change the

Copy/Move Vertical window to be as shown in FIGURE 3-4.

Copy/Move Vertical

zelected items time(z] to existing planes.

| Cancel ||

Ok

Figure 3-4

Click in the text entry box and change the “1” to a “2”.




e C(Click the OK button to copy the selected items up for 2 levels.

e C(Click on the View Full Structure ' icon in the Upper Right Level Toolbar. This
will bring you to Multi-Level mode where you can view and navigate the full
structure instead of level-by-level when in Single-Level mode.

e Click on the Front View @ icon in the Lower Quick Access Toolbar. This will
bring you to the view of the model shown in FIGURE 3-5.
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Figure 3-5

e You can see that we have copied the level we modeled up two times to create
Level 2 and Level 3 of the model.
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Creating a Level from a DWG/DXF File

This section will describe how to efficiently model a level by importing a DWG file into ADAPT-
Builder and transforming the CAD entities into ADAPT-Builder model entities.

4.1

Importing a DWG/DXEF File to the Model

First, we want to copy our gridlines up from Level 3 to Level 4 in order to have reference
points to move our imported drawing to. The reference point is needed because the
DWG/DXF file may be in a different scale with a different origin than our model. We will
use the gridline as a reference to move our drawing to the correct location in our model
upon import.

To Copy Gridlines from Level 3 to Level 4:

Click on the Top View @ icon in the Lower Quick Access Toolbar.

Click on the Story Manager @ icon in the Upper Right Level Toolbar.
Or,

Go to Model PLevel and click on the Story Manager @ icon to open the
Reference Plane Manager.

Click on the “Level 3 (EL 37.5)” text under the Name column of the Reference
Plane Manager.

Click on the Set as active button.

Click on the Close button, this will set Level 3 as the active plane and move us
back into single level mode at the Level 3 reference plane.

Go to Home =2 Selection Tools and click on the Select by Type T% icon.
Highlight the word Gridline by clicking on it in the Select by Type list.
Click the OK button.

Go to Modify = Copy/Move and click on the Vertical jl icon. This will open up
the Copy - Move Vertical window.

Click on the drop-down box labeled To and select Up. This will change the
Copy/Move Vertical window.

Click the OK button to copy the selected items up one level.

Click on the Active Level Up 4} icon of the Upper Right Level Toolbar to make
the next level up (Level 4) the active level and move the view to the Level 4
reference plane. You should now see the level 4 plane with only gridlines on it
as shown in FIGURE 4-1.
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Now we need to import our DWG/DXF file to the model so that we can start to model

Level 4.

To import the Level 4 DWG/DXF:

Go to File 2 Import 2 DWG

Navigate to the Levels_4_R.dwg file that was included with this tutorial.

Select the Levels_4_R.dwg in the Import a DXF or DWG File window.

Click on the Open button, this will open up the Import DWG/DXF window shown
in FIGURE 4-2.

Import DWG / DXF

[Jcalibrate imported objects
[IMove imported objects to X position
[ insert at Z position of | Ground (EL 0)

Assign Group: | CAD Group 1 w |

Cancel

Figure 4-2

Put a check in all three check boxes by clicking on each one.

In the Insert at Z position of dropdown menu select Level 4 (EL 47.5).

Click on the Assign Group text box and type “Level 4 CAD”, after this the Import
DWG/DXF window will look as shown in FIGURE 4-3.



Import DWG / DXF

Calibrate imported objects
Move imported objects to XY position

[l insert at Z position of | Level 4 (EL 47.5) w
Assign Group: | Level 4 CAD| w |
Cancel
Figure 4-3

Click on the OK button, the program will now be asking you enter the Start Point
of the Calibration Line as shown in FIGURE 4-4.

0 Enter the Start Paint of the Calibration Line,

Figure 4-4

Since we know the distance between gridlines A and B is 20’ we will use the
intersection of gridlines 4-A and gridlines 4-B for our calibration points.

Activate the Snap to Intersection >< icon and turn off any other snap tool that
may be active.

Hover your mouse over the intersection of gridlines 4-A from the imported
DWG file (not the Builder gridline). When the intersection icon appears at this
location left-click the mouse to set the first point of the calibration line.

Now move you mouse right and hover your mouse over the intersection of
gridlines 4-B from the imported DWG file (not the Builder gridline). When the
intersection icon appears at this location left-click the mouse to set the second
point of the calibration line.

In the Message Bar click the Enter button to open the Drawing Input window
shown in FIGURE 4-5.

Drawing Input

Enter the correct Distance between the two points.

ECIL

Figure 4-5

Click on the text entry box and type “20.00”.

Click the OK button. In the message bar the program will now be asking you
enter Select the first point for moving the imported DWG to its rightful position
in the model as shown in FIGURE 4-6.
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e Activate the Snap to Intersection >< icon and turn off any other snap tool that
may be active.

e Hover your mouse over the intersection of gridlines 4-A from the imported
DWG file (not the Builder gridline). When the intersection icon appears at this
location left-click the mouse to set the reference point to move from.

o Next hover your mouse over the intersection of gridlines 4-A from the Builder
gridlines we created. When the intersection icon appears at this location left-
click the mouse to set the location to move the first point we chose to.

e At this point we can click on the Zoom ExtentsﬂzD icon. The user should see the
imported DWG overlaid with the model gridlines as shown in FIGURE 4-7.
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Figure 4-7

Creating Level 4: Transforming DWG Entities into ADAPT-Builder Model Objects

Now that we have our DWG file in our model, we will use the DWG Cad entities to
create our builder model objects such as slabs, walls, columns, openings and etc.

Creating the Slab Region:

<
e Click on the Layers Setting = icon in the Lower Quick Access Toolbar. This will
open the Layers properties window as shown in FIGURE 4-8.
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Figure 4-8

e Click on the All Layers Off button.

e Scroll through the layers list and find the layer named Tutorial-Level4-
Slab_Region.

o Click on the light bulb in the row for this layer to illuminate the light bulb and
make the layer visible.

e C(Click on the OK button, the user should now see the slab region polyline from
the imported DWG as shown in FIGURE 4-9.
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Figure 4-9

e C(Click on the slab polyline to select it.

Go to Model 2 Transform and click on the Transform Slab & icon. This will
automatically create the slab region builder object based on the outline of the
polyline from the DWG as shown in FIGURE 4-10.
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Figure 4-10

e Click on the Layers Setting = icon. This will open the Layers properties
window.

e C(Click on the All Layers Off button.

e C(Click on the OK button, this will turn off all layers. This will turn off the visibility
of the slab CAD layer as well as the slab objects of ADAPT-Builder.

o C(Click OK to close the layers dialog window.

e Goto Model 2 Visibility and click on the Slab Region =4 icon. This will turn on
the ADAPT-Builder slab objects for this level.

e Double click on the Slab region to bring up the Slab Region properties window.

e Click on the Thickness text box Type “9” in the Thickness text box.

e C(Click on the Location tab of the Slab Region properties window.

e Click on the Vertical offset text box.

e Enter “0.00” in the text box. (Note: properties from the last drawn entity are
retained for slabs and other objects in ADAPT-Floor Pro because of this we have
to reset the offset for this slab)

e Click on the green check mark i located at the upper left corner of the
window to accept the change.

o Close the Slab properties window by clicking the close n button located at the
upper right corner of the window.

Creating the Columns:

e Click on the Layers Setting == icon.
e Inthe Layers properties window click on the All Layers Off button.
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e Scroll through the layers list and find the layer named Tutorial-Level4-Column.

e C(Click on the light bulb in row for this layer to illuminate the light bulb and make
the layer visible.

e C(Click on the OK button, the user should now see the polylines representing the
columns from the imported DWG as shown in FIGURE 4-11.
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Figure 4-11

e Left-click and hold the left click of your mouse in the upper left white space and
drag your mouse to the lower right so that the selection icon encompasses all
the column CAD entities. Release the left button of the mouse to select all of the
column CAD entities, all columns should now be selected as shown in FIGURE 4-
12,
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Figure 4-12

Go to Model = Transform and click on the Transform Column +' icon. This will

automatically create the column builder objects based on the outline of the
polylines from the DWG as shown in FIGURE 4-13.
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Creating the Walls:

Click on the Layers Setting = icon.

In the Layers properties window click on the All Layers Off button.

Scroll through the layers list and find the layer named Tutorial-Level4-Wall.
Click on the light bulb in row for this layer to illuminate the light bulb and make
the layer visible.

Click on the OK button, the user should now see the wall polylines from the
imported DWG as shown in FIGURE 4-14.
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Figure 4-14

Click on the Polyline to the right representing the single wall in order to select it.

Go to Model 2 Transform and click on the Transform Single Wall *m icon. This
will automatically create the wall object based on the outline of the polyline we
selected.

Click on white space to deselect the polyline.
Click on the polyline representing the H shaped core wall to select it.

Go to Model =2 Transform and click on the Transform Compound Wall *m icon.
This will automatically create multiple wall objects based on the selected closed
polyline as shown in FIGURE 4-15.

65



66

gbar  hnaipis  FioorDesign  Cohumn Design

P snow Rar =
SomoITn. T

s Af# 4§ panes R IGH

v
a

[r——— A ORL/ABETSHEEROPL V- m- O BT wsmeER UM | Lo enaEas

Figure 4-15

e Asyou can see the software has created two walls that were not intended.
Select one of the two walls and click Delete on your keyboard.

e Select the other wall and click Delete on your keyboard. After doing so we
should have our lower walls input as shown in FIGURE 4-16.
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Figure 4-16

e [tis recommended to snap the wall to the centerline of the other walls. Click on

<
the Layers Setting == icon.



In the Layers properties window click on the All Layers Off button.
Click on the OK button, this will turn off all layers. This will turn off the visibility
of the wall CAD layer as well as the wall objects of ADAPT-Builder.

Go to Model 2 Visibility and click on the Display Wall m icon. This will turn on
the ADAPT-Builder wall objects for this level.

Click on the Zoom Extents @ icon.

Activate the Snap to Midpoint ” icon and turn off any other snap tool that
may be active.

Click on the horizontal wall of the H shaped core wall to select it.

Left click on the left end of the wall to grab the left end of the wall.

Hover your mouse over the vertical wall to the left of the end of the wall.

When the Snap to Midpoint icon shows up on the centerline of the wall left click
the mouse to snap the left end of the horizontal wall to the centroid of the left
most vertical wall.

Left click on the right end of the wall to grab the right end of the wall.

Hover your mouse over the vertical wall to the right of the end of the horizontal

wall.

When the Snap to Midpoint icon shows up on the centerline of the wall left click
the mouse to snap the right end of the horizontal wall to the centroid of the
right most vertical wall of the H shaped core wall.

The user should now see a screen similar to that shown in FIGURE 4-17.

Figure 4-17
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Creating the Openings:

Click on the Layers Setting = icon.

In the Layers properties window click on the All Layers Off button.

Scroll through the layers list and find the layer named Tutorial-Level4-Opening.
Click on the light bulb in row for this layer to illuminate the light bulb and make
the layer visible.

Click on the OK button, the user should now see the polylines from the
imported DWG as shown in FIGURE 4-18.
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Figure 4-18

Drag and select the two polygons.

Go to Model 2 Transform and click on the Transform Opening "IZ icon. This
will automatically create the opening object based on the outline of the
polygons we selected.

. 2.
Click on the Layers Setting == icon.
In the Layers properties window click on the All Layers Off button.
Click on the OK button, all created or imported entities should now be turned
off.

Click on the Select/Set View Items 69" icon along the Bottom Quick Access
Toolbar

On the Structural Components tab, make the selections as shown in FIGURE 4-
19.
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Figure 4-19

e C(Click the OK button.

e C(Click on the Zoom Extents @ icon. The user should see the Level 4 floor plan
modeled within Builder as shown in FIGURE 4-19.
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5 Copying Level 4 Vertically

This section will describe how to copy the Level 4 slabs, columns, walls, and openings we
modeled up vertically to create levels 5, 6, and the Roof level of our multi-story model.

To copy the level up:

Go to Home 2 Selection Tools and click on the Select by Type TR icon.
Highlight the words Column, Gridline, Opening, Slab Region, and Wall by clicking
on each one of them in the Select by Type list.

Click the OK button.

Click on the Zoom Extents @ icon. The user should see all items modeled
highlighted in red to denote they have been selected as shown in FIGURE 5-1.
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Figure 5-1

Go to Modify = Copy/Move and click on the on the Copy/Move Vertical 1
icon. This will open up the Copy - Move window as shown in FIGURE 5-2.
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Figure 5-2
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e Click on the drop-down box labeled To and select Up. This will change the
Copy/Move Vertical window to be as shown in FIGURE 5-3.

Copy/Move Vertical

Copy w | gzelected tems | Up time(z] to existing planes.
Caneel

Figure 5-3

e C(Click in the text entry box and change the “1” to a “3”.
e C(Click the OK button to copy the selected items up three levels.

e C(Click on the View Full Structure ' icon in the Upper Right Level Toolbar. This
will bring you to Multi-Level mode where you can view and navigate the full
structure instead of level-by-level when in Single-Level mode.

e Click on the Front View @ icon in the Lower Quick Access Toolbar. This will
bring you to the view of the model shown in FIGURE 5-4.
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Figure 5-4

e You can see that we have copied the level 4 level that we modeled up three
times to create levels 5 and 6, as well as the Roof level of our model.
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Component Connectivity, Meshing, and Model Validation

In this section we will describe how to use the Establish Component Connectivity tool to ensure
supports are connected to the slab, mesh the structure, and go through a validation run to view
the behavior of the structure and make sure that the structure under its own weight is behaving
as expected. This will ensure the integrity of the model and the design as we move forward.
Note that in Chapter 16 where column label assignments are made, we will need to undo the
preprocessing (column offsets) in order to create the labels.

6.1 Using the Establish Component Connectivity Tool

In ADAPT-Builder we have a tool called the Establish Component Connectivity tool. The
use of this tool is to ensure connectivity between the slabs and the supports. The tool
will change the top and bottom offsets for the support to connect it to the slab it is
associated with. For top supports the tool will change the bottom offset of the support
to bring the bottom face of the support to the top of the slab region. For bottom
supports this tool will change the top offset of the support to bring the top face of the
support to the soffit of the slab.

To establish component connectivity:

e Goto Model =2 Preprocessing = Connect Supports. The program will
automatically shift the tops and bottom of the supports to the top/soffit of slab
as shown in FIGURE 6-1.
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Figure 6-1
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Meshing the Model

Now that we have the geometry of our structure modeled, and we have not yet applied
any post-tensioning or loads, this is a good time to check on the integrity of the model.
This is to say we want to make sure the model under its own weight is behaving as one
would expect. To do this we need to analyze the model and view the model results.
Before we analyze the model, we must create the FEM mesh for the model.

Creating the FEM Mesh:

e Goto Analysis 2 Meshing and click on the Mesh Generation i icon. This will
bring up the Automatic Mesh Generation window as shown in FIGURE 6-2.
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Figure 6-2

e Inthis window we have a few options. The first option is the Meshing Method.
For this tutorial we will use the Simplified (Wall openings disregarded) option.
This is the meshing method legacy users are familiar with and allows the user to
set the meshing option for slabs only. Walls will be meshed during analysis and
that mesh cannot be controlled by the user in any fashion.

e The second, Suggested Cell Size, allows the user to define the cell size the
program should use for Slabs and Walls. For more detailed models the user may
need to decrease the value of this input. For most models the default input of
3ftis sufficient. Note the larger this value is the less dense the mesh will be. For
this tutorial we will use the default Suggested Cell Size of 3 ft.

e The third option in the Automatic Mesh Generation window that the user has
control over is the Maximum distance value for node consolidation. This input
allows the user to input the maximum distance that the program will shift the
nodes of the components in order to consolidate nodes that are in close
proximity to each other. Note that again for most models we recommend to use
the default value. Changing this value to very high numbers can cause the



consolidation of nodes that are not in close proximity and in turn cause analysis
behavior that is not expected by the user. For most models we suggest not
shifting the nodes more than the default value set by the program.

Note we also have the option to not consolidate nodes. If a user does not want
to shift nodes the user must model the structure in a fashion that facilitates
finding a mesh without consolidating nodes. This would mean the user would
have to model components node to node. For example, an elevator or stair
shaft opening would need to be modeled to the centerline of the core wall as
opposed to the face of the core wall. Another example would be modeling
beams to centroid of columns or centerline of walls as opposed to the face of
these components.

For this tutorial we will use the default value for the Maximum distance input
text box.

e C(Click the Save & Mesh Slabs button.

e When the program completes the meshing procedure, click on the Top View%
icon in the Camera and Viewports Toolbar. This will bring you to the view of the
model shown in FIGURE 6-3.
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Figure 6-3

e The program has now come up with a mesh for the structure and the user can
now move on to analyze the structure.
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6.3

Analyzing the Model

Now that we have meshed the model, we can analyze the model to check that the
model is behaving under its own weight (self-weight only) as one would expect. For this
check we want to run the multi-level analysis.

Analyze the model:

e Goto Analysis 2 Analysis and click on the Execute Analysis ’ icon. This will
bring up the Analysis Options window as shown in FIGURE 6-4.
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Figure 6-4

e For the Validation run we will select just the Service (Total Load) combination in
the Select load combinations for analysis section of the window. Since we have
not applied any dead or live load this will essentially give us a solution for Self-
weight only that we can use to make sure the model is behaving properly. To
select only this combination for analysis click on the text Service (Total Load).

e Other options in this dialog window will be left with their default values. Before
pressing OK to analyze make sure your screen matches the screen shown in
FIGURE 6-5. If everything matches click OK to analyze the structure.
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solution as shown in FIGURE 6-6.

Analysis Status

Analysis successfully completed.
Do you want to save the solution?

Yes | | Mo

Figure 6-6

e Click on Yes to save the solution.

docked on the right side of the modeling interface as shown in FIGURE 6-7.

Upon completion of the Analysis process the program prompt you to save the

Once the solution is saved the program will open the Results Browser window
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6.4
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Figure 6-7

At this point the analysis is complete and the solution is saved.

Viewing Analysis Results

Now that we have analyzed the model, we want to view the analysis results to make

sure the model is behaving under its own self weight as one would expect. First, we will
check the deflection of the model to make sure there are no connectivity issues

between horizontal and vertical components.

Viewing the deflection:

In the Results Browser window from FIGURE 6-7, the default view of the
browser is of the Loads tab. In this tab we can select the load combination or
load case we want to view results for. We only analyzed the model for just the
Service (Total Load) load combination so only that individual load combination
will be available in the Load Combos >Service tree. Since we have not defined
any loading or modeled any post-tensioning the effect on this load combination
will be O for these load cases, leaving us with only the self-weight of the model
within this load combination.

Click the check box to the left of Service (Total Load) in the Load

Combo 2Service tree. Notice the top of the Results Browser will now read this
same combination name. This indicated the load combination we are viewing
the results for.

Click on the Analysis tab of the Results Browser window.

Expand the Slab tree of the Analysis tab by click on the plus next to the text
“Slab” in this location.
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e Expand the Deformation branch of the Slab tree by click on the plus next to the
text “Deformation” in this location.
o Click the check box for Z-translation.

e Go to Analysis =2 Visibility and click on the Shell Elements % icon. This will turn
on the vertical shell elements along with the horizontal shell elements.

e Click on the Shell Elements % icon again to turn off both the horizontal and
vertical shell elements.

e Click on the Zoom Extents @ icon. The user should see now see the deflection
contour for all levels as shown in FIGURE 6-8 below.
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Figure 6-8

e C(Click on the View Model S icon on the Bottom Quick Access Toolbar to bring
up the ADAPT Solid Modeling window as shown in FIGURE 6-9.
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o If we left click on the screen and hold the left click button of the mouse you can
then rotate the model with movements from the mouse. Rotate the model so
that the view is similar to that shown in FIGURE 6-10.
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Figure 6-10

e C(Click on the Warp Contour icon & to warp the contours as shown in FIGURE 6-
11.
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Figure 6-11

e From here you can navigate the contour and model to look for any location
where the slab is not deflecting as one would expect.

In addition to the contour view we can also view the structure in a “Solid Modeling”
view in its deflected shape.

Solid Modeling View:

e Click on the Solid Modeling Z-deflection Contour £ icon. The user should now

see the model in a solid view showing the deflected shape in the Z-direction of
all components as shown in FIGURE 6-12.
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Figure 6-12

e We can navigate the view by holding a left click of the mouse and moving the
mouse to rotate the view.

e If we now click on the Solid Modeling Global Deflection Contour 7 icon we can
see the global deflection of the structure as shown in FIGURE 6-13. The global
deflection shows the X, Y, and Z direction deflections all at once.
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Using the results viewer as described above the user can navigate the model and make
sure the behavior of the structure is as one would expect under no loading and with no
post-tensioning in the model. For example, the user can look for places where the slab is
deflecting at a support, where beams are deflecting at a support, or where the model is
not supported laterally, as components or the entire model will have large deflection

that will be visible navigating these views. For our model there is no visible connectivity
issue between components.

Once you are done viewing the contour results, click the X button in the upper
right of the ADAPT Solid Modeling window to get back to the main user
interface.

In the Results Browser of the main user interface uncheck the option for Z-
translation under Slab = Deformation.

Viewing Column/Wall Axial Force:

Another item that is good to check to make sure the model is behaving properly is the
axial force of the columns and walls. If behaving properly the axial force should be
building from the top level down to the bottom level.

e Click on the Top Front-Right View @ icon on the Bottom Quick Access Toolbar.
The user should now see the view as shown in FIGURE 6-14.
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Figure 6-14

e Click on the Select/Set View Items 65" icon to open the Select/Set View Items
window.
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e On the Structural Components tab, make the selections as shown in FIGURE 6-
15.
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Figure 6-15

e Click the OK button to close the window. The user should now see a view of the
column and wall stacks as shown in FIGURE 6-16.
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Figure 6-16

e Inthe Results Browser navigate to, and expand the Column tree.

e Expand the Actions (Combination) tree and check the box next to Axial Force.

e Navigate and expand the tree for Wall 2Actions (Combination).

e Check the box next to Axial Force. The user at this point should see the axial
force diagram along the column and wall stacks as shown in FIGURE 6-17.
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Figure 6-17
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e Zooming in and out and navigating the model we can check to make sure the
axial force in the supports is as we would expect.

e When done viewing the results click on the Clear All . icon of the Results
Browser window to clear the results from the main model view.

e C(Click the n icon of the Results Browser to close the results window. We can
always re-open the Results Browser by clicking on the Results Display Settings

&4 icon in the Bottom Quick Access Toolbar.

The axial force in our model builds as we move down the column and wall stack. This is the
expected behavior for the model. It seems the model is behaving correctly at this point. The
next step is to add loads, assign material properties, input tendons, and design the slab.



Adding Gravity Loads to the Model

In this section we will add gravity loads to our model. As per the criteria defined in Section 1, the
gravity loads are:

o Self-weight = based in unit weight
e Superimposed dead load = 25 psf

e Exterior cladding (dead load) =400 lb/ft

e Live Load (reducible) =40 psf (L1-3)

e Live Load (unreducible) =100 psf (L4-6)

e Roof Live Load (unreducible) = 20 psf

Self-weight of the structure is accounted for based on the modeled structure and the material
properties. At this point we need to add the superimposed dead loads as well as the reducible
and unreducible live loads, and roof live load.

7.1 Applying the Superimposed Dead Loads

e Click on the Select/Set View Items 65" icon on the Bottom Quick Access Toolbar
to open the Select/Set View Items window.
e Onthe Structural Components tab, make the selections as shown in FIGURE 7-1.
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Figure 7-1

e C(Click the OK button to close the Select/Set View Items window.

e C(Click on the Front View @ icon in the Bottom Quick Access Toolbar. This will
bring you to the view of the model shown in FIGURE 7-2.
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Figure 7-2

e Drag and select the slabs. Once the slabs are selected, they should be
highlighted in a red color as shown in FIGURE 7-3.
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Figure 7-3

Go to Loading = General and click on the Patch Load Wizard ﬂ icon of the
Loading Toolbar. This should open the Create Patch Load Automatically dialog
window shown in FIGURE 7-4.
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Figure 7-4

Leave the drop-down box on Dead Load as we are applying the superimposed
dead area loads to the slab at this time.

e C(Click on the text entry box.

e Change “0” to “0.025".

e Click on the Create button.

e The user will now see green lines representing the projection of the load as

shown in FIGURE 7-5. We have applied a 25psf area load to each of the
structure’s slabs.
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Figure 7-5

In addition to the superimposed dead area loads, we also have a cladding load along the
exterior edge of the slab. This load is not present at the balcony slab edge.



Applying the cladding dead loads:

e Goto Loading = Visibility and click on the Show All Loads m icon. This will
turn on all loads in the model.

e C(Click on the Show All Loads a icon again. This will turn off all loads in the
model.

e Click on the Top-Front-Right View @ icon in the Bottom Quick Access Toolbar.
This will bring you to the view of the model shown in FIGURE 7-6.

Figure 7-6

o Hold the Ctrl key on your keyboard and Left-click on each main slab region to
select all the main slab regions of the model. Make sure you do not select the
balcony slabs on Levels 1 through 3 as the balcony does not have the cladding
load on it. Once all the main slabs regions are selected the screen should look
similar to FIGURE 7-7.
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Figure 7-7

Go to Loading = General and click on the Line Load Wizard H{ icon. This
should open the Create Line Load Automatically dialog window shown in
FIGURE 7-8.

Create Line Load Automatically

Load caze: | Dead load w Ijl kA

Figure 7-8

Leave the drop-down box on Dead Load as we are applying the cladding loads to
the “Dead Load” load case.

Click on the text entry box.

Change “0” to “0.400”.

Click on the Create button.

The user will now see green lines representing the projection of the cladding
load as shown in FIGURE 7-9. We have applied a 400plf load to each of the
levels main slab’s edges.
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Figure 7-9
7.2 Applying the Live Loads

e Click on the Select/Set View Items 65" icon to open the Select/Set View Items
window.

e On the Structural Components tab, make the selections as shown in FIGURE 7-
10 (turn on the display of slabs and reference planes).
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Figure 7-10

e Click on the Loads tab.
e Unselect the display of the loads by unchecking the display boxes as shown in
FIGURE 7-11.
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Structural Components  Finite Element  Loads
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Figure 7-11
e C(Click on the OK button to close the Select/Set View Items window. The user

should now see only the slabs in the main graphical user interface as shown in

FIGURE 7-12.
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Figure 7-12

e Click on the Front View icon @ in the Bottom Quick Access Toolbar. This will
bring you to the view of the model shown in FIGURE 7-13.
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Figure 7-13

e Drag and select the Level 1 through Level 3 slabs. Once the slabs are selected,
they should be highlighted in a red color as shown in FIGURE 7-14.
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Figure 7-14

Go to Loading = General and click on the Patch Load Wizard ﬂ icon. This will
open the Create Patch Load Automatically dialog window shown in FIGURE 7-
15.

Create Patch Load Automatically

Load case: Dead load o || 0| kst
Cancel | I Create
Figure 7-15

Click on the drop-down box and change the entry to Live Load

Click on the text entry box.

Change “0” to “0.040”.

Click on the Create button.

The user will now see green lines representing the projection of the load as
shown in FIGURE 7-16. We have applied a 40psf area load to each of the Level 1
through Level 3 slabs under the Live Load case.
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e Goto Loading = Visibility and click on the Show All Loads il icon. This will
turn on all loads in the model.
e C(Click on the Show All Loads am icon again. This will turn off all loads in the
model.
o Dragand select the Level 4 through Level 6 slabs. Once the slabs are selected,
they should be highlighted in a red color as shown in FIGURE 7-17.
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e Goto Loading = General and click on the Patch Load Wizard '™ icon.

e C(Click on the drop-down box and change the entry to Live Load

e C(Click on the text entry box.

e Change “0” to “0.100".

e Click on the Create button.

e The user will now see green lines representing the projection of the load as
shown in FIGURE 7-18. We have applied a 100psf area load to each of the Level
4 through Level 6 slabs under the Live Load case.
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Figure 7-18
Applying the Roof Live Load

e Goto Loading = Visibility and click on the Show All Loads il icon. This will
turn on all loads in the model.

e C(Click on the Show All Loads (il icon again. This will turn off all loads in the
model.

o Drag and select the Roof level slab. Once the slab is selected it should be
highlighted in a red color as shown in FIGURE 7-19.
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Figure 7-19

Go to Loading = General and click on the Patch Load Wizard ﬂ icon.

Click on the drop-down box and change the entry to RLL

Click on the text entry box.

Change “0” to “0.020”.

Click on the Create button.

The user will now see green lines representing the projection of the load as
shown in FIGURE 7-20. We have applied a 20psf area load to the Roof Level slab
under the RLL case.
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Figure 7-20

e At this point all gravity loads in our tutorial model have been applied to the
slabs.
e Toview all the loads we have added, go to Loading = Visibility and click on the

Show All Loads rml icon.

e C(Click on the Top-Front-Right View @ icon in the Bottom Quick Access Toolbar.
This will bring you to the view of the model shown in FIGURE 7-21.
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Figure 7-21
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Assigning Material Properties to Model Components

In this section we will assign the material properties to the modeled building components (slabs,
beams, columns, walls).

8.1 Assign the Concrete Material to Slabs

e Goto Loading = Visibility and click on the Show All Loads m icon. This will
turn off the loads.

e Drag and select the slabs of the model, which should all be visible. The user
should see modeled slab regions highlighted in red to denote they have been
selected as shown in FIGURE 8-1 below.

Figure 8-1

e Go to Modify = Properties and click on the Modify Selection % icon. This will
open the Modify Item Properties dialog window as shown in FIGURE 8-2.
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Figure 8-2

e On the left side check the box next to Material
e Select 5000psi from the drop-down box to the right.
e C(Click OK to make the modification and close the window. If we bring up the

properties now, on any slab region, we should see the material property set to
5000psi as shown in FIGURE 8-3.
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8.2 Assign the Concrete Material to Beams

e Go to Model 2 Visibility and click on the Slab Regions  icon to turn off the
slabs in the model. If they do not turn off with the first try, click the button
again, the second click will turn off all the slabs.

e Goto Model 2 Visibility and click on the Beams P icon. This will turn on the
beams in the model.
e Click and drag to select the beams in the model.

e Go to Modify =2 Properties and click on the Modify Selection g icon. This will
open the Modify Item Properties dialog window.

e On the left side check the box next to Material

e Select 5000psi from the drop-down box to the right.

e Click OK to make the modification and close the window. If we bring up the
properties now, on any beam in the model, we should see the material property
set to 5000psi as shown in FIGURE 8-4.
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Figure 8-4
8.3 Assign the Concrete Material to Columns

e Go to Model =2 Visibility and click on the Beams @ icon. This will turn off the
beams in the model.

e Go to Model 2 Visibility and click on the Columns ' icon. This will turn on the
columns in the model.
e C(Click and drag to select the columns in the model.

e Go to Modify 2 Properties and click on the Modify Selection % icon. This will
open the Modify Item Properties dialog window.

e On the left side check the box next to Material

e Select 6000psi from the drop-down box to the right.

e C(Click OK to make the modification and close the window. If we bring up the
properties on any column in the model, we should see the material property set
to 6000psi as shown in FIGURE 8-5.
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8.4  Assign the Concrete Material to Level 1 through 3 Walls

e Click on the Front View @ icon in the Bottom Quick Access Toolbar. This will
bring you to the view of the model shown in FIGURE 8-6.

107



108

I o ey | bodiy  Crtens  Model  losdmg  endon  Rebar  dnolpss  FloorDesign  ColomnOcgn  WeOesgn  Reports AR ey e @O

-planc. E £ ﬁ £ @ S N

ation Vertil By Reterence S F

Copyone R Mol % oo % | lanes =

Roof (EL 79.5)

Level 6 (EL 67.5)

Level 5 (FL 57 5)

Level 4 (EL47.5)

Level 3 (FL 37 5)

Level 2 (EL 255) U

Level 1 (EL 12 5) =

7
Gmund(ELjﬂﬁi\;%

‘e adzotsoft com

ADAPY | Eage | oo Pra | FUAC

/ZOKIL BT SE ORCP M R BuwwoBF] Units US Level: Level 1EL123)

Figure 8-6

Go to Model =2 Visibility and click on the Columns ' icon. This will turn off the
columns in the model.

Go to Model =2 Visibility and click on the Walls m icon. This will turn on the
walls in the model.

The user should now see only the slabs in the main graphical user interface as
shown in FIGURE 8-7.
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e Drag and select the walls under the Level 3 reference plane. Once they are
selected your screen should resemble FIGURE 8-8.
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Figure 8-8

e Go to Modify =2 Properties and click on the Modify Selection @ icon. This will
open the Modify Item Properties dialog window.

e On the left side check the box next to Material

e Select 6000psi from the drop-down box to the right.

e C(Click OK to make the modification and close the window.

8.5 Assign the Concrete Material to Level 4 through Roof Walls

e Drag and select the walls above the Level 3 reference plane. Once they are
selected your screen should resemble FIGURE 8-9.
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Figure 8-9

e Go to Modify = Properties and click on the Modify Selection @ icon. This will
open the Modify Item Properties dialog window.

e On the left side check the box next to Material

e Select 5000psi from the drop-down box to the right.

e Click OK to make the modification and close the window.
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Single-Level Analysis and Design for PT slabs — Level 1

In this section we will go through the iterative design process of Level 1. The design process
includes adding support lines, splitters, and tendons to the model to get a base design. Once we
have our base design, we can solve any issues in the base design through an iterative design

process.

9.1 Serviceability Requirements

The serviceability design requirements for our two-way post-tensioned slab design were set
forth in the Criteria of Section 1. They are repeated below:

Average Precompression and Balanced Loading:

e Minimum precompression
e Maximum precompression
e Minimum balanced loading
e Maximum balanced loading

Allowable Stresses for Post-Tensioned Slabs:

Maximum tensile stress

e Due to prestress plus sustained loads
e Due to prestress plus total loads
e Due to prestress plus self-weight

Maximum compressive stress

e Due to prestress plus sustained loads
e Due to prestress plus total loads
e Due to prestress plus self-weight

Deflection:

= 125psi

= 300psi

=50% (total dead load)
=100% (total dead load)

=6*sqrt(f'c)
= 6*sqrt(f'c)
= 3*sqrt(f'ci)

=0.45*f'c
=0.60*f'c
=0.60*f'ci

Assuming the hypothetical tensile stresses within the limits stated in the preceding are
maintained, the total and live load deflections will be considered based on un-cracked,
linear-elastic properties for gravity service evaluation of slab deflections.

For the floor slabs and beams the maximum deflections are maintained below the
following values with the understanding that the floor structure is not attached to
nonstructural elements likely to be damaged by large deflections of the floor:

e Total service load
e Total live load

=1/240
=1/360
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Cover:

Post-Tensioned Slabs

e TopCGS =1.0in
e Bottom CGS — Interior spans =1.0in
e Bottom CGS — Exterior spans =1.75in

The cover and stress limits we have already set when we defined our design criteria in
section 2.4 of this tutorial. We can set the limits for precompression and balanced

loading in the program by doing the following:

e Click on the Results Display Settings 68" icon to open the Results Display
Settings window as shown in FIGURE 9-1.

Results View: Service(Total Load)

+ -¥7

Loads Analysis Colorize Display

EI‘ Load Combos
. -9 Envelope
EI‘ Service

‘ Service(Total Load)

EI Load Cases
=B Uncracked Cases

: Dead load(Uncracked:G)

+ H

I:l Hyperstatic(Uncracked:G)
. JER Live load{Uncracked:G)
l:l Prestressing(Uncracked:G)
~.[JER RLL{Uncracked:G)
..[JE@ Selfweight(Uncracked:G)

Figure 9-1

Click on the Display tab to display the window as shown in FIGURE 9-2.



Results View: Service(Total Load) a n

viéag =
Loads Analysis Colorize Display Settings
Property Value
Bl Design Sections
Balanced loading minimum 50.00 %
Balanced loading maximum 100.00 %
Maximum span/deflection ratio, ... 360
Precompression minimum allow_.. 12500 Psi
Precompression maximum allow... 300.00 Psi
Allowable Stress Display Exceeds Only
Simple Load Balance Angle 60.00 deg
B Components
Dirift maximum allowable 0.50 %
Rho display Value
Rhao maximum allowable 300%
|iilization Display Status
|ilization maximum allowable 1.00 %

Moment Amplfication max allow... 1.40

Drift Amplfication max alowable  1.40

Compare Cumulative and FEM ... 10.00 %
B Wall Design Sections

Reinforcement Display Mumber of Bars
Line thickness 2
Display Text for Active Level MNo
Section Text for Each Wall All
Figure 9-2

We can see that the Balanced Loading Minimum is already set to 50% and that
the Balanced Loading Maximum is set to 100%. Since these are the same limits
we would like to use in our design, we can leave them with the default values.
We can see the Precompression Minimum Allowable setting is already set to our
minimum of 125psi.

Click OK to close the Results Display Settings window and accept the changes we
made.

Entering Support Lines and Splitters for Level 1

Click on the Level Assignment @ icon in the Top Left Level Toolbar.
Click on the “Level 1 (EL 12.5)” under the Name column to select the text.
Click the Set as Active button

Click the Close button

Click on the Select/Set View Items 65" icon in the Bottom Quick Access Toolbar
On the Structural Components tab, make the selections as shown in FIGURE 9-3.
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Select/Set View [tems

Structural Components  Finite Blement  Loads

ftem Display ~ Render D Dimension  Label Symbol Symbol Size  Font Height
Slab Region: O O O [} [} g|in 20.00|in
Calumn: O O O O O 3[in 20.00(in
Wall: O O O O O 3|in 20.00(in
Beam: O O O O O g in 20,00/ in
Drop Cap./Panel: O O O O O g|in 20.00| in
Opening: O O O O O g|in 20.00(in
Ramp: | O [l [l o O §|in 20.00|in
Gridlines: O O EI in in
Reference Planes:
Skip Loading: O O O O O [ gm in
Rerforcerert: | ] 0O O o g n [20]n
Rebar: O O O in 20,00 in
Span Direction X7 X f
Support Line: OO O O O O 1[in 20,00 i
Tributary Region: D D D D D D 10(in 20.00|in
Splitter: OO O O O O EI in in

[_sfi "
Save as Default | | Color Palette | I oK | | Cancel
Figure 9-3

e C(Click the OK button to close the window.

e Click on the Top View icon @ in the Camera and Viewports Toolbar. This will
bring you to the view of the model shown in FIGURE 9-4.
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Figure 9-4

To enter support lines, we will use the Dynamic Support Line Editor introduced in
ADAPT-Builder 2019.

Entering the first X-direction support line using the Dynamic Support Line Editor:
e Goto Floor Design =2 Strip Modeling and click on the Dynamic Editor = icon.

This will open the Dynamic Support Line Editor dialog window as shown in
FIGURE 9-5.

B Support Line Dynamic Editor

Walls Middle Strips Trim
Wizard Limits Criteria
Direction

@ X Direction O ¥ Direction
[ create unique support lines for all spans
Create unique suppart lines for beams
Create end spans perpendicular to slab edge
[ create middle strip support line

Create a construction line to define a new support line

[] show/Hide Construction Lines

Figure 9-5
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With the default settings we can begin to enter the line of support that the
program will use to automatically create a support line in the X-direction.
Position your mouse to be along the lower column line but outside of the slab
region to the left of the slab as shown in FIGURE 9-6.
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Once your mouse is at this location left-click the mouse to enter point 1.

Position your mouse along the column line but outside of the slab to the right of

the floor as shown in FIGURE 9-7.
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Figure 9-7



e Once your mouse is at this location left-click the mouse to enter point 2.

e The program will show a red line segment defining the line of support the
program should create a support line for. The program will automatically detect
supports along this line and add a vertex along the support line at the support.

e C(Click the Enter key on your keyboard to accept the points and have the software
create the first support line. The user should now have one X-direction support
line entered into the model as shown in FIGURE 9-8.
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Figure 9-8
Entering the next X-direction support line:

e Position your mouse along the second line of supports but outside of the slab to
the left of the floor as shown in FIGURE 9-9.
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Figure 9-9

Left-click your mouse to enter the first point.

Left-click the mouse on the column to the right of the wall along this same
column line.

Move up and to the right and left-click the mouse within the wall and near the
lower vertex of the first vertical wall.

Move to the right and left-click the mouse within the wall and near the lower
vertex of the second vertical wall.

Left-click the mouse on the end point of the wall to down and to the right from
the last point.

Left-click the mouse outside of the slab region to enter the final point. At this
point the users screen should look similar to FIGURE 9-10.
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Figure 9-10

e C(Click the Enter key on your keyboard to accept the points and create the second
support line.

e C(Click on the Top View @ icon in the Bottom Quick Access Toolbar. This will
bring you to the view of the model shown in FIGURE 9-13. As you can see, we
now have two support lines modeled.
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Figure 9-11
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e Enter the third support line in the same fashion. Once it is entered the users
screen should appear similar to the screen shown in FIGURE 9-12.

Figure 9-12

For the last column line, we will enter the support lines manually and break the support
line up into three support lines to cover this tributary.

e Click the Close button of the Support Line Dynamic Editor window to close this
window.

e Go to Floor Design =2 Strip Modeling and click on the Create X Support Line =
icon. The user will be prompted to enter the first point of the support line in the
Message Bar.

e Activate the Snap to Perpendicular —11 icon and turn off any other snap tool
that may be active.

e Hover your mouse over the left slab edge to the left of the upper-left most
column as shown in FIGURE 9-13.
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Figure 9-13

Left-click the mouse to enter the first point of the support line.

Activate the Snap to End Point / icon.

Left-click on the column just to the right of the first support line point.

Move your mouse to the left and left-click your third point on the second
column to the left of the 15t support line point.

Move your mouse to the right again and hover it over the cantilevered balcony
edge until you see the perpendicular snap mouse pointer icon. Once the snap
icon is displayed, left-click on the mouse to snap the support line to the slab
edge here.

Click the C key on your keyboard to end the modeling of this support line.
Click on the ESC key on your keyboard to exit out of the support line modeling
tool completely.

Click on the Top View @ icon in the Bottom Quick Access Toolbar. The model
should now have support lines as shown in FIGURE 9-14.
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Figure 9-14

For the support line for the middle two columns along this strip we will need to enter
construction lines to snap the support line too. To enter construction lines:

Click on the Create a Line N icon on the Bottom Quick Access Toolbar.

Activate the Snap to End Point / icon and turn off any other snap tool that
may be active.

Hover your mouse over the re-entrant corner near coordinate 70,90,12.5. Once
the end point snap tool is displayed at the slab corner, left-click your mouse to
place the first point of the construction line.

Activate the Snap Orthogonal i icon.

Move your mouse down from the first point of the construction line you
entered, beyond the support line below this location, and left-click the mouse
to place the second point of this construction line. Note: The left-click will be on
white space on the screen and not on any item specific.

Click on the ESC key on your keyboard to exit out of the Create a Line tool
completely. The user should now have a construction line entered here as
shown in FIGURE 9-15.
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Figure 9-15

e Enter another construction line at the like location to the right using the same
procedure as above but this time your first point for the second construction
line will start around (115,90.5,12.5). After the second construction line is
entered the users screen should appear similar to FIGURE 9-16.
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Figure 9-16

e These construction lines will be used to snap the end points of the next support
line we will enter.
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Go to Floor Design = Strip Modeling and click on the Create X Support Line =
icon. The user will be prompted to enter the first point of the support line in the
Message Bar.

Activate the Snap to Perpendicular —11 icon and turn off any other snap tool
that may be active.

Hover your mouse over the first construction line we entered as shown in
FIGURE 9-17.
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Figure 9-17

When the perpendicular snap icon is displayed, left-click the mouse to enter the
first point of the support line.

Activate the Snap to End Point / icon.

Hover your mouse over the first column to the right of the first point of the
support line you entered. When the end point snap tool is displayed, left-click
your mouse to place a point for the support line at this column.

Hover your mouse over the second column to the right of the first point of the
support line you entered. When the end point snap tool is displayed, left-click
your mouse to place a point for the support line at this column.

Move your mouse to the right and hover it over the second construction line
you entered. When the snap to perpendicular tool is displayed, left-click your
mouse to place the last point of the support line.

Click the C key on your keyboard to end the modeling of this support line.
Select the two construction lines we created and click the Delete key on your
keyboard to delete them, as they are no longer needed.



e Enter the last support line for the last two supports in the same fashion as you
entered the first support line for this column line. When all X-direction support
lines are entered the user’s model should look similar to FIGURE 9-18.

Figure 9-18

Openings are not considered by the program when generating the tributary regions and
subsequent design sections generated from the support lines. Although the program is
aware that there is no concrete at portions of the design section cut within openings
some users prefer not to see the sections in the openings. In addition, it is important
that design sections do not cross through large openings. In these cases, we must use
splitters to limit the tributary width to not extend into the opening.

Modeling splitters for the X-direction support lines to limit the sections from entering the
core opening:

e First, we want to move the support lines such that they do not run along the
opening edge. Select the second support line from the bottom. This will
highlight the support line in red.

e Using the mouse select and move the points that coincide with the wall off the
wall edge in the middle of the slab, similar to that shown in FIGURE 9-19.
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Figure 9-19

e Select the third support line from the bottom. This will highlight the support line
in red.

e Using the mouse select and move the points that coincide with the wall off the
wall edge in the middle of the slab, similar to that shown in FIGURE 9-20.
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Figure 9-20
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Go to Floor Design =2 Strip Modeling and click on the Create X-direction Splitter

I icon. The user will be prompted to enter the first point of the splitter in the
Message Bar.

Activate the Snap to End Point / tool and turn off any other snap tool that
may be active.

Hover your mouse over the upper left corner of the upper core opening. When
the end point snap tool is displayed, left-click the mouse to place the first point
of the first splitter.

Hover your mouse over the upper right corner of the upper core opening. When
the end point snap tool is displayed, left-click the mouse to place the second
point of the first splitter.

Click C on your keyboard to close the modeling of this splitter.

For the next splitter, hover your mouse over the lower left corner of the lower
core opening. When the end point snap tool is displayed, left-click the mouse to
place the first point of the next splitter.

Hover your mouse over the lower right corner of the lower core opening. When
the end point snap tool is displayed, left-click the mouse to place the second
point of the splitter.

Click C on your keyboard to close the modeling of this splitter.

Click on the ESC key on your keyboard to exit out of the Create X Splitter tool
completely.

Click on the Top View @ icon in the Bottom Quick Access Toolbar. This will
bring you to the view of the model shown in FIGURE 9-21.
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Figure 9-21
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To make sure the support lines and splitters for the X-direction are modeled correctly
we can generate the tributaries for the entered support lines.

Go to Floor Design = Section Design and click on the Generate Sections New

[ 2
ﬂ icon. When the process is completed the user should see design sections
cut as shown in FIGURE 9-21.
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Figure 9-21

As highlighted in FIGURE 9-22 there are some locations where design sections
are intruding into locations, we would rather they did not.
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Figure 9-22
We can limit the section lengths using splitters.

e Goto Floor Design = Strip Modeling and click on the Create X-direction Splitter
I icon. The user will be prompted to enter the first point of the splitter in the
Message Bar.

e Hover your mouse midway between support line 2 and support line 3 outside of
the slab region as shown in FIGURE 9-23.
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Figure 9-23
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Left-click the mouse to place the first point of the splitter.

Activate the Snap to Orthogonal i snap tool.

Move your mouse to the right beyond the slab edge at the right of the
structure. Left-click to place the second point of the splitter.

Click C on your keyboard to end the entry of this splitter.

Click ESC key on your keyboard to exit out of the Create X-direction Splitter tool.
When finished the users screen should look similar to FIGURE 9-24.
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Figure 9-24

Go to Floor Design = Strip Modeling and click on the Create X-direction Splitter

I icon. The user will be prompted to enter the first point of the splitter in the
Message Bar.

Hover your mouse midway between support line 3 and support line 4, outside
of the slab region as shown in FIGURE 9-25.
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Figure 9-25

o Left-click your mouse to place the first point of the splitter.

Move your mouse to the right just under the slab at the re-entrant corner as
shown in FIGURE 9-26.
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Figure 9-26

e Left-click your mouse to place the second point of the splitter.

Click C on your keyboard to close the splitter modeling. The user should now
have a screen similar to FIGURE 9-27.
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Figure 9-27

e Goto Floor Design = Strip Modeling and click on the Create X-direction Splitter
I icon. The user will be prompted to enter the first point of the splitter in the
Message Bar.

e Hover your mouse midway between support line 3 and support line 6, just
under the re-entrant corner as shown in FIGURE 9-28.
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Figure 9-28

e Left-click your mouse to place the first point of the splitter.



Move your mouse to the right outside of the slab edge and left-click your mouse

to place the second point of the splitter.

Click C on your keyboard to close the splitter modeling.

Click the ESC key on your keyboard to exit out of the Create X-direction Splitter
tool. When finished the users screen should look similar to FIGURE 9-29.
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Figure 9-29

Go to Floor Design = Section Design and click on the Generate Sections New

| 2
ﬂ icon. When the process is completed the user should see design sections
cut as shown in FIGURE 9-30.
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Figure 9-30
e Goto Reports = Analysis Reports = Design Strips = Design Strips X-Direction.

This will bring up a report view of the design strips for the user to review as
shown in FIGURE 9-31.
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Figure 9-31

o  Click Exit “Reports” Mode to exit this view. And return to the Default View.
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Entering the Y-direction support lines:

Go to Floor Design =2 Strip Results/Visibility and click on the Display/Hide

Support Lines % icon. This will turn off the support lines we have already
generated.

Go to Floor Design 2 Strip Modeling and click on the Dynamic Editor = icon.
In the Dynamic Support Line Editor window that opens, select the radio button
for Y-direction in the Direction section of this window.

Hover your mouse outside the lower edge of the cantilevered balcony along the
left side.

Left-click the mouse to place the first point of the line of support you wish your
support line to follow.

Hover your mouse over the lower left column to the left of its centroid, left-click
your mouse to place the second point of the line of support you wish your
support line to follow.

Click a point along the wall above the lower left column.

Hover your mouse over the column above the horizontally running wall in this
line of supports, left-click the mouse to place the third point of the line of
support you wish your support line to follow.

Move your mouse up and outside of the north most slab edge, left-click the
mouse to place the last point of the line of support you wish your support line
to follow.

Click Enter on your keyboard to create the support line from this line of support.

Click on the Top View @ icon in the Bottom Quick Access Toolbar. This will
bring you to the view of the model shown in FIGURE 9-32.
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Figure 9-32
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o Create the next support line in the same fashion as you created the previous
support line. When finished the user should have a model that looks similar to
that of FIGURE 9-33.
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Figure 9-33

e Skip the middle core area and create the last two continuous support lines for
the last two column lines in a similar fashion to the previous support lines
created. When finished the model should look similar to FIGURE 9-34.
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To enter the last Y-direction support lines, Go to Floor Design = Strip Modeling

and click on the Create Y Support Line 'I‘ icon. The user will be prompted to
enter the first point of the support line in the Message Bar.

Activate the Snap to Perpendicular —11 icon and turn off any other snap tool
that may be active.

Hover your mouse along the slab edge under the lower middle column, when
the perpendicular snap icon is displayed, left-click the mouse to place the first
point of the support line.

Activate the Snap to End Point / snap icon.

Hover your mouse over the column above the location where you snapped the
first point of the support line. When the end point snap icon is displayed, left-
click the mouse to place the second point of the support line.

Activate the Snap to Orthogonal & snap tool.

Move your mouse upward about half-way between the column at the second
vertex of the support line and the core wall area to the north. Left-click the
mouse to place the last point of this support line.

Click the C key on your keyboard to end the modeling of this support line.

For the next support line, move your mouse horizontally from the last point of
the support line we just create so that it is underneath the left vertical wall of
the core area. Left-click your mouse to enter the first point of the support line.
Activate the Snap to End Point / snap icon and turn off the Snap to

Orthogonal i snap tool.

Hover your mouse over the lower end of the first wall from the left running in
the Y-direction. When the snap to endpoint icon is displayed, left-click the
mouse to place the second point of the support line.

Hover your mouse over the upper end of the first wall from the left running in
the Y-direction. When the snap to endpoint icon is displayed, left-click the
mouse to place the third point of the support line.

Hover your mouse over the column to the left above the wall where we just
snapped the third point of the support line to. When the snap to endpoint icon
is displayed, left-click the mouse to place the fourth point of the support line.
Hover your mouse over the slab edge just above the column we just snapped
the fourth point of the support line to. When the snap to perpendicular icon is
displayed, left-click the mouse to place the fourth point of the support line.
Click the C key on your keyboard to end the modeling of this support line.
Create another support line along the wall to the right of the wall we just placed
a support line over in the same manner as we did the previous support line.
When finished the user should have support lines in the model as shown in
FIGURE 9-35.
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Figure 9-35

To finish off the support lines we need to add splitters to section off the core opening so
that design sections do not cut into it.

e Goto Floor Design =2 Strip Modeling and click on the Create Y-direction Splitter

H icon. The user will be prompted to enter the first point of the splitter in the
Message Bar.

e Navigate to and hover your mouse over the upper left corner of the upper core
opening. When the end point snap tool is displayed, left-click the mouse to
place the first point of the first core opening splitter.

e Move and hover your mouse down. When the snap to end point icon is
displayed at the lower left corner of the lower core wall opening, left-click the
mouse to place the second point of the first core opening splitter.

e C(Click C on your keyboard to close the modeling of this splitter.

e For the next splitter, hover your mouse over the upper right corner of the upper
core opening. When the end point snap tool is displayed, left-click the mouse to
place the first point of the second core opening splitter.

e Move and hover your mouse down. When the snap to end point icon is
displayed at the lower right corner of the lower core wall opening, left-click the
mouse to place the second point of the second core opening splitter.

e C(Click C on your keyboard to close the modeling of this splitter.

e Click ESC on your keyboard to close out of the splitter modeling tool.

e C(Click on the Top View @ icon in the Bottom Quick Access Toolbar. This will
bring you to the view of the model shown in FIGURE 9-36.

138



> Br @@ & 205 utoral modelADM - ADAP | e Poor P | FURC

Aff B b meimy

T T \
o [
o
X f 11
.
(=
e 202DL 00 O e Ox L 8o SHBDEOPL VN By add 30,85, 103.22, 12 Unite US. Leves Level 1(EL125]
Figure 9-36

To make sure the support lines and splitters for the Y-direction are modeled correctly
we can generate the tributaries for the entered support lines.

e Goto Floor Design = Section Design and click on the Generate Sections New

[ 3
ﬂ icon. When the process is completed the user should see design sections
cut as shown in FIGURE 9-37.
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Figure 9-37
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e Goto Reports =2 Analysis Reports = Design Strips = Design Strips Y-Direction.
This will bring up a report view of the design strips for the user to review as
shown in FIGURE 9-38.
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Figure 9-388

o Click Exit “Reports” Mode to exit this view. And return to the Default View.

Mapping Banded Tendons

Now that we have entered the support lines, we can create our banded tendons using
the Map Banded Tendon tool of the program. For this model we will model the banded
direction tendons in the X-direction of the model.

e Goto Floor Design =2 Strip Results/Visibility and click on the Display/Hide

Support Lines in the X-direction = icon. This will turn on the X-direction
support lines we have already generated.
e Goto Floor Design =2 Strip Results/Visibility and click on the Display Design

Section $ icon. You may have to click the button twice to turn off the design
sections completely. The user should now see the plan view of the first level
with the X-direction support lines visible. Design sections and tributary regions
for the support line have been turned off. The user’s screen should be similar to
that of FIGURE 9-39.
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Figure 9-39

o Select the lowest support line by left-clicking on it with the mouse.

2

e Goto Tendon = Model and click on the Map Banded = icon of the Tendon
Toolbar. This will display the Map Banded (Grouped) Tendons dialog window
shown in FIGURE 9-40.

Map Banded(Grouped) Tendons

Tributany

@ Enter the zssociated tributary width: [20.000 [f

() Use design strip width

Farce and profile optimization

Average precompression.  Min psi Max psi
% of Selfweight to balance: Min % Max m?{,
Placement

() Ideslized as one group with offset: 0.000 ‘

(®) |deslized as two groups with offset: t
() Spacetendons at: 0600 R

Tendon properties

Effective force per strand: k

Mumber of strands per tendon 1

Span Shape X1/L X2 X3
b First span Reversed Parabola |~ 010 050 0.0
Mid span Reversed Parabola |~ 0.10 0.50 0.10

Last span Reversed Parabola |+~ 0.10 0.50 0.10

Figure 9-40
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Click on the radio button for Use Design Strip Width.

The minimum average precompression value is set to 125 psi and matches our
design limit so we can leave this value with its default value.

Click your mouse in the text box for Average Precompression Max:.

Type ‘300.000° on your keyboard.

Click your mouse in the text box for % of Selfweight to balance: Min:.

Type ‘50.000° on your keyboard.

Click your mouse in the text box for % of Selfweight to balance: Max:.

Type ‘100.000° on your keyboard.

Since the beam along this support line is going to be post-tensioned, we will
want to keep the PT within the stem of the beam. Select the radio button next
to Idealized as one group with offset.

Since we know the first and last spans of the tendon are in cantilevers, we will
change the shape of the first and last span to be cantilever down. Left-click your
mouse on the drop-down box under the Shape column for the First Span row in
the tendon properties window.

Select Cantilever Down from the drop-down menu.

Left-click your mouse on the drop-down box under the Shape column for the
Last Span row in the tendon properties window.

Select Cantilever Down from the drop-down menu. The window should now
look similar to FIGURE 9-41.

Map Banded(Grouped) Tendons X

Tributary
() Enter the associated tributary width: | 29000 (&
(@) Use design strip width

Farce and profile optimization
loerage precompression:  Min | 125.000|psi Max |300.000|Psi

% of Selfweight to balance: Min (50000 (3% Max [100.000(%

Placement
(®) |dealized as one group with offset; l:lﬂ
() |dealized as two groups with offset: 2000 ft

(O Spacetendons at: 0600 R

Tendon properties
Effective force per strand: 26.700 k

Mumber of strands per tendon 1

Span Shape X1/L X2/ XL
First span Cartilever Down |~ 0.10 0.50 0.10
Mid span Reversed Parabola |+~ 0.10 0.50 0.10

b Lastspan Cartilever Down |~ 0.10 050 010

Cancel OK

Figure 9-41

Click OK to have the program create the first set of banded tendons.



e Select the four support lines shown selected by left-clicking on the first support
line to select, then holding the CTRL key on your key board and click on the
other support lines to be selected. When done you should have the same
support lines selected as highlighted in red in FIGURE 9-42.
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Figure 9-42

e Goto Tendon = Model and click on the Map Banded @ icon of the Tendon
Toolbar.

e C(Click on the radio button for Idealized as two groups with offset:

e Click in the text box next to Idealized as two groups with offset:

e Type 2.000 on your keyboard.

e Because all other defaults are acceptable, we can now click OK to close the
window and create the banded tendons for the selected support lines. At this
point the user should have a screen showing the model with banded tendons
and the X-direction support lines as shown in FIGURE 9-43.
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Figure 9-43

As you can see there is still some clean up that has to be done and we still have one
more tendon we need to enter manually.

Cleaning up the mapped banded tendons:

Zoom in to the left end of the third tendon from the bottom of the screen. You
will see this tendon goes outside of the slab.

Select the second point from the left end of the tendon by left-clicking on it
with your mouse.

Activate the Snap to Intersection >< icon.

Pull your mouse to the right, toward the intersection of the tendon and the slab
edge. When the snap to intersection tool displays, left-click the mouse to place
the point at this location.

: . . e
Go to Modify = Points and click on the Remove Point 7 icon.
Left-click on the first point of the tendon to delete the first span of the tendon.
Pan the screen to the right end of this tendon. You will see the tendon below
this tendon is going outside of the slab at its right end.
Select the right end point of the tendon by left-clicking on it with your mouse.

Activate the Snap to Intersection >< icon.

Pull your mouse to the left, toward the intersection of the tendon and the slab
edge. When the snap to intersection tool displays, left-click the mouse to place
the point at this location.

Zoom in to the left end of the fifth tendon from the bottom of the screen. We
want this tendon to stop at the slab edge by the column and not extend further.



Select the second point from the left end of the tendon by left-clicking on it
with your mouse.

Activate the Snap to Intersection >< icon.

Pull your mouse to the left, toward the intersection of the tendon and the slab
edge. When the snap to intersection tool displays, left-click the mouse to place
the point at this location.

, . . _
Go to Modify =2 Points and click on the Remove Point 4 icon.
Left-click on the first point of the tendon to delete the first span of the tendon.
At the top of the structure there are two tendons outside of the structure. We
need to delete these tendons and replace them with a new tendon. First, we
want to check the number of strands in this tendon so that we can have the
same number of strands in our new tendon we will draw. Double click on one of
the two tendons to bring up its properties window shown in FIGURE 9-44.

v s B

General Gtressing Location Shape/System/Friction FEM  Properties

Mode

" 3 Label: (®) Straight Line (O Spline () Fillet
Radius: 20.00| f
Group: | Group 1 ~
First End Last End
Maternial: | Prestressing 1
Angle gp Angle g
Are strand: in2
aperstan 01531 Auto swerve point Auto swerve point
Tendon/duct height: in Use percentage Use length Use percentage Use length
Number of strandis): 10.00 10.00
Figure 9-44

We can see the tendons have 5 strands in it. This was calculated to stay within
the precompression and balanced loading range we provided. Since we will
delete these tendons, we need to make sure we replace them to retain similar
balanced loading and precompression results.

Select the two tendons that fall outside of the slab by left-clicking on the first
tendon, hold CTRL on the keyboard and left-click to select the second tendon.
With both tendons selected click the Delete button on your keyboard.

At this point the users screen should be similar to that of FIGURE 9-45.
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The 2" and 3™ group of banded tendons swerve in plan to the core opening. To see
these tendons with a smoother curvature, and not linear spans, we can change them to
spline tendons.

e Go to Tendon 2>Modify and click on the Tendon Editor - icon to bring up the
Dynamic Tendon Editor window shown in FIGURE 9-46.

Dynamic Tendon Editor

Trim  CG5  Strands Mode Anchors Shape

Trim/Extend Tolerance ft

Select tendon ends to trim to slab/opening edge

Pause Cloze

Figure 9-46

e C(Click on the Mode tab of the Dynamic Tendon Editor.
e C(Click on the radio button for Spline as shown in FIGURE 9-47.
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Dynamic Tendon Editor

Trim  CG5  Strands Mode  Anchors Shape
() straight Line
(®) 5pline

() Fillet show Fillet Details

Select tendons to apply

Pause Close

Figure 9-47

e Window select the 4 tendons in the 2"¢ and 3™ banded tendon lines to change
them to Spline tendons. The tendons should now have a spline curve to them on
plan as shown in FIGURE 9-48.

e C(Click Close on the Dynamic Tendon Editor to exit this tool.
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Figure 9-48

As you can see the third tendon from the bottom of the screen still enters the elevator
core opening. We will now adjust that tendon in plan to pull them out of the opening.

e Select the third tendon from the bottom by left-clicking on the tendon.

e Select the fourth point on the tendon by left-clicking on the point.

e Drag your mouse down and snap this point of the tendon below the wall some.
e Select the fifth point on the tendon by left-clicking on the point.
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e Drag your mouse down and snap this point of the tendon below the wall at this
location some such that the tendon now does not curve into the core wall
opening in this location.

The third tendon from the bottom is outside of the core opening but also comes too
close to the core opening. To fix this we will add a swerve point to the third and fifth
spans of the second and third tendons and swerve the tendons such that, the 4" span of
the third tendon from bottom does not swerve toward the core wall opening and, that
the 4™ span of the second tendon from the bottom mimics the swerving of the third
tendon from the bottom.

e With the tendon still selected go to Tendon = Modify and click on the Insert

Swerve Point +.?< icon.

e Left-click on the third span of the third tendon from the bottom to place a new
swerve point along the third span of the tendon.

e Left-click on the fifth span of third tendon from the bottom to place a new
swerve point along the fifth span of the tendon.

e Select the second tendon from the bottom and repeat the last two steps to add
the swerve points to this tendon as well.

e Right-click and choose Exit to close out of the Insert Swerve Point tool.

e Adjust the location of the swerve points such that you get a smooth curvature of
the spans and the tendon does not curve toward the core opening along the
fourth span. In the end your swerve points (green arrows) and tendon high
points (brown hexagon) should be similar to that shown in FIGURE 9-49.
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Figure 9-49
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You can now add other swerve points to the tendon to adjust and smooth out
the curvature of the tendon.

Do the same to the group of tendons above this group of tendons. When you
are finished the tendons should now look similar to FIGURE 9-50.

Figure 9-50

The last item is to add the last tendon to replace the two we deleted that fell outside of
the slab. To add back these tendons, we will add back only one continuous swerving

L
Go to Tendon = Model and click on the Add Tendon *+ icon.

Activate the Snap to Perpendicular —11 icon and turn off any other snap tool
that may be active.

Hover your mouse over the slab edge about a foot or two lower than the
location of the tendon currently in this location. When you see the snap to
perpendicular icon displayed, left-click the mouse to place the first point of the
tendon.

From now on while we model the tendon we will be clicking at the high points
and end points of the tendon. Move your mouse over to the right, try to be
straight as possible. When you are under the next column over left-click the
mouse to place the second point of the tendon.

Move your mouse down and to the right. When you are under the next column
over place another high point of the tendon by left-clicking on the mouse.
Move your mouse to the left, try to be as straight as possible. When you are
under the next column over left-click the mouse to place the fourth point of the
tendon. At this point do not be worried that the tendon goes outside of the slab.
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Move your mouse up and to the right. When you are under the next column
over about a meter or two away from the tendon in this location, left-click the
mouse to place the fifth point of the tendon.

Move your mouse to the right and hover it over the slab edge at this location,
when the snap to perpendicular icon is displayed, left-click the mouse to place
the final point of the tendon.

Click C on your keyboard to close the modeling of this tendon.

Click the ESC key on your keyboard to close out of the tendon modeling tool.
At this point the users screen should be similar to the screen shown in FIGURE
9-51.

{ B!

150

OXbL -HMIrsB @@L /- B ao® 2215, 10346, 12 UNMEUS  Leved Level 1 (EL12S]

Figure 9-51

Double-click on the tendon we just entered to open the tendon property dialog
window.

Select the radio button in the General tab of the Tendon Properties window for
Spline.

Click on the green check mark v and then click on the n in the upper right
corner to close this window.
Left-click your mouse on the tendon again to select it.

Go to Tendon =2 Modify and click on the Insert Swerve Point +)< icon.
Left-click two locations along spans two and four to add two swerve points to
these spans.

Left-click on spans one and five to add one swerve point to these spans.
Left-click on span three to add one swerve point to this span as well.



e Adjust the location of the swerve points to give the tendon a smoother
curvature and make sure the tendon does not fall outside of the slab region.
When done, the user’s screen should look similar to FIGURE 9-52.
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Figure 9-52

e Double-click on the tendon we just created to bring up its properties window.
e C(Click on the text box for Number of Strands.
e Type'S5

e C(Click on the green check mark v and then click on the n in the upper right
corner to close this window.

With all the banded tendons entered there is one clean up item we should do on the top
two tendons of the model. Because the tendons were created from the support lines
the number of spans along the tendon will be equal to the number of spans along the
support line. Because we clicked at the slab edge and then at the center of the column,
we have a very short first span in the tendon. This is shown if we double-click the
tendon to bring up the Tendon Properties window and then change to the
Shape/System/Friction tab as shown in FIGURE 9-53.
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General Stressing Location Shape/System/Friction FEM  Properties
F.=R=0B03 R=44.90 R=200.00

[ R=179.50 | |
|
|
|

parf Span 2 | Span 3

I‘.O.‘I L=29.97 | L=10.00 1

Uplift (K/ft)

[od 0.595 [ 0.000 |

L CES CGS CG5 CGES Wobble
Span Shape L ) Top First  Bottom 1 Bottom 2 Top Last X1/L X2/L X3/L AL Mu frad/At) System
in) in) fin) in)

b Typical Reversed Parabola |~ |=.” 1.00 1.00 1.00 100 010 050 0.10|0.10 Unbonded |~
Span 1 Cantilever Down |~ =7 0.72 400 1.00 Unbonded |~
Span 2 Reversed Parabola |~ |»A|25.57 1.00 1.00 100| 00| 050 0.0 Unbonded |+~
Span 3 Cantilever Down |~ [n7| 10.00 1.00 4.00 Unbonded |~

©Frt Span Del Minimum radius of REE e “| (@ Shape Diagram (25 i

() Last Span ete inimum radius of curvature (R): Shape Diagram Force Diagram

Figure 9-53

To remove this short span, do the following:

Close the tendon properties window by clicking on the n in the upper right
corner to close this window.

Select the upper most left tendon by left-clicking on it with the mouse pointer.

Go to Modify =2 Points and click on the Remove Point g;; icon.

Use the mouse wheel to zoom in on and then, select the second point from the
left end on the tendon by left-clicking the mouse pointer on it. This will delete
this point and join the two spans.

Double-click the tendon to bring up the tendon properties window.

Click on the Shape/System/Friction tab.

Select the span 1 Shape drop down menu and choose Reversed Parabola.

Click on the green check mark v and then click on the n in the upper right
corner to close this window.

Make the same changes to the upper-right most tendon (the mirror of the
above tendon), except for the upper-right most tendon we will change the span
2 Shape drop down menu to Reversed Parabola as opposed to the span 1 Shape
drop down menu.

We have the same condition happening at the right end of the tendons along
gridline 4.

Click on one of the tendons along gridline 4 to select it.



: . . e
Go to Modify = Points and click on the Remove Point 7 icon.
Use the mouse wheel to zoom in on and then, select the second point from the
right end on the tendon by left-clicking the mouse pointer on it. This will delete
this point and join the two spans.
Double-click on the tendon to open the Tendon Properties window.
Click on the Shape/System/Friction tab.
Change the last span of the tendon to have a Reversed Parabola shape.

Click on the green check mark v and then click on the n in the upper right
corner to close this window.

Do the same to the other tendon in this location. Note that you will need to
reenter the swerve point for this span and readjust it in order to smooth out the
curve of the tendons. This has been done in the final X-direction tendon plan
shown in FIGURE 9-54.
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Figure 9-54

The last change we have to make has to do with the banded tendons running along the

Go to Floor Design = Strip Results/Visibility and click on the Display/Hide

Support Lines * icon. This will turn on all support lines. Click it again to turn off
all support lines.

Double click on the tendon that runs in the beam along gridline 2 to bring up its
Tendon Properties window.

Click on the Shape/System/Friction tab. Notice that the tendon goes almost to
the top of slab at the transition from the main slab to the balcony as shown in
FIGURE 9-55.
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Figure 9-55

e Click on the text cell for Span 1 under the CGS Top Last column.

e Type ‘3.00' on your keyboard to have the top point here be three inches from
the top of the slab.

e Click on the General tab
e The number of strands shown is 31 strands. The actual number of strands to

meet minimum precompression requirements for the largest section along this
column lineis:

125psi*((16.28ft * 12in * 8in) + (1.5ft * 12in * 24in) + (9.25ft * 12in * 7in)) /
(26.7 kip * 1000) = 12.98 strands we will round up to 13 strands.

e C(Click on the text entry box to the right of where it says Number of Strand(s)
e Type ‘13’ on your keyboard.

e C(Click on the green check mark v and then click on the n in the upper right
corner to close this window.

e  When finished the user should have all the preliminary banded tendons
modeled.

e Click on the Top View @ icon in the Bottom Quick Access Toolbar. This will
bring you to the view of the model shown in FIGURE 9-56.



9.4

OX L - BOrsBBBOR V- h-Bawod 2700, 1040 12 UNREUS  Lewet Level 1L 125)

Figure 9-56

Modeling Distributed Tendons

Now that we have completed the entry of the preliminary banded tendons, we need to
enter in the distributed direction tendons. For the distributed tendons we will input a
few master tendons manually. We will then use the Map Tendon Distributed tool to
copy the tendons throughout the slab.

ACI code dictates the spacing between tendons shall be the lesser of five feet or eight
times the slab thickness. (ACI318-2011 18.12.4)

For our slab we have 7” * 8 =56” = 4.66’ for the max spacing between tendons. We used
7" as it is the minimum slab thickness that tendons will be within.

The number of strands needed to meet minimum precompression limits across the
entire width of the floor is calculated as:

# of strands = (125psi * (140.75’ * 12” * 8”)) / (27.6 kips * 1000)
# of strands = 63.25 strands we will round up to 64 strands.

Since we want to place two strands per tendon, we will use 64/2 = 32 tendons. Dividing
the floor width by the number of spaces between slab edges and the 32 tendons we get
a uniform spacing of 140.75’ / 33 = 4.39’. We will round up to 4.4’ and use this for our
spacing from tendon to tendon since it is still within maximum code spacing limit of 4.66
feet.
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Construction Lines will be required when drawing and mapping tendons.

Creating Construction Lines for the Distributed Tendons:

e Goto Tendon = Visibility and click on the Show Tendon *=’ icon. This will turn
off the tendons displayed on the screen. If they do not turn off after the first
click, click the icon again.

e Goto Home =2 Draw and click on the Create Line / icon.

e Click the Enter button in the Message Bar to open the Drawing Input dialog
window.

e Click on the X text box and enter “10.000”.

e Click onthe Y text box and enter “45.500”.

e Click the Apply button to place the first point of the construction line.

e Click on the Close Window button to close the Drawing Input dialog window.

e Activate the Snap to Perpendicular —11 icon and turn off any other snap tool
that may be active.

e Hover your mouse over the right most slab edge, when the snap to
perpendicular tool is displayed, left-click the mouse to place the second point of
the line.

e Click Con your keyboard to close the modeling of the line.

e Click Esc on your keyboard to completely close out of the line modeling tool.

e Activate the Snap to Orthogonal i andthe Snap to Midpoint / icons and
turn off any other snap tool that may be active.

e Goto Home 2 Draw and click on the Create Line / icon.

e Hover your mouse over the line we just drew in the model. When the snap to
midpoint tool is displayed, left-click the mouse to place the first point of the
line.

e Move your mouse upward beyond the north edge of the slab on screen and left-
click to place the second point of the line.

e Click Con your keyboard to close the modeling of the line.

e Click Esc on your keyboard to completely close out of the line modeling tool.

e Goto Home = Draw and click on the Create Line / icon.

e Activate the Snap to Orthogonal and the Snap to Endpoint / icons and
turn off any other snap tool that may be active.

e Hover the mouse over the north point of the line we just drew. When the snap
to endpoint tool is displayed, left-click on the mouse to place the first point of
the line.

e Move your mouse beyond the south end of the slab and left-click the mouse to
place the line.

e Click Con your keyboard to close the modeling of the line.

e Click Esc on your keyboard to completely close out of the line modeling tool.
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e We should now have a vertical line and the center of the horizontal width of the
structure as shown in FIGURE 9-57.
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Figure 9-57

e Select the vertical line we drew by left-clicking on the line. If you end up
selecting the shorter vertical line we drew first, press the Delete key on your key
board to delete it and then left-click on the longer line again to select it.

e With the vertical line selected go to Modify = Copy/Move and click the By

+
Coordinate 2% icon. This will open the Copy — Move dialog window shown in

FIGURE 9-48.
Copy - Move
{®) Horizontal tranglatiorn Ratation [+<v-plane]
Offset o) ft % L
Offset - 0.0 f v .00 f
Offset Z: o.oo f z: n.oo ft
Mumber: Angle: 0.oo
Murnber: 1
Figure 9-58

o Left-Click your mouse in the Offset X: text entry box.
e Type “-2.2” on your keyboard.
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e Click on the Copy button to copy the line 2.2 ft to the left and close the Copy —
Move window.

o C(Click the Delete key on your keyboard to delete the original line selected.

e Left-click on the remaining vertical line to select it.

e Go to Modify = Copy/Move and click the By Coordinate :}2.3 icon.

o Left-Click your mouse in the Offset X: text entry box.

e Type “-4.4” on your keyboard.

e Left-Click your mouse in the Number text entry box.

e Type “15” on your keyboard.

e Click on the Copy button to copy the line 4.4 ft to the left fifteen times and close
the Copy — Move window.

+
e Go to Modify = Copy/Move and click the By Coordinate '2* icon.
o Left-Click your mouse in the Offset X: text entry box.

e Type “4.4” on your keyboard.

o Left-Click your mouse in the Number text entry box.

e Type “16” on your keyboard.

e Click on the Copy button to copy the line 4.4 ft to the left sixteen times and
close the Copy — Move window. We now have our construction lines for our
distributed tendons in the model. The user’s model should now look similar to
FIGURE 9-59.
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Figure 9-59
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Placing and copying the first master tendon.

Go to Model =2 Visibility and click on the Gridlines B icon to display the
gridlines for this level.

L ]
Go to Tendon = Model and click on the Add Tendon %+ icon.

Click on the Item’s Properties icon of the Bottom Quick Access Toolbar. This
will open up the Tendon properties window as shown in FIGURE 9-60.

Tendon 15 x

v 7

General Stressing Location  Shape/System/Friction FEM  Propeties

Mode

N 5 Lebet (®) Straight Line O Spline O Fillet
Radius: 2000| R
Group: | Group 1 e
First End Last End
Material: | Prestressing 1~
Angle [ag Angle |9
Area per strand: in2
@ per stran 01531 Auto swerve point Auto swerve point
Tendon/duct height: in Use percertage Use length Use percentage Use length
Number of strands): 13.00| 10.00 10.00
Figure 9-60

Left-click your mouse in the text input box for Number of Strands:
Type ‘2.00’ on your keyboard

Click on the green check mark v and then click on the n in the upper right
corner to close this window.

Activate the Snap to Intersection >< icon and turn off any other snap tool that
may be active.

Hover your mouse over the intersection of the left most construction line and
the edge of slab at coordinate (12.0, 10.0, 12.5). When the snap to intersection
tool is displayed, left-click your mouse to place the first point of your first
master tendon.

Hover your mouse over the intersection of the left most construction line and
Gridline 2 at coordinate (12.0, 20.0, 12.5), when the snap to intersection tool is
displayed, left-click the mouse to place the second point of the tendon. Note:
When creating tendons, we are entering the end points and the high points of
the tendon as we draw the tendon on plan.
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e Hover your mouse over the intersection of the left most construction line and
intersection with the north most balcony slab edge at coordinate (12.0, 45.5,
12.5), when the snap to intersection tool is displayed, left-click the mouse to
place the second point of the tendon.

e Click Con your keyboard to close the modeling of the first master tendon.

e Click ESC on your keyboard to exit completely out of the tendon modeling tool.

e Double-click the tendon to open the Tendon properties window.

e Forthe general tab we have already made the changes we need so we will
accept the values shown here. Left-click on the Stressing tab.

e Again, in the Stressing tab we will accept the default values as they match the
values from our design criteria. Left-click on the Shape/System/Friction tab. The
user should now see the same view as shown in FIGURE 9-61.

Tendon 15 x

v s B
General Stressing Location  Shape/System/Friction FEM  Properties
R=12.00 R=6.00
| R=24.00 | R=156.06 R=78.03
|
|
|
| Span 1 | Span 2
i L=10.00 i L=25.50 i
Uplift (Kt
| 1335 [ 0205 |
L CGS CGS CGS CGS Wobble
Span Shape L} 1) Top First Bottom 1 Bottom 2 Top Last X1/L X2/L X3/L AL Mu .I'radfﬁ) System
fin} fin) fin) fin) )
¥ Typical Reversed Parabola |~ |=.” 1.00 1.00 1.00 1.00| 010 050 0.10(0.10 Unbonded |~
Span 1 Reversed Parabola |~ |»..2| 10.00 350 1.00 1.00| 0.10| 050 0.10 Unbonded |
Span 2 Reversed Parabola |+ |a.”| 25.50 1.00 1.00 350| 010 0.50| 0.0 Unbonded |~
(®) First Span .
O Last Span Insert Delete Minimum radius of curvature (R): -3 it R Shape Diagram = Force Diagram

Figure 9-61

e The default values for CGS match what we have in the criteria as we had set the
tendon criteria previously in the tendon tutorial. In this window what needs to
be changed is the profile of span 1. Click on the Shape drop down menu for
Span 1.

e Select Cantilever Down.

e Click on the green check mark v and then click on the n in the upper right
corner to close this window.

e Click on the Top View @ icon in the Bottom Quick Access Toolbar. This will
bring you to the view of the model shown in FIGURE 9-62.
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Figure 9-62

e Go to Modify = Copy/Move and click the By Coordinate ?2.3 icon.

o Left-Click your mouse in the Offset X: text entry box.

e Type “4.4” on your keyboard.

e Click on the Copy button to copy the tendon 4.4 feet to the right one time and
close the Copy — Move window.

Placing and copying the second master tendon.

L
e Goto Tendon = Model and click on the Add Tendon %+ icon.

e Click on the Item’s Properties icon of the Bottom Quick Access Toolbar. This
will open up the Tendon properties window. Notice that the number of strands
is still set to 2. The program will create a tendon using the same properties used
from the previously created tendon.

e Click on the green check mark v and then click on the n in the upper right
corner to close this window.

e Activate the Snap to Intersection >< icon and turn off any other snap tool that
may be active.

e Hover your mouse over the intersection of the left most construction line with
no tendon on it and the edge of slab at coordinate (21.00, 10.00, 12.50). When
the snap to intersection tool is displayed, left-click your mouse to place the first
point of your second master tendon.

e Hover your mouse over the intersection of the left most construction line with
no tendon on it and Gridline 2 at coordinate (20.98, 20.00, 12.50), when the
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snap to intersection tool is displayed, left-click the mouse to place the second
point of the tendon.

e Hover your mouse over the intersection of the left most construction line with
no tendon on it and the intersection with Gridline 3 at coordinate (20.98, 45.00,
12.50), when the snap to intersection tool is displayed, left-click the mouse to
place the third point of the tendon.

e Hover your mouse over the intersection of the left most construction line with
no tendon on it and the intersection with the slab edge just above Gridline 4 at
coordinate (20.98, 76.25, 12.50), when the snap to intersection tool is displayed,
left-click the mouse to place the fourth point of the tendon.

e Click Con your keyboard to close the modeling of the first master tendon.

e Click ESC on your keyboard to exit completely out of the tendon modeling tool.

e Double-click the tendon to open the Tendon properties window.

e Forthe general tab we have already made the changes we need so we will
accept the values shown here. Left-click on the Shape/System/Friction tab. The
user should now see the same view as shown in FIGURE 9-63.

v g B
General Stressing Location Shape/System/Friction FEM  Properties
R=12.00 R=5.00 R=07.66
! R=20.00 I R=125.00 R:Eﬁl.zﬁ R=195.31 |
550 _/T"\ 400
|
| | |
| | |
| Span 1 | Span 2 Span 3 |
! L=10.00 ! L=2500 1=31.25 !
Uplift (K/ft)
[ 1.513 [ 0.342 [ 0164 |
L CGS CGS CGS CGS Wobble
Span Shape L ) Top First Bottom 1 Bottom 2 Top Last X1/L X2/L X3/L AL Mu rad ) System
fin} fin) in) in) )
> Typical Reversed Parabola  ~ |w.? 1.00 1.00 1.00 100| 0.10| 050| 0.10|0.10 Urbonded |~
Span 1 Reversed Parabola |~ (.’ 10.00 350 1.00 100 010 050 010 Unbonded |~
Span 2 Reversed Parabola |~ |2 25.00 1.00 1.00 1.00| 0.10| 050| 0.10 Unbonded |~
Span 3 Reversed Parabola |~ =/ 21.25 1.00 1.00 400 010| 050| 0.10 Unbonded |~
(®) First Span ) ) I3 = - ;
) Last Span Insert Delete Minimum radius of curvature (R): f't et Shape Diagram I~ Force Diagram

Figure 9-53

The default values for CGS match what we have in the criteria as we had set the
tendon criteria previously in the tendon tutorial. However, notice the high point
at the left end of span one comes close to the slab edge. This is because the top
point it 1.00” from the top of the 8” slab and the slab changes thickness right
after the column to 7”. Because of this we need to lower the CGS Top Last point
for Span 1. Click on the text entry box for the CGS Top Last point for Span 1.
Type ‘2.00’ on your keyboard.



e Again, we need to change the shape of span one. Click on the Shape drop down
menu for Span 1.
e Select Cantilever Down.

e C(Click on the green check mark v and then click on the n in the upper right
corner to close this window.

e Click on the Top View @ icon in the Bottom Quick Access Toolbar. This will
bring you to the view of the model shown in FIGURE 9-64.
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Figure 9-64

e Go to Modify = Copy/Move and click the By Coordinate ?2.3 icon.

o Left-Click your mouse in the Offset X: text entry box.

o Type “4.4” on your keyboard.

e Click on the Copy button to copy the tendon 4.4 feet to the left one time and
close the Copy — Move window.

e Continue to model and copy the master tendons to finish the tendon layout.
The below table contains information on the coordinates of each master
tendon, the Shape changes needed to be made for them, as well as how many
times the user will copy the tendon. Once these are entered, we will come back
and make some modifications to the tendon layout on plan. Make sure to check
if the CGS needs to be lowered where the slab steps down after creating the
master tendon and before copying the tendon.
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Master Vertex Information Shape Information
Tendon # (# of | Vertex Coordinates High Span Shape
Times Copied) Point
CGS
Value
1(1) 1 (12.18, 10.00, 12.50) 3.50 1 Cantilever Down
2 (12.18, 20.00, 12.50) 1.00 2 Reversed Parabola
3 (12.18, 45.50, 12.50) 3.50
2 (1) 1 (20.98, 10.00, 12.50) 3.50 1 Cantilever Down
2 (20.98, 20.00, 12.50) 2.00 2 Reversed Parabola
3 (20.98, 45.00, 12.50) 1.00 3 Reversed Parabola
4 (20.98, 76.25, 12.50) 4.00
3(9) 1 (29.78, 10.00, 12.50) 3.50 1 Cantilever Down
2 (29.78, 20.00, 12.50) 2.00 2 Reversed Parabola
3 (29.78, 45.00, 12.50) 1.00 3 Reversed Parabola
4 (29.78, 75.00, 12.50) 1.00 4 Reversed Parabola
5 (29.78, 101.25, 12.50) 4.00
4(2) 1 (73.78, 10.00, 12.50) 3.50 1 Cantilever Down
2 (73.78, 20.00, 12.50) 2.00 2 Reversed Parabola
3 (73.78, 45.00, 12.50) 1.00 3 Reversed Parabola
4 (73.78, 75.00, 12.50) 1.00 4 Reversed Parabola
5 (73.78, 90.50, 12.50) 4.00
5(2) 1 (86.98, 65.00, 12.50) 4.00 1 Reversed Parabola
2 (86.98, 90.50, 12.50) 4.00
6 (2) 1 (86.98, 10.00, 12.50) 3.50 1 Cantilever Down
2 (86.98, 20.00, 12.50) 2.00 2 Reversed Parabola
3 (86.98, 55.00, 12.50) 4.00
7 (3) 1 (100.18, 10.00, 12.50) 3.50 1 Cantilever Down
2 (100.18, 20.00, 12.50) 2.00 2 Reversed Parabola
3 (100.18, 45.00, 12.50) 1.00 3 Reversed Parabola
4 (100.18, 75.00, 12.50) 1.00 4 Reversed Parabola
5 (100.18, 90.50, 12.50) 4.00
8 (3) 1 (117.78, 10.00, 12.50) 3.50 1 Cantilever Down
2 (117.78, 20.00, 12.50) 2.00 2 Reversed Parabola
3 (117.78, 45.00, 12.50) 1.00 3 Reversed Parabola
4 (117.78, 75.00, 12.50) 1.00 4 Reversed Parabola
5 (117.78, 101.25, 12.50) 4.00
9(1) 1 (135.38, 19.25, 12.50) 4.00 1 Reversed Parabola
2 (135.38, 45.00, 12.50) 1.00 2 Reversed Parabola
3 (135.38, 75.00, 12.50) 1.00 3 Reversed Parabola
4 (135.38, 101.25, 12.50) 4.00
10 (1) 1 (144.18, 44.50, 12.50) 4.00 1 Reversed Parabola
2 (144.18, 75.00, 12.50) 1.00 2 Reversed Parabola
3 (144.18, 101.25, 12.50) 4.00
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e Once you have completed modeling and copying the master tendons click on

the Top View % icon in the Bottom Quick Access Toolbar. This will bring you
to the view of the model shown in FIGURE 9-65.

ORL - BOrFEXBOL V* m-Daawe 8 <7318, UNRSIUS  Lever Level 1 L 123
Figure 9-65

e Drag and select the construction lines we drew for the tendons and click the
Delete key on your keyboard to remove the construction lines.

Now that we have the distributed tendons entered, we need to modify a few of the
tendons so that they have the layout that is best for this project.

Moving Tendon Control Points of distributed tendons to follow banded tendons to the
corewall.

e Goto Tendon =2 Visibility and click on the Show Tendon 7 icon. This will
display all the created tendons on the screen.

e The distributed tendon high points along gridline 3 and 4 should flow down with
the banded tendons as illustrated in FIGURE 9-66.
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e To move the control points to match FIGURE 9-66. Left-click on the tendon
whose control point you want to move to select the tendon.
o Left-click on the control point you would like to move to “grab” the point.

e Activate the Snap to Nearest / icon.

e Move your mouse along the tendon, when you see the snap to nearest icon is
displayed at the location where you want to move the control point to, left-click
the mouse to place the control point.

e Do this for all the control points on these tendons until the final tendon layout is
as shown in FIGURE 9-67.
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There are a few more edits we need to make in order to have our preliminary tendon
layout. We want to change the third span of the tendons highlighted in red in FIGURE 9-
68 to be straight as opposed to Reversed Parabola. In addition, we will swerve the
tendon just to the right of the core wall around the core wall that it is falling in.
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Figure 9-68
Changing span shape for distributed tendons near the core walls.

o Select the four tendons that we want to change the third span on by left-
clicking and selecting the first tendon and then holding the CTRL key on your
keyboard and left-clicking on the other tendons you would like to select.

e Go to Modify =2 Properties and click on the Modify Selection % icon. Either
option will open the Modify Item Properties dialog window.

e Click on the Tendon tab.

e Click on the Tendon Profile button to open the window shown in FIGURE 9-69.

Tendon x

Span # Shape €GS Top(in) |CGSBottom{in) |CGSBottom(in) |CGSTop(mJ | HI/L \ WL | ML | AL

Reversed Parabola

Reversed Parabola

1
1
[1 | Reversed Parabola
1
1

||| =

Reversed Parabola

A ENE R ERE!

Al

Reversed Parabola

Figure 9-69

e Since we are editing the third span of the selected tendons, we need to check
the box under the Shape column for Span 3.

167



e Then left-click on the drop-down box where it says “Reversed Parabola”.

e Select Straight from the drop-down menu.

e Click the OK button to close the Tendon edit window.

e Click the OK button to close the Modify Item Properties window.

e If we double-click on one of the selected tendons and click on the
Shape/System/Friction tab of the tendon properties the user should see a
profile similar to that shown in FIGURE 9-70.

v s B
General Stressing Location Shape/System/Friction FEM  Properties
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Span 2 Reversed Parabola |~ 200 1.00 1.00( 010 050| 0.0 Unbonded |~
Span 3 Straight |~ 1.00 1.00 Unbonded |~
Span 4 Reversed Parabola |~ 1.00 1.00 400 010 050 010 Unbonded |~

(©Firt Span [ Del M s of GAEIL hape D [

ert et [ I at : | @5 iagr
O Last Span Ins e inimum radius of curvature (R): Shape Diagram Force Diagram

Figure 9-70
e C(Click on the n in the upper right corner to close this window.

Swerving tendon to the left of the core opening around the core opening.

e Deactivate any snap tool that is active.

e Left-click on the four-span tendon to the right of the core wall to select it.

e Left-click on the third control point from the bottom of the tendon.

e Move your mouse to the left so the tendon is outside the area of the wall, left-
click to place the control point in its new location.

e Left-click on the fourth control point from the bottom of the tendon.

e Move your mouse to the left so the tendon is outside the area of the wall, left-
click to place the control point in its new location.

e Click on the Zoom Extents @ icon. The user should see the tendon layout as
shown in FIGURE 9-71. We now have our preliminary tendon layout.
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Figure 9-71
9.5 Post-Tensioning Serviceability Checks

e Goto Analysis 2 Analysis and click the Execute Analysis > icon, this will open
the window shown in FIGURE 9-72.

ptions
Select load combinations for analysis (7 of 7 combinations selected) Options to indude global analysis results
[Jindude lateral reactions
[Jindude Load Takedown Indude gravity reactions

] apply live load reduction

Load Case | Solution ‘ Reactions

» Li
Streng i ive load +0.
Strength(Dead Load Only) 4 |fweight + 1.40 x Dead load + 1.00 x Hyperstatic;
Initial = 1.00 x Selfweight + 1.1 siressing; INITIAL

< >
Select Combinations: | Select Al
Compression spring/sail support options Envelope only applies to compression gravity loads
Substitute compression springs with fixed supports Assign to selected: | ~ |

Analyze structure with compression springs

Mote: Since the structure incudes compression spring superposition of load cases does not apply. Load

takedown and results of building solutions will not be available in level mode. | Equilibrium Check | |Clear Reactions |

[Jinclude vibration analysis
tabilize slab automatically against in-plane translation and rotation
how this dislog whenever I Analyze Structure

[ wiarn me if any load case will be ignored in analysis

Figure 9-72
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o Left-click the top combination Service (Total Load) and while holding the left-
mouse button drag your mouse to the Service (Sustained Load) RLL load
combination. This should drag highlight these 4 load combinations as shown in

FIGURE 9-73.
Analysis Options
Select load combinations for analysis (4 of 7 combinations selected) Options to indude global analysis results
[ indude Iateral reactions
[Jindude Load Takedown Indude gravity reactions
[ Apply live load reduction Edit

S . gh -

Strength(Dead and Live) = 1,20 x Selfweight + 1,20 x Dead load + 1.60 x Live load + 0,50 x RLL + 1.00 x H
Strength({Dead Load Only) = 1.40 x Selfweight + 1.40 x Dead load + 1.00 x Hyperstatic; STRENGTH

Initial = 1.00 x Selfweight + 1.15 x Prestressing; INITIAL

Load Case | Solution ‘ Reactions

€ >
Select Combinations: Select Al Select None
Apply stiffness modifiers k= o
Compression spring/soil support options Envelope only applies to compression gravity loads
Substitute compression springs with fixed supports Assign to selected: | w

Analyze structure with compression springs

Moke: Since the struckure incudes compression spring superposition of load cases does not apply, Load

takedown and results of building solutions will nat be available in level mode. Equilibrium Check Clear Reactions

[indude vibration analysis
Stabilize slab automatically against in-plane translation and rotation
Show this dialog whenever I Analyze Structure

[ warn me if any load case will be ignored in analysis Cancel
Figure 9-73

e C(Click the OK button to start the analysis. The program will only analyze the
model for the load combinations selected at the time you click OK.
e When the analysis completes you will receive the message shown in FIGURE 9-

74,
Analysis Status

Analysis successfully completed.
Do you want to save the solution?

Figure 9-749

e C(Click the Yes button to save the solution.

o The Results Display Settings window will automatically open at this time.

e We can review deflection contours at this time as described in Section 6.4.
However, until we design the design sections, we cannot see design section
results.
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e Click on Floor Design =2 Section Design and click on the Design the Sections
icon. The program will start to perform the design of the sections. When
completed you should see a window as shown in FIGURE 9-75.

Design Status

Design successfully completed.
Do you want to save the results?

Yes Mo

Figure 9-75

e C(lick Yes to save the design.

e Click on the Select/Set View Items 65" icon to open the Select/Set View Items
window.

e On the Structural Components tab, make the selections as shown in FIGURE 9-
76.
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Figure 9-76

e Click on the FEM tab and select None at the bottom of the display column.
e Goto Floor Design = Strip Results/Visibility and click on the Display Design

Sections $ icon.

e Click OK to close the window. The user’s screen should now be similar to

FIGURE 9-77.
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Figure 9-77

e Notice at the top of the Results Browser dialog window the current load
combination or envelope of combinations whose results you are displaying is
shown.

e We can now start checking the results of the preliminary design.

Checking Strip Deflection:

Ensure that the proper deflection limit is being used. In this instance, per our criteria we
are limited to L/240 for Total Service Load.

e C(Click on the Display tab of the Results Browser window to bring up the window
shown in FIGURE 9-78.

173



174

Results View: Service(Total Load)

viéag =
Loads Analysis Colorize Display Settings
Property Walue
B Design Sections
Balanced loading minimum 50.00 %
Balanced loading maximum 100.00 %
Maximum span/deflection ratio, ... 360.
Precompression minimum allow...  125.00 Psi
Precompression maximum allow ... 300.00 Psi
Allowable Stress Display Exceeds Only
Simple Load Balance Angle 60.00 deg
B Components
Drift maximum allowable 0.50 %
Rho display Value
Rho maximum allowable 300%
Litilization Display Status
|iilization maximum allowable 1.00%

Momert Amplification max allow. .. 1.40

Drift Amplification max allowable  1.40

Compare Cumulative and FEM ... 1000 %
BH Wall Design Sections

Reinforcement Display Mumber of Bars

Ling thickness 2

Display Text for Active Level No

Section Text for Each Wall All
Figure 9-78

Click on the text input box in the Value column next to “Maximum
span/deflection ratio, L/”
Type 240 on your keyboard.

Click the blue check mark v
the change.

icon at the top of the Results Browser to accept

Click on the Loads tab in the Results Browser.

Expand the tree for Load Combos 2Service and check the box next to the Service
(Total Load) combination.

Click on the Analysis tab in the Results Browser.

With the X-direction support lines still on, scroll down in the Results Browser
until you get to the Design Sections tree. If need be click on the + next to Design
Sections to expand the tree.

Click on the check box under Deformation for Z-Translation the screen should
change to show the results of the deflection as well as the deflection to span
ratio for each span along the support lines as shown in FIGURE-9-79.
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As we can see the deflection to span ratios for the X-direction are all OK.
To check the deflection in the opposite direction, go to Floor Design = Strip

Results/Visibility click on the Display/Hide Support Lines in the X-direction

icon.

=

Go to Floor Design =2 Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction icon.

The user should now see the deflection to span ratios along the Y-direction

support lines as shown in FIGURE 9-80.
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Figure 9-70

e Again, reviewing the deflection to span ratios we are OK along the Y-direction as
well.

Checking Precompression:

ADAPT-Builder includes two different checks for Precompression. For this tutorial we
will use the P/A (Precompression # of tendons) check. This check takes the effective
force of the tendon multiplies it by the number of strands crossing the design section
and divides that by the area of concrete in the section.

e Inthe Results Browser Analysis tab clear the check mark next to Z-Translation
under the tree Design Sections = Deformation by clicking on it.

e Inthe Results Browser Loads tab expand the Envelope tree and select the check
box next to the Envelope combination.

e Inthe Results Browser Analysis tab expand the trees to Design Sections 2>
Stresses = P/A (Precompression # of tendons) and check the box next to it. The
user should now see on screen the design section results for the support lines in
the Y-direction for precompression as shown in Figure 9-81.
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Figure 9-81

We can see that while we are close to the precompression limit we still need to
fix some locations.

To check the precompression in the opposite direction go to Floor Design 2>
Strip Results/Visibility click on the Display/Hide Support Lines in the X-direction
=

Go to Floor Design =2 Strip Results/Visibility click on the Display/Hide Support

icon.

Lines in the Y-direction + icon.
The user should now see the precompression values along the X-direction
support lines as shown in FIGURE 9-82.
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Figure 9-82

Checking Stresses:

e Inthe Results Browser Analysis tab clear the check mark next to Design Sections
> Stresses =2 P/A (Precompression # of strands) by clicking on it.

e Inthe Results Browser Loads tab change the combo to Envelope Service.

e Inthe Results Browser Analysis tab, scroll the tree and find Design Sections 2>
Stresses = Top and check the box to the left. The user should now see on
screen the design section stress results for the support lines in the X-direction
for top stresses as shown in Figure 9-83.
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Figure 9-83

e \We can see that while we are close to the stress limit, we still need to fix some
locations.
e To check the stresses in the opposite direction, go to Floor Design = Strip

Results/Visibility click on the Display/Hide Support Lines in the X-direction =
icon.

e Goto Floor Design =2 Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction * icon.
e The user should now see the top stress values along the Y-direction support
lines as shown in FIGURE 9-84.
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Figure 9-84

e Scroll through the tree and find Design Sections = Stresses = Bottom and
check the box to the right. The user should now see on screen the design
section results for the support lines in the Y-direction for bottom stresses as
shown in Figure 9-85.
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Figure 9-85

e \We can see that while we are close to the stress limit, we still need to fix some
locations.



e Tocheck the stresses in the opposite direction, go to Floor Design = Strip

Results/Visibility click on the Display/Hide Support Lines in the X-direction E3
icon.

e Goto Floor Design = Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction + icon.

e The user should now see the bottom stress values along the X-direction support
lines as shown in FIGURE 9-86.
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Figure 9-86

9.6 Optimizing Tendon Layout with Tendon Optimizer

After viewing the preliminary results its clear we have some precompression and stress
issues to solve still. We will use the tendon optimizer to optimize a group of tendons in
the X and Y direction.

Optimizing Banded Tendons:

e Click the Clear All * icon at the top of the Results Browser.

e Go to Tendon = Visibility and click on the Show Tendon *~/ icon. This will turn
on the tendons in the model.
e The user’s screen should, at this point look similar to FIGURE 9-87.
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Figure 9-87

Zoom in to the span of the banded tendons along Gridline 4 between gridlines B
and C.

| 2
Go to Tendon =2 Design and click on the Tendon Optimizer *-7 icon to open the
Dynamic Tendon Optimizer window shown in FIGURE 9-88.



Dynamic Tendon Cptimizer

Optimizer Details Settings Calcs

Current and Optimized Force Relationship (Force in k)

Current Calaulated
Total Force 0.00 0.00 k
Total Strands 0.00 0.00
foled 0.00 0.00 in
Precompression | 0.00 0.00 psi
Load Bal - 5w 0.00 0.00 %o
Apply to Model Edit Estimate
Calculated Status
Optimizer Status:
Precompression Load Balanced Stress

ACI 2014: Two-way: : Total

B C
Current (Actual)
Top Stress i] a 0 psi
Bottom Stress ] ] 0 psi
Calculated (Actual)

Top Stress o] o] 1] psi
Bottom Stress [u] [u] 1] psi
Min Force for Stress
Min Force 0.00 0.00 0.00 k

Exit Tendon Editor
Figure 9-88

e The tendon control point heights should now be shown in red and yellow. Red
marking the high points of the tendons and yellow marking the low points of the
tendon as shown in FIGURE 9-89.
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Figure 9-89

e Drag and select the two low points of this span for the banded tendons. The

program will then create a tributary region (dark blue outline) and three design
cuts (cyan color) to evaluate for the tendon optimization as shown in FIGURE 9-
90. In addition, you can see the properties of the design section cuts in the
Dynamic Tendon Optimizer window.
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Figure 9-90
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The first thing we need to do when optimizing banded tendons is make sure
that the optimizer design strips and design sections resemble as close as
possible the design cuts from the support lines. As shown in FIGURE 9-90 you
can see that the strip is not as wide as our support line design section cuts.

In the Dynamic Tendon Optimizer window click on the Settings tab to bring up
the window shown in FIGURE 9-91.

Dynamic Tendon Optimizer x

Optimizer Details S5ettnds  Calcs

Trib Width Settings

End Section Cut
Tributary Width % of Span

oo Jn  [so0]u [ e

Optimizer Settings

Display Settings
Load to Balance

Cisw OEE
Stress Value Format
(®) Ratio () Factored () Actual

Desired Ranges

Min Max
Precompression | 125.00 | |~:""3"3-[:"3I | psi

Load Balance | 50.00 | | 100.00 | o,
Load Commbination | Service(Total Load) o
Criteria Two-way slab criteria o

Stress Allowables

ACI 2014 Two-way: : Total

Top Tension Bot Tension Compression
1.00 1.00 1.00

Optimization Parameters
Frecomp Load Balance Stress

[ ]Use whole number of strands per tendon

Apply Changes Reset Changes

Exit Tendon Editor

Figure 9-91
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Click on the Tributary Width text box.

Type 27.5

In the Desired Ranges section click the radio button labeled SW+DL to use self-
weight and dead load when the optimizer is load balancing.
Click on the Update button in the Trib Width Settings section. The tributary and

the sections will update as shown in FIGURE 9-92.
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Click on the Optimizer tab in the Dynamic Tendon Optimizer window. This will
bring up the view shown in FIGURE 9-93.



Dynarnic Tendon Optimizer

Optimizer Details Settings Calcs

Current and Optimized Force Relationship (Force in k)

Cur E=t
Strezs Min
| Precomp (125-3D0 psi)
30 792
| Load Bal (50-100 %)
451 903
331
267 22
Current Estimated
TotalForce | 267.00 | © 62165 | k
Total Strands | 10.00 | | 23.28 |
CGS ‘Lo0 | (100 |
Precompression | 10114 | [ 235.00 | pg
loadBal-SWDL |29.68 |  [68.87 | %

Apply to Model [ edit Estimate

Estimated Status
Optimizer Status: | Load balance governs |

Precompression Load Balanced Stress

ACI 2014 Two-way: : Total

Current Stress Ratio: {f‘ compressign} ¢
Top Stress l0.887 ||-0.244 |[1200 |

Bottom Stress | -9.183 || 1198 ||-0.258 |

Estimated Stress Ratio: (- compression)
TopStress | -0.008 |[-0.371 | [0.388 |

Bottom Stress  [-0.330 | [0.28 | [-0.385 |

Min Force for Stress
Min Force [Na [[33146 | [38124 &

Exit Tendon Editor

Figure 9-93

In the above window we can see the Current and Estimated values for the
tendon design. The current value is based on the tendons we selected and the
estimated value is based on the changes the optimizer proposes. Click the Apply
to Model button. This will open the window shown in FIGURE 9-94.
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Apply Options X

Distribute  Single  Mew Tendons

# Tendons
Effective Force k

Req Change Applied Change per Tendon

Total Force | 354652 |  [177.3%6 |
Stands |13.28 | [664 |
falel] 1.00 in

Rerun Model Analysis

Cancel

Figure 9-94

In the Apply Options window the user has the option to use new tendons to
apply the changes to the tendon plan or add to the existing tendons. In this case
we will just add to the existing tendons as we have the same issues on the
opposite side which will be helped by this change as well. Click the Apply button
to apply the changes to the tendons. The program will add 6.64 strands to each
tendon to increase the tendon force to balance more load and increase
precompression in the section.

After making the change the program will recalculate the analysis. The user will
have to design the sections again in order to see the strip results updated for
the optimizer change. Click Exit Tendon Editor at the bottom of the Dynamic
Tendon Editor window.



Follow the same procedure to optimize other tendons in the banded direction
where the design is currently not passing code requirements for
precompression and stresses.

Once you have optimized all the banded tendons go to Tendon 2 Visibility and

click on the Show Tendon *+” icon. This will turn off the tendons in the model.

Go to Analysis 2 Analysis and click the Execute Analysis > icon to bring up the
Analysis Options window.
Click OK in the Analysis Options window in order to analyze the model.

Go to Floor Design =2 Section Design and click on the Design the Sections ’
icon.

When the optimization and design is finished for the banded direction you
should be able to review stresses and precompression for the X-direction
support lines and see them all passing as shown in FIGURE 9-95 through FIGURE
9-97 below.
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Figure 9-95 — Top Stress X-direction
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Figure 9-96 — Bottom Stress X-direction
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Figure 9-97 — Precompression # of Tendons X-direction
Optimizing Distributed Tendons:

e Goto Floor Design = Strip Results/Visibility click on the Display/Hide Support

Lines in the X-direction = icon.
e Goto Floor Design = Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction * icon.
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e Zoom in to the area of the model where there is a support line running along
gridline C between gridlines 3 and 4 as shown in FIGURE 9-98.
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Figure 9-98

e Go to Tendon = Visibility and click on the Show Tendon *~’ icon. This will turn

on the tendons in the model.

>
e Goto Tendon = Design and click on the Tendon Optimizer *-7 icon to open the

Dynamic Tendon Optimizer window.

e Select the midpoints of the tendons that cross the pink design sections in this

area. The program will create the Dynamic Tendon Optimizer tributary and
sections as shown in FIGURE 9-99.
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Figure 9-99

e Inthe Dynamic Tendon Optimizer window click on the Settings tab.

e Enter 0.50 in the text box labeled End Section Cut % of Span

e C(Click the Update button in the Trib Width Settings section of the Settings tab.
You will see the cyan design cuts adjust closer to the location of where our
support line cuts are, as shown in FIGURE 9-100.
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Figure 9-100

e C(Click on the Optimizer tab in the Dynamic Tendon Optimizer window.
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o Click the Apply to Model button.

e C(Click the Apply button on the Apply Options window to apply the optimizers
suggested design to the tendons in this location.

e Follow the same procedure to optimize other tendons in the distributed
direction where the design is currently not passing code requirements for
precompression and stresses.

e Once you have optimized all the distributed tendons go to Tendon 2 Visibility

and click on the Show Tendon ™ icon. This will turn off the tendons in the
model.

e Goto Analysis 2 Analysis and click the Execute Analysis ’ icon to bring up the
Analysis Options window.

e Click OK in the Analysis Options window in order to analyze the model.

e C(Click Yes to accept and save the Analysis.

e Goto Floor Design = Section Design and click on the Design the Sections ’
icon.

e When the optimization and design is finished for the distributed direction you
should be able to review stresses and precompression for the Y-direction
support lines and see them all passing. When all are passing you should see OK
next to each result in the Results Browser window as shown in FIGURE 9-101.

Design Sections, Suesses, Bottom Psi) 7y 7
Loag Combinaton: Enviops Senice
il e

1 | &
- i -

Figure 9-101
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9.7

<

Analysis for all Gravity Combinations

After completing the optimizations of the tendons, we will want to analyze the model
for all load combinations.

e Goto Analysis 2 Analysis and click the Execute Analysis > icon.
e |nthe Analysis Options window select all load combinations as well as the
options as shown in FIGURE 9-102.

Analysis Options

Options to indude global analysis results
[ indude Iateral reactions
[ indude Load Takedown Indude gravity reactions

od -
ad load + Liv "L re g; 3 [ Apply live load reduction Edit

Deadload +0.75

Load Case | Solution ‘ Reactions

>

Select Combinations: Select Al Select None

Compression spring/zoil support options
Substitute compression springs with fixed supports Assign to selected: | ~
Analyze structure with compression springs

Maote: Since the struckure incudes compression spring superposition of load cases does not apply, Load

takedown and results of building solutions will not be available in level mode.

[(J1include vibration analysis
Stabilize slab automatically against in-plane translation and rotation
Show this dialog whenever I Analyze Structure

[warn me if any load case will be ignored in analysis Cancel

Apply stiffness modifiers Uncracked ~

Envelope only applies to compression gravity loads

Equilibrium Chedk Clear Reactions

9.8

Figure 9-102

e C(Click the OK button to analyze the structure in single-level mode for all load
combination.
e Click Yes when prompted to save the analysis.

Punching Shear Check — PT Slab

After analyzing the model for all load combinations, we will perform a punching shear
check. However, prior to performing the shear check we will need to set the shear
design properties up for the columns. The Punching Shear design properties are set
within the column and wall properties within the Properties Grid.

e C(Click on the View Full Structure ' icon in the Upper Right Level Toolbar. This
will bring you to Multi-Level mode where you can view and navigate the full
structure instead of level-by-level when in Single-Level mode.

e Click on the Select/Set View Items 65" icon in the Bottom Quick Access Toolbar
to open the Select/Set View Items window.



Make the selections on the Geometry tab as shown in FIGURE 9-103.

Select/Set View ltems *

ltemn
Slab Region:
Column:
Wall:
Beam:
Drop Cap./Panel:
Opening:
Ramp:

Gridlines:

Skip Loading:

Mesh
Reirforcement:

Rebar:

Span Direction
Support Line:
Tributary Region:
Splitter:

Save as Default

Structural Components  Finte Blement  Loads

Reference Planes:

Display ~ Render D Dimension  Label Symbol Symbol Size  Font Height
O O O O 20| in 11.81|in
[ O O [ 2|in 11.81/1n
O O O O 39| in 11.81[in
| O O O 2|in 11.81]in
O O O O 0O 3g|in 11.81]in
[} O O [} B[ in 11.81(in
[ O O d 20(in 11.81]in
O O [ 24fin 11.81]in
O O O O O [ 2n [us]n
O O O O in 11.81]in

[l O [l 2(in 11.81|in

X Y X ¥

O O | O O 1|in 11.81]in

O d O O O 0O 12|in 11.81]in

O d [ O O d 20(in 11.81]in
Al Al Al Al A A [ 2 11.81]in
MNone None MNone Mone None | None All All

Color Palette Cancel

Figure 9-103

Click OK. The user should now see the full structure modeled.

From the Bottom Quick Access Toolbar click on the Select by Type TR icon.
Select Columns and Walls in the list of entities.

Click OK to select all columns and walls.

In the Properties Grid the user should now see a list of properties that are
consistent between the two components. At the bottom of the list we can see
Punching Shear as one of the property trees. Click the + sign to expand the tree
and unveil the punching shear options as shown in FIGURE 9-104.
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Properties n n

g -
Property Value
= Selected Objects
Caolumns (33/93) A2
Walls (31/31) Wall 1
= Identification
Label
Group + Group 1
= General
Material + .
Display Local Axis [
FEM Contribution Consider

Top Reference Plane
Bottom Reference Plane
= Punching Shear

Method Auta
Condtion MNA
Precompression 0.125 ksi
Reinforcement type Studs
Stud diameter 0.375in
Mumber of rails along r 0
MNumber of rails along s 0
Spacing of studs Uniform
Reduction of critical sec... Auto
Total Angle 0.00
Figure 9-104

e Left-click your mouse in the value column of the Number of rails along r
variable.

e Type 2’ on your keyboard.

e Left-click your mouse in the value column of the Number of rails along s
variable.

e Type 2’ on your keyboard.

All columns will now be set to use 2 rails along the r side and 2 rails along the s side for
punching shear reinforcement. Note that we could also set columns separately with
different properties. Now that we have our two-way (punching) shear parameters setup
in the program we can run a two-way shear check.

-1
1
1

e Go to Floor Design = Punching Shear and click on the Execute Shear Check iz
icon.

e  When the check completes the program will prompt the user with the message
in FIGURE 9-105.



Builder

o Operation successfully completed

Figure 9-105

e Click on the Select/Set View Items 65" icon in the Bottom Quick Access Toolbar
to open the Select/Set View Items window.

e On the Structural Components tab, make the selections as shown in FIGURE 9-
106.

Select/Set View ltems

Structural Componants  Finite Bement  Loads

ltem Display  Render D Dimension  Label Symbol Symbol Size  Font Height
Slab Region: O O O O g|in 20.00(in
Column: O O O O 3|in 20.00(in
Wall: ] | | | | 3|in 20.00(in
Beam: [l [l o O 6)in 20.00n
Drop Cap./Panel: O O O O O O g|in 20,00 in
Opening: O O O O g|in 20.00| in
Ramp: O O O O O O g|in 20.00(in
Gridlines: ljl in n
Reference Planes: O
Skip Loading: [ O O O O ljl in n
g:isnfhorcemem: D D D D D 6| 20.00| "
Rebar: O O O g|in 20,00(in
Span Direction X7 X r
Support Line: OO0 O O O O 1|in 20.00(in
Trbutary Region:  [] [ O O O O 10/ 20.00{in
Splitter: OO [} O O [l ljl n in

Al Al Al Al Al A [ gin in
MNone None None None MNone| |Mone Al Al
Save as Default Color Palette Cancel
Figure 9-106

e (Click on the Finite Element tab of the Select/Set View Items window.
e C(Clear all the check marks on this tab in the display column.

e Click on the Loads tab of the Select/Set View Items window.

e C(Clear all the check marks on this tab in the display column.
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Click OK to close the Select/Set View Items window.
The users should now see the model as shown in FIGURE 9-107.
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Figure 9-107

In the Results Browser Loads tab expand the Load Combos 2Envelope tree. Click
on the check box next to Strength Envelope. Note that punching shear results
are a strength level check, therefore, a strength combination of the strength
envelope combination needs to be selected in order for the results to become
active in the Results Browser Analysis tab.

In the Results Browser Analysis tab expand the Punching Shear tree. Click on the
check box next to Stress Check. Columns that pass are labeled OK, columns that
pass with shear reinforcement are labeled REINFORCE, columns that do not pass
code provisions are labeled EXCEEDS CODE, and columns that were not checked
for two-way shear are labeled N/A.

In the Results Browser Analysis tab Punching Shear tree. Click on the check box
next to Stress Ratio to display the enveloped shear ratios of the column. In
addition, the user will see text delineating the controlling combination as well as
controlling design section for the reported shear ratio.

The users screen should look as shown in FIGURE 9-108.
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Figure 9-108

To see the punching shear reinforcement and other more detailed parameters
the user can go to Reports = Single Default Reports = Punching Shear. In this
location the user can find summary tabular reports for punching shear
parameters, punching shear stress check and punching shear reinforcement. In
addition, the user can create an .XLS report for punching shear that includes
greater detail than the summary tabular reports.

9.9 Checking Moment Capacities — PT Slab

Finally, we want to make sure that we have capacity to support the demand on the slab
by checking the moment capacities.

Click the Clear All * icon at the top of the Results Browser to turn off the
display of the outcome of the punching shear design.

Go to Floor Design 2 Section Design and click on the Design the Sections >
icon.

Click YES to save the design when prompted to after the design completes.
Go to Floor Design 2 Strip Results/Visibility click on the Display/Hide Support

Lines in the X-direction = icon.
Go to Floor Design 2 Strip Results/Visibility click on the Display Design Sections

$ icon if the design sections along support lines are not shown.
In the Results Browser Loads tab expand the Load Combos 2Envelope tree. Click
on the check box next to Envelope.
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e Inthe Results Browser Analysis tab expand the Design Section = Investigation
tree and check the box next to Moment Capacity with Demand by clicking on it.
The user should now see the moment capacity with demand curve along the
support line as shown in FIGURE 9-109.

Design Sections, Investigation, Momant Cagacity with Demand (<ip&) '
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Figure 9-109

e We can see in this direction all moment capacities pass and are deemed OK.
The moment capacity is based on the section properties as well as the
reinforcement within the section including any tendons, base reinforcement,
and program calculated reinforcement.

e Goto Floor Design = Strip Results/Visibility click on the Display/Hide Support

Lines in the X-direction = icon.
e Goto Floor Design = Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction + icon. The user should now see a screen similar to
FIGURE 9-110 below.
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Figure 9-110

9.10 Design Section Properties and Data — PT Slab
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356156 1250 UnfsUS  LerekLevel 1 EL1ZS)

In ADAPT-Builder a user can extract information for the design of the section by viewing

the design section properties.

e Zoom in on the column at the intersection of gridline 3 and gridline C.

e With your mouse double click along the design section just to the north of this
column in plan to open the Support Line properties window.

e C(Click on the Design Section tab to show the design section properties as shown

in FIGURE 9-111.
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v =gy 7

General Location Design
Design Section Options Design Sections Properties
Current Design Section: | SECTION_ID_803000 -
Geometry
L=361in H=8in Beff = 360.8%n Dietails...

Physical section with base rebar and tendons

Design section (dealized) with calculated rebar

Reinforcement
Base rebar: As= 00in2 Fho =0.08%
Tendons: Asp= 46in2

Caleulated: Astop = 2.3in2 ( Service(Total Load) )

(envelope) Ashot = 0.0in2

Design summary
Criteria: Two-Way, PT

Moment capacity: M+ = 75.6 Kft M-= -375.3 Kit
Demand {strength): M== 0.0 kit M-= 2076 Kit
D/C ratio: 0.000 0.553
Shear capacity: PhiVc =
Wu/PhiVc ratio:

Figure 9-111

e |nthis window we can see the section geometry. As well as the physical section
with tendons and base rebar and the idealized (designed) section with
calculated reinforcement. We can see the section geometry/properties in more
detail if we click on the Details button in the Geometry section of this window as
shown in FIGURE 9-112.
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Design Section Details

Physical Section

L (i) 360,89

H {in) .00

Beff (in) 360.89

A {in2) 2387.06
I {in4) 15397.20
Ytop (in) 4,00
Yhot (jn) 4,00

CG0LY) (n) 689,50, 550.95
Start (¥,Y) {in) 509.06, 550.95
End (¥,Y) (n) $69.95, 550.95

Idealized Section % Difference

360.89

8.00

360.89

2887.19 0.00 %
15398, 16 0.01 %
4.00

4.00

689,50, 550,96

509.06, 550.98

869,95, 550,96

Figure 9-112

e Inthe Reinforcement section we can see the area of base reinforcement in the

section, the area of prestressed steel in the section, as well as the area of

calculated reinforcement in the top and bottom fiber of the section. Just to the

right of the area of calculated reinforcement the user can also see the
controlling load combination in parenthesis. Lastly, if we click on the Details
button in this section, we can see more details about the reinforcement as

shown in FIGURE 9-113.
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Reinforcement Details

Reference Line, RL: | bottom of design section W

Area (in2) CGS fromRL (in) Material Type/Case
calculated 2.3 6.3 Mildstes! 1 Service(Total Load)
tendon 0.5 6.3 Prestressing 1 unbonded
tendon 0.5 7.0 Prestressing 1 unbonded
tendon 0.5 6.8 Prestressing 1 unbonded
tendon 0.5 6.8 Prestressing 1 unbonded
tendon 0.5 6.8 Prestressing 1  unbonded
tendon 0.5 6.8 Prestressing 1  unbonded
tendon n.a 6.8 Prestressing 1 unbonded
tendon 1.2 2.0 Prestressing 1 unbonded

Figure 9-113

o The last section in this window is the Design Summary section. In this section
the user can view the design section criteria (One-way, two-way, beam, as well
as if the section is designed as RC or PT), Moment Capacity of the section for
both positive and negative moment, the moment demand of the section again
both for positive and negative demand, and the D/C ratio of the section. Lastly
the user can also read the Shear Capacity and Vu/phiVc ratio of the section if it
is being designed using the one-way or beam criteria.

9.11 Generate Rebar — PT Slab

Now that we have checked our results and are satisfied with our design, we can have
the program generate the calculated reinforcement needed to satisfy our design.

o Click on the Zoom Extents @ icon.
e Goto Floor Design = Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction + icon.

e Goto Floor Design = Rebar and click on the Calculated Rebar Drawing % icon
this will bring up the Generate Rebar Drawing Options window shown in FIGURE
9-114.
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Generate Rebar Drawing Options

Load Combination

| Envelope

Bar Length Selection
(® Calculated Lengths
() Library Lengths
Bar Crientation

(®) along support lines
O Angle from global x-axis for bars along
support lines in;

#-direction | 0 deqgrees
Y-direction | 90 | degrees
ok |  caneel
Figure 9-114

e C(Click OK button as we will generate the Envelope rebar needed to satisfy all
design criteria with the default options of the program. When done the users
screen should be similar to that shown in FIGURE 9-115.
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Figure 9-115
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9.12

Export Rebar CAD Drawing — PT Slab

We can now export the rebar to a CAD drawing in order to produce our
documentation. Go to File =2 Export = DWG. This will open the AutoCAD
Version window where the user can choose the drawing version as well as,
whether they want the drawing to export tendons as Polylines or Splines as
shown in FIGURE 9-116.

Autocad Version X

Autocad 12 Tendon Export
Autocad 14 [JExport Spline as Spline Object (2D]
[JExport Fillets as Line/drc Objects [20)

Autocad 2007

Cancel
Figure 9-116

Click OK to save the drawing.

When prompted find the location where you want to save the file and give the
file a name and click SAVE.

If prompted to fix layer names choose APPLY FIX and the program will export
the drawing.

Opening the drawing the user should have a CAD file that looks similar to the
CAD file shown in FIGURE 9-117.



Figure 9-117

9.13 Export Tendon CAD Drawing

Now that we have a reinforcement drawing, we can export a drawing for our tendon
plan.

e Goto Rebar 2 Visibility and click on the Show Rebar % icon to turn off the
rebar displayed on plan. If the rebar does not turn off after the first click, click
the icon again and the rebar should completely turn off.

e Goto Tendon = Visibility and click on the Show Tendons ™ icon.

e Go to Tendon = Visibility and click on the Display Manager 65" icon to open the
Tendon Display Manager window shown in FIGURE 9-118.
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Tendon Display Information

Tendon Properties Geametry
[1Tendan D Cantral poirits
[1Tendon label Contral point height
Jawea [ Inflection points
[ 5pstem [ Inflection point height
[ Total length [end ta end) Swerve poinks
Mumber of strands [Jshape
(®) Decimal as specified []5hape Parameters
() Fiounded Up ] Radii of curvature - Wert
[ Considered or disregarded [] Tendon out of bounds
[ tdaterial [ &nalytic Tendons

Shop Drawings
I Chair Heigths ~ [] Concrete length [ Length group colors
[ Bundie symbol [ Installation length ] Construction Joints

¥ Plane Curvature

[ Show Horizontal Curvature Flanges [] show ‘0K range
Spline Slope: <112 T12t01:8 181013

Fillet B adius: »= 201 < 20ft <10H I:I
[y

Strezsing

[ Stessing: live, dead ends [] Elongation

Effective force [ Calculated force
(®) Total force Awerage Farce
(O Force per strand Miriurmum Force

t aximum Force

Cancel Reset to Default

Figure 9-118

e Make the selections as shown in FIGURE 9-118 and click the OK button. The
users screen will appear as shown in FIGURE 9-119.
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Figure 9-119

e As we can see the font size is quite small. To increase the font size of the tendon

information, click on the Select/Set View Items 65~ icon of the Bottom Quick
Access Toolbar to open the Select/Set View Items window.

e C(Click on the Finite Element tab.

e Inthe Tendon row click on the text entry box under the FONT HEIGHT column.

e Type 10.00 and click the OK button to close the window and change the tendon
font height.

e We can now export the tendons to a CAD drawing in order to produce our
documentation. Go to File = Export 2 DWG. This will open the AutoCAD
Version window where the user can choose the drawing version as well as,
whether they want the drawing to export tendons as Polylines or Splines as
shown in FIGURE 9-120.

Autocad Version

Autocad 12 Tendon Export
[CJEx=part Spline as Spline Object [20]

ntonad 2004 [] Export Fillets az Linedére Objects [2D]

Autocad 2007

Caresl

Figure 9-120
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Click to put a check in the box next to Export Spline as Spline Object (2D)

Click OK to save the drawing.

When prompted find the location where you want to save the file and give the
file a name and click SAVE.

If prompted to fix layer names choose APPLY FIX and the program will export
the drawing.

Opening the drawing the user will have a CAD file that looks like the CAD file
shown in FIGURE 9-121.
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Figure 9-121

9.14 Copying Tendons and Design Strips to other Similar Levels

With our tendon and support line layout and design complete we can now copy the
same up to Levels 2 and 3 of the model.

Go to the Home ribbon to bring the model active again.

Click on the Select/Set View ltems 65" icon in the Bottom Quick Access Toolbar
to open the Select/Set View Items window.
Make the selections on the Geometry tab as shown in FIGURE 9-122.



Select/Set View [tems

Structural Components  Finite Blement  Loads

ltemn Display ~ Render D Dimension  Label Symbol Symbol Size  Font Height
Slab Region: O O O O g|in 20.00(in
Column: O O O O 3|in 20.00| in
Wall: O O O O O 3|in 20.00| in
Beam: O O o O §)in 20.00|n
Drop Cap./Panel: O O O O O O g|in 20.00| in
Opening: O O O O g|in 20.00| in
Ramp: O O O O O O g|in 20.00(in
Gridlines: ljl in in
Reference Planes: O
Skip Loading: O O O O O EI in in
Mesh ;
F{eeinforcemem: O O O O O & 2000)
Rebar: [ [ [ [ 20.00| in
Span Direction X o7 X f
Support Line: O O O O 1|in 20.00| in
Tributary Region:  [] [ O O O O 10N 20.00|in
Splter O O O O gn  [200n

Al Al Al Al Al A [ gin in
Mane Nane Nane Nane MNonz| | Mone Al Al

Save as Default Color Palette Cancel

Figure 9-122

e C(Click OK to close the window and view the model. The user should see all the
geometry as well as support lines, splitters, and tendons turned on for this level.

e Goto Home 2 Selection Tools and click on the Select by Type TR icon. This will
open the Select by Type dialog window as shown in FIGURE 9-122.
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Beam ~ | oK |
Cell

Circle

Colurnn

Frame

Gridline

Line

Line Load

Line Suppaort

Mode

Opening

Patch Load

Point Support

Febar

Slab Reqgion

Splitter

Suppaort Line

Tendon

Tent

Tributary Region W

Cancel

Criteria

(®) &l

() By keyword:

() By design group: | Mone
Muwsh Utilization min |0

Mwsh Utilization max | g gg

By column size: 18,00 % 18.00in
Selection Type
(®) Refresh all selection

() Add to current selection
() Remove from curent selection

Figure 9-123
e Click on Splitter, Support Line and Tendon in the Select by Type window and then
click the OK button to close the window and select the items.

e Go to Modify = Copy/Move and click on the Vertical t icon. This will open up
the Copy - Move window as shown in FIGURE 9-124.

Copy/Move Vertical

Copy w | zelected iterms | To “ | plane | Boof [EL 79.5] e

Cancel

Figure 9-124

e Click on the drop-down box labeled To and select Up. This will change the
Copy/Move Vertical window to be as shown in FIGURE 9-125.
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Copy/Move Vertical

Copy

w | zelected itemsz | Up e time[s] ta exizting planes.
Cancel

Select/Set View tems

Figure 9-125

Click in the text entry box and change the 1toa 2.
Click the OK button to copy the selected items up for 2 levels.

Click on the View Full Structure ' icon in the Upper Right Level Toolbar. This
will bring you to Multi-Level mode where you can view and navigate the full
structure instead of level-by-level when in Single-Level mode.

Click on the Select/Set View Items 65" icon in the Bottom Quick Access Toolbar
to open the Select/Set View Items window.
Make the selections on the Geometry tab as shown in FIGURE 9-126.
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Figure 9-126
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e Goto Tendon = Visibility and click on the Show Tendons *+’ icon two times to
turn off the visible tendons and then turn on all tendons.

e C(Click on the Top-Front-Right View icon @ in the Camera and Viewports
Toolbar. This will bring you to the view of the model shown in FIGURE 9-127.

Moment Capacity (NG)
718 Moment Capacity with Demand (NG)

vent capacity of beam
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Figure 9-12710

e The user can now navigate to Levels 2 and 3 to generate the design sections for
the level and then run the analysis and design to check the design on these
levels. Given the geometry and loading are identical the same design will be
assumed to be satisfactory in meeting the strength and service requirements for
gravity design.
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Single Level Analysis and Design for RC slabs — Level 4

In this section we will design the Level 4 level of the model as a mild steel (RC) slab. To do so we
must first open the program in RC only mode.

10.1 Copying Support Lines

e Go to File 2Save to save the model.

Close the program by clicking on the n in the upper right corner of the
program.

Reopen the model by double clicking the model file.

The blue splash screen will open. Please make the selections as shown in

FIGURE 10-1 and click OK to open the model. Note the Design Scope at the
bottom of the blue splash screen is set to RC.

Build 20.0.0

~) Edge | Floor Pro | RC | US

Programs Mode Modules Unit System
Edge @) Floor Pro @) RC PT/RC PT/RC Strip Mode (J ) Us SI MKS
: W Q : Q
Mat (0 soGc () a U PT Shop / FELT3D (0D U 8

Version 20

ANIMETACH

EADAPT-Buﬂd o |||R|§A

Figure 10-1

Click on the Level Assignment icon @ of the Upper Right Level Toolbar to open
the Reference Plane Manager.

Click on “Level 3 (EL 37.5)” under the Name column to select the text.
e Click the Set as Active button
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e C(Click the Close button. The user’s screen should now look similar to the screen
shown in FIGURE 10-2.
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Figure 10-1

e Goto Home 2 Selection Tools and click on the Select by Type TR icon. This will
open the Select by Type dialog window.

e C(Click on the text labels for Support Line and Splitter to highlight them.

e Click the OK button to close the window and select the support lines and
splitters.

e Go to Modify = Copy/Move and click on the Copy/Move Vertical t icon. This
will open up the Copy - Move window as shown in FIGURE 10-3.

Copy/Move Vertical

Copy w | zelected items plane | Roaf [EL ¥3.5] e
Conca

Figure 10-2

e C(Click on the drop-down box labeled To and select Up. This will change the
Copy/Move Vertical window to be as shown in FIGURE 10-4.
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Copy/Move Vertical

Copy w | zelected itemsz | Up e time[s] ta exizting planes.
Cancel

Figure 10-3

e C(Click the OK button to copy the selected items up 1 level.

o C(Click the Active Level Up * icon of the Upper Right Level Toolbar. This will
move the user up to the single-level view of Level 4.

e Go to Model DVisibility and click on the Gridline :Hicon to turn off the gridlines
in view. The user should now see the Level 4 geometry with support lines and
splitters copied to it as shown in FIGURE 10-5.
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Figure 10-4

10.2 Support Line Modifications

We will now adjust the support lines copied from Level 3 to fit and work for Level 4.

o Select the first vertical support line from the left-hand side by left-clicking on it.

e C(Click the Delete key on your keyboard to delete this support line. We do not
need it as it is located outside of the area of the Level 4 slab.

e Zoom in to the top left of the structure.

e Select the support line running horizontally in this corner by left-clicking on it.
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Right-click on the support line we selected and from the right-click drop down
menu chose Delete Vertexes

Left-click on the left most point of the support line to delete the point and the
first small span of the support line.

Right click on white space on the screen and choose Exit from the drop-down

list or press the ESC key on your keyboard to close the delete vertex function.

Grab the left most point of the support line by left-clicking on it.

Activate the Snap to Intersection >< icon and turn off any other snap tool that
may be active.

Hover your mouse at the intersection of the support line and the slab edge until
the snap to intersection icon appears. When the snap to intersection icon
appears, left click to place the support line point in this location.

Grab the upper most point of the support line running vertically in this location
by left-clicking on it.

Hover your mouse at the intersection of the vertical support line in this location
and the slab edge until the snap to intersection icon appears. When the snap to
intersection icon appears, left click to place the support line point in this
location.

Grab the left most point of the X-direction splitter by left-clicking on it.

Hover your mouse at the intersection of the splitter and the slab edge until the

snap to intersection icon appears. When the snap to intersection icon appears,
left click to snap the end of the splitter to the slab edge.

The user’s support lines in the upper left corner should be similar to those
shown in FIGURE 10-6.

asaptso.co

Figure 10-5



Select the horizontal support line just below the horizontal support line we just
adjusted by left-clicking on it.

Right-click on the support line we selected and from the right-click drop down
menu chose Delete Vertexes

Left-click on the left most point of the support line to delete the point and the
first small span of the support line.

Right click on white space on the screen and choose Exit from the drop-down
list or press the ESC key on your keyboard to close the delete point function.
Grab the left most point of the support line by left-clicking on it.

Hover your mouse at the intersection of the support line and the slab edge until
the snap to intersection icon appears. When the snap to intersection icon
appears, left-click to place the support line point in this location.

Select the horizontal support line just below the horizontal support line we just
adjusted by left-clicking on it.

Right-click on the support line we selected and from the right-click drop down
menu chose Delete Vertexes

Left-click on the left most point of the support line to delete the point and the
first small span of the support line.

With the Delete Point tool still active left-click on the left most point of the
support line to delete the next point of the support line.

Right click on white space on the screen and choose Exit from the drop-down
list or press the ESC key on your keyboard to close the delete point function.
Grab the left most point of the support line by left-clicking on it.

Hover your mouse at the intersection of the support line and the slab edge until
the snap to intersection icon appears. When the snap to intersection icon
appears, left-click to place the support line point in this location.

Select the horizontal support line just below the horizontal support line we just
adjusted by left-clicking on it.

Right-click on the support line we selected and from the right-click drop down
menu chose Delete Vertexes

Left-click on the left most point of the support line to delete the point and the
first small span of the support line.

Right-click on white space on the screen and choose Exit from the drop-down
list or press the ESC key on your keyboard to close the delete point function.
Grab the left most point of the support line by left-clicking on it.

Hover your mouse at the intersection of the support line and the slab edge until
the snap to intersection icon appears. When the snap to intersection icon
appears, left-click to place the support line point in this location.

At this point, the user’s support lines should look similar to those shown in
FIGURE 10-7.
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Figure 10-6

Select the first vertical support line from the left side by left-clicking on it.

Grab the bottom most point of the support line by left-clicking on it.

Hover your mouse at the intersection of the support line and the slab edge to
the north of this point until the snap to intersection icon appears. When the
snap to intersection icon appears, left-click to place the support line point in this
location.

Select the second vertical support line from the left side by left-clicking on it.
Grab the bottom most point of the support line by left-clicking on it.

Hover your mouse at the intersection of the support line and the slab edge to
the north of this point until the snap to intersection icon appears. When the
snap to intersection icon appears, left-click to place the support line point in this
location.

Select the third vertical support line from the left side by left-clicking on it.

Grab the bottom most point of the support line by left-clicking on it.

Hover your mouse at the intersection of the support line and the slab edge to
the north of this point until the snap to intersection icon appears. When the
snap to intersection icon appears, left-click to place the support line point in this
location.

At this point the user’s support lines should look similar to those shown in
FIGURE 10-8.
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Figure 10-7

o Select the three X-direction splitters that do not run along the opening edge and
click the Delete key on your keyboard to delete them.
e Your support lines should look similar to those shown in FIGURE 10-9.
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Figure 10-9

e Goto Floor Design = Section Design and click on the Generate Sections New

[ 3
ﬂ icon. The program will generate the tributary regions and design section
cuts associated with the support lines.
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When this process finishes, we can review the X-direction support line

tributaries by going to Reports = Analysis Reports = Design Strips = Design

Strips X-direction.

Click OK on the next window that opens to view the report. The user’s screen
should appear similar to FIGURE 10-10.
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Figure 10-10

Go to Reports = Analysis Reports = Design Strips = Design Strips Y-direction.
Click OK on the next window that opens. The user will see the strips in the Y-

CHEECP V- m-Oawob

direction on plan as shown in FIGURE 10-11.
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Figure 10-11

Click Exit “Reports” Mode in the Report Mode dialog window to exit from this
view.

Creating Middle Strips

In ADAPT-Builder 20 the automatic creation of middle strips has been added back into
the software. The new middle strip functionality allows the user more control over the
generation of middle strips. The below outlines the creation of middle strips using the
new middle strip tools in ADAPT-Builder 20.

Click on Floor Design ?Section Design Delete Design Strips ®icon to clear the
sections generated.

Go to Floor Design = Strip Modeling and click on the Dynamic Editor - icon.
Click on the Middle Strips tab of the Dynamic Editor. The user should see the
window shown in FIGURE 10-12.
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B Support Line Dynamic Editor
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Walls Middle Strips Trim
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[] show Hide Construction Lines

Pause

Figure 10-12

e C(Click on the Create Middle Strips button to create the middle strips support
lines. The middle strip support lines initially will be shown in blue as seen in

FIGURE 10-13.
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Figure 10-13

We can see the southernmost support line does not extend to the slab edge.
We can adjust this using the Trim Tolerance setting of the Middle Strips tab of
the Support Line Dynamic Editor. Click your mouse on the Trim Tolerance text

entry box.
e Type ‘6’ on your keyboard
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o C(Click Create Middle Strips button. The user should now see a screen similar to
Figure 10-14, we can see the southernmost middle strip now extends to the slab
edge.
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Figure 10-14

o Click Close on the Support Line Dynamic Editor. The user should now see the
middle strips created on plan in with the column strips in black as shown in
FIGURE 10-15.
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Figure 10-15
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| 2
Go to Floor Design =2 Section Design and click on the Generate Sections ﬁ
icon. When the process is completed the user should see design sections cut as
shown in FIGURE 10-16.
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Figure 10-16

We can see that some sections extend beyond the slab edge on the left side and
the top side of the model. We can fix this with some minor adjustments to
support lines.

Go to Floor Design 2 Strip Results/Visibility click on the Display/Hide Support

Lines in the X-direction = icon. The users screen should look the same as
shown in FIGURE 10-17. The red highlighted support lines are the support lines
we will modify.
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Figure 10-16

Left-click on the shorter support line to select it.

Right-click on the shorter support line while it is selected and choose Delete
Verticies from the right-click menu.

Left-click on the 2" vertex from the left slab edge to delete it.

Left-click on the longer support line highlighted in red in FIGURE 10-16 to select
it.

Right-click on the longer support line while it is selected and choose Delete
Verticies from the right-click menu.

Left-click on the 2"? vertex from the left slab edge and the 2™ to last vertex on
the left side of the support line to delete it.

Go to Floor Design = Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction + icon.

Left-click on the support line whose design section falls outside the slab region
to select this support line.

Go to Modify 2Modify Selection

Click on the Support Line tab.

Check the box next to Tributary Area Definition.

Click the check box next to Tributary Area Definition and enter 0.100 in the text
entry box for Max Const. Line Spacing.

Click OK to accept the change and close the window.

| >
Go to Floor Design = Section Design and click on the Generate Sections ﬂ

icon.
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e Goto Reports = Analysis Reports = Design Strips = Design Strips X-Direction.
This will bring up a report view of the design strips for the user to review as
shown in FIGURE 10-17.

Ext Resons’ Mode

Figure 10-17

e Click Exit “Reports” Mode to exit this view. And return to the Default View.

o When this process finishes, we can review the Y-direction support line
tributaries by going to Reports = Analysis Reports = Design Strips = Design
Strips Y-direction.

e C(Click OK on the next window that opens to view the report. The user’s screen
should appear similar to FIGURE 10-18.
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Figure 10-18

e Click Exit “Reports” Mode in the Report Mode dialog window to exit from this
view.

10.4 Analyze Level 4

After completing the support line layout for the level and generating design sections we
can now analyze this level.

e Goto Analysis 2 Analysis and click the Execute Analysis ’ icon.
e |nthe Analysis Options window select all load combinations as well as the
options as shown in FIGURE 10-19.

229



230

Analysis Options
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Figure 10-19

e C(Click the OK button to analyze the structure in single-level mode for all load
combination.
e C(Click Yes when prompted to save the analysis.

10.5 Punching Shear Check — RC Slab

After designing the model for all load combinations, we will perform a punching shear
check. Note because we set the number of rails per side in the previous chapters, we do
not need to redo this for this chapter.

=1
1

e Goto Floor Design = Punching Shear and click on the Execute Shear Check fl:ld
icon.

e When the check completes the program will prompt the user with the message
in FIGURE 10-20.

Builder

o Operation successfully completed

Figure 10-20



e Click on the Select/Set View Items 65" icon in the Bottom Quick Access Toolbar
to open the Select/Set View Items window.

e On the Structural Components tab, make the selections as shown in FIGURE 10-
21.
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Figure 10-21

e Click on the Finite Element tab of the Select/Set View Items window.
e C(Clear all the check marks on this tab in the display column.

e Click on the Loads tab of the Select/Set View Items window.

e Clear all the check marks on this tab in the display column.

e Click OK to close the Select/Set View Items window.

e The users should now see the model as shown in FIGURE 10-22.
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Figure 10-22

In the Results Browser Loads tab expand the Load Combos 2Envelope tree. Click
on the check box next to Strength Envelope. Note that punching shear results
are a strength level check, therefore, a strength combination of the strength
envelope combination needs to be selected in order for the results to become
active in the Results Browser Analysis tab.

In the Results Browser Analysis tab expand the Punching Shear tree. Click on the
check box next to Stress Check. Columns that pass are labeled OK, columns that
pass with shear reinforcement are labeled REINFORCE, columns that do not pass
code provisions are labeled EXCEEDS CODE, and columns that were not checked
for two-way shear are labeled N/A.

In the Results Browser Analysis tab Punching Shear tree. Click on the check box
next to Stress Ratio to display the shear ratios of the column.

The users screen should look as shown in FIGURE 10-23.
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Figure 10-23

Note that the column at the intersection of gridlines 3 and C states that it
EXCEEDS CODE. For this tutorial we will leave this and not remedy the shear at
this column. Normally in situations like this the user would increase the column
size or add a drop cap to bring the columns within allowable shear ratios with or
without reinforcement.

To see the punching shear reinforcement and other more detailed parameters
the user can go to Reports = Single Default Reports = Punching Shear. In this
location the user can find summary tabular reports for punching shear
parameters, punching shear stress check and punching shear reinforcement. In
addition, the user can create an .XLS report for punching shear that includes
greater detail than the summary tabular reports.

10.6 Checking Service Deflection

The next check we want to perform is for deflection. Our total load service deflection
limit is L/240 for this slab.

Click the Clear All * icon at the top of the Results Browser to turn off the
display of the outcome of the punching shear design.

Click on Floor Design = Section Design and click on the Design the Sections ’
icon. The program will start to perform the design of the sections. When
completed you should see a window as shown in FIGURE 10-24.
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Design Status

Design succassfully completed.
Do you want to save the results?

Yes Mo

Figure 10-24

e C(lick Yes to save the design.
e Goto Floor Design = Strip Results/Visibility and click on the Display/Hide

Support Lines in X-Direction = icon to turn on the X-direction support lines.
e Goto Floor Design =2 Strip Results/Visibility click on the Display Design Sections

$ icon to turn on the design sections along the support lines if they are not
already displayed.
e The user’s screen should now be similar to FIGURE 10-25
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Figure 10-25

e Inthe Loads tab of the Results Browser select Service (Total Load).

e Inthe Display tab of the Results Browser make sure the setting for Maximum
Span/Deflection Ratio, L/ is set to 240.

e Click on the Analysis tab of the Results Browser.

e Inthe Analysis tab tree, navigate to Design Sections = Deformation = Z-
Translation and check the box next to Z-translation. The user should now see

234



the strip results for the X-direction support line’s deflection check as shown in
FIGURE 10-26. Note that the deflection check fails in a few locations.
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Figure 10-26

e Goto Floor Design = Strip Results/Visibility click on the Display/Hide Support

Lines in the X-direction = icon.
e Goto Floor Design = Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction * icon to turn on the support lines, and design sections
in the Y-direction. The user should now see the strip results for the Y-direction
support line’s deflection check as shown in FIGURE 10-27. Note that the
deflection check fails in the same locations.
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Figure 10-278

Due to the introduction of middle strips and the way the program checks strip
deflection we will manually check the deflection.
Go to Floor Design 2 Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction * icon to turn off the support lines and design sections
in the Y-direction.

In the Analysis tab tree, clear the check box next to Design

Strips ?Deformation 2Z-translation and then navigate to Slabs = Deformation
-2 Z-Translation and check the box next to Z-translation. The user should now
see the contour deflection results as shown in FIGURE 10-28.
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Figure 10-28

e Goto Home = Tools and click on the Measure IE' icon.

e Activate the Snap to Endpoint / icon and turn off any other snap tool that
may be active.

e C(Click on the column at the intersection of gridlines 3 and C.

e C(Click on the column along gridline 2 and gridline D.4.

e In the Message Bar the program will display the measurement between these
two points which is 39.05’ as shown in FIGURE 10-29.

o The distance is 39.05 Foot Clear

Figure 10-29

e Let’s check the distance of the other span here.

e Goto Home =2 Tools and click on the Measure IE' icon.

e C(Click on the wall at the south end of the left most vertically running core wall.

e C(Click on the column at along gridline 2 and gridline D.4.

o In the Message Bar the program will display the measurement between these
two points which is 35.36 as shown in FIGURE 10-30.

o The distance is 35.36 Foot Clear

Figure 10-30
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The maximum deflection in this location is 1.33”. For the manual deflection
check we will take the shorter span of 35.36 feet.

Deflection to Span Ratio =((35.36’*12)/1.33")
=319<L/240 2 OK

In the Analysis tab tree, navigate to Slabs = Deformation = Z-Translation and
uncheck the box next to Z-translation.
Go to Floor Design = Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction + icon to turn on the support lines and design sections
in the Y-direction.

In the Loads tab of the Results Browser select Service (Sustained Load).

In the Analysis tab of the Results Browser, navigate to Design Sections 2>
Deformation =2 Z-Translation and check the box next to Z-translation. The user
should now see the strip results for the Y-direction support line’s deflection
check as shown in FIGURE 10-31. Note that the deflection check fails in the
same locations checked above.

A/ OX L/ BEOTEHBBOPL - h-Da e ® B 010650, Uksls ek lowid ELITS

Figure 10-31

Go to Floor Design = Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction + icon to turn off the support lines and design sections
in the Y-direction.
Go to Floor Design =2 Strip Results/Visibility click on the Display/Hide Support

Lines in the X-direction = icon to turn on the support lines and design sections
in the X-direction. The user should now see the strip results for the X-direction



support line’s deflection check as shown in FIGURE 10-32. Note that the
deflection check fails in the same locations.

2 B %@ @ & - 201 tutonslmodeLADM - ADAPT | Lage | Floor Pro | RC
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Figure 10-32

Since we have already checked the deflection against more stringent deflection
results, we know the deflection here will pass the manual check as well so we
will deem our deflection OK.

10.7 Checking Moment Capacities — RC Slab

Finally, we want to make sure that we have capacity to support the demand on the slab
by checking the moment capacities.

In the Loads tab of the Results Browser change the combo to Envelope.

In the Analysis tab of the Results Browser check the box next to Design Sections
= Investigation 2 Moment Capacity with Demand by clicking on it. The user
should now see the moment capacity with demand curve along the support line
as shown in FIGURE 10-33.
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Figure 10-33

e Goto Floor Design = Strip Results/Visibility click on the Display/Hide Support

Lines in the X-direction

icon to turn off the support lines in the X-direction.

e Go to Floor Design = Strip Results/\Visibility click on the Display/Hide Support

Lines in the Y-direction + icon to turn on the support lines in the Y-direction.
The user should now see the Moment Capacity Check along the Y-direction
support lines as shown in FIGURE 10-34.

Imesigation, Moment Capaciy with Demand (Kip#) 5

Ma gemandicagacity rabo: 1.00

8 x

n@ § b leiman e @O

et =7
e Diply Seng:

5 Punching Sher

Z/OXL/ABOrSEBOOD V-

Figure 10-34
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10.8 Design Section Properties and Data — RC Slab

In ADAPT-Builder you can extract information for the design of the section by viewing
the design section properties.

e Zoom in on the column at the intersection of gridline 4 and gridline F.

e  With your mouse double-click the design section just to the north of this
column in plan to open the Support Line properties window

e Click on the Design Sections tab to display the detailed design section
information as shown in FIGURE 10-35.

v Zrang 7

General Location Design
Design Section Options Design Sections Properties
Current Design Section: | SECTION_ID_14304000 R
Geometry
L=140in H=%in Beff = 140.35in Details...

Physical section with base rebar and tendans

Design section (dealized) with calculated rebar

Reinforcement

Base rebar: As= 0.0in2 Rho = 0.84%
Tendons: Asp=0.0in2

Calculated: Astop = 10.6in2 { Strength(Dead and Live) )
(envelope) Asbot = 0.0in2

Design summary
Criteria: Two-Way, RC

Moment capacity: M+ = 43.2 Kht M-= -317.0 Kt
Demand (strength): M+ = 0.0 Kt M-= -314 4 Kft
D/C ratio: 0.000 0.992
Shear capacity: PhiVc =
WVu/PhiVe ratio:
Figure 10-35
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In this window we can see the section geometry, the physical section with
tendons (which in this design should show 0.0in2 as we have no tendons) and
base rebar, and the idealized (designed) section with calculated reinforcement.
We can see this the section geometry/properties in more detail if we click on
the Details button in the Geometry section of this window as shown in FIGURE
10-36.

Design Section Details

Physical Section  Idealized Section %% Difference

L (in) 140,35 140,35

H (i) 9,00 9,02

Beff (in) 140,35 140,35

A{inZ) 1263.17 1265.39 0.18 %
1{n4) 8§525.26 8571.43 0.53 %
Ytop (in) 4,50 4,51

Yhot (in) 4,50 4,51

CG(%,Y)(m)  1505.30,916.96 1505.30, 916.96
Start (%,Y) (n) 1435.12, 916.96 1435.12, 916.96
End (X,Y) (r) 1575.47,916.96 1575.47, 916.96

Figure 10-36

In the Reinforcement section we can see the area of base reinforcement in the
section, as well as the area of calculated reinforcement in the top and bottom
fiber of the section. Just to the right of the area of calculated reinforcement the
user can also see the controlling load combination in parenthesis. Lastly if we
click on the Details button in this section, we can see more details about the
reinforcement in the section as shown in FIGURE 10-37.



Reinforcement Details

Reference Line, RL:  bottom of design section w

Area (in2) CGS from AL {in) Material Type/Casze
calculated 9.2 7.7 MildSteel 1 Strength{Dead and Live)

Figure 10-37

The last section in this window is the Design Summary section. In this section
the user can view the design section criteria (One-way, two-way, beam, as well
as if the section is designed as RC or PT), Moment Capacity of the section for
both positive and negative moment, the moment demand of the section again
both for positive and negative demand, and the D/C ratio of the section. Lastly
the user can also read the Shear Capacity and Vu/phiVc ratio of the section if it
is being designed using the one-way or beam criteria.

10.9 Generate Rebar — RC Slab

Now that we have checked our results and are satisfied with our design we can have the
program generate the calculated reinforcement needed to satisfy our design.

Go to Floor Design =2 Strip Results/Visibility click on the Display/Hide Support
Lines in the Y-direction + icon to turn off the support lines in the Y-direction.

Click the close button n in the upper right of the Results Display Settings
window to close it.

Go to Floor Design = Rebar and click on the Calculated Rebar Plan % icon this
will bring up the Generate Rebar Drawing Options window shown in FIGURE 10-
38.
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Generate Rebar Drawing Options

Load Combination

| Envelope '

Bar Length Selection
(®) Calculated Lengths
() Library Lengths
Bar Orientation

(®) along support lines
O Angle from global x-axis for bars along
support lines in:

w-direction | 0 degrees

Y-direction | 90 | degrees

[ ox | | concel

Figure 10-38

e C(Click OK button as we will generate the Envelope rebar needed to satisfy all
design criteria with the default options of the program. When done the users
screen should be similar to that shown in FIGURE 10-39.
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Figure 10-39
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10.10 Export Rebar CAD Drawing — RC Slab

e We can now export the rebar to a CAD drawing in order to produce our
documentation. Go to File = Export = DWG. This will open the AutoCAD
Version window where the user can choose the drawing version as well as,
whether they want the drawing to export tendons as Polylines or Splines as
shown in FIGURE 10-40.

Autocad Version >

Autocad 12 Tendon Expart

[ Export Spline az Spline Object (20
iﬂiﬂiiﬂ gggg [ Esport Filets as Linedare Objects [2D]
Autocad 2007

Cancel

Figure 10-40

e C(Click OK to save the drawing.

e  When prompted find the location where you want to save the file and give the
file a name and click SAVE.

e If prompted to fix layer names choose APPLY FIX and the program will export
the drawing.

e Opening the drawing the user should have a CAD file that looks similar to the
CAD file shown in FIGURE 10-41.
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Figure 10-41

10.11 Copying Design Strips to Other RC Levels

With our support line layout and design complete we can now copy the same up to
Levels 5, 6, 7 and Roof of the model.

e Click on the Home ribbon to make the model active again.

e Goto Rebar =2 Visibility and click on the Show Rebar % icon to turn off the
rebar displayed on plan. If the rebar does not turn off after the first click, click
the icon again and the rebar should completely turn off.

e Goto Floor Design 2 Strip Results/Visibility and click on the Display/Hide

Support Lines —= icon. This will turn off the support lines we have already
generated.
e Goto Floor Design =2 Strip Results/Visibility and click on the Display/Hide

Splitters |HI icon. This will turn off the support lines we have already generated.

e Goto Home 2 Selection Tools and click on the Select by Type TR icon. This will
open the Select by Type dialog window as shown in FIGURE 10-42.
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Beam ~ | oK |
Cell

Circle

Colurnn

Frame

Gridline

Line

Line Load

Line Suppaort

Mode

Opening

Patch Load

Point Support

Febar

Flesult Contour

Slab Region

Splitter

Suppaort Line

Tendon

Tent W

Cancel

Criteria

(®) &l

() By keyword:

() By design group: | Mone
Muwsh Utilization min |0

Mwsh Utilization max | g gg

By column size: 18,00 % 18.00in
Selection Type
(®) Refresh all selection

() Add to current selection
() Remove from curent selection

Figure 10-42
e Click on Splitter and Support Line in the Select by Type window and then click
the OK button to close the window and select the items.

e Go to Modify = Copy/Move and click on the Vertical t icon. This will open up
the Copy - Move window as shown in FIGURE 10-43.

Copy/Move Vertical

Copy w | zelected iterms | To “ | plane | Boof [EL 79.5] e

Cancel

Figure 10-43

e Click on the drop-down box labeled To and select Up. This will change the
Copy/Move Vertical window to be as shown in FIGURE 10-44.
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Copy/Move Vertical

248

Copy w | zelected itemsz | Up e time[s] ta exizting planes.
Cancel

Figure 10-44

e C(lick in the text entry box and change the 1 toa 3.
o Click the OK button to copy the selected items up for 3 levels.

e C(Click on the View Full Structure ' icon in the Upper Right Level Toolbar. This
will bring you to Multi-Level mode where you can view and navigate the full
structure instead of level-by-level when in Single-Level mode.

e C(Click on the Top-Front-Right View @ icon in the Bottom Quick Access Toolbar.
This will bring you to the view of the model shown in FIGURE 10-45.

S Br % @@ & 1 tuionalmodelADM - ADAPT | Lage | Floor Pro | AC
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Figure 10-45

e The user can now navigate to levels 5 through the Roof, generate the design
sections for the level and then run the analysis and design to check the design
on these levels. The design outcome should be similar to that at Level 4.
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Creating Lateral Loads

In this section, you will learn how to create lateral loads and load cases for wind and seismic
load effects. Load combinations will be generated for Wind and Seismic service and strength
effects.

11.1 Generating Wind Loads

In generating wind loads and to properly view the loads at the time of creation, make
sure you are working in Multi-Level mode. Viewing the loads after creation are best
seen when viewing the model in isometric view. Use the Bottom Quick Access Toolbar

and select the Top-Front-Right View @ icon.

Go to Loading = Visibility and click on the Show All Loads il icon. This will

[}
turn off all loads in the model.

e Goto Loading 2 Lateral/Building and click on the Wind Load Wizard ‘{ icon.
This will bring up the window shown in FIGURE 11-1.

[ ]

Replicate the entry as shown in FIGURE 11-1. Note the criteria for wind loading
is found on pages 8-9 of this document.

Wind Load Wizard

General Parameters = e Wwind Forces
xposure Heigl @ pri recton () Orth I directi
y Primary direction Orthogonal direction
Load Generation: | ASCE 7-10 ~ Top Level: |Roof (EL 75.5) -
BT l:l degrees  goound Lovel: T > Reference Plane  Exposure Width (ft) Force Windward (K)  Force Leewsz ™
e Roof (EL79.5)  82.0 11,506 7.253
[P R ETTEgT T (e Level 6 (EL 67.5) 82.0 20.575 13.295
Wind Pressure Parameters Level 5 (EL 57.5) 82.0 18.054 12.088
Level 4 (EL 47.5) 82.0 17.337 12,083
Topographic factor, kzt: Exposure: |C il < S S TS
Directionality factor, kd: AR S, O (® Caloulated () User defined
Basic wind speed: mph Leeward coeffident, Cp: Include torsional moment
Gustfctr ey, 1[5 |
Wind Pressure Eccentricity, e2: | 15 %o
Height {ft) Windward (psf) Leeward (psf) Load Cases
o 73.5 23.625 14.788 Update existing load case () Wind_P0
0 67.5 22,825 14.768 ind
57.5 22068 14,766 Create new load case (8) ‘ Wirn
0 47.5 21.198 14.766 Wind_P0
FeT 37.5 20.169 14.766 Wind_MO
25,5 18,596 14,765 Wind_PS0
Delete 12.5 16,652 14,766 b LD
0.0 16,652 14.768 Cancel
Figure 11-1

Note that in the lower right of the Wind Load Wizard input window, the

program reports the default load case names that will be created. For this
tutorial, Wind_PO, Wind_P90, Wind_MO and Wind_M290 will be used.

e Select the Apply Forces button
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Click on the Select Set/View ltems 65" icon of the Bottom Quick Access Toolbar
to open the Select Set/View Items dialog window.
Make the selection on the General tab as shown in FIGUR 11.2

Select/Set View ltems

Structural Componants  Finite Bement  Loads

ltem Display  Render D Dimension  Label Symbol Symbol Size  Font Height
Slab Region: O O O O g|in 20.00(in
Column: O O O O 3|in 20.00(1n
Wall: | | | | 3|in 20.00(in
Beam: [l [l o O 6)in 20.00|
Drop Cap./Panel: O O O O O O g|in 20.00| in
Opening: O O O O g|in 20.00| in
Ramp: O O O O O g|in 2001(in
Gridlines: O O ljl in in
Reference Planes: O
Skip Loading: [ O O O O ljl in n
g:isnfhorcemem: D D D D D 6| 20.00| "
Rebar: O O O g|in 20,00(in
Span Direction X7 X r
Support Line: OO0 O O O O g|in 20.00| I
Tributary Region: [ [ | | O O 10[in 20.00(in
Splitter: OO [} O O [l ljl n in

Al Al Al Al Al A [ gin in
MNone None None None MNone| |Mone Al Al
Save as Default Color Palette Cancel
Figure 11-2

Click on the Finite Element tab and clear all check marks in the display column.
Click on the Loads tab and make the selections as shown in FIGURE 11-3.



Select/Set View [tems

Structural Components  Finite Element  Loads

ltem Display =~ Render D Dimengion  Label Symbol  Symbol Size  Font Height ~ Auto

Pairt Load: O o O O O O in in [
Line Load: o d O O O - [10.00]im
Pachload: 0 O O O o 0O in in
Gravity/Lateral Special Lateral Loads
DEAD LOAD
LIVE LOAD
RLL
| WIND_MO
/| WIND_M30
| WIND_PO

®aWIND_F50

Save as Default | |Color Palette | I CK | | Cancel

Figure 11-3

e (Click OK to close the Select Set/View Item dialog window. After the dialog
window closes the line loads representing the wind load cases will be shown as
in FIGURE 11-4.
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Figure 11-4

Wind load cases added to the structure are stored as Building Loads. To review the list of
building loads for the model, go to Loading = Load Case/Combo and click on the Load

Cases- icon (FIGURE 11-5). Note that building loads are only solved for when analyzing
the model in Multi-Level mode. Once solved for, the program stores building load column
and wall reactions for the purpose of result display, column and wall design and the ability
to use the reactions for Single-Level analysis.



Load Case Library X

General Loads [Gravity/Lateral] [ ] Lateral Load Solution Sets | Help
Reserved Load Cazes

[ead load
Live load
Prestressing

Help
General Loads [Graviby/Lateral)
Dead load
Liv Ioa Label | Ceadload
RLL [R]
Add Delete
Reducible Temperature
Shrinkage
Building Loads
Label |Wind_F'D |
Wind_P30
wind_b0 Add Delete
Wind_k30 ;
|'W'|nc| w |
Rieactions Only

I i |

Figure 11-5

After generating wind loads, you may want to turn off or display specific wind load cases
graphically. For this tutorial, we will turn off the display of the wind loads.

Click on the Select Set/View Items 65" icon on the Bottom Quick Access Toolbar
to open the Select Set/View Items dialog window.

Select the Loads tab and turn off the line load display for Wind_MO, Wind_M90,
Wind_PO, and Wind_P90 load cases. See FIGURE 11-6.
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Select/Set View [tems

Structural Components  Finite Element  Loads

ltem Display =~ Render D Dimengion  Label Symbol  Symbol Size  Font Height ~ Auto

Pairt Load: O O O O O O in in [
Line Load: [ [ O O [ 10,00 | in 1000(in
Patch Load: [ O O O (I O in in

Gravity/Lateral Special Lateral Loads

DEAD LOAD
LIVE LOAD
RLL
WIND_MO
WIND_M30
WIND_PO
WIND_P30

1000]n  [1000]im
Save as Default | |Color Palethe| I CK | | Cancel

BmY «  omMRARBR S Womcg ©

Caces Combmations

Figure 11-6

e Click OK the user’s screen should now look similar to FIGURE 11-7.
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Figure 11-7
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11.2

Generating Seismic Loads

Note that seismic loads are not externally applied loads like wind loads. After selecting
the loading input parameters and applying the loads, the data will be saved in the .ADM
file and will be used at the onset of analysis to determine the nodal seismic loads for the
general frame analysis. Seismic loading cannot be displayed as graphically applied loads
but after the analysis is run, the user can obtain seismic loading data from Reports 2>
Single Default Reports = Loads =2 Applied Loads.

e Goto Loading = Lateral/Building and click on the Seismic Load Wizard “M"' icon
to bring up the Seismic Load Wizard dialog window.

e Replicate the entry as shown in FIGURES 11-8 and 11-9 for EQX and EQY. Note
the criteria for seismic loading is found on page 9 of this document. Select Apply
to Load Case after defining each seismic load case.

e After defining the EQX case, change this to EQY and change the direction to 90

degrees.

Seismic Load Wizard

Load Cases
Update existing load case Load Generation: | ASCE 7-10 w g Range
Direction: D egrees
e Cor e 75
Eccentridty, el: l:l 5% Ground (EL 0)
Spectral Acceleration, Ss: Distribution Coefficient, k: K
Reference Plane Height (ft) Width (ft) Eccentricity (in)
Spectral Acceleration, 51: SEISI'HIC Response Coefficent, Cs: (@) | 0.197 Roof (EL 79.5) 73.50 82.00 0.0
Site Class: | D ~ Level 6 (EL67.5) 67.50 32.00 49.20
§ i Level 5 (EL 57.5) 57.50 82.00 43.20
Response Modification Factor, R: D Level 4 (EL 47.5) 47.50 32,00 49,20
Occupancy Importance factor, 1: Level 3 (EL 37.5) 37.50 91.25 54.75
Level 2 (EL 25.5) 25.50 91.25 54.75
Level 1{EL 12.5) 12.50 91.25 54.75
Fundamental Period, T: | 0.532 s |ByEquation Ground (ELO)  0.00 0.00 0.00
Coefficent, Ct: | 0.02 | X | 0.75
Lorg erod, T
Seismic mass: | yibration_1 = 1.00 x Selfweight ~
Edit
(@ Caloulated () User defined
Apply To Load Case Close
Figure 11-8
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Seismic Load Wizard

Load Cases
Update existing load case Load Generation: | ASCE 7-10 w Range
Direction: - degrees
A Comealt -
Eccentridty, el: l:l oG Ground (EL 0) ~
Spectral Acceleration, Ss: Distribution Coefficient, k: 1.016
Reference Plane  Height (ft) Width (ft) Eccentricty {in)
Spectral Acceleration, 51: SEISI'HIC Response Coeffident, Cs: (@) | 0.197 Roof EL79.5)  79.50 36,50 57.90
Site Class: |D v Level 6 [EL 67.5) 67.50 96,50 57.90
§ i Level 5 (EL 57.5) 57.50 95,50 57.90
Ry M il et o I:I Level 4 (EL 47.5) 47.50 96,50 57.90
Occupancy Importance factor, I: Level 3 (EL 37.5) 37.50 140,75 84.45
Level 2 (EL 25.5) 25.50 140.75 84.45
Level 1(EL 12.5) 12.50 140.75 84.45
Fundamental Period, T: | 0.532 s |ByEquation Ground (EL 0) 0.00 0.00 0.00
Coefficent, Ct: | 0.02 | X | 0.75
Seismic mass: | yibration_1 = 1.00 x Selfweight ~
Edit
® Caloulated () User defined
Apply To Load Case Close
Figure 11-9

Seismic load cases added to the structure are stored as Building Loads. To review the
list of building loads for the model, go to Loading = Load Case/Combo and click on the

Load Cases EE icon (FIGURE 11-5). Note that building loads are only solved for when
analyzing the model in Multi-Level mode. Once solved for, the program stores building
load column and wall reactions for the purpose of result display, column and wall design
and the ability to use the reactions for Single-Level analysis.
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12 Load Combinations for Service and Ultimate Limit States

Now that both gravity and lateral loads have been defined, service and ultimate (strength) level
load combinations need to be defined for the combined effects of gravity and lateral wind and
lateral seismic loads. In this section, you will learn how to create these load combinations
manually and using an import file (.INP) that already contain the load combinations. Once the
combinations have been defined, the file will be saved as a template file (.APT) which can be
selected at the onset of any new ADAPT-Builder model.

Refer to Pages 10-11 of this document. The following load combinations need to be defined for
the example model.

Serviceability Load combinations (SLS) — Lateral

e 10*SW+1.0*SDL+1.0* WL+ 1.0*PT

e 10*SW+1.0*SDL+0.7*EQ + 1.0*PT

e 1.0*SW+1.0*SDL+0.75*WL+0.75*LL + 0.75*RLL + 1.0*PT
e 1.0*SW+1.0*SDL+0.53*EQ + 0.75*LL + 0.75*RLL + 1.0*PT
e 0.6*SW +0.6*SDL + 1.0*WL + 1.0*PT

e 0.6*SW +0.6*SDL+0.7*EQ + 1.0*PT

Strength Load Combinations (ULS) — Lateral

o 1.2*SW + 1.6*RLL+ 1.0*LL + 1.0*HYP

e 1.2*SW + 1.6*RLL+ 0.8*WL + 1.0*HYP

e 1.2*SW+1.2*SDL +1.6*WL + 1.0*LL + 0.5*RLL + 1.0*HYP
e 1.2*SW+1.2*SDL + 1.0*EQ + 1.0*HYP

e (0.9*SW+0.9*SDL + 1.6*WL + 1.0*HYP

e (0.9*SW +0.9*SDL + 1.0*EQ + 1.0*HYP

In the combinations listed above, seismic loads (EQ) applied to the combinations should reflect
seismic load in the X and Y directions respectively with respect to provisions found in ASCE7-10
Section 12.4.

In the combinations listed above, wind loads (WL) applied to the combination should consider
all load case permutations as shown below.

e 1.00xWind_PO

e -1.00x Wind_PO

e 1.00 x Wind_P90

e -1.00x Wind_P90

e 0.75xWind_P0+0.75 x Wind_MO
e 0.75x Wind_P0 -0.75 x Wind_MO0

e -0.75xWind_P0+0.75 x Wind_MO
e -0.75x Wind_P0 -0.75 x Wind_MO
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e 0.75xWind_P90 + 0.75 x Wind_M90

e 0.75xWind_P90 -0.75 x Wind_M90

e -0.75xWind_P90 +0.75 x Wind_M90

e -0.75x Wind_P90 -0.75 x Wind_M90

e 0.75xWind_PO+0.75 x Wind_P90

e 0.75xWind_P0-0.75 x Wind_P90

e -0.75xWind_P0+0.75 x Wind_P90

e -0.75xWind_P0-0.75 x Wind_P90

e 0.56x Wind_PO+0.56 x Wind_P90 + 0.56 x Wind_MO + 0.56 x Wind_M90
e 0.56 x Wind_PO + 0.56 x Wind_P90 + 0.56 x Wind_MO -0.56 x Wind_M90
e 0.56 xWind_PO +0.56 x Wind_P90 -0.56 x Wind_MO + 0.56 x Wind_M90
e 0.56 xWind_P0+0.56 x Wind_P90 -0.56 x Wind_MO0 -0.56 x Wind_M90

e 0.56x Wind_P0-0.56 x Wind_P90 + 0.56 x Wind_MO + 0.56 x Wind_M90
e 0.56xWind_P0-0.56 x Wind_P90 + 0.56 x Wind_MO0 -0.56 x Wind_M90

e 0.56 x Wind_P0-0.56 x Wind_P90 -0.56 x Wind_MO + 0.56 x Wind_M90

e 0.56 x Wind_P0-0.56 x Wind_P90 -0.56 x Wind_MO0 -0.56 x Wind_M90

e -0.56 x Wind_PO0 + 0.56 x Wind_P90 + 0.56 x Wind_MO + 0.56 x Wind_M90
e -0.56xWind_PO+0.56 x Wind_P90 + 0.56 x Wind_MO0 -0.56 x Wind_M90
e -0.56 x Wind_PO + 0.56 x Wind_P90 -0.56 x Wind_MO + 0.56 x Wind_M90
e -0.56 x Wind_P0 + 0.56 x Wind_P90 -0.56 x Wind_M0 -0.56 x Wind_M90
e -0.56 x Wind_P0 -0.56 x Wind_P90 + 0.56 x Wind_MO0 + 0.56 x Wind_M?90
e -0.56 x Wind_P0 -0.56 x Wind_P90 + 0.56 x Wind_MO0 -0.56 x Wind_M?90
e -0.56 x Wind_P0 -0.56 x Wind_P90 -0.56 x Wind_MO + 0.56 x Wind_M90
e -0.56 x Wind_P0 -0.56 x Wind_P90 -0.56 x Wind_M0 -0.56 x Wind_M90

The Wind Load permutations will first need to be defined. Follow the steps below to manually
enter a combination. This process would be repeated for multiple combinations.

e Gotoloading 2 Load Case/Combo and click on the Load Combinations ‘ icon to
bring up the Combinations dialog window.

e Use the drop-down menu for Analysis/Design Options and select No Code Check. This
particular option is used for the purpose of referencing the combination in other
combinations or to review results of a load combination without having the program
design for the combination.

MO CODE CHECK ~

e Select the symbol to add a new combination.
e A new combination will be created called NO C1.

MO C1 MO CODE CHECK

Change the combination name to “Wind_WC1a”
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W1 WcCla MO CODE CHECK

e Atthe top of the combination factor screen, load cases and combinations are listed at
the top horizontal row. Locate the load case Wind_PO. Enter 1.0 for the factor.

Label Analysis/Design option Load Combination Seffweight | Dead load | Live load | RLL | Prestressing | Hyperstatic | Wind_PD | ¥
Service(Total Load) SERVICE TOTAL LOAD Self +Dead + Live + Pres 1 1 1 1

Service(Total Load) RLL SERVICE TOTAL LOAD Self +Dead + Live +RLL + Pres 1 1 1 1 1

Service(Sustained Load) SERVICE SUSTAIMED LOAD  Self +Dead + 0.3 x Live +Pres 1 1 0.3 1

Service(Sustained Load) RLL SERVICE SUSTAIMED LOAD  Self + Dead + 0,75 % Live +0.75 x RLL + Pres 1 1 0.75 075 1

Strength(Dead and Live) STRENGTH 1.2xSelf + 1.2x Dead + 1.6 xLive +0.5x ALL +Hype 1.2 1.2 16 0.5 1

Strength(Dead Load Only)  STRENGTH 1.4 x Self + 1.4 x Dead +Hype 1.4 1.4 1

Initial INITIAL Self + 1.15 x Pres 1 115
| | | i |

To rapidly create the load combinations listed above, we will continue by using an alternative

method via the INP exchange file. This file can be created and imported from any other .ADM
file. The .INP file containing these combinations can be obtained by contacting
adaptsupport@risa.com. Itis also included in the download link for this tutorial.

e Select File 2 Import 2 INP

e The Open dialog window will appear. Navigate to the location of the .INP file on your
computer and select Open.
B Open
® - 1 Bl Desktop v| ¢ | | Search Desktop r
Organize » New folder g= -
‘v Favorites ~  Name Size ltem type
Bl Desktop Nj Master_Loading ACLINP 203 KB INP File
%& Dropbox Builder Models File folder
il Recent places . REVIT Ingetration File folder
& Downloads Design Codes File folder 0
. Builder Models v < >
File name: | Master Loading_ACLINP v IMP Files (*.inp) v
[ ]

This will launch the Import Options window as shown in FIGURE 12-1.
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Import Options

260

Components | pads/Load Cases  Load Combinations

Select the components to be imported

Beams 0 Drop caps/panels 1]
Columns 16 Openings i}
Walls ] Rebar n
Slabs 4 Mesh reinforcement 0
Tendons 00

Stiffness Modifiers i

Releases 0

Select All Deselect all

O Update level terge similar slabs during impart

(®) Create new model

Impart level: |AII w

Reference plane:  Level 1 [EL 12.5) -

I ok || Cancel |

Figure 12-1

From the Components tab:

Select the option Update Level

De-select Merge similar slabs during import
Select the Deselect all tab

Change Import Level to Roof (EL 79.5)
Change Reference Plane to Roof (EL 79.5)



Import Options

Components | pads/Load Cases  Load Combinations
Select the components to be imported

Beams 0 Drop caps/panels 1]
Columnz 0§ Openings i}
Walls ] Rebar n
Slabs ] Mesh reinforcement 0
Tendons 00

Stiffness Modifiers 0

Releases 0

Lo.ZelsctAl § | Deselectal |

@ Update level [] Merge similar slabs during impart

(") Create new model

Impart level: | Boof [EL 79.5) e I

Reference plane: |Fh;..;f_[E_|: 79.5)

From the Load/Load Cases tab:

o Select the Import All button.

e Inthe Map to Existing column map the loads to the correct load cases. When done the
window should look as shown in the next figure. In order to map to existing load cases,
we need to have loads in the INP file. Once we import the INP file we will delete the
“dummy” loads that get imported from the INP file.
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Import Options

Components  Loads/Load Cases  |oad Combinations

Load case | Type Import Map to Existing
Dead_load Dead load Applied force only Dead load
Live_load  Live load Applied force only Live load

RLL Standard Applied force only RLL

Wind_P0  Wind Applied force only Wind_P0O
Wind_P30  Wind Applied force only Wind_P90
Wind_M0  Wind Applied force only Wind_M0
Wind_M30  Wind Applied force only Wind_mM3a0

Eccentricty used to apply imported story force: I:l% Import None

Import Al

(®) Update level [Titerae similar siabs during impark

(") Create new model

Impart level | Roof [EL 79.5) =
Reference plane: | Roof [EL 79.5) i

Carcel

From the Load Combinations tab:

e Select the Import All button. In the Import column all will be set to Yes.

e Manually change the Import column for the first 11 combinations to No. The
combinations are already included in the model from a previous section and should not
be over-written.

e Select OK at the bottom of the window.
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Irnport Options x

Components  Loads/Load Cases Load Combinations

import | Label  Detais A
Mo Service_Total_Load_ 1.00 x Selfweight + 1.00 x Dead_load + 1.00 x Li
Mo Service_Total_Load_RLL 1.00 x Selfweight + 1.00 x Dead_load + 1.00 x Li
Ma Service_Sustained_Load_ 1.00 % Selfweight + 1.00 x Dead_load + 0.30 x Li
Mo Service_Sustained_Load_RLL 1.00 x Selfweight + 1.00 x Dead_load + 0.75 x Li
Ma Strength_Dead_and_Live_ 1.20 x Selfweight + 1.20 x Dead_load + 1.60 x Li
Mo Strength_Dead_Load_Only_ 1.40 x Selfweight + 1.40 x Dead_load + 1.00xH
Mo Initial 1.00 x Selfweight + 1.15 x Prestressing

Yes Wind_WC1a 1.00 % Wind_P0 ¥
€ >

| Importal | | ImportNone |

@ Update level [] Merge similar slabs during impart

() Create new model

sl Hr [EL?SS] i Rt e e

B H.;..;.f[EL?gE]

If a warning similar to the one shown below is shown select No.

Warning

Selected load combination(s):
Initial

already exist in your model, Do you want to replace
the existing load combination(s)?

Yes Mo Cancel

To review the imported list of combinations, go to Loading = Load Case/Combo and

click on the Load Combinations ? icon. FIGURE 12-2 shows the final list of
combinations imported to the ADAPT-Builder model. This list includes over 200
combinations. For the remaining sections of this tutorial only a handful of the load

combinations will be used.
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Add Combination Filter Rows Filter Columns

Andlysis/Design Options: | SERVICE SUSTAINED LOAD | ‘ Clear [Choose....| | showal || Cases | Combos |

Label ‘ Analysis/Design option | Load Combination ‘ Seffweight | Dead load ‘ Live load | RLL ‘ Prestressing | Hype ™
Service(Total Load) SERVICE TOTAL LOAD Self +Dead +Live +Pres 1 1 1 1

Service(Total Load) RLL SERVICE TOTAL LOAD Self +Dead +Live +RLL +Pres 1 1 1 1 1
Service(Sustained Load) SERVICE SUSTAINED LOAD  Self +Dead + 0.3 x Live +Pres 1 1 0.3 1
Service(Sustained Load) RLL SERVICE SUSTAINED LOAD  Self + Dead + 0.75x Live +0.75 x RLL +Pres 1 1 0.75 0.75 1
Strength(Dead and Live) STRENGTH 1.2xSelf + 1.2 x Dead + 1.6 x Live + 0.5 x RLL +Hype 1. 12 16 0.5 1
Strength(Dead Load Only) STRENGTH 1.4x Self + 1.4 x Dead + Hype 1. 14 1
Initial INITIAL Self +1.15 x Pres 1 115
Service_Total_Load_ SERVICE TOTAL LOAD Self + Dead + Live + Pres 1 1 1 1
Service_Total_Load_RLL SERVICE TOTAL LOAD Self +Dead +Live +RLL +Pres 1 1 1 1 1
Service_Sustained_Load_ SERVICE SUSTAINED LOAD  Self +Dead + 0.3 x Live +Pres 1 1 0.3 1
Service_Sustained_Load_RLL SERVICE SUSTAIMED LOAD  Self +Dead +0.75 x Live +0.75 x RLL +Pres 1 1 0.75 0.75 1
Strength_Dead_and_Live_ STRENGTH 1.2x5Self + 1.2 xDead + 1.6 x Live +Hype 12 12 16 1
Strength_Dead_Load_Only_ STRENGTH 1.4 Self + 1.4 x Dead + Hype 1.4 14 1
Wind_WC1a NO CODE CHECK Wind

Wind_WC1b MO CODE CHECK -1x Wind

Wind_WC1c MO CODE CHECK Wind

Wind_wC1d NO CODE CHECK -1 x Wind

Wind_WC2a NO CODE CHECK 0.75 x Wind +0.75 x Wind

Wind_WC2h MO CODE CHECK 0.75 x Wind +-0.75 x Wind

Wind_WC2c MO CODE CHECK -0.75 x Wind +0.75 x Wind

Wind_wcC2d NO CODE CHECK -0.75 x Wind +-0.75 x Wind

Wind_WC2e NO CODE CHECK 0.75 x Wind +0.75 x Wind

Wind_wc2f MO CODE CHECK 0.75 x Wind +-0.75 x Wind

Wind_WC2g MO CODE CHECK -0.75 x Wind +0.75 x Wind

Wind_WC2h MO CODE CHECK -0.75 x Wind +-0.75 x Wind

Wind_WC3a NO CODE CHECK 0.75 x Wind +0.75 x Wind

Wind_WC3b NO CODE CHECK 0.75 x Wind +-0.75 x Wind

Wind_WC3c MO CODE CHECK -0.75 x Wind +0.75 x Wind

Wind_WC3d MO CODE CHECK -0.75 x Wind +-0.75 x Wind

Wind_WC4a NO CODE CHECK 0,56 x Wind +0.56 x Wind +0.56 x Wind + 0.56 x Wind

Wind_WC4b NO CODE CHECK 0.56 x Wind +0.56 x Wind +0.56 x Wind + -0.56 x Wind

Wind_WC4c MO CODE CHECK 0.56 x Wind +0.56 x Wind +-0.56 x Wind + 0.56 x Wind

Wind_WC4d MO CODE CHECK 0,56 x Wind +0.56 x Wind +-0.56 x Wind + -0.56 x Wind

Wind_WC4e NO CODE CHECK 0,586 x Wind +-0.56 x Wind + 0.56 x Wind + 0.56 x Wind

Wind_wCaf NO CODE CHECK 0.56 x Wind + -0.56 x Wind + 0.56 x Wind + -0.56 x Wind w
< >

Add Long-Term Deflection Combination...

Figure 12-2

To remove duplicate combinations:

e Select the following load combinations.

Add Combination Filter Rows

Clear

Analysis/Design Options: |SER\|"ICESUSTAINEDLOAD v| |

Filter Columns

|Choose... || Show all || Cases || Combos |

ICE TOTAL LOAD
CE TOTAL LOAD
AINED LOAD

AINED LOAD

STRENGTH

Self + Dead +Live +Pr

Label | Analysis/Design option | Load Combination | Selfweight | Dead load | Lin ™
Service(Sustained Load) RLL SERVICE SUSTAIMED LOAD  Self + Dead +0.75 x Live +0.75 x RLL +Pres 1 1 0.
Strength{Dead and Live) STRENGTH 1.2 % Self + 1.2 x Dead + 1.6 x Live + 0.5 x RLL + Hype 1.2 1.2 1
Strength{Dead Load Only) STRENGTH 1.4 x Self + 1.4 x Dead +Hype 1.4 1.4

Initial INITIAL Self + 1,15 x Pres 1

Wind_WC1a MO CODE CHECK

Wind_WC1b MO CODE CHECK -1 x Wind

Wind_WC1c MO CODE CHECK Wind

Wind_WC1d MO CODE CHECK -1 x Wind

Wind_WC2a MO CODE CHECK 0.75 x Wind +0.75 x Wind

Wind_wWC2b MO CODE CHECK 0.75 x Wind +-0.75 x Wind w
R [, e e oo e 3
Add Long-Term Deflection Combination. .. | I oK I | Cancel |

e C(Click Delete on your keyboard to remove these combinations from the Combinations
list. The user should be left with 239 load combinations in the model.
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To remove “dummy” loads:

e C(Click OK to close the load combination window.
e Click on the Multi-Level Mode ' icon of the Upper-Right Level Toolbar.

e Click on the Open the Select/Set View Items tool 65" from the Bottom Quick Access
Toolbar and in the Structural Components make the selections as shown below

Select/Set View [tems

Structural Components  Finite Element  Loads

ltem Display ~ Render D Dimension Label Symbol Symbol Size  Font Height
Slab Region: O O O O g|in 20.00(in
Column: O O O O 3|in 20.00|in
Wall: O O O O 3|in 20.00(in
Beam: |:| |:| |:| |:| g|in 20.00| in
Drop Cap./Panel: d O O O O O g in 2000 in
Opening: O O O O g|in 20.00| in
Ramp: O O O O O g[in 20.01|in
Gridiines: El in in
Reference Planes:
Skip Loading: O O O O O EI in in
g:isn?orcemm: D D D D D 6]in 20.00] In
Rebar: O O O g|in 20.00| in
Span Direction X7 X v
Support Line: OO O O O O g|in 20.00(in
Trbutary Region:  [] [ O O O O 10| in 20.00|in
Splitter: OO O O O O EI n in

Al Al Al Al Al A [ efin in
Mone MNone None None MNone| | None Al Al

Save as Default Color Palette Cancel

e C(Click on the Loads tab and make the selections shown in the following figure.
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Select/Set View [tems

Structural Components — Finite Blement  Loads

ttem Display =~ Render D Dimengion  Label Symbol  Symbol Size  Font Height = Auto

Pairt Load: O O O O O O in in [
Line Load: [ O O | [ in 10.00 | in
O

Patch Load: [ O O O O in in

Gravity/Lateral Special Lateral Loads

] DEAD LOAD
| LIVE LOAD
Z|RLL

2| wiND_Mo
| WIND_M30
| WIND_PO

®EIWIND_P50

1000[n  [1000]im
| Save as Default | |Co|or Palette| I oK | | Cancel

e C(Click on the Finite Element tab and deselect all components.
e Click OK to close the Select/Set View Items dialog window.

e C(Click on the Top View @ icon in the Bottom Quick Access Toolbar. The user’s screen
should now look as shown in FIGURE 12-3.
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Figure 12-3

o The “dummy” loads are visible at the top of the modeling interface.
e Select the loads as shown in FIGURE 12-4, and click the Delete key on your keyboard.
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Figure 12-4

e Lastly, we will delete any reactions that may have been imported from the INP file. Go

to Analysis 2Reactions and click on the Stored Reactions c'l icon.
e Click the Select All button and then click the Delete button.
e Click the OK button to close the window
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13

Usage Cases and Releases

Later in the tutorial, the model will be processed for serviceability (drift, deflections, etc.) and
strength (ultimate) design. For each unique design purpose, the user may want to impose both
stiffness modifiers and column and/or beam end-releases to mimic the post-elastic cracked
state the structural components are in. This is achieved by Usage Cases and Releases. A set of
column or beam end releases is not linked to usage case. When a release is set (X, Y, Z
translational or rotational releases), they are always active until modified again. Usage cases
can be defined and then selected as the current set of stiffness modifiers to be used for an
analysis run. The program stores all solutions sets based on the different usage cases defined in
a model.

This section will instruct the user how to generate usage cases and apply releases for columns.
For this model we will first create 2 usage cases called: Drift and Strength Design. For Drift we a
modifier of 0.7 will be applied for all values (M11, M22, F11, etc.). For Strength Design 0.5 will
be assigned to walls and columns, 0.35 for RC slabs and 0.5 for PT slabs and beams. Set the top
and bottom of all columns such that rotation is released for X, Y and Z axes.

13.1 Defining Usage Cases

Follow the steps below to set up the usage cases for Drift and Strength Design.

e Goto Loading = Visibility and click on the Show All Loads m icon. This will
turn off all loads in the model.

e Click on the Top View @ icon in the Bottom Quick Access Toolbar.
e Double-click on any component (slab, column, etc.) to open its properties menu.
Select the Stiffness Modlifiers tab.

Column x

v 7
General Location FEM  Release Stiffness Modffiers  Properties

1

(%]
[

Usage M1 M22 M3 M

1.000 1.000 1.000

Uncracked 1.000 000 000 000

Edit Lsage...
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e The default usage case for any ADAPT-Builder model is Uncracked. This usage
case cannot be removed and has values of 1.0 set to all options. This assumes
an uncracked, linear-elastic state.

e Select the Edit Usage button and select the New (Insert) icon.

2rties
Combination Usages
| X
Mew(lnsert) h

e Create usage cases Drift and Strength Design as shown below and select OK.

Combination Usages

Dirift

Strength Design

e Double-click any component again and go to the Stiffness Modifiers tab. Note
that the values for the 2 new usage cases are set to 1.00 for all degrees of
freedom allowed to be assigned.
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Column x

v %

General location FEM  Release Stiffness Modfiers  Properties

,
3 2

Usage M1 M22  M33d N
Uncracked 1.000 1.000 1.000 1.000
Dirift 1.000 1.000 1.000 1.000

Strength Design 1.000 1.000 1.000 1.000

Edit Usage...

e C(Click on the Multi-Level Mode ' icon of the Upper-Right Level Toolbar. This
will ensure the user is in multi-level mode.

o Use CTRL key and select the slabs at levels 1-3. These are the PT slabs and
required the stiffness modifiers referenced above for PT slabs.

I|I N
|'~4|||’m<
\|||||>‘4|| 'b.j

m\ l!llb\‘( I. ..

|||4mm

=

¥ \Vfi_\_\"/
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e Go to Modify =2 Properties and click on the Modify Selection ﬂ icon. This will
open the Modify Item Properties dialog window.

e C(Click on the Slab Region tab.

e Select the Stiffness checkbox. For the Strength Design usage case, set the M11
and M22 values to 0.50.

e Select OK to close the menu.

Slab Region
Vertical offset (down positive)
[] Thickness: 900 in O Z 0ppin
Stiffness
a1 direction: D degrees
lzage M11 M22  F1 F22
Uncracked 1.000 1.000 1.000 1.000
Dirift 1.000 1.000 1.000 1.000
Strength Design  1.000 1.000 1.000

o Use the ESC key to deselect the slabs. Now, select the remainder of slabs for
levels 4-R using the CTRL key and mouse picking.

Al d Y ey @O

\/
XK

\NONOAAAA,

RaL

Y

Z£]

Y.
7

svvadaotsoft com Z/0XL/BMOTrgB EPRPL V* m- Do e BE ®437702. UMSUS  Levet Level 1 EL12S)
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e Use the same process to change the slab stiffness modifiers to 0.35 for M11 and
M22. See below.
e Select OK and ESC to deselect the slabs and reset the view.

Slab Reqion
Wertical offset (down positive)
[] Thickness: = 5.00 in O Z: | 0.00/m
[] Stiffness
\i 1
e X
al direction: degrees
P e r
Ilzage M1l MZ2  FN Fa2
Uncracked 1000 1.000 1.000 1.000
Dirift 1000 1.000 1.000 1.000
Strength Design 1.000 1.000

e Goto Home 2 Selection Tools and click on the Select by Type TR icon to open
the Select by Type dialog window.
e Select the text Columns.

e C(Click OK to exit the dialog window and select all columns in the model.

Home  Visibilty  Modfy  Criteia  Model  loading  Tendon  Rebar  Analysis  FloorDesign  PTRCEport  ColumnDesign  WallDesign  Reports At v @@O-
°8 Y2 TRE'\; + K-S lEl@ 4 eLRLL | < l:' + ¥ |EX

e B & o 8 /@A " A BBEABE O = s | -y

ettings et ' ' Measure ewpor

- o by Type P R A BABSQ| S - ® » =2

Display 1 Selection Made 5 Selection Toals & Draw Tools & Zoom/Camera R Viewport R WCS/UCS & Scaling &

www.adaptsoft.com A7 OX L A" HBO T SE OBDDL N~ 1T 0 g o & S )| 2064921042 1., | Units: US Level: Level 1 (EL12.5) Layer: Level_1_{EL_12.5)_Floor_Domain

e Go to Modify = Properties and click on the Modify Selection ﬂ icon. This will
open the Modify Item Properties dialog window.
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e Click on the Column tab.

e Select the Stiffness checkbox and set the values for Drift and Strength Design as
shown below.

e Select OK and ESC to deselect the slabs and reset the view.

[~] 5tiffness
1
3 2
|sage M11 M22 M3z FN1
Uncracked 1.000 1000 1.000 1.000
Dirift 0700 0700 0700 0700

Strength Design

e Repeat the steps shown above for walls and change the modifiers to the values
shown below.

e Select OK and ESC to deselect the slabs and reset the view.

Stiffrness -1
2
3
Uzage M11  MZZ  F11 F22
Uncracked 1.000 1.000 1.000 1.000
Dirift

Strength Design

13.2 Setting Column Releases

When the model is processed for lateral drift combinations we will release all columns
for rotation at the top and bottom of the columns. This step may be required to be
reversed depending on the Multi-Level analysis and usage case that is being run. The
purpose of this section is to show how to change the column releases.

e Goto Home 2 Selection Tools and click on the Select by Type TR icon to open
the Select by Type dialog window.

e Select the text Columns.

e Click OK to exit the dialog window and select all columns in the model.
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Go to Modify =2 Properties and click on the Modify Selection @ icon. This will
open the Modify Item Properties dialog window.

Click on the Column tab.

Set the releases as shown below. Note that you will click the box twice to set
the checkmark. If you need to turn off the rotational release, you will follow the
same steps and make sure that the checkbox has no mark or black square in it.
Select OK and ESC to deselect the slabs and reset the view.

Top Release Bot Release
Translation Tranzlation
[m] Along r+ (m] Along rr
[m] Along == [m] Along s-=
Rotation Rotation
About r+ About rr
About 55 About 55

Double-click on any column in the model and check the Releases tab. Make
sure the release was set as above.

Column x

v B

General location FEM  Release  Stiffness Modffiers Properties

Bottom:
Translation
- ] Aleng r+
Boundary Condition {Top)
RN [JAong s=
Rotation
ey Release (Bottom) 7] About
About 55
Top:
Translation
(B [ &ong r+
Release (T d
[ (Top) Along 55
Rotation
Boundary Condition (B ott [ About r+
oundarny Col ion omj P«bout o5

AN > +
COLUMN SECTION

Boundary condition at the far end of a column is modified under "Supports™
in "Build" pull down menu.
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14

Checking Drift

In this section, the lateral drift for Service Limit State will be checked for load combinations in
including Seismic and Wind load cases. The model will be run in Multi-Level mode using the Drift
usage case defined in Section 13. The following limitations will be imposed on the drift check for
Seismic and Wind combinations separately. Note that the allowable inter-story drift for seismic
combinations includes the Deflection Amplification and Importance Factors.

e Allowable story drift for seismic =.025/(Cd/1) = .005 (0.5%)
e Allowable story drift for wind (story)  =h/400 =.0025 (.25%), or,
e Allowable story drift for wind (height) =h/400, where ‘h’ is total height

14.1 Seismic Drift

Follow the steps below to check drift due to Seismic loads.

e Click on the Multi-Level Mode @ icon of the Upper-Right Level Toolbar. This
will ensure the user is in multi-level mode.

e Goto Analysis 2 Meshing and click the Mesh Generation EE icon to mesh the
structure. Use the default settings as shown below for the Suggested cell size
and Node consolidation.

Automatic Mesh Generation >

tezhing method
(®) Simplified [wall openings disregarded] () Advanced

Suggested cell zize

Slabz: ft (®) Sparze () Uriform

Wl 2 it Sparze | Uniform

Maode conzalidation

Shift nodes automatically Help
bl amirmum diztance: ft
Cancel Save |Sa\-'e # kesh Slabs

e FIGURE 14-1 shows an image of the fully-meshed structure. To view drift
results, we will want the mesh to be hidden. To restore the previous view

without the cells, go to Analysis = Visibility and click on the Shell Elements ,é(

icon. Click on the Shell Elements % icon a second time.
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Figure 14-1

e Goto Analysis 2 Analysis and click on the Execute Analysis > icon.

e Select the combinations for SLS that include the Seismic (EQ) load cases. There
should be 24 of 239 combinations selected. Use the CTRL key to select multiple
combinations.

e Select Drift for the Apply Stiffness Modifiers pull-down selection

Select load combinations for analysis (24 of 243 combinations selected) Options to indude global analysis results
SLS_minus_7[Wind_WC4i) = 0,60 x Selfweight + 0,60 x Dead_load + 1.00 x Prestressing-0.34 x Wind_P » Indude lateral reactions ) )
SLS_minus_7[Wind_WC4j] = 0.60 x Selfweight + 0.60 x Dead_load + 1.00 x Prestressing-0.34 x Wind_F Indude Load Takedown Indude gravity reactions
SL5_minus_7[Wind_\WC4k] = 0.60 x Selfweight + 0.60 x Dead_load + 1.00 x Prestressing-0.34 x Wind_F Apply live load reduction Edit

515 _minus_7[Wind_\WC4] = 0.60 x Selfweight + 0.60 x Dead_load + 1.00 x Prestressing-0. 34 x Wind_P
SL5_minus_7[Wind_\WC4m] = 0.60 x Selfweight + 0.60 x Dead_load + 1.00 x Prestressing-0. 34 x Wind_
SLS_minus_7[Wind_\WC4n] = 0.80 x Selfweight + 0.60 x Dead_load + 1.00 x Prestressing-0. 34 x Wind_| ‘ |
SLS_minus_7[Wind_\WC4a] = 0.80 x Selfweight + 0.60 x Dead_load + 1.00 x Prestressing-0. 34 x Wind_| LpiEers | Srrm | REmime
5L5_minus_7[Wind_WC4p] = 0.60 x Selfweight 4 0.60 x Dead_load + 1.00 x Prestressing-0.34 x Wind |
X +0.70 »

Select Combinations: ” Select All H Select None

Apply stiffness modifiers Drift o

Compression spring/soil support options Envelope only applies to compression gravity loads

Substitute compression springs with fixed suppaorts Assign to selected: | ~ |
Analyze structure with compression springs

Mote; Since the structure incudes compression spring superposition of load cases does not apply. Load I
takedown and results of building solutions will not be available in level mode, | Equilibrium Check | |ljear REacnons|

[CIFRE nondinear analysis
[indude vibration analysis
Stabilize slab automatically against in-plane translation and rotation

[+ Show this dialog whenever I Analyze Structure E

[ warn me if any load case will be ignored in analysis
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e Select OK to analyze the model. Note the model may take several minutes to
process. The Progress Bar will indicate the current analysis status, an example is
below.

Progress [86%]

Procezsing Finite Element Solution g 3 of 3 - Solving.
Remain patient, this operation iz time consuming.
7860 nodes, 312 frame elements, 7257 thell elementz, 129 tendons.

ENEEEEREEEEENEEEEEEEEEEEEEEER Cancel

Lateral drift results can be graphically viewed as global slab displacements in contour
form, wall displacements, or column displacements. In this tutorial we will illustrate
how to check both the contour and column displacements graphically at the Roof Level
using Result Display Settings. The explicit Drift Check tool will also be used which
reports drift pass/fail at walls and columns. Note this check only applies to
combinations set to Service that have been solved for in Multi-Level mode.

e Select Yes to save the solution. The Results Browser dialogue window will
appear. See FIGURE 14-2.

Results View: Service(Total Load) a n
o d =7

Loads Analysis Colorize Display Settings
&P Slab

fl Column

---' Beam

E-B Wall

Figure 14-2

e Click on the Level Assignment @ icon in the Level Toolbar at the top right of
the main Ul window.

e Click onthe “Roof (EL 79.5)” text and click the Set as Active button.

e Click the OK button to close the window.

e Turn off the mesh by going to Analysis D Visibility and clicking on the Shell

Elements )Q( icon two times.

e Click on the Top View @ icon in the Bottom Quick Access Toolbar. The user
should now see the plan of the roof floor on their screen.

e |In the Results Browser Load Combo tab, expand the service tree and select the
SLS_minus_5[_plus_EQ.1] load combination as shown below. This particular
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combination includes the EQX load case. Note that for contour results, the
envelope of combinations is not applicable.

DL TS 2 VNI _ Vst DCRYLIGE WAL LJHAL SDEN +UEdU T FTES + UL A VN + L

SL5_minus_5[ plus_FQ.1] SERVICE TOTAL LOAD Self + Dead + Pres + 0.7 x EQX
SLS minus 5 plus EOQ. 11TSEIS] SERVICE TOTAL LOAD 1.21x5elf + 1.21 x Dead +Pres + 0.7

e In the Analysis tab of the Results Browser expand the tree for
Slab 2Deformation select the X-Translation.

e Repeat the step above for Y-Translation. The two images below show the
graphical contours for X and Y displacements. Note the maximum values for the
X-Translation are 1.25 and 0.49.”

Slab, Deformation, X-Translation (in)

Load Combination: SLS_minus_5[ plus_EQ.1] (SERVICE_TOTAL_LOAD)
Max 1.25@(130.99, 101.25, 79.50)

Min 0.49@(84.00, 19.25, 79.50)

125
1.20
115
1.10
1.05
1.00
0.94
0.89
0.84
079
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Slab, Deformation, Y-Translation (in)

Load Combination: SLS_minus_5[_plus_EQ 1] (SERVICE_TQTAL_LOAD)
Max 0.03@(54.25, 22 25, 79.50)

Min -0.85@(150.75, 98.25, 79.50)

0.03
0.00
-0.03
-0.09

e In the Results Browser click on the Display tab. In the Components section,
change the Drift maximum allowable to 0.5%. This is taken as 0.025/Cd/I =
0.025/5/1 * 100 = 0.5%.

Vet =7

Loads Analysis Colorize Display Settings

Property | Value

B Design Sections
Balanced loading minimum 50.00 %
Balanced loading masimum 100.00 %

Maximum span/deflection ratio, ... 360
Precompression minimum allow .. 12500 Psi
Precompression maximum allow...  300.00 Psi

Allowable Stress Display Exceeds Only
Simple Load Balance Angle 60.00 deg

B Components
Drift maximum allowable
Fho display Walue
Fho maximum allowahble 300%
Ltilization Display Value
Litilization maximum allowable 1.00 %
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e At the same level, switch the load combination to Envelope and change the

model view to Top-Front-Right @ view.

e From Results Browser, select the Analysis tab and in the Column section, select
Column — Global-Translation.

El' Celumn
: El' Deformation
E D[t“ﬂ] rr-Translation

e We will check the drift at one column location at the upper-far right corner of
the slab. The check will consider the envelope of global displacement values.
Note at this column the global displacement at the top node (Roof Level) is
13.59” and at the bottom node (Level 6) is 11.40". Taking the difference, we
have drift at this location of 13.59-11.40 = 2.19”. The drift ratio is therefore
2.19” /12x12 =.015*100 = 1.52%. If we evaluate this against the allowable drift
of 0.5% it can be seen that the drift at this location is not acceptable.

1267/

11.40

e |nthe same Column tree of the Results Browser, expand the Drift tree and select
the option for Drift Combined. FIGURE 14-3 shows the drift results. Note the
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red color indicates that the story drift does not meet the acceptance criteria.
The global displacement reported above is the combination of X, Y and Z
displacements. The drift check considers local axis r-r and s-s displacements.
The colorization is based on the entire set of combinations so even if one
combination does not meet the acceptance criteria, the indication color will
always be red. The values reported for drift is for the selected combination or
envelope.

|_‘_| i Drn‘t

..’ ]I Drift Combined (NG)

[ ] Drift X (0OK)

[ Drift ¥ (NG)

-] |um Drift Combined Amplification Factor (OK)
.| | Drift X Amplification Factor (OK)

-.[_|um Drift Y Amplification Factor (OK)

[ ' Action (Combination)

Column, Drift, Drift Combined (%)
Load Combination: Envelope
Maximum Allowable: 0.50%
Max: 1.24%

Min: 0.01%

Acceptable
|| Unacceptable

Figure 14-3

The colorized drift check applies to any service combination that has been solved. The
example above was considering only a solved combination set for seismic. If inter-story
drift of wind is to be checked against a different criteria, you can solve the set of service
combinations including wind and change the acceptance criteria and re-check the
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structure. For this check the inter-story drift allowable % will be 0.25% and the h/400

total height criteria will be 79.5’*12/400 = 2.38.”

14.2 Wind Drift

Follow the steps below to check drift due to Wind loads.

e |nthe Results Browser, click Clear All.

e C(Click on the Multi-Level Mode ' icon of the Upper-Right Level Toolbar. This

will ensure the user is in multi-level mode.

e Go to Analysis = Analysis and click on the Execute Analysis > icon.

e Select the combinations for SLS that include the Wind load cases. There should

be 96 of 239 combinations selected. Use the CTRL key to select multiple

combinations.

e Select Drift for the Apply Stiffness Modifiers pull-down selection

Analysis Options

Select load combinations for analysis (96 of 239 combinations selected)

_minus_7[Wind_WC4 fweight + 0.60 x Dead load + 1.00 x P
_minus_7[Wind, eight + 0. ead load + 1.00
_minus_7[wWind, Ifweight +0.60

_minus_7[Wind,
_minus_7[Wind,

_minus_7[Wind
minus_7[Wind, ead load + 1.00 x Pre: ;
(Wind = (0.60 x Selfweight + 0.60 x Dead load + 1.00 x Pres . 34 3 Win
_minus_8[_plus_EQ. 1] = 0.60 x Selfweight + 0.60 x Dead load + 1.00 x Prestressing + 0.70 x EQX; !

SLS_minus_8[ plus_EQ.1][SEIS] = 0.39 x Selfweight + 0,39 x Dead load + 1.00 x Prestressing + 0.70 x
SLS_minus_8[ minus_EQ. 1] = 0.60 x Selfweight + 0.60 x Dead load + 1.00 x Prestressing-0. 70 x EQY; £
SL5_minus_8[_minus_EQ. 1][SEIS] = 0.39 x Selfweight + 0.35 x Dead load + 1.00 x Prestressing-0. 70 x
SL5_minus_8[_plus_EQ.7] = 0.60 x Selfweight + 0.60 x Dead load + 1.00 x Prestressing +0.70 x EQY; !
SLS_minus_8[ plus_EQ.2][SEIS] = 0.39 x Selfweight + 0.39 x Dead load + 1.00 x Prestressing + 0.70 x
SLS_minus_8[_minus_EQ. 2] = 0,60 x Selfweight + 0,60 x Dead load + 1.00 x Prestressing-0, 70 x EQY; &
SLS_minus_8[_minus_EQ. 2][SEIS] = 0.39 x Selfweight +0.39 x Dead load + 1.00 x Prestressing-0.70 %,

< >

Select Combinations: Select Al Select None

Apply stiffness modifiers Drift bl

Compression spring/soil support options
Substitute compression springs with fixed supports
Analyze structure with compression springs
Mote: Since the struckure incudes compression spring superposition of load cases does not apply. Load
takedown and results of building solutions will nat be available in level mode.
[indude vibration analysis
Stabilize slab automatically against in-plane translation and rotation
Shaw this dialog whenever I Analyze Structure

[Iwarn me if any load case will be ignored in analysis Cancel

Options to indude global analysis results
Indude |ateral reactions

Indude Load Takedown Incude gravity reactions

Apply live load reduction Edit

Load Case | Solution ‘ Reactions

Envelope only applies to compression gravity loads

Assign to selected: |

Equilibrium Check

Clear Reactions

e Select OK to analyze the model. Note the model may take several minutes to

process. The Progress Bar will indicate the current analysis status.

e  Select Yes to save the solution. The Result Display Settings dialogue window will

appear. See FIGURE 14-2.

e C(Click on the Single-Level Mode ' icon of the Upper-Right Level Toolbar. This

will switch the user to single-level mode.

e Make sure the current active level is the Roof Level, if you are not on the roof

level use the Active Level Up ’ icon to make the Roof Level the active level.




e Click on the Top View @ icon in the Bottom Quick Access Toolbar.

e Inthe Results Browser, go to the Loads tab, expand the Service tree and select
the following load combination. This particular combination includes the
Wind_PO (Wind X) load case. Note that for contour results, the envelope of
combinations is not applicable.

Results View: SLS_minus_S[Wind_WC1a] SR x |

+ -¥?
Loads Analysis Colorize Display Settings

|_=_|‘ Load Combos A

=% Envelope

~[ 1% Envelope
~[|%' Envelope P-Delta

~[]%' Envelope Service
- L[ 1% Envelope Strength
El‘ Service
~ A% SL5_minus_5[Wind_WC1a]
- 1%’ SLS_minus_S[Wind_WC1b]
- 1% SLS_minus_S[Wind_WC1c]
[ 19 5LS minus SMWind WC1dl

SLS_minus_S[Wind_WC1a] SERVICE TOTAL LOAD Self +Dead + Pres +0.6 x Wind

e Inthe Results Browser click on the Analysis tab.

e Expand the Slab 2Deformation trees and select the X-Translation.

e Repeat the step above for Y-Translation. The two images below show the
graphical contours for X and Y displacements. Note the maximum values for the
are 0.45” and -1.03".

e For this load case, compare the result of 1.03” to the allowable of H/400 =
79.5"*12/400 = 2.39.” The same check would need to be made for other load
combinations being considered for the drift check.
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Slab, Deformation, X-Translation (in)

Load Combination: SLS_minus_&[Wind_WC1a] (SERVICE_TOTAL_LOAD)
Max 0.45@(130.99, 101.25, 79.50)

Min -0.45@(84.00, 19.25, 79.50)
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Slab, Deformation, Y-Translation {in)

Load Combination: SLS_minus_&[Wind_WC1a] (SERVICE_TOTAL_LOAD)
Max 0.04@(54.25, 22.25, 79.50)

Min -1.03@(150.75, 98.25, 79.50)

e Inthe Results Browser, select the Display tab. In the Components section,
change the Drift maximum allowable to 0.25%.

o At the same level, switch the load combination to Envelope and change the

model view to Top-Front-Right @ view.

e From Result Display Settings dialogue window, select the Analysis tab and in the
Column section, select Column — Global-Translation.

El i Column
: El il Deformation

- [ rr-Translation
[1%e ss-Translation
%y Z-Translation
[ Global-Translation

e We will check the drift at one column location at the upper-far right corner of
the slab. The check will consider the envelope of global displacement values.
Note at this column the global displacement at the top node (Roof Level) is
1.12” and at the bottom node (Level 6) is 0.93” Taking the difference we have
drift at this location of 1.12-0.9. = 0.19.” The drift ratio is therefore 0.19” /
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12x12 =.001*100 = 0.13%. If we evaluate this against the allowable drift of
0.25% it can be seen that the drift at this location is acceptable.

Column, Deformation, Global-Translation {in)

Load Combination: SLS_minus_5[Wind_WC1a] (SERVICE_TOTAL_LOAD)
Max: 1.12

Min: 0.28

In the same Column tree of the Results Browser, expand the Drift tree and select
the option for Drift Combined. FIGURE 14-4 shows the drift results. Note the
green color indicates that the story drift meets the acceptance criteria. The
global displacement reported above is the combination of X, Y and Z
displacements. The drift check considers local axis r-r and s-s displacements.
The colorization is based on the entire set of combinations so even if one
combination does not meet the acceptance criteria, the indication color will
always be red. The values reported for drift is for the selected combination or
envelope.

-l Drift

..]« | Drift Combined (OK)

.||l Drift X (0K)

[ ] Drift ¥ (OK)

-.[_|mm Drift Combined Amplification Factor (NA)
- Drift X Amplification Factor (MA)

S Drift ¥ Amplification Factor (NA)




Column, Drift, Drift Combined (%)
Load Combination: SLS minus_5[Wind_WC1a] (SERVICE_TOTAL LOAD)
Maximum Allowable: 0.25%

Max: 0.14%
Min: 0.03%

Acceptable
Unacceptable

Figure 14-4
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Tributary Load Takedown and Live Load Reduction

In this section, Tributary Load Takedown tool will be used to produce geometric tributary-based
axial loads for the applied gravity load cases. The purpose of this method is to generate axial
loads that are not affected by FEM-based solutions that are sensitive to relative component
stiffness and redistribution of actions where sudden transfers exist or where a sudden change in
the vertical, load-carrying elements location or position can adversely affect load path.

Obtaining cumulative tributary loads is prerequisite and necessary to have the ability to utilize
these loads for column and wall design in lieu of FEM-generated axial loads. Tributary reactions
can also be enveloped with FEM reactions when designing columns and walls. This will be
pertinent in later sections of this tutorial.

The Live Load Reduction tool in the program will be applied for the purpose of column design.
When this tool is used, the program will assign the load reduction factors to each column
component. The factor is then applied, if selected to be used, when calculating forces for
column design.

15.1 Generating Load Takedown Tributaries

Follow the steps below to produce the tributary regions and generate the load
takedown loads.

e Click the Clear All * icon at the top of the Results Browser to turn off the
previous results.

e Click on the Multi-Level Mode @ icon of the Upper-Right Level Toolbar. This
will ensure the user is in multi-level mode.

e Use the Bottom Quick Access Toolbar and select the Top-Front-Right View @
icon.

e Goto Loading = Tributary and click the Load Takedown %3 icon. FIGURE 15-1
shows the Tributary Loads dialogue window. Use the default settings for all
settings except for Transfer method for walls. For this setting, change the value
to As applied line load. This setting is used to re-apply tributary loads
transferred from one level to another as an applied line load rather than relying
on the defined load path which requires walls to be concentrically stacked.
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Tributary Loads

User-defined paths

Regenerate Tributaries Recaloulate Loads Delete Tributaries
Tributary options
Property Value
H Tributary Generation
IMtersecting walls/calumns Walls load bearing
Intersecting walls/columns tolerance 1in
Advanced Options settings Off
B Load Path
Detect transfer beams Yes
Detect transfer beams tolerance Tin

Transfer method for walls As applied line load -

Manage transferred supports
List transferred: Columns walls

Keep

Reference Plane  Support Mame  Max Offset  # Supports

There are no items to show in this view,

Add Support | |Clear Supports

Figure 15-1

o C(Click the buttons Regenerate Tributaries and Recalculate Loads. This step will
determine the tributary regions and calculate the loads for each region. Click OK
at the bottom of the window to close it.

e Toshow the tributary regions generated, click on the Analysis tab of the Results
Browser. Expand the Load Takedown tree and check the Tributary Boundary
box. FIGURE 15-2 shows the tributary regions generated for the tutorial model.

Eﬂ Load Takedown

-, Tributary Boundary
-[1%.; Tributary Area

-[1.. Tributary Loads
-1, Cumnulative Area
-[1%.. Cumulative Loads
-[1%.. FEM Global Loads
[ 1%, FEM Level Loads
-[]%.. Transfer Path

-[17.. Load Reduction Factor

-] 12s Compare Cumulative and FEM Global Loads
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i
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=

A NV AN AN
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o T it

Figure 15-2

e Click on the Single-Level Mode ' icon of the Upper-Right Level Toolbar. This
will switch the user to single-level mode.
e Make sure the current active level is the Roof Level, if you are not on the roof

level use the Active Level Up ’ icon to make the Roof Level the active level.
e C(Click on the Top View @ icon in the Bottom Quick Access Toolbar.

e Click on the Resuilt Display Settings & icon in the Bottom Quick Access
Toolbar, to open the Results Browser if it is not already open.

e From the Analysis tab, navigate to the Load Takedown category and select the
options for Tributary Boundary and Cumulative Area, and Cumulative Loads.
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Results View: SLS_minus_S[Wind_WC1a] S x |
@d =%Y7

Loads Analysis Colorize Display Settings
E-e=? Slab

|__—_|.g Deformation

.[J® ¥-Translation

.[0@) ¥-Translation

[-&? Actions (contour map)
- & Stress (contour map)
-l Column
= f)l Deformation
[ ey rr-Translation
[ e ss-Translation
]|l Z-Translation
] Global-Translation
- [ Drift
-._| M Drift Combined (OK)
[ | Drift X (OK)
]| Drift Y (OK)
[ |mm Drift Combined Amplification Factor (NA)
o Drift X Amplification Factor (MA)
s Crift ¥ Amplification Factor (MA)
-l Action (Combination)
E- [ Action (Dead load(Drift:G))
[
[

- ] Individual Column Design Results

+- [l Design Group Results

- g Beam

= Wall

EELD-’ Load Takedown
[ .. Tributary Boundary
P, Tributary Area
-{1%.. Tributary Loads
- 1., Curmulative Area
Cumulative Loads
-[1.. FEM Global Loads
-[].. FEM Level Loads
- 1. Transfer Path
-] Load Reduction Factor
-[1%.. Compare Curnulative and FEM Global Loads

e Zooming into the top-left corner we can obtain the cumulative area and loads
for this column location at the Roof Level. This is column 85 in the model. Note
the area and loads reported in the following image.

294



L

Trib. Foscode
Cum._Deod lood = -1658 Kip

LM, L = -60& Kip
Cur. Selfweight = -39.332 Kip

Trik. Areo = 303.21s0ft
= 2700 £+

From the Story Manager Toolbar, use Level Assignment @ icon and set the
active level to Level 1. Note that at Level 1 the floor plan and column size has
changed. However, the image below shows the cumulative area and loads at the
same column location. Note the difference between these reported values and
the Roof Level. Itis recommended to take time to navigate through the model

to explore other locations to gain a comfort level in understanding this tool.
Note that the reported Live Loads are unreduced.
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Trik. Areo = 3£3.68sgft
Trib Foscode = 3125 ft
Cum, Dead lood = -134.16 Kip
un Live load = -7B07 Kip
Cum, RLL = -2 Ki30
Cum SelFweight = 19332 Kip
Trib. Area = 303.2lsqft
Trik, Foscode = 27.00 1
Cur. Deod load = -16.06 Kip
Cum._Live load = -127.35 Kip
Cum RLL = -606 Ki
Cum. Salfweight - -£6188 Kip
T

e An excel report can be produced from Reports = Column = Column Tributary
to obtain the column tributaries and loads.

15.2 Live Load Reduction

Follow the steps below to produce the factors for live load reduction.

e Click the Clear All * icon at the top of the Results Browser to turn off the
previous results.

e Click on the Multi-Level Mode @ icon of the Upper-Right Level Toolbar. This
will ensure the user is in multi-level mode.

e Use the Bottom Quick Access Toolbar and select the Top-Front-Right View g
icon.

e Use the Bottom Quick Access Toolbar and select the Default Display @ icon.
This will reset the display to show only slabs, columns, walls, beams and
openings. If the program displays other components the default display has
been modified. You can set the default display in the Select/Set View Items
window.

e Goto Loading 2 Load Case/Combo and click on the Load Cases icon. In the
General/Lateral load case window, select Live load and select the check box to
Reducible. This allows the load case to be assigned reduction factors for
columns. FIGURE 15-3.
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Load Case Library

General Loads [Grawvibe/Lateral] Lateral Load Salution Setz | Help
Reserved Load Caszes
[Dead load
Live load
Prestreszing Help
General Loads [Grawviby/Lateral]

Dead load .
Live load [R] Label | Live load

RLL [R]

Add Delete

Reducible Temperature
Shrinkage

Figure 15-3

e Gotoloading 2 LL Reduction and click on the Reduction Settings ““%icon. In
this dialogue window, the user defines the tributary region area and load factor.
The program assigns these factors to live load reactions for columns when the
columns are designed. Note the user can select not to apply the factors.

e Toadd a new entry for area and factor, right-click and select Append.

e Enter the values as shown in FIGURE 15-4. Select the option for Interpolate
values.

o Enter 1.0 for Minimum # of levels to support for reduction.

e Select the checkbox for Reduce Axial force only

Live Load Reduction Factors

1 redudible load case(s) defined

Method: | Cumulative area e
Cumulative area fft2) | Factor
400 0.9
600 0.8
800 0.7
1000 0.6
1200 0.5
1400 0.4

(®) Interpolate values () Apply lowest factor

Minimumn # of levels to support for reduction:

Feduce Axial force only
Cance

Figure 15-4
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e Select Apply to assign the factors.

e Inthe Results Browser, expand the Load Takedown tree and select Load
Reduction Factor and Tributary Boundary to display the load factors and
tributary boundaries.

Results View: SLS_minus_S[Wind_WC1a] Ca x|
«tr -7

Loads Analysis  Colorize Display Settings
Bl Slab
|_:_|g Deformation
~.[J@) X-Translation
¥-Translation
-.[J@) Z-Translation
..[J@) Global-Translation
-z Actions (contour map)
- & Stress (contour map)
Column
- [l Deformation
[ rr-Translation
[ |y ss-Translation
[y Z-Translation
[ Global-Translation
=- [ Drift
..[_|mm Drift Combined (OK)
..[_|mm Drift X (0K)
[ |mm Drift Y (OK)
[ ]mm Drift Combined Armplification Factor (MA)
[ um Drift X Amplification Factor (MA)
- m Drift ¥ Amplification Factor (MA)

i
=
- E@-E

-] Action (Combination)
- m Action (Dead load(Dirift:5))
- [ Individual Column Design Results
#- [l Design Group Results
- g Beam
m- G Wall
I':'I'EL:B Load Takedown
~f1.. Tributary Boundary
[ 1%.. Tributary Area
{1, Tributary Loads
- 1., Cumulative Area
- 1%.. Cumulative Loads
-7, FEM Global Loads
-[17.. FEM Level Loads
[ _1".. Transfer Path
-[~]".. Load Reduction Factor
[ 1".. Compare Cumulative and FEM Global Loads

e Click the Clear All * icon at the top of the Results Browser to turn off the
results after reviewing them.
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16

Column Design

Now that the model has been set up with both gravity and lateral loads, relevant Strength
combinations and usage cases, and has been designed for PT, we can now continue with column
design. Note that inherent to design of columns in the ADAPT-Builder platform is the availability
of secondary post-tensioning reactions to be included in the combination set used for the
evaluation.

Tributary axial loads will be included as part of the enveloping of axial forces for the design of
columns. These tributary loads were generated previously in this tutorial. Live load reduction
factors were determined in Section 15 of the tutorial. These will be introduced in this section.
To begin the column design process, a solution made in Multi-Level mode must be solved. The
Strength usage case will be used for the Multi-Level analysis. As a first step in the process,

ensure that the model is in Multi-Level mode @ and go to Analysis = Analysis and click the

Execute Analysis D icon. Select all “Strength” and “ULS” combinations in the combination
selection window. Set the Apply stiffness modifiers to “Strength Design” usage case. Select OK
to run the analysis.

Analysis Options

Select load combinations for analysis (82 of 239 combinations selected) Options to indude global analysis results
Service(Total Load) = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x Live load + 1.00 x Prestressing; SE & Indude |ateral reactions .
Service(Total Load) RLL = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x Live load + 1.00 x RLL + 1.00: Indude Load Takedown Indude gravity reactions
Sarwce[Sustalned Load) ; 1,00 % Selfv\a\ght + 1.00 x Dead load + 0.30 x Live Ioad + 100 Preshessm- Apply live load reduction Edit

qht +1 "0 x Dead load + 1. uo x Live load + 1. 00 X Hyp:r.;t.-:h
1 fweight + 1.40 x Dead load + 1.00 x Hyperstatic; STRENGTH
Inma\ = 1.00 x Selfweight + 1.15 x Prestressing; INITTAL
Wind_WC1a = 1.00 x Wind_P0; NO_CODE_CHECK
WInd_WC]b =-1.00 x Wind_P0; NO_CODE_CHECK
Wind_WC1c 00 x Wind_P30; NO_CODE_CHECK
Wind_WC1d =-1.00 x Wind_P30; NO_CODE_CHECK
Wind_WC2a = 0.75 x Wind_PO + 0.75 x Wind_M0; NO_CODE_CHECK
Wind_WC2b = 0.75 x Wind_P0-0.75 x Wind_M0; NO_CODE_CHECK.
Wind_WC2c =-0.75 x Wind_P0 + 0.75 x Wind_M0; NO_CODE_CHECK
Wind WCZd -0.75 x Wind_| |_P0-0.75 x Wind_MO; NO_CODE_CHECK

Load Case | Solution | Reactions

Wind_WC2e = 0,75 x Wind_P30 + 0.75 x Wind_M30; NO_CODE_CHECK ©
WiinA WE I — 1T v Wlind DOAA TE v Wiind MO MR CARE CHECK
< >
Select Combinations: Select Al Select None
Apply stiffness modifiers Strength Design ~
Compression spring/soil support options Envelope only applies to compression gravity loads
Substitute compression springs with fixed supports Assign to selected: ~

Analyze structure with compression springs
Equilibrium Chedk Clear Reactions
[J1tndude vibration analysis

Stabilize slab automatically against in-plane translation and rotation
Show this dialog whenever I Analyze Structure

[Jwarn me if any load case will be ignored in analysis Cancel

Figure 16-1

Upon completion of the analysis, the model is ready to process for column design. The last
saved solution contains the design forces that will be used in the processing of the column
design if the user so chooses to use the FEM forces and moments. As stated earlier, the option
will be presented to envelope the FEM axial forces with those from the Tributary Load
Takedown process. The user can view any set of column forces by doing the following:
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Go to Column Design Visibility and click on the Columns Only © icon. This will change
the view to show only the columns in the model.

From the Results Browser click on the Loads tab and choose a load combination or
envelope of load combinations. For this example, we will use ULS-4[Wind_W(C1a].

Results View: ULS_minus_4[Wind_WC1a] S x |
=¥ 7
Loads Analysis Colorize Display Settings
= ‘ Load Combos A
El ‘ Envelope

- 1% Envelope

-[]%' Envelope P-Delta
-[ 1% Envelope Service

i D‘ Envelope Strength

EI W Gtrength

D‘ Strength(Dead Load Only)
-[_]%' Strength(Dead and Live]
-1 ULS_minus_4[Wind_WC1a]
- 1% ULS_minus_4[Wind_WC1b]
D‘ ULS_minus_4[Wind_WC1¢]
D‘ ULE_minus_4[Wind_WC1d]
[ 1% ULS_minus_4[Wind_WC2a]

il e N Y L]

From the Analysis tab, locate and select Column — Action (Combinations) and select the
desired action to be viewed. In this example we will view the axial force. In the same
way, the user can view shear, moment and torsion.

Note that for shear and moment, the values are referenced per the local column axes.
By default, the r-r local axis follows the global X axis and the s-s local axis follows the
global Y axis. The images below show the selection made and a zoomed-in view of the
axial force for Column 13. The program reports and uses the top and bottom forces and
moments for column design. In the example presented below, the top force is -855.85 K
(C) and the bottom force is -859.92 K (C).

2-f Column

|j] Deformation

m- ) Drift

E| m Action (Combination)
ol Axial Force
-] Shear along rr
-] Shear along ss

o e Moment about rr

El_l [ o




! [H-& Stress (contour map)

- Column

7 [l Deformation

i [ Drift

g [l Action (Combination)

[l Acial Force

[ ] Shear along rr

[ ]t Shear along ss

[ 1% Moment about rr

[ % Moment about ss

[ % Torsion

[ Jrm Moment Amplification Factor about rr (NA)
.. ] Moment Amplification Factor about ss (NA)
- [l Action (Dead load(Drift:G))

- Individual Column Design Results

&[] Design Group Results

- @ Beam

=-§ Wall
5% Load Takedown

-.[_1'.. Tributary Boundary

-1, Tributary Area

[ 1., Tributary Loads

- 17.. Cumulative Area

-[17.. Cumulative Loads

[ 17.: FEM Global Loads

-[17.; FEM Level Loads

[ 1., Transfer Path

-[17.. Load Reduction Factor

-] 1., Compare Cumulative and FEM Global Loads

£
£

16.1 Assigning Column Stack Labels

By default, each modeled column is assigned a unique column Label. The column label
assignments begin at “Column 1” and count up to Column N+1.” This results in vertically
stacked columns that each have a unique label. Column design reporting through XLS
output is dependent on column labels. To refine the output, the user can label all
columns in a vertical stack as the same label. This allows the XLS output to be
represented in a more confined and efficient schedule-like presentation. Follow the
steps below to set up and define column stack labels.

e Reset the view of the model by selecting Clear All in the Results Browser. This
will turn off the view of the column axial forces in the previous section.

e Select Zoom Extents @ from the Bottom Quick Access Toolbar.
e From the Top Right Level Toolbar, click the Multi-Level mode ' icon.
e From the Bottom Quick Access Toolbar, click the Top View @ icon.

e From the Bottom Quick Access Toolbar, click the Select by Type TR icon and
use the tool to select all columns.
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e Select Modify = Properties and click the Modify Selection @ icon.

e Click on the Column tab and set all offsets to zero. This will ensure all columns
are connected without offsets. This is required for resetting labels.

e From the Top Right Level Toolbar, use the tools to switch to Single-Level mode

Iﬁ;‘ and use the Level Assignment @ icon to navigate to the Ground Level.

e Open the Select/Set View Items tool 5" from the Bottom Quick Access Toolbar
and in the Structural Components tab, make the following selections.

ftem Display F
Slab Region: ]
Column:
Wall:
Beam: ]
Drop Cap/Panel: ]
Opening: ]
Ramp: ]
Gridlines:
Reference Flanes: ]
Skip Loading: ]

e FIGURE 16-2 shows the grid layout with walls and columns. The column labels
will be changed from the default values to the Grid location. Note there are 3
columns located off of the main grid. These are A.2-2, B.8-2 and D.3-2.
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Figure 16-2

e Double-click on the column located at Grid B-6. Change the column label from
Column 1 to B-6. Select the Green checkmark to accept.

Column

|

v 7

General Locaton FEM  Release Stiffness Modfiers Properties
Section Type: |None v| Edit...

# 6 Material: 6000psi v
et ] Gow mad 3
Cross-section

Shape: | Rectangular A in
Ang: ’ B: n

o

e Repeat the step for all columns at the lowest level. FIGURE 16-3 shows the final
column label assignments after making the changes.
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e Select Column Design = Labels and click on the Reset column/wall stack et-l
icon. Select OK. This will assign all labels in a vertical stack as the same label as
the column at the lowest level. Therefore, all columns concentrically stacked at
Grid B-6 will be labeled “B-6.”

Automatic Labeling of Stacked Supports

Apply continuous labeling for;
Columns

Walls

Tolerance:
Cancel

e From the Top Right Level Toolbar, click the Multi-Level mode ' icon.

e Use the Bottom Quick Access Toolbar and select the Top-Front-Right View @
icon.
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e Go to Column Design Visibility and click on the Columns Only © icon to
isolate the columns. In the Structural Components tab, select the checkbox for
Label on the column row. This allows you to check the column labels and their
new assignments. The image below shows a snapshot of a few of the column

labels.
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16.2 Assigning Column Section Types

In this section, column section types will be assigned to each column. Section types are
used to assign column design parameters such as base reinforcement (vertical bars and
ties), materials, column dimensions, etc. to each column. This is necessary as a starting
point in the column code check/design process. Multiple columns can be assigned to
the same section type. In this tutorial we will create unique section types categorized
by unique column size and the location in the structure. FIGURE 16-4 shows a colorized
view of the columns assigned to different design groups. Each design group assigned a
section type.
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The section types that will be created in the tutorial model will be as follows:

Figure 16-4

e Blue —18x30 Lower Ext
e Green—18x18 Upper

e Red—-30x18 Lower Int
o Yellow—32x12 Upper
e Orange —18x30 Upper
e Pink—32x12 Lower

Next, the section types will be created and then columns will be selected and assigned
to respective design groups.

e Goto Column Design = Type Manager and click the Define Section Type
icon.

e Usethe New (Insert) — tool and create six inputs using the names listed
above.

e For each section type, set the properties as shown in the image below. Type =
Column, Shape = Rectangular, Material = 5000psi for upper section types and
6000psi for lower section types.
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Properties

Property Value

B Component ”
Type Column
Shape Rectangular

[ 6000ps: .

F General

For each section type, enter the remaining parameters as shown in the table
below. For those parameters not listed, use the default value.

Section A B Cover Splice Vert | Face | Rows | Layers | Tie Tie
Type Size | Bars Size | Spacing
18x30 18 30 2 Tangential 9 3 4 1 4 &

Lower Ext
18x18 18 18 2 Tangential B 3 3 1 4 &
Upper
18x30 18 30 2 Tangential 9 3 5 1 4 3

Lower Int
32x12 32 12 2 Tangential B 5 2 1 4 &
Upper
18x30 18 30 2 Tangential 9 3 4 1 4 3
Upper
32x12 32 12 2 Tangential B 2 5 1 4 &
Lower

e For each of the design groups, assign the section type to the selected group.
Select the columns assigned to the “Blue” group. See FIGURE 16-5 for the
selected “BLUE” group.

e Select Modify = Properties and click the Modify Selection @' icon.

e Select the Column tab

e Select the Design Group checkbox and select the 18x30 Lower Ext item.

e Select OK to close

e Repeat the process for the other 5 column groups by assigning the appropriate
design group

— - R —— o m [ P

Beam Gridline Column Drop Caps/Panel Wall Slab Region

O Shape: Rectangular

A 12.00 in B: 30,00/ in
[l Angle: ol *
Cffzet (down positive)
] Top: X 0.00| in Battom: X 0.00|in
Y D.00| N Y 0 n
Z 0.00| In Z 0 in
Design group: | 18¢30 Lower Bxt v
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Figure 16-5

e To review column design group assignments, isolate columns in Multi-Level
mode and set the Top-Front-Right view.
e Inthe Results Browser go to the Analysis tab, select the Column — Design Group.
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Analysis Colorize Display Settings

B Slab

& Deformation
X Translation
)@ Y-Translation
)@ z-Translation
@) Glebal-Translation
& Actions (contour map)
& Stress (contour map)
Column

-l Defermation

i Drift

il Action (Combination)

[t Axial Force

[ Shearaleng rr

[ Shearalong ss

[ Moment about rr

[y Moment about ss

O Torsion

o Moment Amplification Factor about rr (NA)
[Jmm Moment Amplification Factor about ss (NA)

- [l Action (Dead load(Drift:G))

«f@ Individual Column Design Results
f Design Group Results

[ Status (NA)

[Jzr VAT Utilization (MA)

s NwsM Utilization (NA)
[Jmm Rho

Design Group

eam

B

oad Takedown

Tributary Boundary
Tributary Area
Tributary Loads
Cumulative Ares
Cumulative Loads
FEM Global Loads
FEM Level Loads
Transfer Path

Load Reduction Factor
Compare Cumulative and FEM Global Loads

ADAPT-Builder has the capability of performing a code check of the assigned section
type for design groups or for generating a proposed design for a design group that may
not meet allowable strength for shear/torsion and moment/axial interaction. This
section will describe the process for performing a Code check for one of the created
design groups and a Design process for another design group.

For the Code Check, the 18x30 Lower Int will be used. For Design, the 18x30 Upper will
be used. The remaining design groups will not be checked as part of this tutorial, but we
encourage you to explore the column design tools by applying these to the un-designed
groups. The first step in performing the code or design will be to set up the Column

Design Options.

Note that an active license of our partner software, S-Concrete is required to code check

and design columns.

e Select Column Design = Settings and click on the Design Settings @ icon.

e The top window contains the list of load combinations created in the model.
Only those that were last solved per analysis will be selected. However, the user
can select any of the combinations listed. If a selected combination contains a
load case that does not contain a solution, it would be ignored when compiling
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the forces and moments for the combination. In this example, leave the
selected group of combinations as-is.
e For the remaining parameters, use the following and as shown in FIGURE 16-6.
e Force Source — FEM Moments and larger of Tributary/FEM Axial
e FEM Source — Global analysis governs
e Hyperstatic Source — Global analysis governs
e Load Reduction —No
e Max Utilization -1
e Code-ACI2014
e Adjust N vs. M diagram — No
e Apply Minimum Moments — Yes
e Apply Slenderness Effects — No
e For Design Constraints set the (As/Ag) Minimum to 1.0% and leave the rest as
the default values.
e Select OK

For additional information describing each of the settings made above, please consult
with the ADAPT-Builder 20 Column and Wall Design Manual.
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Figure 16-6

310



Ensure that you are viewing the model in Multi-Level mode for columns only without
any labels or notations shown. This will provide clarity when viewing graphical results.

e From the Top Right Level Toolbar, click the Multi-Level mode ' icon.

o Use the Bottom Quick Access Toolbar and select the Top-Front-Right View @
icon.

e From the Bottom Quick Access Toolbar use the Select/Set View Iltems 65" tool
and from the Structural Components tab, select only the column component to
be displayed. If the Label is checked, deselect it.

e Inthe Results Browser select Clear All to hide the design group labels.

e Goto Column Design = Design and click the Code Check Columns /® icon.
e Select the Design Group as shown in FIGURE 16-7 and select OK. This will
initiate the code check process for this design group.

Design Group Selection

18x30 Lower Ext (0/33)
18%18 Upper (0/16

32%12 Upper (0/8)
18x30 Upper (0/24)
32x12 Lower (0/8)

Consider selected component(s) only Cancel

Figure 16-7

e After the code check process is completed, go to the Results Browser 2Analysis
tab and select the Column Individual Column Design Results options for Status
and NvM Utilization. Note both must be viewed separately. FIGURE 16-8 shows
the interaction check for the columns belonging to the design group. Note the
other options available to check. Columns that have not been designed or code
checked will appear gray (NA).
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e To check results for an individual column assigned to the group, select any
column that was checked, right-click and select View Design Summary. A full
design summary produced as an HTML document will be produced as shown
partially in FIGURE 16-9.

Properties
»  Select
Split
~  Unsplit

Cut Ctrl+X
Copy Ctrl+C

Delete

Add at Phase
Meodify at Phase

Remove at Phase

Insert plane at top

Insert plane at bottom

Open Design Group ol

Column Design > Design Design Groups
Select > Code Check

Wall Design > Open in 5-CONCRETE
K View Design Summary

bl
- T
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5-CONCRETE 2019.1.1

ic) 5-FRAME Software Inc.

www.s-frame.com

File Name:

Section Mame

Column_13

Section Dimensions
Rectangular Column
b = 30,0 in

h=12.0in

[Quantities (approx.}
Conerate = 581 bt
Steel = 57.5 Ib/ft
Primary = 41.7 bt
Secondary = 15.2 Ibft

Vertical Bars

207 = 18" Column
12 - #2 Vert

l4s = 12.0 sg.in.
Rho =222 %
[Tamgential Splice

Factored Input Loads
Load

Caze/Combo

- @ ot kWM

o o o

iAmerican Building Standards
(A C1 313-14, "Building Code Requirements for Structural Conerate”
el 212R-14, "Commentary for ACI 318-14"

Design Aids. Manuals. and Handbooks
[The Reinforced Concrete Design Handbook, A Companion to ACI 218-14
"ACI Detailing Manual - 1284°, ACI Committee 315, American Concrete Institute, 1884

(kip=]
-arr.e
-ar3e
-TE47
-780.0
-358.8
-355.8
-254.8
-860.5
-3T2.4
-868.3
-852.1
-842.1
-860.0

_Tuterial_Model'CompDesigntColumn_13.sco

Consultant

ABC Consultants Lid.

"Manuzl of Standard Practice”, Concrete Reinforcing Steel Institute. 2003

Material Properties
f! = G000 psi

fy (wert) = G000 ksi
fy (ties) = 80.0 ksi
We = 153 pef

Ws = 500 pof
Poisson's Ratio = 0.2
hagg=0.0in

= 20000 ksi

Ec = 3600 ksi

G = 1957 ksi

fr =581 psi

Ties

#4 Ties @ 6.0"

& Legs (Z-Direction) = 2
# Legs (Y-Direction) = 2

T Wz
[k*t) (kips)h
1.2 0.0
-1.2 0.0
0.0 0.0
-0.8 0.0
3.4 0.0
-3.4 0.0
-1.3 0.0
1.3 0.0
0.3 0.0
-0.3 0.0
1.8 0.0
-1.8 0.0
6.0 0.0

Summary
Status
Maximum
W& T Lkl
N ws M Uil

Gross Properties
Zbar=001in

‘Ybar = 0.0 in

Ag = 540.0 sg.in.

Ig {y-y) = 14580 ind

Ig {z-z) = 40500 in4
Asheszr () = 450.0 sq.in.
Asheszr (Z) = 4500 sq.in.
Jg = 26400 ing

Miscellaneous

Clear Cover=201in

My Wy
(k™) (kips)
0.0 oo
0.0 oo
0.0 oo
0.0 oo
0.0 oo
0.0 oo
0.0 o0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 oo
0.0 0.0
0.0 0.0
Figure 16-9

Warning
1.000

Effective Properties
Ae=540.0sqin.

le (y-y) = 14580 ind
le (z-z) = 40500 in4
Ase ()= 4500 sq.in.

Ase (Z) = 450.0 =q.in.

Je = 36400 ind
Mz Comment
[keft)
0.0 Strength{Dead and Live)
0.0 Strength{Dead and Live)
0.0 Strength{Dead Load Only)
0.0 Strength{Dead Load Only)
0.0 ULS_minus_4[Wind_\WC1a]
0.0 ULS_minus_4{Wind_WC1a]
0.0 ULS_minus_4{Wind_WC1b]
0.0 ULS_minus_4{Wind_WC1b]
0.0 ULS_minus_: ind_WC1c]
0.0 ULS_minus_: d_WC1c]
0.0 ULS_minus_4{Wind_WC1d]
0.0 ULS_minus_4[Wind_WC1d]
0.0 ULS_minus_4[Wind_WC2a]

In the next step, the previously selected design group, 18x30 Upper, will be designed.

Note that it is possible the proposed design is identical to the reinforcement per the
original design group. This is often the case when no additional reinforcement is
required to meet the selected code requirements.

e Goto Column =2 Design and click on the Design Columns D icon.
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Select the Design Group shown in FIGURE 16-10 and select OK. This will initiate
the design process for this design group.

Design Group Selection

1330 Lower Ext {33)
18x18 Upper (18)
18x30 Lower Int (&)
32x12 Upper (8
18x30 Upper (24
32%12 Lower (&)
Consider selected component(s) only Cancel

o

e

-

Figure 16-10

After the design process finishes, an automatic Design summary will appear on
screen. FIGURE 16-11. The summary will show the Current Values and
Proposed Values. The design status and utilization checks for Current Value are
not reported because this is the first iteration for the design. If the original
section type passes all applicable code checks, the Proposed Values will be
identical to the original unless bar spacing can be relaxed. In this example, the
Proposed Value reports a tie spacing of 7” instead of 6.”

If the original section is insufficient the Proposed Value will report different
reinforcement for vertical and/or shear reinforcement. In this case, the user
can select the option to Update. When a design group is updated, the program
will automatically update the Section Type Manager.

Select the option to Update and then Apply. FIGURE 16-12 shows the updated
Design Summary.



Design Summary

Update Design Group Details Property Current Value  Proposed Value

O 18%30 Upper  View Report Design Status MNA Acceptable
V & T Utllization 0.00 0.89
N vs M Utilization 0.00 0.70
# Vertical Bars 10 10
As Vertical 10,00 sg, in 10,00 sq. in
Rho 1.85 % 1.85%
A 18.001n 18.0010n
B 30.00n 30.00in
Splice Type Tangential Tangential
#Face Bars (A [Ny} 3 3
#Rows (B /Nz) 4 4
# Layers 1 1
Tie Spacing B.0in 7.00n
Vertical Bar Size #9 #3
Tie Bar Size 74 74

[Corly show differences | select All || Select Mons pre

Figure 16-11

Design Summary

Update Design Group  Details Property Current Value  Proposed Yalue

O 18x30 Upper  View Report  Design Status Acceptable Acceptable
V & T Utilization 0.89 0.39
N vs M Utilization 0.70 0.70
# Vertical Bars 10 10
As Vertical 10.00 sg. in 10.00 =q. in
Rho 1.85 % 1.35%
A 18.00in 15.001in
B 30.000n 30,00 0n
Splice Type Tangential Tangential
#FaceBars (A /MNy) 3 3
#Rows (B /Nz) 4 4
# Layers 1 1
Tie Spacing 7.0in 7.0in
Vertical Bar Size #9 #9
Tie Bar Size #4 =4

[Jonly show differences | Select Al Select None

Apply

o After the design process is completed, from the Results Browser Analysis tab

Figure 16-12

select the Column — Design Group Results options for Status and NvM

Utilization. Note both must be viewed separately. FIGURE 16-13 shows the
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interaction check for the columns belonging to the design group. Note the
other options available to check. Columns that have not been designed or code
checked will appear gray (NA).

Results View: Envelope
Column, Design Group Results, Status

o« F=-¥v7
NA
Acceptable Loads Analysis Colorize Display Settings
Warning -} Z-Translation
Borderline ¥ Global-Translation

Unacceptable [i]-& Actions (contour map)
-6 Stress (contour map)
= Column
@[] Deformation
@ Drift
- fll Action (Combination)
[ Asial Force
[t Shear along rr
[tq Shear along ss
- Moment about rr
- Moment about ss
[ Torsion
[Jem Moment Amplification Factor about rr (NA)
[Jem Moment Amplification Factor about ss (NA)
Action (Desd load(Drift:G])
Individual Column Design Results
~[C]Im Status (WARNING)
-] V&T Utilization (OK)
~[Jum NvsM Utilization (OI)
.. Design Loads
1%, Asial Capacity
5 Design Group Results
[ Status (0K)
~[]m V&T Utilization (OK)
~[Jum NvsM Utilization (OK)
[Jum Rho
[°.. Design Group

aa

ad Takedown
Tributary Boundary
Tributary Area
Tributary Loads
Cumulative Area

Cumulative Loads

FEM Global Loads

FEM Level Loads

Transfer Path

Load Reduction Factor

Compare Cumulative and FEM Global Loads

S[a|aJaIaIaIalaT

Figure 16-13

e Asimilar process for either code check or design can be repeated for the
remaining design groups. For this example, go to Column Design = Design and

click on the Code Check Columns /® icon.

e Select all design groups and select OK. FIGURE 16-14 shows the colorized
summary status for the code check of all columns in the model. Note that a few
of the columns report that warnings exist.
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Column, Individual Column Design Results, Status

NA
Acceptable
Warning
Borderline
Unacceptable

|

List of Messages

Message &

o« =7
Loads Analysis Colorize Display Settings
H % Z-Translation
'+ Global-Translation

[-&P Actions (contour map)

[#]-&P Stress (contour map)
- Column
fl Deformation
fl Diift
E- ) Action (Combination)
B 58 [ Axial Force
[ Shear along rr
[ Shear along ss
FH i [ ] Moment about rr

+.[ ]l Moment about ss

Wl J L o [ Torsion
[CJum Moment Amplification Factor about rr (NA)
I| Al «.[Jmm Moment Amplification Factor about ss (MA)

- B @] Action (Dead load(Drift:G))

& £ Individual Column Design Results
|| [FIEm Status (WARNING)
Il d ~[JiH V&T Utilization (NG)

B .. Jam NvsM Utilization (OK)
1 ke 7. Design Loads
.. Axial Capacity
¥ - f Design Group Results
il [Jum Status (OK)
[Jum V&T utilization (0K)
kel A ~-[JHN NvsM Utilization (OK)
~[]mm Rho

[17.. Design Group

@
a3
=3

-
g -
& Load Takedown
1[0 Tributary Boundary
. Tributary Area
. Tributary Loads
.. Cumulative Area

. Cumulative Loads
. FEM Global Loads

. FEM Level Loads

. Transfer Path

. Load Reduction Factor

., Compare Cumulative and FEM Global Loads

00000000005 £

Figure 16-14

Right-click one of the columns flagged for a warning and select Column Design
- View Design Summary.

Scroll to the bottom of the HTML report and notice the warning as shown
below.

Warning Shear Reinforcement Spacing exceeds the allowable.
Clauses 8.7.6.2.2, 10.7.6.5.2, 8833, 10622, or 2.7.6.3.3 of ACI 218

To resolve these warnings, these columns will be designed. The columns are
included in the 32x12 Lower and 32x12 Upper design groups.

Go to Column Design = Design and click on the Design Columns ’ icon.
Select the two groups as shown below and select OK.
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Design Group Selection

18x30 Lower Ext (33)
1818 Upper (16)

18%30 Upper (24

18%30 Lower Int iﬁi

Consider selected companent(s) only

| o

I | Cancel

e After running the design, the Design Summary will appear. Note the changes
made for both design groups are a reduction in tie spacing from 6” to 4.”

FIGURE 16-15.

e Checking the graphical design check, FIGURE 16-16 shows the view of columns
that were designed (versus code-checked) and their status. Note the updated
status shows the two 32x12 design groups now as acceptable.

Design Summary

Update Design Group  Details Property

# Face Bars (A [ My)
#Rows (B /Nz)

# Layers

Tie Spacing

Vertical Bar Size

Tie Bar Size

Design Status

V & T Utllization

N vs M Utilization

# Vertical Bars

As Vertical

Rho

A

B

Splice Type

# Face Bars (A [ My)
# Rows (B / Nz)

# Layers

Tie Spacing

Vertical Bar Size

O 32x12Lower  View Report

Tie Bar Size

Current Value

A

0.00

0.00

10
7.90sq. in
2.06 %
32.0010n
12.00n
Tangential

Proposed Value

Acceptable
0.59

0.62

10
7.90sq.in
2.06 %
32.00i0n
12.0010n
Tangential

~

L

[Jonly show differences | Select All || Select Mone

Apply
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Column, Design Group Results, Status

NA
Acceptable
Warning
Borderline
Unacceptable

A

Story

Roof (EL 79.5)
Level 6 (EL 67.5)
Level 5 (EL 67.5)
Level 4 (EL 47.5)
Level 3 (EL 37.5)
Level 2 (EL 25.5)
Level 1 (EL 12.5)
Ground (EL 0)

Figure 16-16

Results View: Envelope

€ +-v?

Loads  Analysis Colorize Display Settings

"
R
=] Col
5
2
3

5
-1

[

o-@-E
—=OP= T

njuin/njuin/niniainf

& Global-Translation
Actions (contour map)
Stress (contour map)
lumn

Deformation

Drift

Action (Combination)
[ Axial Force

[ ]t Shear along i
] Shear along ss

[t Moment about

[ Moment about ss

[, Torsion

[Jum Moment Amplification Factor about i (NA)
[Jum Moment Amplification Factor about ss (NA)
Action (Dead load(Drift:G))

Individual Column Design Results

[im Status (WARNING)

mm V&T Utilization (NG}

Jam NvsM Utilization (OK)

[%.. Design Loads

-7, Axial Capacity

Design Group Results

I Status (OK)

~[_JHN V&T Utilization (0K}
~[_JHN NvsM Utilization (OK)
~[Jum Rho

+[17.. Design Group

m
v g
=3

ad Takedown

Tributary Boundary
Tributary Area

Tributary Loads

Cumulative Area

Cumulative Loads

FEM Global Loads

FEM Level Loads

Transfer Path

Load Reduction Factor

Compare Cumulative and FEM Global Loads

e Once you have finished designing all columns, go to Column Design = Design

and click on the Code Check Columns /® icon, to check the columns one last

time and make sure they pass the code check.

e To create output reports for the column design, go to Reports = Column =2
Column Design. A window will appear allowing the user to save the report and
it will launch automatically. The report includes the following sections:

O

o O O O O

Project Information
Size

Reinforcement
Reinforcement Detail
Load

Rho

e Theimages below show a partial view of the Size, Reinforcement and Loading
reports.

B
Floor Height (ft)

%00

"12.00
"0.00
"0.00
"0.00
"12.00
"13.00
250

c

Concrete Strength ( A.2-2(in)

Fe= 5000
F'e= 5000
Fe= 5000
Fe= 5000
F'c= 6000
F'c= 6000
Fc= 6000

16X30
18%30
18330

D
B-4(in)

18%30
18%30
18%30

B-6(in)

16X30
18%30
18%30

B.8-2(in) C-3(in)
18X18 18X18
18K18 18X18
18X18 18X18
18X18 18X18
18X30 3018
18X30 3018
18X30 3018
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1 [Story lao2 B4 B-6 B.5-2 c3 c4 c6
2 [Roof (EL 79.5) 8-48 8-48 3-8 8-48
3 |Level 6 (EL 67.5) 848 848 8-48 848
4 |Level 5 (EL 57.8) 8-48 8-43 8-43 8-43
5 |Leval 4 (EL 47 5) 8-48 8-48 8-48 8-48
6 |Level 3 (EL37.5) 1049 1049 1049 1049 1249 1249 10-49
7 |Leval 2 (EL255) 10-#9 10-#9 10-#9 10-49 12-#9 1249 10-#9
8 |Level 1(EL 12.5) 1049 1049 1049 1049 1249 1249 1049
9 |Ground (EL 0}
10
A B B D E F G H
1 [Story A 2-2(Kip) B-4(Kip) B-6(Kip) B.8-2(Kip) C-3(Kip) C-4(Kip) C-6(Kip)
2 |Roof (EL 79.5) 56 f21 79 a7
3 |Level 6 (EL 67.5) "29 287 "86 53
4 |Level 5 (EL 57.5) 202 "153 %293 "29
5 |Level 4 (EL 47.5) 274 619 400 74
6 |Level 3 (EL375) M43 "59 57 %14 %18 613 "269
7 |Level 2 (EL25.5) 310 320 "16 755 "019 829 "365
8 |Level 1 (EL12.5) 'd67 g2 76 95 M222 "046 161
9 |Ground (EL 0}

a
H
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17

Wall Design

Similar to column design, having analyzed the structure for relevant Strength level combinations
including lateral and gravity loading effects, the design of shearwalls can be performed. For this
tutorial, the design of shearwalls will utilize the native ADAPT-Wall Designer that is integrated
within Builder. This tool is limited to design of linear, prismatic design sections at the top and
bottom of each wall that is included as part of a wall pier. If an active S-Concrete license is
available, the user can choose to utilize the S-Concrete tool for the wall design, providing even
more functionality that is not present within the ADAPT-Wall Designer. For more information
on the differences of each design tool and the expanded functionality of S-Concrete, refer to the
ADAPT-Builder 20 Column and Wall Design Manual.

Tributary axial loads will be included as part of the enveloping of axial forces for the design of
walls. These tributary loads were generated previously in this tutorial. To begin the wall design
process, a solution made in Multi-Level mode must be solved. This was done previously for the
column design section. Prerequisite to processing the wall designs, Wall Piers and Generation of
Wall Sections must be performed.

17.1 Assigning Wall Piers and Design Sections

Each wall stack needs to be assigned a pier label for the purpose of calculating forces
and moments for wall design sections. A defined can be composed of more than 1 wall
segment. The piers are then decomposed into design sections at the top and bottom of
each linear wall segment belonging to a pier. Follow the steps below to assign wall piers
for the model.

e From the Top Right Level Toolbar, click the Multi-Level mode @ icon.

e Reset the view of the model by selecting Clear All from the Results Browser. This
will turn off the view of any graphical results that were displayed previously in
the column design section.

e Use the Bottom Quick Access Toolbar and select the Top-Front-Right View @
icon.

e Use the Bottom Quick Access Toolbar and select the Zoom Extents @ icon.

e Go to Wall Design Visibility and click on the Walls Only 1

change the view to show only the walls in the model.

icon. This will

e Goto Wall Design =2 Settings and click on the Define Pier Labels m# icon.

e Usethe Add Pier — tool to generate P2 and P3. Select OK.
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Pier Labels

Assign Cancel

e Select the wall stack at the far left of the structure.

e Goto Wall Design = Settings and click on the Define Pier Labels m# icon. Select
P1 and then Assign. This will set the Pier designation for the selected stack of
walls to P1.

L] AT

Pier Labels
T
Cd X
MOME
p2
2 P3

7§

R

\

psr carel

e Repeat the wall stack selection process and assignment of piers for the middle
core and the wall stack to the far right.

e Inthe Results Browser, go to the Colorize tab and select Walls — Pier Label. The
image below shows this selected view setting and the pier labels for P3.
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Walls, Pier Label

P1
P2
P3

eEd =7

Loads Colorize Analysis Display Settings

-

-

Wall Design Sections

C1B Thickness

@ Material

OB ZoneLength

OB Zone Rebar Pattem

OB ZoneRebar Pattern & Bar Size
OB Panel Rebar Pattem

[ B Panel Rebar Pattern & Bar Size
Walls

C1B Thickness

OB Material

B Pier Label

e Goto Wall Design =2 Sections and click on the Generate Wall Sections % icon.

This step will produce a unique wall section cut at the top and bottom of each
wall belonging to the piers. FIGURE 17-1 shows the section cuts for all piers.
Note the section cuts will be displayed automatically. To hide the cuts, in the
Results Browser, go to the Analysis tab and select Wall 2Design Section
Results 2Outline.

Each design section is uniquely identified by the Pier Label — Level ID -
Top/Bottom - Wall ID.
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Results View: Envelope

o« t =7

Loads Colorize Analysis Display Settings

Wall, Design Section Results, Outline

@ Beam

B wall

= B Deformation (Contour map)
D'\\ rr-Translation

. ¥’ Z-Translation

D Global-Translation

.| m Drift (NG)

Actions (Combination)

[ Axial Force
[ Shear along rr

.. ] Shear along ss

. ] Moment about rr

... ]t Moment about ss

], Torsion
Action (Dead load(Drift:G))

[ Axial Force
[ Shear along rr

.. ] Shear along ss

. ] Moment about rr

... ]t Moment about ss

], Torsion
Actions in local axis (Contour)
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[ Naz-hudal

Nrz-In-plane Shear
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Mzz

D\\ Mrz
Streszes (Contour)

D\\\\ Mid-depth along rr
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Design Section Results

.| Mm Status

.| mm V&T Utilization

MW MNvsM Utilization

.1, Panel Reinforcement

.[]".. Zone 1 Reinforcement

1., Zone 2 Reinforcement

;] Outline
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ss-Translation

o
w
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=
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=
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Figure 17-1

17.2 Wall Sections and Processing the Design

The next step will be to open the Wall Design Manager, define section reinforcement
and parameters, and design or code check the sections. For this tutorial the design
sections for Pier 1 will be code checked.

e Goto Wall Design = Design and click on the Wall Design Manager icon.
The Wall Design Manager will appear as shown in FIGURE 17-2.

e Inthe list at the left-hand of the window collapse P2 and P3 and expand P1.
Note the wall design sections listed. There are 3 walls in the P1 stack, therefore,
6 design sections listed for the pier.

e The end zone and panel reinforcement values and spacing shown by default will
be used for illustrating the code check process.
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Wall Design

J[L2_Bot_6
L1 Top_1
L1 Bot_1

Reinforcement

Copy
Panel reinforcement

Vertical bars

Mumber of bars
Vertical bar size

Tie bar size

Tie spacing

Splice

Mumber of Curtains
Mumber of Face bars
Face bar spacing

Limit zone length

[ single selection

o ve[s |n

Zone 1 reinforcement

Paste

Horizontal bars
#4

]

=3 ~
#3 ~
]
Tangential
4
9
3175

Fill zone with bars {if applicable)

in

Design Section  Design Parameters  Load Combinations  P-M Diagram  Wall Intersection

Display: Design Status

Mo. of Curtains

Zone 2 reinforcement D Symmetric

MNumber of bars

Vertical bar size #3 v
Tie bar size #3 ~
Splice Tangential

Number of Curtains | 3

S
Number of Face bars 4

[t In

Limit zone length  31.75 in

Face bar spacing

Fill zone with bars {if applicable)

Zone 1 Panel Zone 2
I
A N A A N
B — L
| *
L W L
3175 A A 3175
180.00
III rA
L
Cloze Update Design Openin 5-Concrete | | View Design Summary

Figure 17-2

Select the checkbox next to P1 (6/6 selected). This will allow all design sections
for P1 to be code checked at the same time.

..... [

Rl P2
w Pz

=

=[P 1(s/6 selected)
L3 Top_11
L3 Bot_11
L2 Top &
[~IL2_Bot &
L1 Top 1
LfLl Bot 1

Select the Design Parameters tab at the top of the screen. For this tutorial the
default values will be used. Note for this tutorial the ADAPT Wall design tool
will be used. FIGURE 17-3.
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Design Parameters

Property Walue
EH Design Parameters ~
Design tool ADAPT Wall
Design Code ACI 201
Max utilization 1
Check boundary elements Yes
Boundary method Stress»0 2Fc
Fhi bc 09
Phicc 0.65
Fhish 0.75
H Geometry
Section type Rectangular
Section length 14.599#
Section thickness 11.559in
Overall wall height, Hw 37459
Unsupported wall height, hu It
EH Reinforcement properties
Rebar Library American
Panel wardiral har material MilA Steel 1 e
Figure 17-3

e Select the Load Combinations tab at the top of the screen. FIGURE 17-4. In the
top window, select only the Strength and ULS combinations. In the Load Case and
Solution window, click on each of the load cases. For the Dead and Live load
cases, select the Uncracked: G option. This is the set the reactions to be used as
those solved for the Uncracked usage case. For all others set the option to
Strength Design: G. This will set the reactions for the Strength Design usage case.



Load Combinations

_minus_7[_plus_| hﬂ:lqht +0.90 dload + 1.00 x Hyperstatic + 1.00 x EC
_minus_7[_plus_EQ.2 £ Selfweight +0.61 x Dead load + 1.00 x Hyperstatic + 1.
_minus_7[_mint L :I'r'. ight +0.90 x d load + 1.00 x Hyperstatic-1.00 x E
ULS minus 7] minus fweight 4 0.61 x Dead load + 1.00 x Hy HE
SL5_minus_S5[Wind_\WC1a] = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x Prestressing + 0.60 x Wind_P0; SERVICE_TC
SLS_minus_5[Wind_WC1b] = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x Prestressing-0.60 x Wind_P0; SERVICE_TOT.

212 minne ENAInA WA — 1 00 v Salfaaiakt L1 00w Niaad lnad 4 1 A0 v Dractraceina L 0 AN w Wind DON- SFOVICE T
€ >

Select Combinations: | | Select Al Select Mone

Load Case | Solution | 6

Deadload Drif:G

EQX Strength Design:G

EQY Strength Design: G

Hyperstatic Strength Design:G

Liveload  DrifG

Selfweight  Drift:G

Wind MO Drift:G v

Envelope only applies to compression gravity loads

Assign to selected: | (Drift:G) w |

Figure 17-4

e Go back to the Design Section tab at the top of the window and for the selected
design sections, select Code Check.

e After processing the sections, it can be seen that the code check results in
unacceptable status. For all sections.

=P 1(6/6 selected)

: #IL3 Top_11{Una
[«IL3_Bot_11{Unac
[«IL2_Top_s{Unact
[«]L2_Eot_f{Unacc
[«IL1_Top_1{Unact
----- Lo]L1 Bot_1{Unaco
w-[]p2

#-[|P3

e Select the design section at the bottom of the wall stack L1 _Bot 1 and select
View Design Summary at the bottom right of the window. The design summary
for the selected wall section will appear. FIGURE 17-5. The summary sheet
provides design information relative to the code check and informs the user of
checks that exceed code allowable values. For this example, the vertical panel
reinforcement that was defaulted to does not meet the required minimum
reinforcement of 0.36 in2/ft. Also, the NvM interaction exceeds 1.0.

327



ADAPT Wall Design

Status:
Model: 2019_tutonial_model M ws M Util 1.988
Pier Label: P1
Design Section: L1_Bot_1 ( Level 1 (EL 12.5) - 12.501t) Shear Util: 1.481
Maximum: 1.000
Design Code: ACIZ011
Dimension Governing | oads
Length = 1500 f Pu (kip) Vu (Kip) Mu (kip-ft)  Ufilization GLC
Thickness = 12.00 in fucial 762,470 163.740 9605500 0.144 i'g'élsSTTi“”S—sLmi““s—EQ-”
Lu = 1200 ft Flexure 251,660 555.110 13420.000  1.988 i'g'élssTf"'"”s—Tu'"s—EQ'1]
Hw = 3700 f Shear 251660 555110 13480.000  1.461 e
Shear Design
Fys = 60.000 ksi
Fyv = 60.000 ksi Panel Bars Smax Avmin Avreq Av prov Status
Phish =0.750 {in) { in2/ft) { in2/t) (in2/ft)
PhiVe = 183.932 kip #4 @ 12.00 horz 13.00 0.29 072 0.40
Phivn = 379932 kip #4@ 18.00 vert 18.00 o0ar 0.36 027
PhiVnmax = §19.662 kip
Flexure and Axial Design
Fc = 4000.00 psi
phib = 0.90
phic = 065 ] As {min} CGS Curtains Spacing
uP::::I bars in2 in2 in in
Aused = 000 in2 Zone 1 9-#3 71 216 13.23 3 9.00
n= .00 Zone 2 9-#3 71 216 13.23 3 9.00
Auzed/Aprovvert = 0.00 P Diagram status:
Slenderness check Material statistics
Lu( ft) Lu/s Status Volume( yard3) Steel rafio(3%) Steel Density
12.00 9.38 "OK" §.944 0.66 0.01
Boundary element check
Method: “Strain=0.003" DuHw = 0.02
Cenfinement 1({Compression @ Zone 1)
Type = Ordinary boundary element per ACI 21.9.6.5(a) Ties Spacing(horz.) Spacing{verl) Spacing{vert.) max
Length req. = 14.05in in in in
Length prov. = 28.75in Transv. (Zonet) 434 9.00 9.00 8.00
Development Length vert. = 14.801in Transv. (Panel) 0-#4 18.15 0.00 0.00
Development Length horz. = 664 in Transv. (Zone2) 0-#4 9.00 0.00 0.00
Status ="0.K." Longitudinal 3-#4 5.25 2.00 8.00
Confinement 2(Compression @ Zone 2)
Type = Ordinary boundary element per ACI 21.9.6.5(a) Ties Spacing(horz.) Spacing{verl.) Spacing{veri.) max
Lengthreq. = 13.78in in in in
Length prov. = 28.75in Transv. (Zone2) 4-24 900 9.00 8.00
Development Length vert. = 14.8010n Transv. (Panel) 0-#4 18.15 o.00 0.00
Development Length horz. = 664 in Transv. (Zonet) 0-#4 9.00 0.00 0.00
Status = "0.K." Longitudinal 3-#4 525 9.00 8.00

Figure 17-5

e De-select all design sections by unchecking the P1 box. Select the same design
section and use the Design option. FIGURE 17-6 shows the results for the
second iteration after producing the summary report a second time. Note that
while the minimum reinforcement issue was resolved, the program increased
the number of vertical bars in zones from 9-#8 bars to 12-#8 bars but the
interaction is still > 1.0.

e Inthe Design Parameters window, locate the Design Constraints — Freeze zone
bar size option and select No.

e Input the values as shown below.
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Design constraints
Freeze zone bar size
Zone 1 minimum bar size
Zone 1 maxdmum bar size
Zone 2 minimum bar size
Zone 2 maximum bar size
Freeze panel bar size

No
Ha
H10
Ha
H10
es

e Return to the Design Section tab and select Design again. After designing the
section again with auto-constraints turned off for the vertical zone bar size, the
program can now find a satisfactory solution. FIGURE 17-7.
ADAPT Wall Design

Status:
Model: 2019_tutorial_model Mws M Util: 1.597
Pier Label: F1
Design Section: L1_Bot_1 ( Level 1 {EL 12.5) - 12.50ft) Shear Util: 1138

Maximum: 1.000
Design Code: Acl2011
Dimension Governing Loads
Length = 1500 fi Pu (kip) Vu (kip) Mu {kip-fi)  Utilization GLC
Thickness = 12.00 in Axdal _762.470 163740 _9605.500 0139 '['gélss-]lf”i“USJLminus_EQ 1
Lu = 1200 f Flexure -251.660 555.110 13480000 1597 [géfs—].f”'"”s—julus—m'”
Hw = 37.00 A Shear 251660 555110 13480000 1138 (SEig e-TLeusEQ
Shear Design
Fys = 80.000 ksi
Fyv = 60.000 ksi Panel Bars Smax Avmin Avreq AV prov Status
Phish =0.750 (in) { in2f) { i) ( in2/ft)
Phivc = 163.932 kip #4 @ 8.00 horz 18.00 0.29 0.72 0.60 | omer
Phivn = 437932 kip #4 @ 12.00 vert 18.00 0.7 0.36 0.40 "OK"
PhiVnmax = B819.662 kip
Flexure and Axial Design
Fc = 400000 psi
phib = 090
phic = 065 As As {min) CGS Curtains Spacing
Panel bars in2 in2 in in
used
Aused = (.04 in2 Zone 1 12-43 9.45 216 1473 3 9.00
n= 9.00 Zone 2 12-#5 9.48 2.16 1473 3 9.00
Auged/Aprovvert = 0.10 PM Diagram status:
Slenderness check Material statistics
Lui ft) Lui16 Status Volume{ yard3) Steel rafio(%) Steel Density
12.00 9.38 "OK" 6.944 0.89 o
Boundary element check
Method: “Strain=0.003" DuHw = 0.02
Confinement 1{Compression @ Zone 1)
Type = Ordinary boundary element per ACI 21.9.6.5(a) Ties Spacing(horz.)  Spacing{vert.) Spacing{vert.) max
Lengthregq. = 15.11in in in in
Length prov. = 23.75in Transv. (Zone1) 4-#4 9.00 .00 5.00
Development Length vert. = 1480 in Transv. (Panel) 0-#4 1211 3.00 5.00
Development Length horz. = 6.64in Transv. (Zone2) 0-#4 9.00 5.00 5.00
Status ="O.K" Longitudinal 3-#4 525 8.00 5.00
Confinement 2{Compression @ Zone 2
Type = Ordinary boundary element per ACI 21.9.6.5(a) Ties Spacing{horz.)  Spacing{vert.) Spacingivert.) max
Lengithreq. = 14.87in in in in
Length prov. = 28.75in Transv. (Zone2) 4-#4 9.00 5.00 5.00
Development Length vert. = 14.80in Transv. (Panel) 0-#4 121 8.00 .00
Development Length horz. = 6.641in Transv. (Zone1) 0-#4 9.00 .00 5.00
Status = "O.K" Longitudinal 3-24 5.25 5.00 .00

Figure 17-6
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ADAPT Wall Design

Status: Acceptable
Model: 2019_tutenal_model N s M Util: 0.986
Pier Label: P1
Design Section: L1_Bot_1 ( Level 1 (EL 12.5) - 12.50f) Shear Util: 0677

Maximum: 1.000
Design Code: ACI2011
Dimension Governing Loads
Length = 15.00 # Pu { kip) Vu (ki) Mu (kip-ft)  Utilization aLe
Thickness = 12.00 in Axial 762.470 -163.740 9605500 0132 '['g'é%—],f"'””S—SL’”'"“S—EQ-”
Lu = 1200 ft Flexure 251660 555.110 13430.000 0996 '['g'éfs—].f"'””s—Tu'”s—EQ'”
Hw = 79.00 A Shear 251660 555.110 13480000 0677 e e A
Shear Design
Fys = &0.000 ksi
Fyv = 80.000 ksi Panel Bars Smax Avmin Avreq Av prov Status
Phish =0.750 (in) { in2ift) { in2if) ( in2/f)
PhiVec = 183.932 kip #10 @ 12.00 horz 13.00 0.36 0.72 254 "OK"
Phivn = 1335.532 Kip #4 @ 12.00 vert 18.00 0.17 0.36 0.40 "0OK”
PhiVnmax = 819662 Fkip
Flexure and Axial Design
Fc = 400000 psi
phib = 0.90
phic = 0.65 As As {min) CGS Curtains Spacing
UP::::I bars in2 in2 in in
Aused = 0.04 in2 Zone 1 11-#1 17.16 216 13.71 3 9.00
n= 9.00 Zonge 2 10-#9 10.00 2186 13.14 3 9.00
Ausedidprovvert = 0.10 P Diagram status: "OK"
Slenderness check Material stafisfics
Lui ft) Lui16 Status Volume( yard3) Sieel ratio(%) Sieel Density
12.00 9.38 "OK" 6.944 1.27 0.03
Boundary element check
Method: “Strain=0.003" DuHw = 002
Confinement 1{Compression @ Zone 1)
Type = Ordinary boundary element per ACI 21.9.6.5{a) Ties Spacing(horz.)  Spacing(vert.) Spacing{vert.) max
Lengthreq. = 12.41in in in in
Length prov. = 28.95in Transv. (Zonel) 4-34 9.00 8.00 5.00
Development Length vert. = 46.99in Transv. (Panel) 0-#4 12.63 g.00 .00
Development Length horz. = 16.87in Transv. (Zone2} 0-#4 9.00 g.00 8.00
Status ="0.K" Longitudinal 3-#4 525 8.00 8.00
Confinement 2{Compression (@ Fone 2)
Type = Ordinary boundary element per ACI 21.9.6.5{a) Ties Spacing(horz.)  Spacing(vert.) Spacing{vert.) max
Lengthreq. = 20.48in in in in
Length prov. = 2881in Transv. (Zone2) 4-34 9.00 g.00 8.00
Development Length vert. = 46.99in Transv. (Panel) 0-#4 12.63 .00 8.00
Development Length horz. = 16.87 in Transv. (Zonel) 0-#4 9.00 g.00 .00
Status ="0.K." Longitudinal 3-#4 5.25 8.00 8.00

Figure 17-7

o De-select the bottom design section previously defined and select all remaining
5 design sections.

e Select Design. All design sections should now be satisfactorily designed with the
changes for vertical zone reinforcement and tie panel spacing of vertical bars.

all A
1(5/6 selected)

e Select Update to save the updated design results.
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17.3

Wall Design Results

After completion of the iterative wall design process for P1, graphical and tabular wall
design results can be produced. For additional wall design results like interaction
diagrams and end joint reinforcement intersection details, consult the ADAPT-Builder
Column and Wall Design Manual for more information. The instructions below will
define the process for producing common graphical and tabular results.

Close the Wall Design Manager

From the Top Right Level Toolbar, click the Multi-Level mode @ icon if not
already in this view.

Reset the view of the model by selecting Clear All from Result Display Settings.
This will turn off the view of any graphical results that were displayed previously
in the column design section.

Use the Bottom Quick Access Toolbar and select the Top-Front-Right View @
icon.

Go to Wall Design 2 Visibility and click on the Walls Only 1 icon. This will
change the view to show only the walls in the model.

In the Results Browser, go to the Analysis tab and select Wall — Design Section
Results — Status. FIGURE 17-8. The design sections for P1 are shown as
Acceptable. The overall status check shows NG because all design sections
generated have not yet been designed for this example. Other graphical checks
are shown in the Design Section Results branch.

. Results View: Envelope
Wall, Design Section Results, Status

NA -+ =-¥7
Acceptable Loads Colorize Analysis Display = Settings
Warning w2 B
Borderline @ Column
Unacceptable - @ Beam
-y Wall

- [ Deformation (Contour map)
- [ Actions (Combination)
[j Action (Dead load(Drift:G))
[j Actions in local axis (Centour)
[ Stresses (Contour)
[ Design Section Results
[~m Status
~[Jum V&T Utilization
[Jum NwvsM Utilization
[17.. Panel Reinforcement
[, Zone 1 Reinforcement
[, Zone 2 Reinforcement
CO% Outline

i ‘r—j Load Takedown

[T [ - [

NN

Figure 17-8
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e Select Reports =2 Single Default reports = Wall 2 Wall Design Sections and
Wall Design Summary.
e The XLS report contains the following sections.
o Project Information
o Reinforcement
o Geometry
o Governing Loads
e An example of the XLS report sections for Reinforcement, Geometry and
Governing Loads are shown below for the tutorial model. FIGURE 17-9.

A B [ D E F G H | J K L M
4 [Pier _IReference Plane Design section ID Thickness fc Zone 1 vert_reinf  Zone 1 ties Zone 2 vert_ reinf  Zone 2 ties Panel vert_ reinf  Panel horz. reinf  Number of curtains Status
2 [P1 Level 3 (EL 37.5) L3_Top_11 11.99985408 4,000.00 9-#8 #3@9in 9-48 #3@9in #.@12in #1@12in 2 Acceptable
3 P1 Level 3 (EL 37 5) L3 Bot_11 11.99985408 4,000.00 9-#8 #@9in 9-#8 #@9in #M@12in #1@12in 2 Acceptable
4 |P1 Level 2 (EL 25 5) L2 Top_6 11.99985408 4,000.00 9-#8 #3@9in 9-48 #3@9in #.@12in #@9in 2 Acceptable
5 P1 Level 2 (EL 255) L2 Bot 6 11.99985408 4,000.00 9-#8 #@9in 12-#8 #@9in #M@12in #@9in 2 Acceptable
6 P1 Level 1 (EL 12.5) L1_Top_1 11.99985408 4,000.00 9-#8 #£@9in 10-#8 #3@9in #.@12in #1@12in 2 Acceptable
7 P1 Level 1 (EL125) L1 Bot 1 11.99985408 4,000.00 11-#11 #@9in 10-#9 #@9in #M@12in #10@ 12in 2 Acceptable
8 P2 Roof (EL 79.5) L7 _Top_31 11.99985408 4,000.00 3-#8 #@9in 3-#8 #@9in # @18in #@12in 2 NA
9 |P2 Roof (EL 79.5) L7 _Top_30 11.99985408 4,000.00 3-#8 #@9in 3-#8 #@9in # @18in #@12in 2 NA
10 P2 Roof (EL 79.5) L7 _Top_29 1199985408 400000 3-#8 #@9in 3-#8 #@9in #@18in #@12in 2 NA

A B c D E F G H | J K

1 |Pier .Refwen:e plane Design Section  Wall ID Section type Length Thickness Zone 1 length Zone 1 width Zone 2 length Zone 2 width
2 P Level 3 (EL 37.5) L3 _Top_11 11 Rectangular 179.9978112 11.99985408 NA A MA NA
3P Level 3 (EL 37.5) L3 Bot 11 11 Rectangular 179.9978112 11.99985408 NA NA NA NA
4 M1 Level 2 (EL 25.5) L2 Top & & Rectangular 179.9978112 11.99985408 NA A MA NA
5 P1 Level 2 (EL 255) L2 Bot_6 6 Rectangular 1799978112 11.99985408 NA NA NA NA
6 |P1 Level 1 (EL 12.5) L1 _Top_1 1 Rectangular 179.9978112 11.99985408 NA HA MA NA
7 |P1 Level 1(EL 12.5) L1_Bot_1 1 Rectangular 179.9978112 11.99985408 NA A MA NA
8 P2 Roof (EL 79.5) L7_Top_31 31 Rectangular 119.9985408 11.99985408 NA NA NA NA
9 |P2 Roof (EL79.5) L7 Top_30 30 Rectangular 179.9978112 11.99985408 NA A MA NA
10 |P2 Roof (EL 79 .5) L7 Top 29 29 Rectanqular 119.9985408 11.99985408 NA NA NA NA

B c

0
ection ID Al Utiization Gl
22827
89 229
17388
18257

0.976572588 "Ul
0.98570729 *U

10211 0 6
555.11 0.67723

U
“ULS_mini 25166

U
“ULS_minus_S_m 9605 5

-251.66

Figure 17-9

e The PDF Wall Design Summary is a compilation of the summary reports for each
design section produced for the designed sections. These are similar to those
summary reports shown in figures earlier in the section. The Design section
graphics and interaction diagrams are also included. The images below show
examples of this report for the designed pier sections. FIGURES 17-10 and 17-
11.



2019_tuterial_rroded
Pior Label: Pl

ACEN

Shear Design

Fys = 60000 ksi

Fyv = 60000 ksi

Phish =0.750

FhiVe = 163932 kip
PHiVn = 1535532 kip
FhiVomax = 819662 Wp

Hexure and Axial Design
Fc = 400000 psi

phib = 080

phic = 085

[Pared bars

s

Aused = 004 in2

n= 900
AusediSproy vert = 0,10

Zone 1
Zone2

LM

Corfinerment 1 i Zoma 1
Type = Ordinary boundary alement per AC 2 9.6.5(a)
Lengthreq. = 1241in
Length prev. = 2895in
Developrrent Lengh verl. = 4699 in
Deneloprrent Lengh horz. = 1687 in

Confinernert 3 Crevpresssion @ Jone 2)
Type = Ordinary boundary element per ACQ21.9.6.5(a)
Lengthreq. = 2046in
Length peov. = 2881 in
Developrrent Length verl. = 46.909in
Developrment Length horz. = 1687 in

Panel Bars

#10@12.00 harz
4@ 12,00 vert

Transv_ (Zonel) 4
Transv. (Panel) 1]
Transv. (Zone2) -
Longitudinl 3

Transy. (Zone2) 4
Transv. (Panel) a
Transv_ (Zonal) -
Longitudinl 3

ADAPT Wall

L1_Bot_1 { Level 1 (EL 12.5) - 12.501)

Fu (k)

Axial ~TE2470

-251.680

-251.680

(in}
1800
1800
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10-#8

1716
10.00

OK"

Figure 17-10
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Status:

Mvs ML 0.986
Shear LA Q677
Mascirmurm 1.000

Mi (Kpdt) Wiizaion  GLC
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13480000 0986 [ELLSE > i 7] phes EL)
LS minus_J] phus H21)

13480000 0E7T [SEST

A reg Ay prov Sabus

{ in2At) | irc1)

o2 254

038 040

s Curtains Spacing

in in
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Poegansets. (ORI

hinkewial statich

Wolurre{ yard3) Stee! ratio(%) Seel Density
6944 127 003

Spacing(vert) Spacing(verl ) max
in in

8.00 00
8.00 00
8.00 00
8.00 00

Spacingvert) Spacing(verl ) max

n in
8.00 00
8.00 00
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Wall Diagram
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