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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 ADAPT-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 product selection and splash screen settings to be used.

. ADAPT-Builder Product Selection et
() Builder RC () Builder Foundations
© Builder FT () Builder FELT-30

cancel

Build 23
~ Edge | Floor Pro | PT/RC | US
Programs Mode Modules Unit System
Edge @)  Floor Pro @) RC PT/RC PT/RC Strip Mode ) Us 51 MKES

Mat ) 506 (00 9 B PT shop / FELT 30 (0 a E,I} 8

FIGURE 1-1
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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 post-tensioned concrete beams. The concrete slabs at levels 4-Roof will be
conventionally reinforced concrete slabs including drop panels for two-way shear. The gravity
supports will be square and rectangular concrete columns and walls. The lateral resisting
system will be concrete shear walls. Note that the lateral design of concrete diaphragms is not
included in this tutorial.

The project site is 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 ACI318-2019(22)/1BC
2021 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:

e The structural analyses are limited to gravity, wind and seismic load design of
the post-tensioned and conventional reinforced slabs/beams.

e [tis assumed that the slabs act as semi-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.

e 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.

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

e For analyses performed in single-Level mode, the support conditions are
assumed as fixed rollers at the far ends of walls and columns and translation X
and Y stabilized at the slab level.

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

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

n u
",

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

1.1 Geometry

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

Dimensions:
® Post-tensioned slab thickness =8”
e Post-tensioned balcony slab thickness =7" w/1” offset
e Reinforced concrete slab thickness =13.5” w/ 18” deep drop panels
o Reinforced concrete beams = 18x24" (levels 1-3)
e Columns = 18" sqg., 18x30”, 30x18”, 12x32”
e Floor-to-floor heights = as shown below
M ame Elewvation  Height

Roof EL¥3.5]  79.50 12.00
Lewel B [EL B7.5] E7.50 10.00
Lewel B (EL B7.5] B7.50 10.00
Lewel 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 (ELO)  0.00 0.00

Wall thickness = 12” all levels

Material Properties:

Concrete

Concrete unit weight = 150lb/ft3
Cylinder Strength (f'c) at 28 days = 5000 psi (slabs, beams, cols, walls)
Cylinder Strength (f'c) at 28 days = 6000 psi (walls below L3, slabs above
L3)

e Modulus of Elasticity (5000psi) = 4287 ksi

e Modulus of Elasticity (6000psi) = 4696 ksi

e Creep Coefficient =2

e Shrinkage Factor =0.5

e Curing Type = Moist

e Duration of curing =7 days

Post-Tensioning

Low-relaxation, seven wire strand.

Strand Diameter = 0.5 in nominal
Strand Area =0.153in2
Modulus of Elasticity = 28500 ksi
Ultimate strength (fpu) =270 ksi

Yield strength (fpy) = 240 ksi
Average effective stress (fse) =175 ksi
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e Effective force/strand =26.7k

e System type = Unbonded

o Angular friction =0.07

e Wobble friction =0.001 rad/ft

e Jacking stress = 0.80fpu = 216 ksi
e Seating loss (draw-in) =0.25in

o Concrete strength at stressing =0.75f'c

Non-prestressed Reinforcement

e Yield Strength =60 ksi
e Modulus of Elasticity = 29000 ksi

Average Precompression and Balanced Loading:

® Minimum precompression =125psi

e Maximum precompression = 300psi

® Minimum balanced loading =50% (total dead load)
e Maximum balanced loading = 100% (total dead load)

Allowable Stresses for Post-Tensioned Slabs:

Maximum tensile stress

e Due to prestress plus sustained loads = 6*sqrt(f'c)
e Due to prestress plus total loads = 6*sqgrt(f'c)
e Due to prestress plus self-weight = 3*sqrt(f’'ci)

Maximum compressive stress

® Due to prestress plus sustained loads = 0.45*f'c
e Due to prestress plus total loads =0.60*f'c
® Due to prestress plus self-weight = 0.60*f'ci

Tendon Profiles:

Interior spans - Reversed parabola with inflection point ratio of 0.1.
Exterior spans with no cantilever - Low point at center; exterior half simple
parabola; interior half reversed parabola with inflection point at 0.1 ratio.
Exterior spans with cantilever - Same as interior span.

Cantilever - Single simple parabola with center of curvature at bottom.
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Cover:

Non-prestressed Reinforcement - Slabs

e Cover to top bars (enclosed areas) =0.75in
e Cover to bottom bars (enclosed areas) =0.75in
e Cover to top bars (exposed area) =1.5in
e Cover to bottom bars (exposed areas) =1.5in

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

Self-weight

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

Live Load (unreducible)

Roof Live Load (unreducible)

Wind Loads

Basic wind speed

Exposure

Gust factor

Topographic factor
Directionality factor

Velocity pressure coefficients
Windward coefficient, Cpw
Leeward coefficient, Cpl
Eccentricity (%)

Design Wind Load Cases

10

=1.5in
=1.5in

=1.0in
=1.0in
=1.75in

= based on unit weight
= 25 psf

=400 lb/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.)
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Main Wind Force Resisting System — Part 1 All Heights
Figure 27.4-8 I Design Wind Load Cases
- LTS Py
Piilgm IREER
a..vspw-x: :-—-o..fsp_._x
Py Pix l l l l l Pry l la.?lspi-_rl
CASE 1 CASE 3
By 8y
1363 P py
Phddd fomm IR
= o - . o ]
+-/ = T H O
My My | My e
7 7 7 L5363 P pry 0.563 P .
0.75P oy 0.75P Ly l l l l l LISPLY l } } l i jﬁjp;'},!x
My = 0.75 (PyytPro)Byey  My=0.75 (Pyy+P)Brey My =0.563 (PyytPry)Byey + 0.563 (Pyy+Pyy)Byey
ey=+0.15By ey==0.15B ex==(0.15 By ey=+0.15B
CASE 2 CASE 4
Seismic Loads
e Design Procedure =ELF
e Spectral Acceleration, Ss =1.479
e Spectral Acceleration, S1 =0.546
® Occupancy Category =l
® Seismic Use Group =1
® Occupancy Importance Factor =1.0
o Site Class =D
® Seismic Design Category =D
® Response Modification Factor, R =5
o Deflection Amplification Factor, Cd =5
e LongPeriod, TL = 8 sec.
e Coefficient, Ct =0.02
® X, Approximate period parameter =0.75
e Eccentricity =5%
® Seismic Mass = 1.0*Self-weight

Load Combinations:

Serviceability Load combinations (SLS) — Gr

11

avity

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

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

Serviceability Load combinations (SLS) — Lateral

1.0*SW + 1.0* SDL + 0.6* WL + 1.0*PT

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

1.0*SW + 1.0*SDL + 0.45*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
1.0*SW + 1.0*SDL + 0.45*WL + 0.75*LL + 1.0*PT

1.0*SW + 1.0*SDL + 0.53*EQ + 0.75*LL + 1.0*PT

0.6*SW + 0.6*SDL + 0.6*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 + 1.0*HYP

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

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

Strength Load Combinations (ULS) — Lateral

1.2*SW + 1.2*SDL + 1.0*LL + 0.2*RLL + 1.0*EQ + 1.0*HYP
1.2*SW + 1.2*SDL + 1.0*LL + 1.0*EQ + 1.0*HYP

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

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

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

0.9*SW + 0.9*SDL + 1.0*WL + 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.

1.00 x Wind_PO

-1.00 x Wind_PO

1.00 x Wind_P90

-1.00 x Wind_P90

0.75 x Wind_PO + 0.75 x Wind_MO
0.75 x Wind_P0-0.75 x Wind_MO
-0.75 x Wind_PO + 0.75 x Wind_MO
-0.75 x Wind_P0-0.75 x Wind_MO
0.75 x Wind_P90 + 0.75 x Wind_M90

12
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0.75 x Wind_P90-0.75 x Wind_M90

-0.75 x Wind_P90 + 0.75 x Wind_M90

-0.75 x Wind_P90 -0.75 x Wind_M90

0.75 x Wind_P0 + 0.75 x Wind_P90

0.75 x Wind_P0 -0.75 x Wind_P90

-0.75 x Wind_PO + 0.75 x Wind_P90

-0.75 x Wind_P0 -0.75 x Wind_P90

0.56 x Wind_PO + 0.56 x Wind_P90 + 0.56 x Wind_MO + 0.56 x Wind_M90
0.56 x Wind_PO + 0.56 x Wind_P90 + 0.56 x Wind_M0 -0.56 x Wind_M90
0.56 x Wind_P0 + 0.56 x Wind_P90 -0.56 x Wind_M0 + 0.56 x Wind_M90
0.56 x Wind_P0 + 0.56 x Wind_P90 -0.56 x Wind_M0 -0.56 x Wind_M90
0.56 x Wind_P0 -0.56 x Wind_P90 + 0.56 x Wind_MO0 + 0.56 x Wind_M90
0.56 x Wind_P0 -0.56 x Wind_P90 + 0.56 x Wind_MO0 -0.56 x Wind_M90
0.56 x Wind_P0 -0.56 x Wind_P90 -0.56 x Wind_M0O + 0.56 x Wind_M90
0.56 x Wind_P0 -0.56 x Wind_P90 -0.56 x Wind_MO0 -0.56 x Wind_M90
-0.56 x Wind_PO + 0.56 x Wind_P90 + 0.56 x Wind_MO + 0.56 x Wind_M90
-0.56 x Wind_PO + 0.56 x Wind_P90 + 0.56 x Wind_MO0 -0.56 x Wind_M90
-0.56 x Wind_PO + 0.56 x Wind_P90 -0.56 x Wind_MO + 0.56 x Wind_M90
-0.56 x Wind_PO0 + 0.56 x Wind_P90 -0.56 x Wind_M0 -0.56 x Wind_M90
-0.56 x Wind_P0 -0.56 x Wind_P90 + 0.56 x Wind_MO0 + 0.56 x Wind_M90
-0.56 x Wind_P0 -0.56 x Wind_P90 + 0.56 x Wind_M0 -0.56 x Wind_M90
-0.56 x Wind_P0 -0.56 x Wind_P90 -0.56 x Wind_MO0 + 0.56 x Wind_M90
-0.56 x Wind_P0 -0.56 x Wind_P90 -0.56 x Wind_M0 -0.56 x Wind_M90

Usage Cases — Stiffness Modifiers:

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.

13
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Long-Term Deflection

Load is applied in stages:

Stage 1: Forms removed 20 days after casting, t1=20 days.
Stage 2: Partitions and deflection-sensitive fixtures installed 40 days after
casting, t2 = 40 days.
Stage 3: Live load placed on a slab 180 days after casting, t3= 180 days. Part of
live load sustained on the structure (30%).
Calculate defections at 40, 180, 360 and 5000 days after casting.

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 Long-Term =1/240
e Total live load =1/360
Drift
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
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Initial Model Setup

The first step to getting started in ADAPT-Builder is to open the program. Once ADAPT-Builder is
open we can start to create our model. Before modeling our structure, we will need to set up
the reference planes, materials, and criteria for the model. 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.

o Double-click the ADAPT-Builder 23 desktop icon to open the program. Alternatively,
navigate to and open the C:\Program Files (x86)\ADAPT\ADAPT-Builder 23 folder, and
double-click Builder.exe to open the program.

e The program will either open to a products selection screen as shown in FIGURE 2-1 or
the program splash screen shown in FIGURE 2-2. If greeted with the product selection
screen, click on the radio button next to Builder PT as shown below.

0 ADAPT-Builder Product Selection *
() Builder RC (") Builder Foundations
© Euilder PT () Builder FELT-3D
Cance
FIGURE 2-1

e C(Click OK to close the product selection screen. This will then open the ADAPT-Builder
splash screen.

ADAPT-Builde

Version 23

Build 23

W Edge | Floor Pro | PT/RC | US

FIGURE 2-2

e C(Click the down arrow on the lower left of the splash screen to expand the program
options available as shown in FIGURE 2-3.

15
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ADAPT-Builder IliRISA

Version 23

Build 23

s Edge | Floor Pro | PT/RC | US
Programs Mode Modules Unit System
Edge @) FloorPro @) RC PT/RC PT/RC Strip Mode ()

uUs 51 MEKS
Mat () s0G (D) 8 a PT Shop / FEIT 3D () ) 8 8

FIGURE 2-3

Make the same selections as shown above and click the OK button to open the program
to the ADAPT-Builder user interface as shown in FIGURE 2-4. For more information on
the options in this window the user can click on the Help 7icon to open the web-based

help file.

- 8 x

® 05 b © &+ unameanon. aoarr | sage |risor o |
 Fresnak G 4§ Corentpne @ 7 -

F/OXL A BOTrSEB@ERP M- © g o o B[] 36981086000  URIEUS  Lavet Cument plane

Praperties Colorze Visiilty

FIGURE 2-4

16
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Setting up Reference Plane Levels and Story Heights

With the program open we can now start to set up our model. 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. It is important to note that a new
reference plane cannot be added below the lowest reference plane.

To setup Reference Plane Levels and Story Heights:

® Go to Model 2Level and click on the Story Manager icon @ to open the
Reference Plane Manager shown in FIGURE 2-5.

Reference Plane Manager X

Hame Elevation  Height Edit Properties

Top plane 20,00 10.00
Current plane 10,00 10.00

Height: 10.000 ft Apply

Bottom plane  0.00 0.00
Add Plane
Height 10.000 f dd
Delete Plane
Current plane Delete

Set az active Close l
FIGURE 2-5

e 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 text under the Name column of the
Reference Plane Manager to highlight the name in blue.

o 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).

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

Note: The Bottom Plane name will display as unchanged, the change will take
place when you click the Apply button at the end of modeling level label names.

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

e Change the value in the Height text box from 10 to 13.
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e Click the Apply button in the Edit Properties section of the Reference Plane
Manager

o C(Click the Add button in the Add Plane section of the Reference Plane Manager.
Note the program will add a plane above the currently selected level.

o Click on Plane 4 under the Name column of the Reference Plane Manager.
e Change the text “Plane 4” in the Label text entry box to Level 3 (EL 37.5).
o Change the text in the Height text box from 10 to 12.0.
e Click the Apply button.
o Continue adding levels, assigning the levels their names and heights, until you
have all the levels shown in FIGURE 2-6.

Reference Plane Manager X

MHame Elevation Height Edit Properties

Roof EL735 7450 1200 Labelt  Faof [EL 79.5]

LevelB[ELE75) 6750  10.00 _ T

levelS[EL575 5760 1000 Height: 12,000 Apply

Lewvel 4 [EL 47.5] 47.50 10.0a Add Plane

Level3(EL 375) 3760 12.00 Height: 10.000 1 dd

LevelZ [EL 255 25560 1300 —

Level 1[EL125) 1250 1250 Delete Plane

Ground (EL 0)  0.00 0.00 Fioaf [EL 73.5] Delete

Cloze

FIGURE 2-6

e When finished, click the Close button to save the changes and close the
Reference Plane Manager.

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 2-7.
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Material

Concrete

Label:  Cencrete 1 Help
We: 150.00 pof MNormal > Nondinear analysis
Unit price: 7992 S4d"3
Mechanical properties (28 days)
10 Cylinder Strength (7 Cube Strength Dry Air
Fe: 4000 psi Feu: 5000/ psi N
Size Factor: Ks
Modulus of elasticity Modulus of rupture -
Auto Calculate 26
Ee 3800 ksi O Defack o Caleulate
~ = User Defined 05 15
Wee: 150.00 pcf O 474/ psi e
Add Delete —
Mechanical properties at stressing f(initial; PT transfer)
Add Dramix® FRC . - Strength Reduction Factor, FRC
Cylinder Strength Cube Strength —
Fei 0.75 fc Feui: 0.75| Feu
Shear Modulus: 1500 ksi Poisson’s Ratio: 0.20 Haga: 0.7% in
Thermal expansion coefficient:  0.00000550 /F 0.00 0.00 0.00 0.00 Ovemide Residuals

e Click on the Add button. This will add Concrete 2 to the list view on the right
side of the Material window.

e Click on the Label text input box.

e Using your keyboard, change the label from “Concrete 2” to 5000psi.

e Click on the f’c text input box.

e Using your keyboard, change the concrete strength from “4000” to 5000.

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

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

e Click on the Label text input box.

e Using your keyboard, change the label from “Concrete 3” to 6000psi.

e Click on the f’c text input box.

e Using your keyboard, change the concrete strength from “4000” to 6000.

e Click on the Ec text input box this will automatically update the modulus of

elasticity to the 4696 ksi value.
e Other properties in this window by default match with our given criteria. Click
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 2-8.
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Material

Mild Steel

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

Unit price: 1.35 §b
Add Delete -

OK

FIGURE 2-8

e The default value for fy matches the criteria for this property so there is no need
to change this property.
Click on the Es text input box.
Using your keyboard, change the value from “30000” to 29000.
Click OK to save the change and 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 2-9.

Material

Prestressing

Label: Prestressing 1 Unit price: 1.80 $/b
Mechanical propertities
Specified utimate strength fpu):  270.000 ksi
Yield stress fpy): 240,000 ksi
Modulus of elasticity (Eps): 28000 ksi

Add Delete

OK

FIGURE 2-9

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

o The default value for the Yield stress matches the criteria for this property so
there is no need to change this property.
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e Click on the Modulus of elasticity (Eps): text input box.
e Using your keyboard, change the value from “28000” to 28500.
o C(Click on OK to save the change and exit the Material window.

23 Defining Design Criteria

Now that we have our material properties set, 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:

® Go to Criteria->Design Criteria and click on the Design Code [j icon. This will
open the Criteria window from FIGURE 2-10.

Tendon Height Defaults (FEM) Allowable Stresses
Prefemed Reinforcement Size and Material

Shear Design Options Rebar Round Lip Analysis/Design Options
Beam criteria Design Code Reinforcement Bar Lengths Rebar Minimum Cover
Choose code

O ACI 1999 Australian 2001 (ONBR6118: 2014

(C) ACI 2005/1BC 2006 Australian 2005 (O) Canadian 1994

(_) ACI 2008/1BC 2009 Australian 2018 (™) Canadian 2004

-::::Z-ACI 2011/18C 2012 BS8110 ) Canadian 2014

() ACI 201441BC 2015 Hong Kong 2007
© ACI 2019/1BC 2021 Hong Kong 2013

() Chinese

() ACI 2022/1BC 2021 EC2 izl Help
Strength reduction factors
Bending {max value): 0.50
Shear two-way: 075
Ok
FIGURE 2-10

Design Code Tab:
For this project we will be using the ACI318-2022/1BC 2021 design code option.

e Click on the radio button next to the ACI318-2022/IBC 2021 option.
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The Strength reduction factors will be updated automatically for the code you
have chosen however, the user has the option to modify these if desired. For
this tutorial we will use the default values for the ACI318-2022/IBC 2021 design
code.

Note: The strength reduction factors for one-way shear and torsion become
available when the user selects the One-way or Beam criteria text in the upper
left pane of the Criteria dialog window.

Reinforcement Bar Lengths Tab:

e Click on the Reinforcement Bar Lengths tab. This will open the window from
FIGURE 2-11.

Criteria X
Ty a
One-way slab c:riteri Shear Design Options Rebar Round Up Analysis/Design Options Tendon Height Defaults (FEM) Alowable Stresses
Beam criteria Design Code Reinforcement Bar Lengths Rebar Minimum Cover Prefemred Reinforcement Size and Material
Minimum bar lengths
Cut off length of minimum steel over support (Length./Span): 017
Cut off length of minimum steel in span (Length/Span): 0.23
Extension of strength reinforcement beyond point of zero moment
Top bar: 12.00 in
Bottom bar: 12.00 in

Bar length adjustment and position reporting

[ Adjust length and center top bars over support
|__| Adjust length and center bottom bars in span
|__| Enter position of bars on plan Help

0K

FIGURE 2-11

e For this project we will use the default values in this window. We can move to
the Rebar Minimum Cover tab.
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Rebar Minimum Cover Tab:

o C(Click on the Rebar Minimum Cover tab. This will open the window from FIGURE

2-12.
Criteria *
Shear Design Options Rebar Round Up Analysis/Design Options Tendon Height Defaults (FEM) Allowable Stresses
Beam criteria Design Code Reinforcemert Bar Lengths Rebar Minimum Cover Prefemred Reinforcement Size and Material
MNon-Prestressed reinforcement
Top bar .
Quter layer: 100 In

Inner layer: Program calculates using bar size specified

Bottom bar :
Quter layer: 1.00 N

Inner layer: Program calculates using bar size specified

0K

Figure 2-12

Click on the Outer Layer text input box within the Top Bar section of this tab.
Using your keyboard, 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.
Using your keyboard, change the value from “1.00” to 0.75.
Click on One-Way slab criteria text in the panel 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. Since our
design does not consist of a one-way slab we will leave the default values for
the One-way slab criteria.

e Click on Beam criteria text in the panel 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
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is, inside of, and has vertices snapped to the ends of the beam. This will be
covered later in the tutorial.

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 text in the panel 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 2-13.

Ir Criteria * 1'
e-wa_l,l slab c:nten Shear Design Options Rebar Round Up Analysis/Design Options Tendon Height Defaults (FEM) Allowable Stresses
Beam criteria Design Code Reinforcemert Bar Lengths Rebar Minimum Cover Prefemred Reinforcement Size and Material

Esfr:;:de::rr:if;o;ﬁr::t; sr::ed} = y Select primary rebar library ) USA (O MKS (@]
Prefemed bar size for bottom bars: #a “ # |ID Diameter (inch) | Area (inch2)
Prefemed stimup bar size (beam only):  #5 I I
1 |3 038 0.1
2 |#4 050 0.20
Material 3_ #5 0.63 0.31
Top and bottom bars MildSteel 1 w 4_ 6 0.75 0.44
Mesh reinforcement MildSteel 1 ~ 5_ * 088 0.60
Beam stimups MildSteel 1 v 12 |F= L Lz
Punching shear studs  MidSteel 1 v 7 |#9 113 1.00
) ) ) 8 (210 127 127
Punching shear stimups ~ MildSteel 1 ~ —
9 [#n 1.41 1.56
10 [#14 1.69 225
L #18 2.26 4.00
1= |
1
14
15

Click to Edit Import Export Restore Default

0K

FIGURE 2-13

In the Preferred Reinforcement Size and Material tab you can set the preferred
reinforcement size for top bars, bottom bars, and stirrups, for each of the
different design criteria. The Material of different bars can be set in the Material
section of this tab. For this tutorial we use the default values for each.
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Shear Design Options Tab:

e Click on the Shear Design Options tab. This will open the window from FIGURE

2-14.
.r Criteria > 1'
T -

One-way slab criteria Design Code Reinforcement Bar Lengths Rebar Minimum Cowver Prefemed Reinforcement Size and Material
Beam criteria Shear Design Options Rebar Round Lip Analysis/Design Options Tendon Height Defaults (FEM) Allowable Stresses
One-way shear reinforcement Torsion (Beam and One-way criteria)

Stimups nomal to member () Disregard
() Check Threshold
Punching Shear M= resno
Design Options © Design
9 Design for moment from each side seperately Help Tarsion ype: |Equi|ibri|.|m =
(_) Combine moments of the two sides

8 Consider critical sections outside shear reinforced zone
Edge distance to rail or stimup ine:  1.00 in

([C) Consider increased stud spacing (0.75d)

() Apply minimum reinforcement for drift

[ Extend critical section to slab edge

@ Limit rail spacingte 2 x effective depth
Openings
Radius of detection: 10 « slab thickness
Max. reduction per face of support: 590.00 L
oK
FIGURE 2-14

In this window we can define some options for the Punching (Two-way) Shear
and Torsion design within the software. The use of these options is described in
the documentation found within the program’s help file. The shear
reinforcement used will be defined in the support line properties for one-way
shear, and per column in the column properties for punching (two-way) shear.
For beams the program will use the Preferred stirrup bar size (beam only) from
the Preferred Size and Material tab of the Criteria window for the shear
reinforcement bar size. We will leave this window with the default settings.
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Rebar Round Up Tab:
e Click on the Rebar Round Up tab. This will open the window from FIGURE 2-15.

X

Criteria

Design Code Reirforcement Bar Lengths Rebar Minimum Cover Prefemred Reirforcement Size and Material
Rebar Round Up Analysis/Design Options Tendon Height Defaults (FEM) Allowable Stresses

Ore-way slab criteria
Beam criteria Shear Design Options

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

Bar spacing round down: in

Stimup spacing
Stimup spacing round down: 050 in

Round up to standard bar lengths

----- LBRARYI_US  |[£ |Top bar # | Bottom bar

() | ()
1 [600 1 600
2 |e00 2 |e00
3 |1000 3 [1000
4 [1200 4 [1200
5 |1400 5 |1400
A A

Import rebar length library

oK.
FIGURE 2-15

e In this 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 choose to.

e For this window we will accept the default values.
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Analysis/Design Options Tab:

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

.r Criteria

slab criteria
Beam criteria

x|
|
Design Code Reinforcement Bar Lengths Rebar Minimum Cover Prefemed Reinforcement Size and Material
Shear Design Options Rebar Round Up Analysis/Design Options Tendon Height Defaults (FEM) Allowable Stresses

General analysis/design options
Both prestressed and conventionally reinforced

O Regularfloor system () Includes wafle joist construction
10 Design all "beams” using the respective building code requirements for
"beams”

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

Support condttion at the far ends of walls and columns

18 Retain user modffication and create the rest as selected below Single-Level ~
1O Roller support and ratationally fixed

() Fixed in position and rotationally fixed

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

O User defined
Translation Ratation
Fixed in X-dir Fixed about X-X
Fixed in -dir Fixed about Y-Y
Fixed in Z-dir Fixed about Z-Z2 Help

[ Include twisting moment in design of bending reinforcement (Wood-Amer method)
) Reinforcement for strength be larger than cracking moment
[ Consider the contribution of prestressing for deflection only
Minimum rebar option
Frestressed
Include the minimum code specified non-prestressed reinforcement ]
DC Ratio

Maximum demand capacity ratio for flexure 1© Defautt () User 1

General analysis options
Disregard the torsional stiffness of beams [ " of torsional stiffness to consider 100.00
) % of torsional stifness to consider 100.00

Disregard the torsional stiffness of lower columns
Disregard the torsional stiffness of upper columns  [_] % of torsional stiffness to consider 100.00

[ Check if fraction of bending strength of a "beam” section provided by prestressing exceeds
Meshing: O Generate sparse mesh () Generate uniform mesh

0K

FIGURE 2-16

Again, we will stick with the default values used in this window.
For more information on the options in this window the user can click on the
Help 7 icon to open the web-based help file.
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Tendon Height Defaults (FEM) Tab:

e C(Click on the Tendon Height Defaults (FEM) tab. This will open the window from
FIGURE 2-17.
Criteria *
One-way slab criteria Design Code Reinforcement Bar Lengths Rebar Minimum Cover Prefemred Reinforcement Size and Material
Beam criteria Shear Design Options Rebar Round Up Analysis/Design Options Tendon Height Defaults (FEM) Allowable Stresses
Defauits
CGS of tendon from top fiber: [1.00j

CGS of tendon from bottom fiber:

100 in
Round up for CGS from soffit:

0.25 in

At slab/beam edge, tendon is anchored at slab/beam centroid.

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

the distance from the Center of Grawity of Strand ffendon) to the
nearest "round up” value.

0K

FIGURE 2-17

Since the values here already match those of our project criteria no change
needs to be made.
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Allowable Stresses Tab:

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

18.

Criteria *
One-way slab criteria Design Code Reinforcement Bar Lengths Rebar Minimum Cover Prefemred Reinforcement Size and Material
Beam criteria Shear Design Options Rebar Round Up Analysis/Design Options Tendon Height Defautts (FEM) Allowable Stresses

Sustained load Total load
Tension stresses as multiple of fo™1/2 Tension stresses as multiple of fz™1/2
Top fiber: 5.0(] Top fiber: 6.00
Bottom fiber: 6.00 Blottom fiber: 6.00
Compression stress as multiple of f'c Compression stress as multiple of f'c
Extreme fiber: 045 Extreme fiber: 0.60
Initial condition {ransfer)

Tension stresses as multiple of f'¢i™1/2
Top fiber: 100

Bottom fiber: 3.00
Compression stress as multiple of f'ci

Extreme fiber: 0.60

Feci = concrete cylinder strength on day of stressing

- If cube strength ffcu) is specified, program converts it intemally to
cylinder strength §'c = 0.8cu)
Fc = 28 day cylinder strength

For conventionally reinforced sections Envelope of rebar doesn't
include area of rebar for cracking control i it is larger than 1.33 area
of strength rebar. Area of rebar for cracking control is included in
rebar diagrams for service condition.

0K

FIGURE 2-18

® Again, the values in our criteria match those shown in this window, therefore,
no changes need to be made. Note that if you click on the One-way slab criteria
or Beam criteria, 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.
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Setting up Gravity Load Cases

With our material properties and our design criteria set properly, the next step in
creating our model will be to enter 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 2Load Case/Combo.

e Click on the Load Cases icon. This will open the Load Case Library window
from FIGURE 2-19.

Load Case Library X
General Loads (Gravit/Lateral] [T Lateral Load Solution Sets  Help
Reserved Load Cases
Dead load
Live load
Prestressing Help
General Loads [Gravity/Lateral]
Label |Deadload
Add Delete
Feducible Temperature

() Roof Load Shrinkage

Building Loads

Label:
Add Delete

Reactions Only

FIGURE 2-19

e By default, the program already adds Dead load and Live load cases as shown in
FIGURE 2-19. These are default program load cases that cannot be modified.
Note: The dead load case does not include self-weight. Self-weight is
determined by the Wc value in the Concrete Material properties window and
area of concrete modeled and assigned to that material.

Click on the Add button. This will create a Load case 1 load case.

Click on the Load case 1 text 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.

Using your keyboard, change the name from “Load case 1” to RoofLL.
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® Click on the check box next to Roof Load. This sets this load case as a roof load
so we can automatically generate load cases including the roof live load when

the time comes. Notice roof load cases are denoted by (LR) being appended to
the load case name.

e Click the OK button to exit the window.

2.5 Setting up Gravity Load Combinations

After setting up our load cases that we can add loading to, we now must set up the load
combinations we want to evaluate for the gravity design of the model.
Setting up gravity load combinations in the model:

e Goto Loading 2Load Case/Combo. Click on the Load Combinations ‘ icon.

This will open the Combinations window from FIGURE 2-20.

Combinations (3)

Add Combination Filter Rows

Filter

+ | Analysis/Design Options:  SERVICE SUSTAINED LOAD Clea Choose... || Show all Cases Combos Deflection
Label Analysis/Design option Deflection Load Type | Age at Loading (days) | Observation day | Load Combination Seffweight | Dead load | Liveload | R... | Prestressing = Hyperstatic = Service(Tol
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 1 0.3 1
Strength(Dead and Live) ~ STRENGTH 1.2xSelf + 1.2xDead + 1.6 xLive +Hype 1.2 1.2 16 1
Strength{Dead Load Only) STRENGTH 1.4 x Self + 1.4 x Dead + Hype 1.4 1.4 1
Tnitial INITIAL Self + 1.15 x Pres 1 115
Calculate Long-Term Factors LC Generator Cancel

e Click on the LC Generator button at the bottom of the window. This will open
the LC Generator window in FIGURE 2-21.

LC Generator X
Code: ACI 2019/IBC 2021/ASCE 7-10

Design: (@ sLs Bus
Wind Load Options

B Reversible

Seismic Load Options

B reversible B e=f(Eh, Ev)

FIGURE 2-21
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e We have not defined any Wind or Seismic load cases yet, so we can keep the
default selection and only the SLS and ULS gravity load cases will be generated.
e Click on the Add button. This will generate the load combinations which include

the RLL load case we added in the previous step. In FIGURE 2-22 you can see
five new load combinations have been added.

Combinations (10}

Add Combination Filter Rows Filter

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

Label Analysis/Design option Deflection Load Type | Age at Loading {days) | Observation day | Load Combination Seffweight | Dead load | Live load | RLL | Prestressing | Hyperstatic

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 1 0.3 1

Strength{Dead and Live) ~ STRENGTH 1.2 x Self 4 1.2 x Dead + 1.6 x Live +Hype 12 12 16 1

Strength{Dead Load Only) STRENGTH 1.4 x Self + 1.4 x Dead + Hype 14 1.4 1

Initial INITIAL Self + L.15x Pres 1 115

ULS-2_LR1 STRENGTH 1.2xSelf + 1.2 xDead + 1.6 x Live + 0.5 xRLL +Hype 1.2 1.2 16 0.5 1

ULs-3 LR1 1L STRENGTH 1.2 x Self + 1.2 x Dead + Live + 1.6 x RLL +Hype 1.2 1.2 1 1.6 1

ULS-3_LR1(LL) STRENGTH 1.2 x Self + 1.2 x Dead + 1.6 X RLL +Hype L2 1.2 o 16 1

SLS-3_LR1 SERVICE TOTAL LOAD Self + Dead +RLL +Pres 1 1 1 1

SLS4 LR1 SERVICE TOTAL LOAD Self + Dead +0.75 x Live +0.75 x RLL +Pres 1 1 0.75 075 1

Calculate Long-Term Factors oK Cancel

FIGURE 2-22

2.6

Click OK to close the Combinations window.

Setting up Long-Term Load Combinations

Now we want to set up our long-term deflection combinations. We will use the option

to perform a detailed calculation conforming to ACI 209. The long-term deflection load
combinations will be based on the criteria laid out in Section 1 of this document. First,

we need to set up the long-term deflection criteria.

Go to Criteria 2Design Criteria and click on the Long Term Setting & icon. This
will open the Long Term Deflection Settings window, as shown in FIGURE 2-23.

Long Term Deflection Settings *

Calculation Method:  Detailed Calculations (ACI 209) ~

Creep factor: 2,35

Shrinkage factor: 0.5

Type of curing: Moist w
Duration of curing: 7 Days

FIGURE 2-23

Click in the text box next to Creep factor:.

Using your keyboard, change the value to 2.00. All other settings match our
criteria.
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Click OK to exit the Long Term Deflection Settings window.

Go to Loading ?Load Case/Combo and click on the Load Combinations ‘ icon
to open the Combinations window.

To create a new load combination:

Towards the top of this window, click on the drop-down menu next to
Analysis/Design Options and change it to CRACKED DEFLECTION.

Click on the “+” button to the left of Analysis/Design Options to add a new load
combination.

Click the “+” button 3 more times so you have a total of 4 CRACKED DEFLECTION
load combinations.

Click on the drop-down menu next to Analysis/Design Options and change it to
Long-Term Deflection.

Click the “+” button 6 times so you have a total of 6 Long-Term Deflection load
combinations.

Click in the Label text box for the first CRACKED DEFLECTION load combination
and change the label from “CRAC1” to Stage 1.

Change the label for each of the load combinations you just added so they
match the combinations shown in FIGURE 2-24.

Add Combination Filter Rows Filter

+  Analysis/Design Options:  Long-Term Deflection ~ Clear Choose...  Show all Cases Combos Deflection
Label Analysis/Design option Deflection Load Type | Age at Loading {days) | Cbservation day | Load Combination Selfweight | [
Service(Total Load) SERVICE TOTAL LOAD Self + Dead +Live +Pres 1
Service(Sugtained Load)  SERVICE SUSTAINED LOAD Self + Dead + 0.3 x Live + Pres 1
Strength{Dead and Live) ~ STRENGTH 1.2 x Self + 1.2 x Dead + 1.6 x Live +Hype 1.2
Strength(Dead Load Only) STRENGTH 1.4 x Self + 1.4 x Dead + Hype 1.4
Initial INITIAL Self + 1.15 x Pres 1
ULs-2_LR1 STRENGTH 1.2x5elf + 1.2xDead + 1.6 xLive + 0.5 xRLL +Hype 1.2
ULS-3_LR1LL STRENGTH 1.2 x Self + 1.2 x Dead + Live + 1.6 x RLL + Hype 1.2
ULS-3_LR1(LL) STRENGTH 1.2 xSelf + 1.2 x Dead + 1.6 x RLL + Hype 1.2
5L5-3_LR1 SERVICE TOTAL LOAD Self + Dead +RLL +Pres 1
SL5-4 LR1 SERVICE TOTAL LOAD Self + Dead +0.75x Live + 0.75x RLL +Pres 1
Stage 1 CRACKED DEFLECTION Sustained 7
Stage 2 CRACKED DEFLECTION Sustained 7
Stage 3 CRACKED DEFLECTION Sustained 7
Total Load CRACKED DEFLECTION Sustained 7
Long_Term_Defl_40 Long-Term Deflection User
Long_Term_Defl_180 Long-Term Deflection Usger
Total_Defl_3860 Long-Term Deflection User
Total_Defl_5000 Long-Term Deflection User
Incre_Defl_40-5000 Long-Term Deflection User
fIncre_LL Long-Term Deflection User

Calculate Long-Term Factors

LC Generator Cancel

FIGURE 2-24

Set up the Stage loading:

Click in the Age at Loading text box in the Stage 1 row.
Using your keyboard, change the value to 20.
Click in the Selfweight text box in the Stage 1 row.
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Using your keyboard, change the value to 1.
Click in the Prestressing text box in the Stage 1 row.
Using your keyboard, change the value to 1.

Click in the Age at Loading text box in the Stage 2 row.
Using your keyboard, change the value to 40.

Click in the Selfweight text box in the Stage 2 row.
Using your keyboard, change the value to 1.

Click in the Dead Load text box in the Stage 2 row.
Using your keyboard, change the value to 1.

Click in the Prestressing text box in the Stage 2 row.
Using your keyboard, change the value to 1.

Click in the Age at Loading text box in the Stage 3 row.
Using your keyboard, change the value to 180.

Click in the Selfweight text box in the Stage 3 row.
Using your keyboard, change the value to 1.

Click in the Dead Load text box in the Stage 3 row.
Using your keyboard, change the value to 1.

Click in the Live Load text box in the Stage 3 row.
Using your keyboard, change the value to 0.3.

Click in the RoofLL text box in the Stage 3 row.
Using your keyboard, change the value to 0.3.

Click in the Prestressing text box in the Stage 3 row.
Using your keyboard, change the value to 1.

Click in the Deflection Load Type drop-down in the Total Load row.
Change the drop-down menu to Total.

Click in the Selfweight text box in the Total Load row.
Using your keyboard, change the value to 1.

Click in the Dead Load text box in the Total Load row.
Using your keyboard, change the value to 1.

Click in the Live Load text box in the Total Load row.
Using your keyboard, change the value to 1.

Click in the RoofLL text box in the Total Load row.
Using your keyboard, change the value to 1.

Click in the Prestressing text box in the Total Load row.
Using your keyboard, change the value to 1.

Your Combinations window should now look as shown in FIGURE 2-25.
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Add Combination Fiter Rows Filter

+ | Analysis/Design Options:  Long-Term Deflection v Clear Choose... | Showal  Cases | Combos  Defiection
Label Analysis/Design option Deflection Load Type | Age at Loading (days) | Observation day | Load Combination Seffweight | Deadload | Liveload | RLL | Prestressing | Hyperstatic | Sel
Service(Total Load) SERVICE TOTAL LOAD Self +Dead +Live +Pres 1 1 1 1
Service(Sustained Load)  SERVICE SUSTAINED LOAD Self +Dead +0.3 xLive +Pres 1 1 0.3 1
Strength(Dead and Live) ~ STRENGTH 1.2 5elf + 1.2xDead + L6 x Live +Hype 12 12 16 1
Strength(Dead Load Only) STRENGTH 1.4 Self + 1.4 x Dead +Hype 14 14 1
Tnitial INITIAL Self + 1,15 x Pres 1 L1s
ULS-2_IR1 STRENGTH 1.2 Self + 1.2 xDead + 16 xLive +0.5xRLL +Hype 1.2 12 16 0.5 1
ULS-3LR1LL STRENGTH 1.2 Self + 1.2 x Dead +Live + 1.6 x RLL +Hype 12 12 1 16 1
ULS-3_LR1(L) STRENGTH 1.2 Self + 1.2 x Dead + 1.6 x RLL +Hype 12 12 0 16 1
5L5-31R1 SERVICE TOTAL LOAD Self +Dead +RLL +Pres 1 1 11
LS4 LR1 SERVICE TOTAL LOAD Self +Dead +0.75x Live +0.75x RLL +Pres 1 1 0.75 075 1
Stage 1 CRACKED DEFLECTION  Sustained 0 Self +Pres 1 1
Stage 2 CRACKED DEFLECTION  Sustained 0 Self +Dead +Pres 1 1 1
Stage 3 CRACKED DEFLECTION  Sustained 180 Self +Dead +0.3 xLive +0.3x ALL +Pres 1 1 0.3 03 1
Total Load CRACKED DEFLECTION ~ Total Self +Dead +Live +RLL +Pres 1 1 1 11
Long_Term_Defl_40 Long-Term Deflection User
Long_Term _Defl_180  Long-Term Deflection User
Total Defi_350 Long-Term Deflection User
Total_Defi_5000 Long-Term Deflection User
Incre_Defl_40_5000 Long-Term Deflection User
iincre 1L Long-Term Deflection User
Calculate Long-Term Factors | LC Generator Cancel

FIGURE 2-25

Set up the Long-Term Deflection load combinations:

Click in the Deflection Load Type drop-down in the Long_Term_defl_40 row.
Change the drop-down menu to Auto.

Make this same change for the next three Long-Term Deflection load
combinations. The last two combinations will remain set to User.

Click in the Observation day text box in the Long_Term_defl_40 row.

Enter 40 with your keyboard

Click in the Observation day text box in the Long_Term_defl 180 row.

Enter 180 with your keyboard

Click in the Observation day text box in the Total_Defl 360 row.

Enter 360 with your keyboard

Click in the Observation day text box in the Total_Defl 5000 row.

Enter 5000 with your keyboard

Click the Combos button on the top of the Combinations window to remove the
load cases from view.

Click the Choose... button on the top of the Combinations window.

In the Filter Columns window uncheck the first 10 check boxes under the
Combinations section.

Inthe Long_Term_40 row, use the scroll bar along the bottom of the
Combinations window to navigate to the Stage 1 load combination.

Click in the text box and type 1.

Click in the text box in the Stage 2 column and Long_Term_40 row and type 1
using your keyboard.

Inthe Long_Term_180 row, use the scroll bar along the bottom of the
Combinations window to navigate to the Stage 1 load combination.

Click in the text box and type 1.

Click in the text box in the Stage 2 column and Long_Term_180 row and type 1.
Click in the text box in the Stage 3 column and Long Term 180 row and type 1.
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In the Total_Defl 360 row, use the scroll bar along the bottom of the
Combinations window to navigate to the Stage 1 load combination.

Click in the text box and type 1.

Click in the text box in the Stage 2 column and Total _Defl 360 row and type 1.
Click in the text box in the Stage 3 column and Total _Defl 360 row and type 1.
Click in the text box in the Total Load column and Total _Defl 360 row and type
1.

In the Total_Defl_5000 row, use the scroll bar along the bottom of the
Combinations window to navigate to the Stage 1 load combination.

Click in the text box and type 1.

Click in the text box in the Stage 2 column and Total_Defl 5000 row and type 1.
Click in the text box in the Stage 3 column and Total_Defl 5000 row and type 1.
Click in the text box in the Total Load column and Total_Defl 5000 row and type
1.

In the Incre_Defl_40-5000 row, use the scroll bar along the bottom of the
Combinations window to navigate to the Total_Defl 5000 combination.

Click in the text box and type 1.

Click in the text box in the Long_Term_Defl 40 column and Incre_40_5000 row
and type -1.

In the Incre_LL row, use the scroll bar along the bottom of the Combinations
window to navigate to the Total_Defl 5000 combination.

Click in the text box and type 1.

Click in the text box in the Long_Term_Defl 180 column and Incre_LL row and
type -1.

Click the Calculate Long-Term Factors button at the bottom left of the
Combinations window.

Your Combinations window should now look as shown in FIGURE 2-26. Notice
the factors for the Long-Term Deflection load combinations with their Deflection
Load Type set to Auto have updated.
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‘Add Combination

+  Analysis/Design Options:

Filter Rows

Long-Term Deflection v Clear
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Filter

Choose...  Showal  Cases | Combos

Deflecton

Label Analysis/Design option Deflection Load Type | Age at Loading (days) | Observation day
service(Total Load) SERVICE TOTAL LOAD Self + Dead +Live +Pres
Service(Sustained Load)  SERVICE SUSTAINED LOAD Self +Dead +0.3xLive +Pres
Strength(Dead andLive)  STRENGTH 1.2xSelf + 1.2x Dead + 1.6 xLive +Hype
Strength(Dead Load Orly) STRENGTH 14 xSelf + 1.4 Dead + Hype
Tnitial NITIAL Self + 115 xPres
U2 IR1 STRENGTH 1.2xSelf + 1.2x Dead + 16 xLive +0.5 x Roof + Hype
STRENGTH 1.2xSelf + 1.2 Dead + Live + 1.6 x Roof +Hype
STRENGTH 1.2xSelf + 1.2% Dead + 16 xRoof +Hype
553 1R1 SERVICE TOTAL LOAD Self + Dead +Roof + Pres
54 IR1 SERVICE TOTAL LOAD Self +Dead +0,75 xLive + 0,75 x Roof + Pres
Stage 1 CRACKEDDEFIECTION  Sustained E) Self +Pres
Stage 2 CRACKEDDEFLECTION  Sustained £ Self + Dead +Pres
Stage 3 CRACKEDDEFIECTION  Sustained 180 Self +Dead +0.3xLive +0.3 xRoof +Pres
Total Load CRACKEDDEFLECTION  Total Self +Dead +Live +Roof +Pres
Long_Term_Defl_40 Long-Term Defiection Auts 40 0.903 xStag + Stag 0903 1
Long Term Defl 180 Long-Term Deflection Auto 180 0,122 xStag + 1.483 x Stag + Stag 0122 143 1
Total_Defl_360 Long-Term Defiection Auto 360 0,116 x Stag + 0,293 x Stag + 2,393 x Stag 0116 0293 2393
Total_Defl_5000 Long-Term Deflection Auto 5000 0,13 Stag +0.249 x Stag + 1,772 xStag + Tota 013 02 172 1
Incre_Defi_40-5000 Long-Term Deflection User -1xlong +Tota 1 1
1 1

Load Combination

Stage 1 | Stage 2 | Stage 3 | Total Load | Long_Tem_Defl_40 | Long_Term_Defl_180 | Total_Defl_350 | Total_Defl_5000 | Incre_T|

iincre (L

LongTerm Deflection User

“IxLong +Tota

Calalate Long-Term Factors

LC Generator

FIGURE 2-26

Cancel

oK

Click the OK button to exit the Combinations window.

Once the material, design criteria, and load combinations have been setup in the model you
have the option to save the model as a template file. A template file can be loaded when
starting a new project so that you do not have to redo these steps each time you want to create
a new model. For more information on model templates the user can click on the Help 7 icon to
open the web-based help file.
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Modeling Level 1 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.

3.1

Importing Level 1 DWG

Now that we have our material, design criteria, load cases, and load combinations in the
model, we can start to model the first level of our structure. Note that you may modify
these properties as you continue your work in the model if needed. Our first elevated
level will be modeled on the Level 1 (EL 12.5) level.

Navigate to Level 1:

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

Go to Model 2Level 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.

Click on the Set as active button.

Click on the Close button to exit the window. The drop-down list in the Level
Manager toolbar will display the name of the active level. Note that we can
change the active level through the drop-down list as well.

To import the Level 1 DWG/DXF:

Go to File 2Import and click the DWG/DXF button.

In the Import a DXF or DWG dialog, navigate to the location where you have the
files for this tutorial saved. The files can be found in the Tutorial section of the
program’s help menu as well.

Select the Levels_1_3.dwg file that was included with this tutorial.

Click on the Open button, this will open the Import DWG/DXF window shown in
FIGURE 3-1.
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Import DWG /7 DiEF

[ calibrate imported objects
[ | Move imported objects to XY position
[ Insert at Z position of  Ground (EL 0)

Assign Group: | CAD Group 1 w |

FIGURE 3-1

e Click the Calibrate imported objects and Insert at Z position of check boxes to
put a check in them.
In the Insert at Z position of dropdown menu select Level 1 (EL 12.5).
Click on the Assign Group text box.
Using your keyboard enter Level 1 CAD, after this the Import DWG/DXF window
will look as shown in FIGURE 3-2.

Irmport DWG / DXF

ﬂ Calibrate imported object:
[ | Move imported objects to XY positio
B insert at 7 pasition of Level 1 [EL 12.5) w

Assign Level 1 CAD| v|

FIGURE 3-2

e Click on the OK button. The program will now import the CAD drawing and
display a message in the yellow Message Bar asking you to Enter the Start Point
of the Calibration Line as shown in FIGURE 3-3.

o Enter the Start Point of the Calibration Line.

FIGURE 3-3

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.

e Activate the Snap to Intersection >< icon (located in the Bottom Quick Access
Toolbar below the model space) 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. When the intersection icon appears at this location left-click the
mouse to set the first point of the calibration line.
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e Now move your mouse right and hover your mouse over the intersection of
gridlines 4-B from the imported DWG file. When the intersection icon appears at
this location left-click the mouse to set the second point of the calibration line.

e The Drawing Input dialog will open as shown in FIGURE 3-4.

Drawing Input

Enter the correct Distance between the two
0.00 ft

FIGURE 3-4
Click on the text entry box and type 20.00.
Click the OK button to accept the value and close the Drawing Input window.

e Click on the Zoom Extents @ icon. The model space should now look like
FIGURE 3-5.

|

3.2

FIGURE 3-5

Modeling Level 1 Gridlines

In ADAPT-Builder we have two options for creating gridlines. A user can create gridlines
using the Gridline Wizard or by creating User-Defined gridlines. In this tutorial we will
use the Gridline Wizard and then manipulate the program created gridlines to match the
gridlines from the imported DWG file.
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To create the gridlines:

e Go to Model 2Gridline and click on the Gridline Wizard N icon. This will open
the Gridline Wizard dialog window as shown in FIGURE 3-6.

Harizantal

MHumber; 4 Distance: 5 It Anale: 0" Label A
Wertical

Number: 3 Distance: g ft Angle: 1] Label: 1
Inzertion point

#-coordinate: 2 ft ol 1T Lancel
-coordinate: 24 ft &

Ok
FIGURE 3-6

In the Horizontal section change Number to 6, Distance to 21, and Label to 1.
In the Vertical section change Number to 7, Distance to 27, and Label to A.
In the Insertion Point section change the Y-Coordinate input to 100.

Click OK to accept the values and exit the Gridline Wizard. The program will
create evenly spaced gridlines for each direction.

e Click on the Zoom Extents @ icon. The model space should now look like
FIGURE 3-7.

— . m
it} (=5] t

m
i}

FIGURE 3-7
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o Turn off the Snap to Intersection >< icon (located in the Bottom Quick Access
Toolbar below the model space) and turn on the Snap to Endpoint icon.

® Click on the Horizontal Gridline labeled 1 to select it. When selected an object
will be red in color and have red squares at locations of vertices along the
component that the user can grab by left clicking.

e While holding the CTRL key on your keyboard, hover your mouse over the left
most vertex along the selected gridline and left-click to grab the vertex of the
gridline.

Snap the gridline to the corresponding endpoint of the CAD gridline 1.

Select the next gridline and repeat the previous two steps to move that gridline.
Repeat this process until you have snapped all gridlines to line up with the
imported CAD gridlines. When completed your model should look as shown in

3.3

FIGURE 3-8.
) & g (E) ) ) &)
@ i} i} il
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L
FIGURE 3-8

Modeling Level 1

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

Creating the Slab Regions:

<
e Click on the Layer Settings == icon in the Lower Quick Access toolbar. This will
open the Layers properties window as shown in FIGURE 3-9.
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Layers x
Label 0 F. C LneS Cancel
TEMPLATE_DO_NOT_REMOVE 7 & O conTie I
i ¥ o O conTie New
Current_plane_Tendon % < W COnT
Current_plane_Tendon_CtiPts % < I CONTR Delete
Current_plane_Tendon_SupportBars % < W COoNTR
Current_plane_Tendon_SupportBarT «t & < [ conTie
Rebar @ o [ ConTi pullBeyer=lin
Mesh_Fiebar @ [ conTir &1l Layers OF
Current_plane_Floor_Boundary % < [ conT
FIGURE 3-9

Click on the All Layers Off button.
Scroll through the layers list and find the layer named Tutorial-Levell-
Slab_Region.

Click on the light bulb W in the 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 slab region polylines from
the imported CAD file as shown in FIGURE 3-10.

FIGURE 3-10

Left click and hold the left click button of your mouse in the upper left white
space and drag your mouse to the lower right so that the selection icon
encompasses both slab polylines. Release the left button of the mouse to select.

Go to Model 2Transform and click on the Transform Slab &7 icon. This will
automatically create the slab region ADAPT-Builder object based on the outline
of the polylines from the CAD file as shown in FIGURE 3-11.
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FIGURE 3-11

e Click on one of the slabs you just created. Notice in the Properties Grid that the
Selected Object is a Polygon as shown in FIGURE 3-12.

Properties o -

+ R

Property Value

=/ Selected Objects
Polygons (1/76) Polygon

=/ Identification
Label Polygon
Group + Level 1 CAD

+| Plan Coordinates (X,Y,Z)

FIGURE 3-12

e The polygon is overlapping the slab region. Press the Tab key on your keyboard
to toggle which overlapping element is selected until the Selected Object in the
Properties Grid is the Slab Region.

® Inthe Properties Grid go to General ?Material. Click in the box next to Material
where it says Concrete 1.

e Select the down arrow on the right of the box to change the drop-down menu
to 5000psi.

e Follow the steps above to change the material of the other slab region to
5000psi as well.
Select the balcony slab.
In the Properties Grid go to General 2Thickness. Click in the box next to
Thickness where it says 8.

e Type 7 on your keyboard to change the balcony slab thickness to be 7 inches.
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e In the Properties Grid go to Offsets 2Z-direction. Click in the box next to Z-
direction where it says 0.
e Type 1to change the balcony slab to be offset downward by 1 inch.

Creating the Columns:

<
Click on the Layer Settings == icon.
In the Layers properties window click on the All Layers Off button.
Scroll through the layers list and find the layer named Tutorial-Level1-Column.

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

e Click on the OK button, the user should now see the polylines representing the
columns from the imported CAD file as shown in FIGURE 3-13.

o o o 0
o o o 0
o
0 o o o
FIGURE 3-13

e Leftclick 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 the
column CAD entities, all columns should now be selected as shown in FIGURE 3-
14,
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FIGURE 3-14

e Go to Model 2Transform and click on the Transform Column EU icon. This will
automatically create the column builder objects based on the outline of the
polylines from the DWG as shown in FIGURE 3-15.

0 0 O O
0 o O O
0 0 O O
FIGURE 3-15

e All columns have been assigned a Section Type upon creation. Go to

Model 2Type Manager and click on the Define Section Type icon. The Type
Manager window will open as shown in FIGURE 3-16.
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Library Properties Diagrams
#O0X o6 W Property Value
TTENEN | © Comoner "
0x 18 Type Column
12x12 Shape Rectangular
Material Concrete 1
B General
Geometry Units American
Rebar Units American
A 18in
B 0in
Clear Cover 2in
As Vertical 1.24 sq._in ol
Rha 022 %
B Vertical Bars 18% 3000
Vert Bar Size H3 4 - #5vert,
# Face Bars 2 #5 @ 6 in horiz.
# Rows 2 As = 1.24sq. in
H# Layers 1 Rho =0.22 %
Vert Bar Material MildSteel 1
B Horizental Bars
Horiz Bar Size #h
Vert Spacing Gin
# Legs 2
Horiz Bar Material MildSteel 1
Assign to 0 selected components Cancel
FIGURE 3-16

Note that the 18x30 section type is highlighted in blue. In the properties section
click the drop-down menu next to Material and change it to 5000psi.

Repeat this process for the other section types shown in the Library pane. Click
on the section type to select it and see its properties.

Click the OK button to close the Type Manager window.
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Creating the Walls:

Click on the Layer Settings == icon.
In the Layers properties window click on the All Layers Off button.
Scroll through the layers list and find the layer named Tutorial-Levell-Wall.

® Click on the light bulb ¥ in the 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 3-17.

FIGURE 3-17

Left click on the polyline to the left representing the single wall to select it.
Hold the CTRL key on your keyboard and left click on the polyline to the right
representing the other single wall.

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

e Click on the polyline representing the H shaped core wall to select it.

® Go to Model 2Transform and click on the Transform Compound Wall 3 icon.
This will automatically create multiple wall objects based on the selected closed
polyline as shown in FIGURE 3-18.
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FIGURE 3-18

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

Select the other wall and click Delete on your keyboard. After doing so we
should have our lower walls input as shown in FIGURE 3-19.

FIGURE 3-19
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e Click on the Select by Type TR icon located in the Bottom Quick Access toolbar.
This will open the Select by Type dialog window as shown in FIGURE 3-20.

Select by Type X

Circle oK
Colurnt ;]
Gridline

Line

Slab Region
Text

wiall

Criteria

O al

() By keyword:

() By design group: Mone
Mevshd Utilization min -~ |0
Mywsh Utilization max  [gg g9

(O By column size: 1800 % 30.00n

Selection Type

O Refresh all selection

-Z::Z- Add to current zelection

() Remove from curent selection

FIGURE 3-20

Click on Wall to highlight it.

Click the OK button to select all the walls.

In the Properties Grid you will see that Walls (5/5) have been selected. Change
the drop-down menu next to Material to 6000psi.

Creating the Openings:

<=
Click on the Layer Settings < icon.
In the Layers properties window click on the All Layers Off button.
Scroll through the layers list and find the layer named Tutorial-Level1l-Opening.

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

e Click on the OK button, the user should now see the polylines from the
imported DWG as shown in FIGURE 3-21.
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[ ]
]

FIGURE 3-21

e Click and drag to window-select the two polygons.

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

Creating the Beams:

Click on the Layer Settings == icon.

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

Click on the OK button, all created or imported entities should now be turned
on.

e Activate the Snap to Intersection >< icon (located in the Bottom Quick Access
toolbar below the model space) and turn off any other snap tool that may be
active.

Go to Model 2Add Structural Components and click on the Beam i/ icon.
Click on the Beam text below the Beam icon.

Select Continuous Modeling.

In the Properties Grid, change the beam Width to 18 in.

Change the beam Depth to 24 in.

Zoom in to the column near grid B and 2. When the Snap to Intersection icon
appears at the center of the column, click to place the first beam vertex.

e Panto the column directly to the right. When the Snap to Intersection icon
appears at the center of the column, click to place the second beam vertex.
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Pan to the column directly to the right. When the Snap to Intersection icon
appears at the center of the column, click to place the third beam vertex.

Pan to the column directly to the right. When the Snap to Intersection icon
appears at the center of the column, click to place the fourth beam vertex.
Pan to the slab edge directly to the right. When the Snap to Intersection icon
appears at the slab edge and grid line intersection, click to place the last beam
vertex.

Right click in white space and choose Exit to exit the Beam tool.

Click on the Layer Settings == 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 Visibility tab at the bottom of the Properties Grid. This will bring up
the Visibility Grid.

Click on the Refresh @ icon of the Visibility Grid to ensure it is updated with
the current visibility of the onscreen display.

On the Visibility Grid, click the check box to the left of All under the Structure
section of the visibility grid. All structural components will be checked as shown
in FIGURE 3-22.

Visibility S x |
+ - |:|";|:| f;if |:"_j'|

Property Value
Global + [
B General
All ]
Gridline ]
Reference Planes ]
B Structure
All +
Beam
Column - Bot
Cpening
Slab Region
Wall - Bot
B Line Work
All ]
Circle ]
Line ]
Paolygon ]
Text ]
FIGURE 3-22
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o C(Click on the Zoom Extents @ icon. The user should see the Level 1 floor plan
modeled within ADAPT-Builder as shown in FIGURE 3-23.

il

i

FIGURE 3-23
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Copying Level 1 Vertically

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

To copy the level up:

In the Visibility panel make check the box next to Gridlines in the General
section. This will turn on the gridlines in the model.

Click on the Select by Type TR icon located in the Bottom Quick Access toolbar.
This will open the Select by Type dialog window as shown in FIGURE 4-1.

Select by Type

Beam ok

Circle

Column
Gridline

Line
Opening
Slab Regon
Teut

whall

Cancel

Criteria

0 &l
() By keyword:
() By design group: Mone

Mzt Utilization min -~ |0

Mwvshd Utilization max | g gq

(O By column size: 18,00 % 30.00 in

Selection Type
D Fefresh all zelection
() &dd to current selection

() Remove from current selection

FIGURE 4-1
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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.
® C(Click the OK button.

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 4-2.

O] @ © @ © @ ©
@ s b b |
Ep
Cp £ = B
: £
X
Gr & = =7

FIGURE 4-2

® Go to Modify 2Copy/Move and click on the on the Copy/Move Vertical jI
icon. This will open the Copy - Move window as shown in FIGURE 4-3.

Copy/Move Vertical et
Copy ~  szelected items To ~ plane Roof [EL 79.5] o

Cancel

FIGURE 4-3

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 4-4.
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Copy/Move Vertical et

Copy ~  zelected items Up e 1 timefz] to existing planes.

Cancel

FIGURE 4-4

Click in the text entry box and change the 1to a 2.
Click the OK button to copy the selected items up for 2 levels.

e Click on the View Full Structure @ icon in the Level Manager 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 Bottom Quick Access toolbar. This will
bring you to the view of the model shown in FIGURE 4-5.

Level 6 (EL 67.5)

Level 5 (EL 57 5)

Level 4 (EL 47 5)

|3 (E| 37 63
Levet 34EL 37

L2 (el 955
L }

Ground (EL 0)

e

FIGURE 4-5

® 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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Modeling Level 4 from a DWG/DXF File

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

5.1

Copying Gridlines to Level 4

First, we want to copy our gridlines up from Level 1 to Level 4 to have reference points
to move our imported drawing to. The reference point is needed because the CAD 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

To Copy Gridlines from Level 1 to Level 4:

Click on the Top View @ icon in the Bottom Quick Access toolbar.

Click on the Story Manager@ icon in the Level Manager toolbar.
or,

Go to Model 2Level and click on the Story Manager @ icon to open the
Reference Plane Manager.

Click on the Level 1 (EL 12.5) 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 1 as the active plane and move us
back into single level mode at the Level 1 reference plane.

Click on the Select by Type TR icon located in the Bottom Quick Access toolbar.
Highlight the word Gridline by clicking on it in the Select by Type list.
Click the OK button.

Go to Modify 2Copy/Move and click on the Vertical @ icon. This will open the
Copy - Move Vertical window.

Click on the drop-down box to the right of plane and change it to Level 4 (EL
47.5).

Click the OK button to copy the selected items to Level 4 (EL 47.5).

Click on the Active Level Up 4} icon of the Level Manager toolbar until you are
on the Level 4 reference plane. You should now see the level 4 plane with only
gridlines on it as shown in FIGURE 5-1.
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5.2
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FIGURE 5-1

Importing Level 4 DWG

Next, 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 2Import and click on the DWG/DXF button

In the Import a DXF or DWG File window, navigate to the Levels_4_R.dwg file
that was included with this tutorial and select it.

Click on the Open button, this will open the Import DWG/DXF window shown in
FIGURE 5-2.

Import DWG / DXF

[ calibrate imported objects
[ Move imported objects to XY position
[_)insert at Z position of  Ground (EL 0)

Assign Group: | CAD Group 1 w |

FIGURE 5-2

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.

Using your keyboard type Level 4 CAD, after this the Import DWG/DXF window
will look as shown in FIGURE 5-3.
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Import DWG / DXF

Calibrate imported objects
Move imported objects to XY position
Insert at Z position of  Level 4 (EL 47.5) ~

Assign Group: | Level 4 CAD L |

FIGURE 5-3

e Click on the OK button. The program will now display a message in the yellow
Message Bar asking you to Enter the Start Point of the Calibration Line as shown
in FIGURE 5-4.

o Enter the Start Point of the Calibration Line,

FIGURE 5-4

e Since we know the distance between gridlines A and B is 20" we will use the
intersection of gridlines 1-A and gridlines 1-B for our calibration points.

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 1-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.

e Now move your mouse right and hover your mouse over the intersection of
gridlines 1-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. Once completed, the Drawing Input editor shown in
FIGURE 5-5 will open.

Enter the correct Distance between the two points.
20,00 ft

Ok

FIGURE 5-5

Click on the text entry box and type 20.00.

Click the OK button. The program will now display a message in the yellow
Message Bar asking you to Select first point for moving imported objects as
shown in FIGURE 5-6.
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o Select first point for moving imported objects.

FIGURE 5-6

o Activate the Snap to Intersection >< icon and turn off any other snap tool that

may be active.

Click on the Zoom Extents @ icon.

Hover your mouse over the intersection of gridlines 1-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 1-A from the Builder
gridlines. 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 Extents @ icon. The user should see the
imported DWG overlaid with the model gridlines as shown in FIGURE 5-7.
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5.3

FIGURE 5-7

Modeling Level 4

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:

<
Click on the Layer Settings == icon in the Bottom Quick Access toolbar. This will
open the Layers window as shown in FIGURE 5-8.

60



IiRisA

Layers *
Label 0 F C LneS Cancel
TEMPLATE_DO_MOT_REMOVE W @ [ coNTIF l
a § o [ CONTIt Mew
Current_plane_Tendon & = W CconTie
Current_plane_Tendon_CtiPts % < [ COnTIt Delste
Current_plane_Tendon_SupportBars & = W CconTie
Current_plane_T endan_SuppartB arT st T o [ COonTIF
Rebar 9 @ [ conTit All Layers On
Mesh_Febar % & [ conTie All Layers O
Current_plane_Floor_Boundary % o [ ConTit
FIGURE 5-8

Click on the All Layers Off button.
Scroll through the layers list and find the layer named Tutorial-Level4-
Slab_Region.

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

e Click on the OK button, the user should now see the slab region polyline from
the imported DWG as shown in FIGURE 5-9.

FIGURE 5-9

Click on the slab polyline to select it.

Go to Model->Transform and click on the Transform Slab &7 icon. This will
automatically create the ADAPT-Builder slab object based on the outline of the polyline
from the DWG as shown in FIGURE 5-10.
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FIGURE 5-10

e Click on the slab you just created and notice in the Properties Grid that the
Selected Object is a Polygon as shown in FIGURE 5-11.

Properties o H
g =
Property Value
B Selected Objects
Polygons (1/150) Palygon
= Identification
Label Palygon
Group + Level 4 CAD

Plan Coordinates (X.Y_.F)
Appearance

FIGURE 5-11

e The polygon is overlapping the slab region. Press the Tab key on your keyboard
to toggle which overlapping element is selected until the Selected Objects
section in the Properties Grid is the Slab Region.

e Inthe Properties Grid go to General-> Material. Click in the box next to Material
where it shows Concrete 1.

e Select the down arrow on the right of the box to change the drop-down menu
to 5000psi.

® Inthe Properties Grid go to General->Thickness. Click the box next to Thickness
of 7.00 in.

e Using your keyboard change 7.00 to 13.50 in.
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e Inthe Properties Grid go to Offsets->Z-direction. Click the box next to Z-direction
of 1.00 in.
e Using your keyboard change 1.00 to 0.00 in.

Creating the Columns:

Click on the Layer Settings == 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-Column.

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

e Click on the OK button, the user should now see the polylines representing the
columns from the imported DWG as shown in FIGURE 5-12.

m 0 0
m 0 0
o
m 0 U
FIGURE 5-12

e Leftclick 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 the
column CAD entities, all columns should now be selected as shown in FIGURE 5-
13.
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FIGURE 5-13

® Go to Model->Transform and click on the Transform Column EU icon. This will
automatically create the column builder objects based on the outline of the
polylines from the DWG as shown in FIGURE 5-14.

o 0 0
O 0 0
o
O 0 0
FIGURE 5-14

e All columns have been assigned a Section Type upon creation. Go to Model-

>Type Manager and click on the Define Section Type icon. The Type
Manager window will open as shown in FIGURE 5-15.
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Type Manager - RISA

Library Properties Diagrams
X or W Property Value
T | © Covor - "
0x18 Type Column
2x12 Shape Rectangular
18x18 Material 5000psi
Bl General
Geometry Units American
Rebar Units American
A 18in
B 3in
Clear Cover 2in
As Vertical 1.24sg.in . o
Rha 0.22
B Vertical Bars 183% W0in
Vert Bar Size H5 4 - #5 yert.
# Face Bars 2 #5 @6 in horiz,
# Rows 2 As =1.24sq.in
# Layers 1 Rho =0.22 %
Wert Bar Matenial Mild5Steel 1
B Horizontal Bars
Horiz Bar Size H#5
Vert Spacing Gin
#legs 2
Horiz Bar Material MidSteel 1
Assign to 0 selected components Cancel
FIGURE 5-15

e Click on the 18x18 section to highlight it.
e Click in the drop-down menu next to Material and change it to 5000psi.
e Click OK to exit the Type Manager.

Creating the Walls:

<
Click on the Layer Settings == 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.

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

e Click on the OK button, the user should now see the wall polylines from the
imported DWG as shown in FIGURE 5-16.
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FIGURE 5-16

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

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

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

Go to Model->Transform and click on the Transform Compound Wall 3 icon.
This will automatically create multiple wall objects based on the selected closed
polyline as shown in FIGURE 5-17.

FIGURE 5-17
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® 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 5-18.

FIGURE 5-18

e Click on the Select by Type TR icon located in the Bottom Quick Access toolbar.
This will open the Select by Type dialog window.
Click on Wall to highlight it.
Click the OK button to select all the walls.
In the Properties Grid you will see that Walls (4/4) have been selected. Change
the drop-down menu next to Material to 5000psi.

Creating the Openings:

<
Click on the Layer Settings = 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.

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

e Click on the OK button, the user should now see the polylines from the
imported DWG as shown in FIGURE 5-19.
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FIGURE 5-19

e C(lick and drag to window-select the two polygons.

® Go to Model->Transform and click on the Transform Opening ™ icon. This will
automatically create the opening object based on the outline of the polygons
we selected.

Creating the Drop Panels:

Click on the Layer Settings @ 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-
DropPanel.

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

e Click on the OK button, the user should now see the polylines from the
imported DWG as shown in FIGURE 5-20. If the polylines representing the drop
caps are not visible, click the Zoom Extents icon of the Bottom Quick Access
toolbar.
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FIGURE 5-20

Click and drag to window-select the polygons.

Go to Model->Transform and click on the Transform Drop Cap/Panel @ icon.
This will automatically create the drop cap/panel object based on the outline of
the polygons we selected.

Click on the Layer Settings == 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 Visibility tab at the bottom of the Properties Grid. This will bring up
the Visibility Grid.

Click on the Refresh @ icon of the Visibility Grid to ensure it is updated with
the current visibility of the onscreen display.

In the Visibility Grid, click the check box for Drop Cap/Panel to turn on the Drop
Panels you created.

Window-select the drop panels on screen to select them.

In the Properties Grid change the Material property to 5000psi.

Since these drop panels meet the ACI code requirement for a drop panel we will
consider these drop panels in the flexural design. In the Properties Grid->Criteria
section make sure the Flexural Design input drop-down is set to Consider. Note:
If the drop panel did not meet the size requirements of the ACI code to be
considered in the flexural design we would set this input to “Disregard”. The

DropPanel will then be taken into account for shear design but not flexural

design.
On the Visibility Grid, click the check box next to All in the Structure section. This

will check all structural components as shown in FIGURE 5-21.
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Visibility L x |
+ =0 S
Property Value
Global + [
B General
All [
Gridline ]
Reference Planes
B Structure
Al +
Column - Bot
Drop Cap,/Panel
Opening
Slab Region
Wall - Bot
B Line Work
All ]
Circle ]
Line ]
Polygon ]
Text ]
FIGURE 5-21

e Click on the Zoom Extents @ icon. The user should see the Level 4 floor plan
modeled within Builder as shown in FIGURE 5-22.
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FIGURE 5-22
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Copying Level 4 Vertically

This section will describe how to copy the Level 4 slabs, columns, beams, walls, dropcaps 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:
e Turn on the Gridlines for level 4 by checking the box next to Gridline in the
Visibility Grid.
Click on the Select by Type TR icon located in the Bottom Quick Access toolbar.
Highlight the words Column, Drop Cap/Panel, Gridline, Opening, Slab Region,

and Wall by clicking on each one of them in the Select by Type list.
e Click the OK button.

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 6-1.
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FIGURE 6-1

® Go to Modify->Copy/Move and click on the on the Copy/Move Vertical II icon.
This will open the Copy - Move window as shown in FIGURE 6-2.

Copy/Move Vertical X

Copy o gelected items To ~ plane Roof [EL 73.5] e

Cancel

FIGURE 6-2
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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 6-3.

Copy/Move Vertical >

Copy ~  gelected tems Up 1 timefz) to existing planes.

FIGURE 6-3
Click in the text entry box and change the number 1 to a 3.
Click the OK button to copy the selected items up three levels.

e Click on the View Full Structure ' icon in the Level Manager 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 Bottom Quick Access toolbar. This will
bring you to the view of the model shown in FIGURE 6-4.

Roof ¢EL79-5

FIGURE 6-4

® You can see that we have copied level 4 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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Verify Material Properties, 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 as well as 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) to create the labels.

7.1 Verify Material Properties

Once we finish the modeling, and before we move to analyzing the model, we want to
verify we have the correct material properties set for the components of the model.

To verify material properties:

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 7-1.

FIGURE 7-1

® At the bottom of the Properties Grid click on the Colorize tab. This will switch
the Properties Grid to the Colorize Grid. These windows can be docked
separately if preferred, for more information on docking these panels please
refer to the Help file within the program.

® In the Colorize Grid make the selections as shown in FIGURE 7-2.
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Colorize a n
+ -0 ®

Property Value
B Colorize type
Slab Region
Drop Cap/Panel
Beam
Column
Wall
B General
FIGURE 7-2

e Displayed on screen we can see the components colorized by Material as shown
in FIGURE 7-3.

Slab Region: Drop Cap/Panel: Beam: Column: Wall
Material 7
5000psi
1

Concrete 1 o\ =
6000psi —

FIGURE 7-3

® We can see the beams are assigned to Concrete 1 when they should be assigned
to the 5000psi material. In the Visibility Grid click on Concrete 1 in the Colorize
Results: Material section. This will select the components assigned to the
Concrete 1 material as shown in FIGURE 7-4.
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Siab Region: Drop CapiPanet. Beam: Colmn. Wall
Matenai

FIGURE 7-4

Click on the Properties tab at the bottom of the Colorize panel.
In the Properties Grid change the Material property to 5000psi.
Click on the Colorize tab at the bottom of the Properties Grid.

In the Colorize Grid make the selections as shown in FIGURE 7-5.

Colorize a H
+ -0 ®

Property Value
B Colorize type
Slab Region
Drop Cap/Panel
Beam
Column
Wall
B General
Material
B Colorize Results: Material
5000psi ]
6000psi [

FIGURE 7-5

e Displayed on screen we can see the components colorized by Material as shown
in FIGURE 7-6.
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FIGURE 7-6

® Checking against our project parameters the properties of the components in
the model are assigned correctly. )

e Clear the Colorize Grid check marks by clicking on the Clear (9 icon at the top of
the colorize grid.

o Click on the Front View @ icon in the Bottom Quick Access toolbar.

Using the Establish Component Connectivity Tool

In ADAPT-Builder there is 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 of the supports to connect them to the slab(s)
they are 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:
=
® Go to Model->Preprocessing and click the Connect Supports i icon. The
program will automatically shift the tops and bottom of the supports to the
top/soffit of slab as shown in FIGURE 7-7.
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7.3

FIGURE 7-7

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:

® Go to Analysis->Meshing and click on the Mesh Generation oa icon. This will
bring up the Automatic Mesh Generation window as shown in FIGURE 7-8.

Autornatic Mesh Generation *

teshing method
© Simplified [wall openings disregarded) () Advanced

Suggested cell size
Slabs: 3R © Sparse () Uniform
W alls: 3 B Sparse |nifarm

Mode conzolidation

B Shift nodes automatically Help

M awirurn distance; 15 ft

Cancel Save Save & Mesh Slabs

FIGURE 7-8
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The first option in this window is the Meshing method. For this tutorial we will
use the Simplified (Wall openings disregarded) option. This meshing method
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.

The second option is the Suggested cell size option. This option 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 3 feet is sufficient. The larger this value is, the
less dense the mesh will be. For this tutorial we will use the default Suggested
cell size for Slabs of 3 ft. We will also keep the default Sparse mesh as this is the
most efficient meshing method.

The third option 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 to consolidate nodes that are in close proximity to
each other. For most models we recommend using 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. (See the help file topic Tips for Meshing for more
information.)

For this tutorial we will use the default values within the Automatic Mesh
Generation input window. Click the Save & Mesh Slabs button.

When the program completes the meshing procedure, 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 7-9.
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FIGURE 7-9
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® The program has now come up with a mesh for the structure and the user can
now move on to analyze the structure.

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:

® Go to Analysis->Analysis and click on the Execute Analysis D icon. This will
bring up the Analysis Options window as shown in FIGURE 7-10.
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Analysis Options
Select load combinations for analysis (17 of 17 combinations selected) Options to indude global analysis results
(Total L ; Indude lateral reactions
Gu Incude Load Takedown Indude gravity reactions
Apply live load reduction Edit

Load Case | Solution | Reactions

OM
LACKED_DEFLECTION

Stage
Total Load

Select Combinations: Select Al Select None

Apply stiffness modifiers Uncracked ~

Compression spring/soil support options Envelope only applies to compression gravity loads

Substitute compression springs with fixed supports Assign to selected: | e

Analyze structure with compression springs
Mote: Since the structure incudes compression spring superposition of load cases does not apply, Load P .
takedown and results of building solutions will not be available in level mode, Equilibrium Check Clear Reactions
[ Indude vibration analysis
Stabilize slab automatically against in-plane translation and rotation
8 show this dialog whenever I Analyze Structure

[C)Warn me if any load case will be ignored in analysis Cancel
FIGURE 7-10

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 7-11. If everything matches, click OK to analyze the structure.
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Analysis Options

Select load combinations for analysis (1 of 17 combinations selected) Options to indude global analysis results

(Total Loa - ad load + 1.0 oad + 1.0
Service(Sustained Load) = 1.00 x Selfweight + 1.00 x Dead load + 0.30 x Live load + 1.00 x Prestressin
Strength({Dead and Live) = 1.20 x Selfweight + 1.20 x Dead load + 1.60 x Live load + 1.00 x Hyperstatic
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
ULS-2_LR1 = 1,20 x Selfweight + 1.20 x Dead load + 1.60 x Live load + 0.50 x RLL + 1.00 x Hyperstatic
ULS-3_LR1_LL = 1,20 x Selfweight + 1.20 x Dead load + 1.00 x Live load + 1.60 x RLL + 1.00 x Hyperst
ULS-3_LR1{LL) = 1.20 x Selfweight + 1.20 x Dead load + 0.00 x Live load + 1.60 x RLL + 1.00 x Hypers'
5L5-3_LR1 = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x RLL + 1.00 x Prestressing; SERVICE_TOTAL
5L5-4_LR1 = 1.00 x Selfweight + 1.00 x Dead load + 0.75 x Live load + 0.75 x RLL + 1.00 x Prestressin
Stagel = 1.00 x Selfweight + 1.00 x Prestressing; CRACKED_DEFLECTION
Stage2 = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x Prestressing; CRACKED_DEFLECTION
Stage3 = 1.00 x Selfweight + 1.00 x Dead load + 0.30 x Live load + 0.30 x RLL + 1.00 x Prestressing; C
Total Load = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x Live load + 1.00 x RLL + 1.00 x Prestressing
Long_Term_180 = 0,12 x Stagel + 1.48 x Stage2 + 1.00 x Stage3; LONG_TERM_DEFLECTION
Total_Defl_360 = 0.12 x Stage1 +0.29 x Stage2? + 1.39 x Stage3 + 1.00 x Total Load; LONG_TERM_DE
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Indude lateral reactions
Indude Load Takedown Indude gravity reactions

Apply live load reduction Edit

Load Case | Solution | Reactions

Select Combinations: Select Al Select None
Apply stiffness modifiers Uncracked -

Compression spring/scil support options Envelope only applies to compression gravity loads
Substitute compression springs with fixed supports Assign to selected: | w

Analyze structure with compression springs

Equilibrium Check Clear Reactions

[ Indude vibration analysis
Stabilize slab automatically against in-plane translation and rotation
8 show this dialog whenever I Analyze Structure

[C)Warn me if any load case will be ignored in analysis Cancel
FIGURE 7-11

e Upon completion of the analysis process, the program prompts you to save the
solution as shown in FIGURE 7-12.

Analysis Status

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

Mo

FIGURE 7-12

Click on Yes to save the solution.
Once the solution is saved the program will open the Results View panel docked
on the right side of the modeling interface as shown in FIGURE 7-13.
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Results View: Service(Total Load) a n

=% 7
Loads Analysis Colorize Display Settings

-‘ Load Combos
- -9 Envelope

-9 Service
: [ Service(Total Load)
5Bl Load Cases

% BB Uncracked Cases
--;/]Ef Dead load(Uncracked:G)
-[_|Ef Hyperstatic(Uncracked:G)
- _|EE Live lead(Uncracked:G)
[ _JEF Prestressing(Uncracked:G)
-[_JEE RLL(Uncracked:G)
~[_JER Sefweight(Uncracked:G)

FIGURE 7-13

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 View panel from FIGURE 7-13, the default view 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 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 0 for these load
cases, leaving us with only the self-weight of the model within this load
combination.

The check box to the left of Service (Total Load) in the Load Combo->Service
tree is already checked. Notice the top of the Results View panel will display the
selected load combination name. This indicates the load combination we are
viewing the results for.

Click on the Analysis tab of the Results View panel.

Expand the Slab tree of the Analysis tab by clicking on the plus next to the text
Slab in this location.

82



Fraperlies Colarize Vitbil

00000 0000 000 REEREEE SRS .‘l]s

IiRisA

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

e Go to the Visibility Grid on the left side of the screen. Click on the refresh @
button to reset the Visibility Grid to match the current view.

e Thereis now a new FEM section. Uncheck the box next to Cell to remove the
mesh from the current view.

o Click on the Zoom Extents @ icon. The user should now see the deflection
contour for all levels as shown in FIGURE 7-14 below.

Siab, Deformation, Z-Translation fin):-, o @ N i . ~
Load Combination Senice(Tctal Lead) (SERVICE_TOTAL LOAD) & 2} (3] () &) FE LR
M 0 01G{7S 78, 58,43, 12 50)

Min 0 55115 59, 34 48, 37 50)

0 wlati
B A mapl
- Stress (ceroaur map)

& Coumn

E @ Bum

& vl

FIGURE 7-14

e 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 7-15.
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FIGURE 7-15

o |f 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 like that shown in FIGURE 7-16.
| ADAPT Soid Madeling - 8 %

SmAifOSAISAAgaaaN=000 | MD
NN PE P RL ORI IR — - SenviceTowl Load)

FIGURE 7-16

e Click on the Warp Contour icon & to warp the contours as shown in FIGURE 7-
17.
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FIGURE 7-17

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 7-18.
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FIGURE 7-18

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

o [f we click on the Solid Modeling Global Deflection Contour 77 icon, we can
see the global deflection of the structure as shown in FIGURE 7-19. Global
deflection shows the X, Y, and Z direction deflections all at once.

[ 4D Scid Madeing - o x

SmAROAAAEAASgaaeaN=000 | MD
FNUNPEFLRLTFORBIFF I - L ServiceTowl Load)

FIGURE 7-19

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 only self-weight. For
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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 while
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 close the window and return to
the main user interface.

e Inthe Results View panel 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 6-20.

FIGURE 7-20

e Inthe Visibility Grid, make the selections as shown in FIGURE 7-21.
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Polygon
Text
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FIGURE 7-21

o You should now see the column and wall stacks as shown in FIGURE 7-22.
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FIGURE 7-22

In the Results View panel, navigate to, the Analysis tab and expand the Column

tree.

Expand the Action (Combination) tree and check the box next to Axial Force.
Navigate to and expand the tree for Wall->Actions (Combination).

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 7-23.
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‘Wall, Actions (Combination), Axial Force (Kip)

Load Combination- Senice(Total Load) (SERVICE_TOTAL_LOAD)
Max: 1145.09

Min: -1126.68

FIGURE 7-23

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 o icon of the Results
View panel to clear the results from the main model view.

e Click the ﬂ icon of the Results View panel to close the results window. We can
always re-open the Results View panel by clicking on the Results Display Settings

é&” icon in the Bottom Quick Access toolbar.
The axial force in our model builds as we move down the column and wall stacks. 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, input tendons, and design the slabs.
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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:

Self-weight

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

Live Load (unreducible)

Roof Live Load (unreducible)

= based on unit weight
=25 psf

=400 lb/ft

=40 psf (L1-3)

=100 psf (L4-6)

=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.

8.1

Applying the Superimposed Dead Loads

e Inthe Visibility Grid make the following selections as shown in FIGURE 8-1.

Visibility
+ - I:C:J:I
Property

Global
EH General

& ®

All
Gridline
Reference Planes
EH Structure
All
Beam
Column
Drop Cap/Panel
Opening
Slab Region
Wall
E Restraints
Al
Line Support
Point Support
E FEM
Al
Cell
Frame
Node
B |Lime Work
All
Circle
Line
Palygon
Text

FIGURE 8-1
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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 8-2.

s
W=
FIGURE 8-2
Drag and select the slabs. Once the slabs are selected, they should be
highlighted in a red color as shown in FIGURE 8-3.
i
LN—=>

FIGURE 8-3

Go to Loading->General and click on the Patch Load Wizard N icon. This will
open the Create Patch Load Automatically dialog window shown in FIGURE 8-4.
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Create Patch Load Automatically X

Loadcaze:  Deadload e 0 kst

FIGURE 8-4

e Leave the drop-down box on Dead Load as we are applying the superimposed
dead area loads to the slab.
Click on the text entry box and change 0 to 0.025.
Click on the Create button.
The user will now see green lines representing the projection of the load as
shown in FIGURE 8-5. We have applied a 25psf area load to each of the
structure’s slabs.

™~
4

i

FIGURE 8-5

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:
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Go to the Visibility Grid on the left side of the screen. Click on the refresh @

[ ]
button to reset the Visibility Grid to match the current view.

e You will now see a Loads section. Uncheck the box next to All in the Loads
section of the Visibility Grid to remove the loads from the view.

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 8-6.

FIGURE 8-6
e 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 will look like
FIGURE 8-7.
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FIGURE 8-7

e Goto Loading->General and click on the Line Load Wizard [["l\ icon. This will
open the Create Line Load Automatically dialog window shown in FIGURE 8-8.

Create Line Load Automatically >

Load caze:  Deadload v 0 kAt

FIGURE 8-8
® Leave the drop-down box on Dead Load as we are applying the cladding loads to
the “Dead Load” load case.
e Click on the text entry box and change 0 to 0.400.
e C(Click on the Create button.
e The message box, as shown in FIGURE 8-9, will pop up letting the user know

how many line loads have been created. Each side of each slab will have a
separate line load created. Click OK.
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Builder >

I 24 loads were generated successfully.

FIGURE 8-9

e The user will now see green lines representing the projection of the cladding
load as shown in FIGURE 8-10. We have applied a 400plf load to each of the

levels main slab’s edges.
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FIGURE 8-10

8.2 Applying the Live Loads

e Go to the Visibility Grid on the left side of the screen. Click on the refresh @
button to reset the Visibility Grid to match the current view.
e Inthe Visibility Grid make the following selections as shown in FIGURE 8-11.
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Al
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Load Case
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Patch Load
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Frame
Node
B Line Work
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Circle
Line
Polygon
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FIGURE 8-11

® The user will now see only the slabs as shown in FIGURE 8-12.
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FIGURE 8-12

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 8-13.

FIGURE 8-13

Drag and select the Level 1 through Level 3 slabs. Once the slabs are selected,
they will be highlighted in a red color as shown in FIGURE 8-14.
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FIGURE 8-14

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 8-
15.

Create Patch Load Automatically X

Loadcaze: Deadload e 0 kst

FIGURE 8-15

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

Click on the text entry box and 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 8-16. 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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ZA
W=
FIGURE 8-16
e Go to the Visibility Grid on the left side of the screen. Click on the refresh @
button to reset the Visibility Grid to match the current view.
o Uncheck the box next to All in the Loads section of the Visibility Grid to remove
the loads from the view.
e 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 8-17.
s
W=

FIGURE 8-17

e Goto Loading->General and click on the Patch Load Wizard N icon.
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Click on the drop-down box and change the entry to Live Load

Click on the text entry box and change 0 to 0.100.

Click on the Create button.

The user will now see green lines representing the projection of the load as
shown in FIGURE 8-18. We have applied a 100psf area load to each of the Level
4 through Level 6 slabs under the Live Load case.

i

8.3

FIGURE 8-18
Applying the Roof Live Load

e Go to the Visibility Grid on the left side of the screen. Click on the refresh @
button to reset the Visibility Grid to match the current view.

e Uncheck the box next to All in the Loads section of the Visibility Grid to remove
the loads from the view.

e Drag and select the Roof level slab. Once the slab is selected it should be
highlighted in a red color as shown in FIGURE 8-19.

101



IiRisA

i

FIGURE 8-19

Go to Loading->General and click on the Patch Load Wizard N icon.

Click on the drop-down box and change the entry to RoofLL.

Click on the text entry box and 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 78-20. We have applied a 20psf area load to the Roof Level
slab under the RoofLL case.

FIGURE 8-20
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Go to the Visibility Grid on the left side of the screen. Click on the refresh @
button to reset the Visibility Grid to match the current view.

Check the box next to All in the Loads section of the Visibility Grid to see all the
applied loads.

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 8-21.

FIGURE 8-21
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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 using the Support Line Optimizer.

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:

® Minimum precompression =125psi

e Maximum precompression = 300psi

® Minimum balanced loading =50% (total dead load)
e Maximum balanced loading = 100% (total dead load)

Allowable Stresses for Post-Tensioned Slabs:

Maximum tensile stress

e Due to prestress plus sustained loads = 6*sqrt(f'c)
e Due to prestress plus total loads = 6*sqgrt(f'c)
e Due to prestress plus self-weight = 3*sqrt(f'ci)

Maximum compressive stress

® Due to prestress plus sustained loads = 0.45*f'c

e Due to prestress plus total loads =0.60*f'c

e Due to prestress plus self-weight = 0.60*f'ci
Deflection:

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
e Total live load =1/360
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Cover:

Post-Tensioned Slabs

e TopCGS =1.0in
e Bottom CGS — Interior spans =1.0in
® 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 View panel as
shown in FIGURE 9-1.

Results View: Service(Total Load) n H

=¥ 7
Loads Analysis Colorize Display Settings

e
- -9 Envelope
- oY Service
ﬂ‘ Service(Total Load)
=-EB Load Cases
- BB Uncracked Cases

FIGURE 9-1

e Click on the Display tab to display the window as shown in FIGURE 9-2.
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Results View: Service(Total Load)

Vet -

Loads

Property

E Design Sections
Balanced loading minimum
Balanced loading maximum
Maximum span./deflection ratio, LY
Precompression minimum allowable

Analysis  Colorize

Precompression maximum allowable

Allowable Stress Display

Simple Load Balance Angle

|dealized Section Integrity Critera
E Components

Dirift maximum allowable

Rho display

Rho maximum allowable

|tilization Display

Itilization maximum allowable

Moment Amplfication max allowable

Drift Amplification max allowable

Compare Cumulative and FEM Glob ...

B Wall Design Sections
Reirforcement Display
Line thickness
Display Text for Active Level
Section Text for Each Wall

FIGURE 9-2

Display Settings

Value

50.00 %
100.00 %
360

125.00 Psi
300.00 Psi
Exceeds Only
60.00 deg
2500 %

050 %
Value
300 %
Status
1.00 %
1.40
1.40
10.00 %

Mumber of Bars
2

Mo

All

e 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 limits are the same
we would like to use in our design, we can leave them with the default values.

e We can see the Precompression Minimum Allowable setting is already set to our

minimum of 125psi.

e Click the Close icon to close the Results View panel.

Entering Support Lines and Splitters for Level 1

e Click on the Single-Level Mode # icon in the Level Manager toolbar. This will
bring you to Single-Level mode where you can view and navigate the structure

level-by-level.

e Click on the drop-down menu to the right of the Leve/Assignment@ iconin
the Level Manager toolbar and change it to Level 1 (EL 12.5).
® Go to the Visibility Grid and make the selections as shown in FIGURE 9-3.
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FIGURE 9-3

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 9-4.
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FIGURE 9-4
To enter support lines, we will use the Support Line Dynamic Editor.

Entering the first X-direction support line using the Support Line Dynamic Editor:

® Go to Floor Design->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.
[]
Walls Middle Strips Trim
Wizard Limits Criteria
Direction
© x Direction () Direction

) Create unigue support lines for all spans

B Create unigue support lines for beams

B 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

Pause Close

FIGURE 9-5

e With the default settings we can begin to enter the first construction line,
following a natural line of support, that the program will use to automatically
create a support line in the X-direction.
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Position your mouse to be in line with the lower column line, but outside of the
slab region, to the left of the slab as shown in FIGURE 9-6.

L g

0 Line Dynanic E
T T Walls Middle Strips Trim
Wizard Limits Criteria
Direction
OxDpirection O Y Direction

(O create unique support ines for allspans

) Create unique support nes for beams

8 Create end spans perpendiaular to slab edge
(O create middee strip supportfine

Create a construction ne to define 2 new sugpart ine:

(O show/Hide Construction Lin

Pause Close

FIGURE 9-6

e Once your mouse is at this location, click the mouse to enter the first point of
the construction line.
e Position your mouse to be in line with the lower column line, but outside of the
slab region, to the right of the floor as shown in FIGURE 9-7.
T
i 0 0 0
e Qarm
-
J — 18 Create end spans perpendicuar to slab edge
-
Ini s ]
L )
FIGURE 9-7
e Once your mouse is at this location click the mouse to enter the second point.
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o The program will show a red construction line defining the line of support the
program will create a support line for. The program will automatically detect
supports (columns and walls) along this line and add a vertex along the support
line at the supports and at the slab edges.

o Click the Enter key on your keyboard to accept the construction line and have
the software create the first support line. The user should now have one X-
direction support line in the model as shown in FIGURE 9-8.

t Line Dynamic Editos

T T wals Middle Strips Trim
Wizard Limits Criteria

(0 create unique support lines for allspans

8 Create unique support ines for beams

[Oshow/Hide Construction Lin

Pause Close

FIGURE 9-8

Entering the next X-direction support line:

® Position your mouse in line with 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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t Line Dynamic Edito

T T wals Middle Strips Trim
wizard Limits Criteria
Oxoirecton ¥ Direction
(Ocreate unique supportlines for al spans

BCrestew

upport lines for beams

J = (B Create end spans perpendicular to slab edge

(0 show/Hide Construction Lin

Pause Close

FIGURE 9-9

Left click your mouse to enter the first point.

Left click your mouse inside of the wall to the right, near the left end of the wall.
Left click your mouse inside of the wall, near the right end of the wall.

Left click your mouse on the column to the right of and in line with the wall.
Move up and to the right and left click the mouse within the first vertical wall,
near the lower vertex.

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

Move down and to the right and left click the mouse inside of the horizontal
wall, near the left vertex.

Left click the mouse outside of the slab region, in line with the wall, to enter the
final point of the construction line. At this point the users screen should look like
FIGURE 9-10.
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0 Line Dynamic
T T wals Middle Strips Trim
Wizard Limits Citeria
Direction
©xpiecion O Direction

(0 create unique support ines for allspans

8 Create unique support ines for beams
J = {8 Create end spans perpendicular to slab edge
(O Create middie strip supportline

Creste a construction ine to define a new support ine

([ show/Hide Construction Lin

Pause Close

FIGURE 9-10

e Click the Enter key on your keyboard to accept the construction line and have
the software create the second support line. You should now see a view of the

model as shown in FIGURE 9-11. As you can see, we now have two support lines
modeled.

il i 1 4

Support Line Dynamic Edito
T T wals Middee Strips Trm
Wizard Limits Criteria
Direction

OxDirection )Y Direction

(D create unique supportlines for al spans

{8 Create unique suppor tlines for beams
J = (B Create end spans perpendicuiar to siab edge
([Ocreate midde strip support ine

Create a construction ine to define a new supportline

(0 show/Hide Construction Lin

Pause Close

—

FIGURE 9-11

e Enter the third support line in the same fashion. Once it is entered the users
screen will appear like the screen shown in FIGURE 9-12.
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pport Line Dynamic Edito

(B Create end spans perpendicular to slab edge

(O Create midde strip support ine

Create a construction ine to define 2 new support ine

([ Show/Hide Construction Lin

Fause Close

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.

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

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 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 right and left click your third point on the second
column.

Move your mouse to the right and hover it over the cantilevered slab 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 Enter 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 tools 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.

Enter another construction line at the reentrant corner 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, your screen will appear like FIGURE 9-15.
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FIGURE 9-15

These construction lines will be used to snap the end points of the next support
line we will enter.
Click on the ESC key on your keyboard to exit out of the line modeling tool.

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 tools
that are active.

Hover your mouse over the first construction line we entered as shown in
FIGURE 9-16.
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FIGURE 9-16

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 column.
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 Enter key on your keyboard to end the modeling of this support line.
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.

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

Select the two construction lines we created and click the Delete key on your
keyboard to delete them, as they are no longer needed.

When all X-direction support lines are entered your model will look like FIGURE
9-17.
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FIGURE 9-17

Openings are considered by the program when generating the tributary regions and
subsequent design sections generated from the support lines. Although the program
knows not to draw the design sections through openings, the program needs to be able
to recognize the openings to do this. Currently, our support lines are drawn along the
edge of the opening which results in the support line not recognizing where the opening
is. We need to shift the support lines off the opening edge for the design sections to
generate correctly.

Modifying the X-direction support lines to limit the design sections from entering the
openings:

® Select the second support line from the bottom. This will highlight the support
linein 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, like that shown in FIGURE 9-18.
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FIGURE 9-18

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

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

i

FIGURE 9-19

To make sure the support lines are modeled correctly, we can generate the tributaries
for the entered support lines.
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® Goto Floor Design->Section Design and click on the Generate Sections ﬁ icon.
When the process is complete, the user should see design sections cut as shown
in FIGURE 9-20.

o 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 9-20.

FIGURE 9-20

® As highlighted in FIGURE 9-21 there are some locations where design sections
are extending past the tributary width that we want them to define.

7
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FIGURE 9-21

120



IiRisA

We can limit the design section lengths using splitters.

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

l icon. You will be prompted to enter the first point of the splitter in the
Message Bar.

Hover your mouse to the left of the slab region and align it with the center of
the horizontal wall, as shown in FIGURE 9-22.

FIGURE 9-22

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 side of the slab region and left click to place the
second point of the splitter.

Click Enter 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 like FIGURE 9-23.
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FIGURE 9-23

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

l icon. You 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 9-24.

FIGURE 9-24

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 9-25.
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FIGURE 9-25

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

Click Enter on your keyboard to close the splitter modeling.

Draw the last X-Direction Splitter on the right side of the slab, like the splitter
we just drew.

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 9-26.

/H H ‘\

FIGURE 9-26
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® Goto Floor Design->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 9-27.

T
\/

FIGURE 9-27

o Go to Reports->Analysis Reports->Design Strips and click on the Design Strips X-

Direction option.
e Click OK on the User Comments window to bring up a report view of the design
strips for the user to review as shown in FIGURE 9-28.

@ @ @ @ @ @ @ Reports Mode

FIGURE 9-28
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Click the Exit “Reports” Mode button in the Reports Mode window to exit this
view and return to the default view.

Entering the Y-direction support lines:

Go to Floor Design->Strip Results/Visibility and click on the Display/Hide

Support Lines —I icon. This will turn off the support lines we have already
generated.
Go to Floor Design->Strip Results/Visibility and click on the Display/Hide

b
Splitters I icon. This will turn off the splitters that we have already drawn.

Go to Floor Design->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 below the lower left edge of the cantilevered balcony and
lined up vertically with the lower left column.

Left click the mouse to place the first point of the construction line to be used to
generate the support line.

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 construction line.

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 support and 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 9-29.
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— T @3 Dynamic SupportLine Edito
wals Micle Strips Trim
wizard Limits: Ciiteria
Direction
= = OxDirection €Y Direction
(Ocreate unique support lines for all spans
18 Create unique support lines for beams
1B Create end spans perpendicular to slab edge
[Dcreate midde strip suppor

[l Create a construction fine to define a new supportline

() show/Hide Construction Lin

Pause Close

FIGURE 9-29

e Create the next support line in the same fashion as you created the previous
support line. When finished the model will look like FIGURE 9-30.

wals Middle Strips Trim
wizard Limits Criteria
i i — T recton
(OXDirection €Y Direction

[ Create unique supportlines for ol spans

18 create unique suppart lines for beams
T T
1B create end spans perpendiclr to siab edge:
(Ccreate midde strip support ine:

Create a construction ine to define a new supportline

(0 ShowHide Construction Lin

Pause Close

FIGURE 9-30

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 will look like FIGURE 9-31.
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[ Show/Hide Construction Lin

Pause Close

FIGURE 9-31

To enter the last Y-direction support lines

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

Go to the Visibility Grid on the left side of the screen. Click on the refresh ()
button to reset the Visibility Grid to match the current view.

In the Visibility Grid click on the Support Lines-X check box to uncheck it and
hide the X-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 outside balcony 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 i snap tool.

Move your mouse upward about half-way between the column you just clicked
on and the core wall area to the north. Left click the mouse to place the last
point of this support line.

Click the Enter key on your keyboard to end the modeling of this support line.
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® To place the first point of the next support line, move your mouse left
horizontally from the last point of the support line we just created so it is
underneath the left vertical wall. 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 & snap tool.

e Hover your mouse over the lower end of the left vertical wall. When the snap to
endpointicon is displayed, left click the mouse to place the second point of the
support line.

e Hover your mouse over the upper end of the left vertical wall. When the snap to
endpointicon is displayed, left click the mouse to place the third point of the
support line.

e Hover your mouse over the column to the left and above the left vertical wall.
When the snap to endpoint icon is displayed, left click the mouse to place the
fourth point of the support line.

e Hover your mouse over the slab edge just above the column we just snapped
the fourth point of the support line too. When the snap to perpendicular icon is
displayed, left click the mouse to place the last point of the support line.

Click the Enter key on your keyboard to end the modeling of this support line.
Create another support line along the vertical wall to the right of the core, like
the previous support line. When finished the model will look as shown in
FIGURE 9-32.

FIGURE 9-32

| 2
® Go to Floor Design->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 9-33.
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FIGURE 9-33

o The design sections look ok in this direction, so we don’t need to add any
splitters.

® Go to Reports->Analysis Reports->Design Strips and click on the Design Strips Y-
Direction option.

e Click OK on the User’s comment window to open a report view of the design
strips for review as shown in FIGURE 9-34.

® ® © ® © © ©

v
mode.
Goto custam view
T T T
L Iways
2
i
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!

FIGURE 9-34

e Note: ADAPT-Builder designs the sections along the support lines.
Tributaries only define the design section length; imperfect tributary
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boundaries do not require modification if the design sections are
generated to your excpectations.
e 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 Tendons tool of the program. For this model we will model the banded
tendons in the X-direction.

e Go to Floor Design->Strip Results/Visibility and click on the Display/Hide

h 4
Support Lines in the X-direction “ icon. This will turn on the X-direction
support lines we have already generated.
® Go to Floor Design->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. You 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. Your screen should be like FIGURE 9-35.

FIGURE 9-35

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

Hold Ctrl on your keyboard and click on all the other support lines except the
top middle support line. When finished, your screen should look as shown in
FIGURE 9-36.
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FIGURE 9-36

~
e Go to Tendon->Model and click on the Map Banded <7 icon. This will display
the Map Banded (Grouped) Tendons dialog window shown in FIGURE 9-37.

| Map Banded(Grouped) Tendons X
Tributary
© Enter the associated tributary width: 20000  ft
() Use design strip width -
Force and profile optimization
Average precompression:  Min w psi  Max 250.000 psi
% of Selfweight to balance: Min  gppop % Max ﬁ %

© Use only self weight for load balance

() Use self weight and dead load for load balance

Placement
() |dealized as one group with offset: 0.000 ft
0 Ideslized as two groups with offset: 2000 ft

() Space tendons at:  0.600 ft
Tendon Trim Tolerance: 150 ft

Tendon properties

Effective force per strand: 26.700 k

Mumber of strands per tendon: 1 Cant Shape

Max span len for cant end shape:  3.000 ft ’W‘
Span Shape X1/L X2l XL AL

p First | Reversed Parabola 0.10 0.50 0.10 0.00
Mid | Reversed Parabola 0.10 0.50 0.10 0.00
Last | Reversed Parabola 0.10 0.50 0.10 0.00

ox

FIGURE 9-37

e Click on the radio button for Use design strip width.
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e The minimum average precompression value is set to 125 psi which matches
our design limit so we can leave this value as the default.

e Click in the text box for Average precompression Max: and type 300 on your
keyboard.

e Click in the text box for % of Selfweight to balance: Min: and type 50 on your
keyboard.

® Click in the text box for % of Selfweight to balance: Max: and type 100 on your
keyboard.

Select the radio button next to Idealized as two groups with offset.
Since the text box next to Idealized as two groups with offset: is already set to 2
no change is needed here.

e Since we have an area that we know will be a cantilever at the balcony to the
left of the beam, we want to increase the Max span len for cant end shape: so it
will capture this as a Cantilever Down shape

e Click in the text box next to Max span len for cant end shape: and type 11 on
your keyboard

e The rest of the values can remain as default. The window should now look like
FIGURE 9-38.

Tributary
() Enter the associated tributary width:  2pp00  f

© Use design strip width

Force and profile optimization
Average precompressicn: Min 125000 psi Max 300000 psi

% of Selfweight to balance: Min  spopp % Max 1p0.0o0 %

© Use only self weight for load balance

() Use self weight and dead load for load balance

Placemert

() |dealized as one group with offset; 0.000 ft

0 Ideslized as two groups with offset: 2.000 ft

() Space tendons at: 0,600 ft

Tendon Trim Tolerance: i1.50 ft

Tendon properties

Effective force per strand: & k

Mumber of strands per tendon: 1 Cant Shape

Max span len for cant end shape: 11 ft |Cantilever Down B
Span Shape X1/L X2 XL AL

p First | Reversed Parabola 0.10 0.50 0.0 0.00
Mid | Reversed Parabola 0.10 0.50 0.0 0.00
Last | Reversed Parabola 0.10 0.50 0.0 0.00

Cancel oK

FIGURE 9-38

e Click OK to have the program create the preliminary banded tendons.
® At this point you should have a screen showing the model with banded tendons
and the X-direction support lines as shown in FIGURE 9-39.
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FIGURE 9-39

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. We will use the Smart Tools to clean up the
banded tendons.

Tendon Appearance:

Before cleaning up the tendons we will make some changes to their appearance on plan
for us to better understand the tendon layout.

® Go to the Tendon ribbon and click on the Display Manager icon 65”. This will
open the Tendon Display Manager dockable window as shown in FIGURE 9-40.
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Tendon Display Settings  x |
©@

Property Value
B Tendon
Tenden Appearance
Tendon Line Thickness 3
Text Height 500in
Text Thickness 1
Symbols

]

Symbol Size 00in
Control Poirts

Text Display
Inflection Paints

Text Display
Swerve Points
Bundle Symbol
Stressing Live, Dead Ends

ID & Specification

D
Label
Area
System
Number of Strands

Strand Format
Material

Decimal

Stressing
Elongation
Hffective Force
Force Format
Calculated Force
Force Format Average
FEM

Per Strand

O 00O 0O O00OOoOoo oorOoOdr

Considered
Tendon Out Of Bounds
Analytical Tendon
Geometry
Shape
Shape Parameters
Radii of Curvature - Vert
Show Horizontal Curvature Ranges +
Show 0K Range +
Total Length (end to end)
Installation Length
Concrete Length

OOoO0oOoooo Oooo

FIGURE 9-40

Hover your mouse over the top of the Tendon Display Manager window and
click and hold the left mouse button to grab the window.

Drag the window over the Visibility Grid until you see the docking| = icon.
Drag the window into the middle square of the docking icon and let go of the
left mouse button to place the Tendon Display Manager with the Properties,
Visibility, and Colorize grids. Notice that there is now a tab at the bottom of the

grid for the Tendon Display Manager as shown in FIGURE 9-41.
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Tendon Display Settings 7 n

©

Property WValue
B Tendon
Tendon Appearance
Tendon Line Thickness 3
Text Height 5.00in
Text Thickness 1
Symbols
Symbaol Size
Control Points
Text Display
Inflection Points
Text Display
Swerve Points
Bundle Symbol
Stressing Live, Dead Ends
ID & Specification

e

00in

D

Label

Prea

System

Mumber of Strands
Strand Format

Material

Decimal

Stressing
Elongation
Effective Force
Force Format Per 5t...
Calculated Force
Force Format Average
FEM

O OO O OOoOoo oorOodOoE

Considered
Tendon Out Of Bounds
Analytical Tendon
Geometry
Shape
Shape Parameters
Radii of Curvature - Vert
Show Horizontal Curvature Ranges  +
Show 'OK Range +
Total Length (end to end)

OoOoooOo ogo

Properties Colorize Visibility I Tendon Display Setti..l

FIGURE 9-41

In the Tendon Display Manager - Symbols section, click on the checkbox next to
Text Display for the Control Points.

Click on the Text Height property and change the value from 5.00 in to 15.00 in.
In the Symbols section change the Symbol Size property from 2.00 to 5.00.
Once these changes have been made you should now see brown and blue
hexagons along the tendon representing the high and low control points of the
tendons. In addition, the text should be more legible as shown in FIGURE 9-42.
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FIGURE 9-42

Cleaning up the mapped banded tendons:

e Zoom in to the left end of the second banded tendon group from the bottom of
the screen. Notice there is a high point outside of the slab.
o We can delete this high point by going to Tendon-> Modify and clicking on the

Smart Tools —= icon to open the Smart Tendon Editor.
o Navigate to the Mapping tab as shown in FIGURE 9-43.

Smart Tendon Editor X

Settings Mapping Edit  Default Props

Smart Tendon

() Create () Delete () Information
Map Distributed
() Fixed Spacing () Max Spacing
(O # of Tendons
Paints
) Add () Delete
IMove ) Align
Modify
() Cut to region () Trim Exctend
=

Font Size 12

Undo Redo

FIGURE 9-43
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Go to the Points section. Click the radio button next to Delete

In the Delete Points section, make sure High Point is selected.

We are now going to draw a two-point construction line through the leftmost
span of the top tendon, near the high point, to delete it. Click below the
leftmost span of the top tendon as shown in FIGURE 9-44.

Smart Tendon Editor X

Settings Mapping Ecit  Defauit Props

Smart Tendon
Ocreate Opelete O Information
Map Distrbuted

(OFixed Spacing (O Max Spacing

O # of Tendons

Ponts
Oadd ODekete
Owove Osign
Modify

Ocut toregon O mimfextend

Delete Points

O Hich Points Oswerve Pts

I\

FIGURE 9-44
e Click to finish the construction line above the leftmost span of the top tendon to

delete the high point. Now your screen will look as shown in FIGURE 9-45.

~
Settngs Mapping Edit  Default Props
Smart Tendon
Ocreate ODekete O Information
(O Max Spacing
O # of Tendons
Points
Oadd Opeete
Cmove Onign
Modify ~1
Ocutto region O Trim/Extend
—1
Delete Points
O rtigh paints Oswerve pis
o o o a
<2 © & -8
T l I |
| — ——
=
a Select high points or swerve points to be deleted
Fort 12 in
Help Undo Red a

FIGURE 9-45
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® Go to the Modify section and click the radio button for Trim/Extend to trim the
tendons that are sticking outside of the slab.

e Click in the text box next to Trim Tolerance: and type in 15 to set the trim
tolerance.

® Zoom back in on the left end of the second banded tendon group from the
bottom. Click the first point of the two-point construction in the leftmost span,
below the top tendon of the tendon group as shown in FIGURE 9-46.

[/

Settings Mapping Edt  DefauitProps

ANV

M &

FIGURE 9-46

e Click to finish the construction line above the leftmost span of the top tendon to
trim the tendon back to the slab edge. Now your screen will look as shown in
FIGURE 9-47.
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Smart Tendon Edito
~J
Settngs Mepping Edt  DefaultProps
Smart Tendon
Ocreate Opelete O Information
Map Ditributed
(O Fixed Spacing (O Max Spacing
O of Tendons
Points
Oadd Obekete
Omove O aign
wodify ~1
(O cutto region O Trim/Extend
—
Trim Tendons

Trim Tolerance: 1500 &

M &

Selecta group of tendons to utfextend the end point to the
nearest siab edge or opening edge. Trim only works when
the slab or opening edge crosses the end span,

FIGURE 9-47

e There are two other locations where the tendons are sticking outside of the slab
circled in red in FIGURE 9-48. Follow these same steps to trim the tendons back
in these locations. Once you are done, your model will look as shown in FIGURE
9-48.

Smart Tendon Edito
T TT T
-
Settings Mspping Edit  Default Props
Smart Tendon
Ocreate Obekete O information
Map Distrbuted
(O Fixed Spacing OMax Spacing
O # of Tendons
Ponts
Oadd ODekete
O Move O Aiign
1 Modify
OCuttoregion O Trim Extend
Trim Tendons
Trin Tolerance: EELE
Selecta group of tendons to cutiextend the end point to the
nearest siab edge or opening edge. Trim only works nhen
the siab or opening edge crosses the end span.
Font 12 2in
Help Undo Red a

FIGURE 9-48

e Trimming the tendons back has created two high points close to each other on
the left side of the third tendon group from the bottom. To delete the second
point from the left, go to the Points section of the Smart Tendon Editor and click

on the Delete radio button.
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Draw the two-point construction line in the second span of the top tendon,
closer to the high point we want to delete than the high point on the other side
of the span, as shown in FIGURE 9-49.

G|
o

Select high points or swerve points to be deleted.

FIGURE 9-49

Click the Close button to exit the Smart Tendon Editor dialog.

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 that runs the
full length of the slab. 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 later. Click the tendon outside the slab in the upper left to select it.

Click on the Top View @ icon in the Bottom Quick Access toolbar.

Click on the Properties tab located at the bottom of the Tendon Display
Manager panel to bring up the Properties Grid.

Under the Tendon Specification section of the Properties Grid, we can see the
Number of strands assigned to the tendon as shown in FIGURE 9-50.
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Properties n n
g -
Property Value
E Selected Objects
Tendons (1/10) Tendon 22
= Identification
Tendon 1D 22
Label Tendon 22
Group + (Group 1
E General
Material + Prestressing 1
Direction Banded
Drawing Mode Straight Line
Connect to ramp below O
Reference Plane Level 1{EL 12.5)
El Criteria
FEM Consider
= Tendon Specification
Area per Strand 0.153in2
Tendon/Duct Height 0.500in
Mumber of Strands 5.00
= Stressing
End Stressing Live, Live
Force Option Effective
Edit Total Force O
Hf Force 26.700 k
Total Force 133.500 k
Offsets

Plan Coordinates (X.Y)
Appearance
End Text Location

FIGURE 9-50

We can see this tendon has 5.00 strands in it. This was calculated to stay within
the precompression and balanced loading range we provided when mapping the
banded tendons. Since we will delete these tendons, we need to make sure we
replace them to retain similar balanced loading and precompression results. We
will do this later in the tutorial.

Click the Delete key on your keyboard to delete this tendon.

Select the right tendon that is located outside the slab.

Click the Delete key on your keyboard to delete it as well.

At this point your screen should look like FIGURE 9-51.
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FIGURE 9-51

The 2™ and 3™ group of banded tendons have a tendon running through the core
opening. We can move these tendons using the Smart Tools.

® Go to Tendon -> Modify and click on the Smart Tools ~iconto open the Smart
Tendon Editor.

Navigate to the Mapping tab.

Go to the Points section and click the radio button next to Move.

Make sure the radio button next to High Points is selected.

Draw your first construction line through the top tendon, in the span running
through the opening, near the left high point, as shown in FIGURE 9-52.
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FIGURE 9-52

e This will select the high point so it can be moved. Move the high point below the
top tendon, and click to place it, as shown in FIGURE 9-53.

T

Settings Mapping Edit  Default Props

Smart Tendon
Otreate O Delete O Information

Map Distributed
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O High Points Oswerve Pts
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a 2ptline where to move them.

FIGURE 9-53

e The model should now look as shown in FIGURE 9-54.
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FIGURE 9-54

e Move the remaining three high points that are near the opening away from the
opening in the same manner. When you are done, your model should look as
shown in FIGURE 9-55.
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LT | T L}
Settings Mapping Edt  DefauitProps
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FIGURE 9-55

Now we need to add the last banded 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 tendon.

o Click the Close button to close the Smart Tendon Editor.
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+
Go to Tendon -> Model and click on the Add Tendon *-” icon.

Activate the Snap to Perpendicular —LL 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 left
side of the upper left tendon. 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 point of the tendon. Move your mouse below the 2" column to the
right. Try to keep the tendon as horizontal as possible. When you are under the
next column, 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,
place the third high point of the tendon by left clicking on the mouse. At this
point do not be worried that the tendon goes outside of the slab.

Move your mouse below the next column to the right. Try to keep the tendon as
horizontal as possible. When you are under the next column, left click the
mouse to place the fourth point of the tendon.

Move your mouse up and to the right. When you are under the next column,
about a foot or two lower than the upper right tendon, 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. When the snap
to perpendicular icon is displayed, left click the mouse to place the final point of
the tendon.

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

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

At this point the user’s screen should be similar to the screen shown in FIGURE
9-56.
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FIGURE 9-56
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Select the tendon we just entered to display the tendon properties in the
Properties Grid, as shown in FIGURE 9-57.

Properties 5 n
g -
Property Value
E Selected Objects
Tendons (1/9) Tendon 25
E Identification
Tendon 1D 25
Label Tendon 25
Group + Group 1
E General
Material + Prestressing 1
Direction Undefined -
Drawing Mode Straight Line
Connect to ramp below O
Reference Plane Level 1(EL 12.5)
E Criteria
FEM Consider
= Tendon Specification
Area per Strand 0.153in2
Tendon/Duct Height 0.500in
Number of Strands 1.00
= Stressing
End Stressing Live, Live
Force Option Effective
Edit Total Force O
Eff Force 26.700 k
Total Force 26700k
Offsets
Plan Coordinates (X.Y)
Appearance
End Text Location
FIGURE 9-57

e C(Click in the drop-down menu next to General -> Direction and change it to
Banded.

e Click in the text box next to Tendon Specification -> Number of Strands. Type 5
on your keyboard to change the number of strands.

Now that all our banded tendons are in the model, we want to check the span shapes of
our tendons using the Smart Tools.

® Go to Tendon -> Modify and click the Smart Tools icon to open the Smart
Tendon Editor window and navigate to the Edit tab.

e Select the radio button next to Span Shape. Your model should now look as
shown in FIGURE 9-58.
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FIGURE 9-58

o The smaller spans of the top two tendons need to be updated to a Cantilever

Down shape. In the Smart Tendon Editor, select the drop-down menu next to
Select Shape: and change it to Cant Down.

e Draw a construction line through the smaller span of the top two tendons to
change the span shape from Reverse Parabola to Cantilever Down. Once this is
done, your model should look like FIGURE 9-59.
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FIGURE 9-59

a Cantilever Down shape.
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Draw a construction line through the right span of the tendons running through
the beam to change the span shape from Reverse Parabola to Cantilever Down.
The spans near the openings of the second and third banded tendon groups
from the bottom need to be changed to a Straight shape. Select the drop-down
menu next to Select Shape: and set it to Straight.

Draw a construction line through the four tendons near the opening to change
the shape from Reverse Parabola to Straight.

The right spans of the second banded tendon group from the bottom, near the
wall, need to be changed to a Straight shape.

Draw a construction line through the two tendons near the wall to change the
shape from Reverse Parabola to Straight.

The left span of the top tendon in the second banded tendon group from the
bottom, near the wall, needs to be changed to a Straight shape.

Draw a construction line through the top tendon near the wall to change the
shape from Cantilever Down to Straight.

The left span of the top tendon in the third banded tendon group from the
bottom needs to be changed to a Reverse Parabola shape. Select the drop-
down menu next to Select Shape: and set it to Reverse Parabola and draw a
construction line through this span of the tendon to change the shape.

Your model should now look like FIGURE 9-60.

Settings Mapping Edit  Defoult Props
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FIGURE 9-60

In the Editing Tools section of the Smart Tendon Editor, select the radio button
next to Mode.
In the Tendon Mode section, the radio button next to Spline is already active.
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e Draw construction lines through all the tendons except the bottom two tendons
which run through the beam and the top two tendons. Once this is done, your
model will look as shown in FIGURE 9-61.
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FIGURE 9-61

Lastly, we will add swerve points to clean up some of the swooping tendons and make
sure no tendons are running outside of the slab.

Go to the Mapping tab of the Smart Tendon Editor.
Go to the Points section and select the radio button next to Add.
Go to the Add Points section that just opened and select the radio button next
to Swerve Pts.

e We want to straighten out the end spans of the spline tendons, to do so we are
going to add swerve points. Draw your construction line to the left of the

second column line from the left, through the 6 tendons, as shown in FIGURE 9-
62.
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FIGURE 9-62

e When you finish the construction line, swerve points will be added to the left of
those columns, as shown in FIGURE 9-63.
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FIGURE 9-63

e Draw your next construction line, like the one we just drew on the left side of
the first span from the right. Now your model should look as shown in FIGURE

9-64.
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FIGURE 9-64

o Next, we can clean up the tendons that are swerving close to the openings using
swerve points. Draw your first construction line to add swerve points near the
high points on the left side of this span, for all four tendons. The construction
line should be drawn as shown in FIGURE 9-65.

Smart Tendon Editor i
Settngs Mapping  Edit Default Props. In
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FIGURE 9-65

® Repeat the same for the right side of this span. When completed, these tendons
should look as shown in FIGURE 9-66.
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FIGURE 9-66

o The last place to clean up is the tendon that is swerving outside of the slab at
the top of the model. Draw a construction line to add a swerve point outside of
the middle two high points. Once completed, you will have added two swerve
points to this tendon, as shown in FIGURE 9-67.
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FIGURE 9-67

e C(Click the radio button next to Move.
e Draw the construction line near the swerve point to the right of the middle span
to select it.
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e Move the swerve point up and to the right so it is just inside of the reentrant
corner, as shown in FIGURE 9-68.
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FIGURE 9-68

® Repeat the previous steps for the swerve point to the left of the middle span of
this tendon.
Click Close on the Smart Tendon Editor.
Your model should now look like FIGURE 9-69.

FIGURE 9-69
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Modeling Distributed Tendons

Now that we have completed the entry of the preliminary banded tendons, we need to
enter in the distributed direction tendons. We will be mapping the distributed tendons
using the Smart Tools.

We will start by adding in initial distributed tendons which we will later design using the
Support Line Optimizer. We can determine an initial spacing and number of strand per
tendon by performing a simple calculation to meet minimum precompression for the
entire width of the slab. If we take a measurement from the upper left corner of the
balcony slab to the corner near the singular wall on the right side we get a total slab
width of 140.75’. If we calculate the number of strands needed to meet minimum
precompression we get [125psi * (140.75’ * 12) * 8”]/(26.7kips * 1000) = 63.26 strands.
If we divide 63.26 strands by 140.75 feet, we get a total of 0.45 strands per foot. We can
then calculate how many strands per tendon we need based on the spacing of the
tendons we want to use. In this example we will use the max spacing of five feet for the
spacing between the tendons in the model. This means we need to assign 5*0.45 = 2.25
strands per tendon. We will round this down to 2 strands per tendon. This may leave us
slightly below minimum precompression, however, we will optimize the tendons further
as we design the slab to solve stresses.

Before we can map the distributed tendons, we need to draw two tendons to be the
boundary.

e Go to Tendon -> Modify -> Smart Tools to open the Smart Tendon Editor
window.

e On the Settings tab, click on the text box next to Max. spacing in banded group:

and enter 6. For more information on this and other settings please refer to the

program Help file.

Navigate to the Default Props tab.

Click in the text box next to Number of strands per tendon: and enter 2.

Click in the text box next to If L<: and enter 11.

Navigate to the Mapping tab.

To create our first boundary tendon, go to the Smart Tendon section and select

the radio button next to Create.

e Create the first tendon by drawing a two-point construction line through the left
side of the balcony slab. Click the first point below the slab, about a foot to the
right of the slab edge.

Click the second point above the balcony slab.
Your model should now look like FIGURE 9-70.
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FIGURE 9-70

e Create the second tendon by drawing a two-point construction line through the
right side of the main slab. Click the first point below the wall on the right of the
slab, about a foot left of the slab edge.

e Click the second point above the slab. Your model should now look similar to
FIGURE 9-71.
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FIGURE 9-71

In the Map Distributed section of the Smart Tendon Editor, select Max Spacing.
You will now see options for mapping the distributed tendons using max
spacing. Click in the text box next to Max Spacing: and type in 5.

155



IiRisA

e Draw the two-point construction line so the first tendon it passes through is the
first distributed tendon we drew, and the last tendon it passes through is the
last distributed tendon we drew, as shown in FIGURE 9-72.
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FIGURE 9-72
e You will now see the distributed tendons that have been created which will look
like FIGURE 9-73.
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FIGURE 9-73
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Now that all our distributed tendons are in the model, we need to clean them up a bit. First, we
will delete some of the high points that are creating small spans. Then we will adjust span
shapes and adjust the CGS for some of the tendons, all using the Smart Tools.

Go to the Points section and select the radio button next to Delete.

In the Delete Points section, select the radio button next to High Points.

The high points closest to the construction line will be deleted for each tendon the
construction line passes through. The first two high points we want to delete are on the
top of the balcony slab on the left side of the slab. Draw the construction line through
the first two tendons, in the middle span, near the top high points. Your model should
now look as shown in FIGURE 9-74.
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FIGURE 9-74

e Delete all the high points on the distributed tendons which are circled in FIGURE
9-75 in the same manner.
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Press Close on the Smart Tendon Editor.
Your model should now look like FIGURE 9-76.
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FIGURE 9-76

In the Visibility Grid, press the Refresh @ button.

Go to the Tendon section and uncheck the box next to Type -> Banded.

Go to the Design Strip section and uncheck the ALL box.

Go to Tendon -> Modify and click on the Smart Tools icon to open the Smart
Tendon Editor.
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Navigate to the Edit tab.
Click the radio button next to Span Shape.
Your model should now look like FIGURE 9-77.
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FIGURE 9-77

Change the drop-down menu next to Select Shape: to Reverse Parabola.
Draw a two-point construction line through the spans circled in red in FIGURE 9-
78 to change them from a Cantilever Down shape to Reverse Parabola.
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FIGURE 9-78

® Once these changes are made, your model will look like FIGURE 9-79.
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FIGURE 9-79

® Change the Select Shape: drop-down menu in the Smart Tendon Editor
Cantilever Down.

e Draw a two-point construction line through the first span of the tendons in the
balcony slab. When completed your model will look like FIGURE 9-80.
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FIGURE 9-80

Click the Close button on the Smart Tendon Editor.
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e Double click on a distributed tendon that runs all the way from the top of the
slab to the bottom of the slab and then click on the Shape/System/Friction tab.
This will bring up the Tendon Properties window, as shown in FIGURE 9-81.
| Tendon 28 d
v ®
General Stressing Location Shape/System/Fiiction FEM  Properties
R=17146 R=24.26 R=34.26 R=22.55 R=22.55 R=T76.80
! | =137 | R=15277 | R=0022 | |
I T . T ’ T 1
i 1 i 1 i i
! ‘ ! ! ! !
| Span1 | Span 2 | pan 3 | Span 4 | Spans |
| L=1000 | =26.18 ! L=27.64 ! L=21.24 | L=620 |
Uplift [K/f)
[ oooo ] 0156 | 0,140 [ 0.237 [ oooo |
L CGS CGS CGS CGs Wobble
Span Shape ) TnEnl;irsl Butaﬁgn‘\ BmﬁﬁgnE Tu%n\aasl KI/L X2/l X3/L AL Mu (adR) System
b Typical Reversed Parabola |+ 1.00 1.00 1.00 100 010 050 010|010 Unbonded
Span 1 Cantilever Down |~ |x”| 10 350 1.00 Unbonded
Span 2 Reversed Parabola  ~ |” 26 1.00 1.00 100 010, 050 0.0 Unbonded -~
Span 3 Reversed Parabola  ~ | 27 1.00 1.00 1.00| 010, 050 0.0 Unbonded
Span 4 Reversed Parabola  ~ [w.” 21 1.00 1.00 1.00| 010, 050 0.0 Unbonded
Span 5 Cantilever Down |22 & 1.00 4.00 Unbonded
?z:‘;‘;: Insert Delete Winimum radius of curvature (R): 3 ft Shape Diagram [y Force Diagram
FIGURE 9-81
® At the slab step between Span 1 and Span 2, we need to lower the high point
such that the tendon isn’t so close to the top of the slab. We can do this to all
tendons along this slab step using the Smart Tools. Click the red “X” to exit out
of this window.
e Go to Tendon -> Modify and click on the Smart Tools icon to open the Smart
Tendon Editor.
e Navigate to the Edit tab.
e Select the radio button next to CGS.
e Click in the text box next to CGS and enter 2.
e Draw a construction line near the beam, through all the tendons that pass
through the slab step.
e The first distributed tendon, that is not in the balcony, is anchored to the mid-

depth of the beam. We want this tendon anchored at the mid-depth of the slab.
Click in the text box next to CGS and enter 4.

Draw a two-point construction line over the tendon close to the anchor point.
When complete, your model should look as shown in FIGURE 9-82.
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FIGURE 9-82

Zoom in on the tendons near the core.

Draw the construction line through the two tendons closest to the core, one on

either side of the core, to change the CGS to 4.00.

e Follow the previous step to step down the low point CGS of these tendons until

they match the CGS shown in FIGURE 9-83.
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FIGURE 9-83
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e Click the Close button on the Smart Tendon Editor. The preliminary tendon

modeling is now complete.
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9.5 Post-Tensioning Serviceability Checks

® Goto Analysis -> Analysis and click the Execute Analysis ’ icon, this will open
the Analysis Options window shown in FIGURE 9-84.

Analysis Options

Options to indude global analysis results
[ Indude lateral reactions
[CJindude Load Takedown Indude gravity reactions

Live load + 1.0 g Apply live load reduction Edit
Dead load + 1.00 x Hyperstati 2

Select load combinations for analysis (17 of 17 combinations selected)

Dead load + 1.00 x Load Case | Solution | Reactions
Dead load +0.00 x

Long_Term
Total_De

Select Combinations: Select Al Select None

Apply stiffness modifiers Uncracked ~

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

Mote: Since the structure incudes compression spring superposition of load cases does not apply, Load P .
takedown and results of building solutions will not be available in level mode, Equilibrium Check Clear Reactions

[ Indude vibration analysis
8 stabilize slab automatically against in-plane translation and rotation
8 show this dialog whenever I Analyze Structure

[C)Warn me if any load case will be ignored in analysis Cancel
FIGURE 9-84

o Click the Select All button under the load combinations window to select all

load combinations for analysis.
Click the OK button to start the analysis.
When the analysis is complete you will receive the message shown in FIGURE 9-

85.

Analysis Status

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

FIGURE 9-85

e Click the Yes button to save the solution.
® The Results View panel will automatically open to the right of the model space
at this time.
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We can review deflection contours at this time, as described in Section 7.5 of
this tutorial. However, until we design the design sections, we cannot see design
section results.

Go to Floor Design -> Section Design and click on the Design the Sections D
icon. The program will start to perform the design of the sections. When
completed you should see a window as shown in FIGURE 9-86.

Design Status

Design successfully completed.
Do you want to save the results?

FIGURE 9-86

Click the Yes button to save the design.

Navigate to the Visibility Grid and press the Refresh @ button.

In the Tendon section, uncheck the check boxes.

In the Design Strip section, click the check box next to Support Lines -X

Go to Floor Design -> Strip Results/Visibility and click on the Display Design

Sections $ icon.

Click on the Top View @ icon in the Bottom Quick Access toolbar. The user’s
screen should now be like FIGURE 9-87.
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FIGURE 9-87

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 the Incre_Defl_40 5000 combination.

e Click on the Display tab of the Results View window to bring up the window
shown in FIGURE 9-88.
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Results View: Service(Total Load) n n

v ét -

Loads Analysis Colorize Display Settings

Property Walue

E Design Sections
Balanced loading minimum 50.00 %
Balanced loading maximum 100.00 %
Maximum span./deflection ratio, L/ 360
P pression minimum allowabl 125.00 Psi
Precompression maximum allowable  300.00 Psi
Allowable Stress Display Exceeds Only
Simple Load Balance Angle 60.00 deg

Idealized Section Integrity Criteria 2500 %
E Compeonents

Drift maximum allowable 0.50 %
Rho display WValue
Fho maximum allowable 3.00%
Lkilization Display Status
Ltilization maximum allowable 1.00 %
Moment Amplification max alowable  1.40
Diift Amplification max allowable 1.40

Compare Cumulative and FEM Glo...  10.00 %
E Wall Design Sections

Reinforcement Display Mumber of Bars

Line thickness 2

Display Text for Active Level MNo

Section Text for Each Wall All
FIGURE 9-88

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 icon at the top of the Results View panel to accept
the change.

Click on the Loads tab in the Results View panel.

Expand the tree for Load Combos -> Long-Term Deflection and check the box
next to the Incre_Defl_40_5000 combination.

Click on the Analysis tab in the Results View panel.

Click on the + next to Design Sections to expand the tree.

Click on the + next to Deformation.

Check the box next to 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 9-89.
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Results View: Incre_Defl_40-5000 LN ~ |
Design Sections, Deformation, Z-Translation (in) .
Load Combination: Incre_Defi_40-5000 (LONG_TERM_DEFLECTION) N ) e+ -2
Max allowable: Li240 Litl Leizl LL&TE

Lo Loads  Analysis Colorize Display Settings
Min: -0.92 e f§ Colurnn
L8833

- @ Beam

o wall

- Design Sections.
e-F

- Ls/633 L3929 L/5E1

£ Acti
ZE Stresses
-5 Balanced Loading
E £ Investigation

ZE Reinforcement (Longitudinal)
ion of prestressing to moment capacity of b
Criteria

= rDesign
= ZE Torsion Design

Ls4472

FIGURE 9-89

® We can see there is no span where the deflection is not passing (NG) in this
direction.

o To check the deflection in the opposite direction, go to the Visibility Grid and
navigate to the Design Strip section.

e Select the check box next to Support Lines -Y and uncheck the check box next to
Support Lines -X.

e The user should now see the deflection to span ratios along the Y-direction
support lines as shown in FIGURE 9-90.
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FIGURE 9-90

We can see there are a couple of sections that fail the deflection check.
However, the program is taking the span length in the check as the length
between two support line vertices. Since the support lines are broken up into
two segments for the span, the span length the program is using to calculate the
L/ ratio is half of the span length it should be. Due to this and the fact that the
deflection to span ratio is close to the limit we know it will be above the limit if
we do a quick hand check of the deflection to span ratio in this location.
Therefore, we will accept this deflection result for now.

Checking Precompression:

ADAPT-Builder includes two different checks for Precompression. For this tutorial we
will use the P/A (Precompression FEM) check. This check is based off the finite element
solution and will translate to the stress result. The P/A (Precompression # of tendons)
check is a simplified check that multiplies the effective force of the tendons by the
number of strands crossing the design section, and divides that by the area of concrete
in the section.

In the Results Viewer -> Analysis tab, uncheck the box next to Z-Translation.

Go to the Results Viewer -> Loads tab and click the + next to Envelope to expand
the tree.

Select the check box next to the Envelope Service combination.

Go to the Results Viewer -> Analysis tab and click the + next to Stresses to
expand the tree.

Click the check box next to P/A (Precompression FEM). The user should now see
the design section results for precompression for the support lines in the Y-
direction as shown in FIGURE 9-91.
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Design Sections, Stresses, PIA (Precompression FEM) (Psi)
Load Combination: Envelope Senice
Minimum allowable 125.03

Tensile stress positive

Max: 1.73

Min: -241.05

Results View: Envelope Service
€« +-V?

Loads Analysis Colorize Display Settings
& Slab
f column
@@ Beam
Wall
-2 Design Sections
ZE Deformation

O Z-Translation (0K)

O Top (NG)
O Bottom (NG}
B P/A (Precompression FEM) (NG)

ZE Balanced Loading

nt (Longitudinal)

[, Design Criteria
=E One-way Shear Design
=E Torsion Design

FIGURE 9-91

(Jm P/A (Precompression # of tendons) (NG)

of prestressing to moment capacity of b

e The pink design sections are locations where the precompression is not meeting
the set limits. We can see that most locations are not meeting the minimum

precompression limit.

® To check the precompression in the opposite direction, go to the Visibility Grid

and navigate to the Design Strip section.

e Select the check box next to Support Lines -X and uncheck the check box next to

Support Lines -Y.

® The user should now see the precompression values along the X-direction

support lines as shown in FIGURE 9-92.

Design Sections, Stresses, P/A (Precompression FEM) (Psi)
Load Combination: Envelope Senice
Minimum allowable 126.03

Tensile stress positive

Max: 1.73

Min: -241.05

s

Results View: Envelope Service 2
o« +-v?
Loads Analysis Colorize Display Settings
& Slab
f# column
@ Beam
wall
E-5E Design Sections
== Deformation
D Z-Translation (0K)

D Top (NG)
D Bottom (NG)
B P/A (Precompression FEM) (NG)

(R P/A (Precompression # of tendons) NG)
= Balanced Loading
= Investigation

Rei

al)
]

== One-way Shear Design
== Torsion Design

FIGURE 9-92

169

gt moment capacity of b




IiRisA

Checking Stresses:

e Inthe Results Viewer -> Analysis tab, uncheck the box next to Design Sections ->
Stresses -> P/A (Precompression FEM) and check the box next to Top.

e You 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 9-93.

Results View: Envelope Service L |
Design Sections, Stresses, Top {Psi) Z, s .
Load Combination: Envelope Senice P e+ =2
Tensile stress positive = = Loads Analysis Colorize Display ~Settings
Max: 642.60 = -
Min: -601.03 ol I
e T -
B Design Sections.
= Deformation
~{Jum Z-Translation (OK)
=E Actions
| | s | = Stresses
g LT | Ltmpoid | B Top (NG)
[Jum Bottom (NG)
[Jum P/A (Precompression FEM) (NG)
art (D P/A (Precompression # of tendons) (NG)
Lo |
*.. Design Criteria
=E One-way Shear Design
=E Torsion Design
! [ |
A
1
. i)

e We can see that while we are close to the stress limit, we still need to fix some
locations.

® To check the top stresses in the opposite direction, go to the Visibility Grid and
navigate to the Design Strip section.

e Select the check box next to Support Lines -Y and uncheck the check box next to
Support Lines -X.

e The user should now see the top stress values along the Y-direction support
lines as shown in FIGURE 9-94.
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FIGURE 9-94

e Inthe Results Viewer -> Analysis tab, uncheck the box next to Design Sections ->
Stresses -> Top and check the box next to Bottom.

® You should now see the design section stress results for the support lines in the
Y-direction for bottom stresses as shown in FIGURE 9-95.

Results View Envelope Senice I |
Design Sections, Stresses, Bottom (Psi) .

Load Combination: Envelope Senice Vet =-v?
Tensile stress positive

Loads  Analysis Colorize Display  Settings
Max: 325.03 1l Iif 1l ﬂ < Siab
Min: -937.37 hd pd 9 Column
# Beam
Wall

= Design Sections.
=E Deformation
O Z-Translation (0K)
ZE Actions
ZE Stresses
(Jum Top (NG)
@ Bottom (NG)
(Jm P/A (Precompression FEM) (NG}
(Jum P/A (Precompression # of tendans) (NG)
ZE Balanced Loading
ZE Investigation
== Reinforcement (Longitudinal)
=E Contribution of prestressing to moment capacity of b
N ()%, Design Criteria
ZE One-way Shear Design

H ZE Torsion Design

FIGURE 9-95

o We can see that we still need to fix some locations.

® To check the bottom stresses in the opposite direction, go to the Visibility Grid
and navigate to the Design Strip section.
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o Select the check box next to Support Lines -X and uncheck the check box next to
Support Lines -Y.

o The user should now see the bottom stress values along the X-direction support
lines as shown in FIGURE 9-96.

Resuits Views Envelope Senice oy |

€ r=v2

ses, o -
ope Senvice >
ax: P
in: -937.37 ™

[Jum Top (NG)

B B (NG)

O Py recompression FEM) (NG)
pression # of tendons) (NG)

{

FIGURE 9-96

9.6 Optimizing Tendon Layout with the Support Line Span Optimizer

After viewing the preliminary results, it’s clear we have some precompression and stress
issues to solve. We will use the Support Line Span Optimizer to optimize a group of
tendons in the X and Y direction. Since the distributed direction has more design issues
and modifying tendons in one direction can affect the results of the other direction we
will optimize the distributed direction first.

Optimizing Banded Tendons:

® Inthe Results Viewer 2Analysis tab, uncheck the box next to Design
Sections PStresses 2Bottom and check the box next to Top.

e Inthe Visibility panel, click on the Type-Banded check box to turn on the
banded tendons in the model.

® The user’s screen should look like FIGURE 9-97.
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FIGURE 9-97

e The magenta design sections are locations where we need to adjust the tendons
as the slab stresses exceed the code allowable stress. Zoom in to the left side of
the second banded tendon group from the bottom of the model. We will
optimize this span as it has the highest stress overage along the support line.
Solving the strip for this stress should translate across the entire design strip.

e Goto Tendon =Optimizer and click on the Support Line Span + icon to open
the PT Strip Optimizer window.

® Each span of each support line will now be indicated by a black and yellow
hexagon as shown in FIGURE 9-98.
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FIGURE 9-98

e Drag to window select the black and yellow hexagon representing the third span
from the left of the slab.

e The program will highlight 3 design sections in the support line span; one on
either end of the span, and one at the middle of the span, as shown in FIGURE
9-99. In addition, you can now see information populated in the PT Strip
Optimizer window.
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FIGURE 9-99

The first thing we need to do when optimizing banded tendons is make sure
that the optimizer has highlighted the controlling (failing) design section. The
controlling top design section for this span is the furthest right design section.
This is the design section that is highlighted so we don’t need to adjust anything.
We can then check the bottom stresses to see if the correct controlling section
is highlighted. As shown in FIGURE 9-100, the controlling section highlighted is
the controlling section.
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FIGURE 9-100

e |[f the section was not the controlling section one would need to change which
design section is highlighted, and therefore considered by the PT Strip
Optimizer, through the Settings tab. The user can change the location for each
of the highlighted sections if needed.

® At this point the PT Strip Optimizer window should be open to the Force tab.
With results populated as shown in FIGURE 9-101.
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FIGURE 9-101

e |nthe above window we can see the Provided and Proposed values for the
tendon design. The Provided value is based on the tendons crossing the 3
highlighted design sections, and the Proposed value is based on the changes the
optimizer proposes. We can see the optimizer is suggesting an increase of 2
strands to meet the minimum force required to solve top stresses.

e Click the Apply to Model button. This will open the Apply Options window as
shown in FIGURE 9-102.
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Apply Options X

Apply Options

Select tendons to modify

Select All

Select None

Selected Tendons
2

Strands
Total Req Change 2.00

Change per Tendon 1.00

FIGURE 9-102

In the Apply Options window there is an option to add strands to one or more of
the tendons. Both tendons are highlighted so the added tendons will be divided
evenly between these tendons. Click the Apply button to apply the changes to
the tendons. The program will add 1.00 strands to each tendon.

After making the change to the tendons, the program will highlight these
tendons orange, as shown in FIGURE 9-103, to indicate the current solution no
longer applies to these tendons and the results are not up to date. Another
indication of this is the red Pending shown at the bottom of the PT Strip
Optimizer.
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FIGURE 9-103

e To quickly update both the analysis and design for this support line at the same
time, select the Update Service Solution button at the bottom of the PT Strip
Optimizer window.

e This will open the Combination Selection window as shown in FIGURE 9-104.

Combination Selection

Select load combinations for analysis (5 of 5 combinations selected)

Service(Total Load) = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x Live load + 1.00 x Prestressing; SERVICE |
Service(Sustained Load) = 1.00 x Selfweight + 1.00 x Dead load + 0.30 x Live load + 1.00 x Prestressing; SER'

Initial = 1.00 x Selfweight + 1.15 x Prestressing; INITIAL
SLS-3_LR1 = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x RLL + 1.00 x Prestressing; SERVICE_TOTAL _LOAD
SLS-4 LR1 = 1.00 x Selfweight + 1.00 x Dead load + 0.75 x Live load + 0.75 x RLL + 1.00 x Prestressing; SERV/

< >

Select Combinations: Select All Select None

oK Cancel

FIGURE 9-104
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Click the OK button to rerun the Analysis and Design for the highlighted load
combinations.

When the analysis and design is complete, select OK on the Designing window.
The PT Strip Optimizer will now update and show the results based on the new
tendon layout. The Proposed still shows more tendons than the Provided so we
have not resolved the stresses in this span of the support line. The reason for
this is that the proposed value is based on simplified equations where the stress
values are based on the FEM solution. We can see the program is suggesting to
add one more strand to bring the stresses within the allowable limits. Click on
the text box for Proposed 2Strands and type 18.

Click your mouse in the Proposed->Force text box and the information in this
window will be updated based on the newly entered 18 proposed strands.

Click Apply to Model to open the Apply Options window.

In the Apply Options window click Apply to apply the changes.

Click the Update Service Solution button to update the FEM service solution
based on these changes.

Click OK when prompted with a Design completed message.

Click Close on the PT Strip Optimizer.

Zoom out to view the entire support line.

Toggle through the support line span results (Top Stress, Bottom Stress, and
Precompression) to check if the changes were sufficient. We can see that the
precompression is being flagged as failing near the wall on the right side. As the
wall is pulling some of the PT force into it, we could set translational releases for
the wall to allow the slab to shorten over the wall keeping more PT force in the
slab and less PT force going into the wall. We will deem this ok for this example
as a prior check shows that if allowed to shorten over the wall the
precompression will remain about 125 psi at these sections.

Because we used the PT Strip Optimizer to Update Service Solution, we now
need to update the service solution for all other support lines. Go to

Tendon 2Service Solution and click on the Update D icon to open the
Combination Selection window shown above in FIGURE 9-104.

Click OK to update the service solution for all the highlighted load combinations.
Now that all the service results are up to date, we can follow the same
procedure to optimize the 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 2Service

Solution and click on the Update D icon to update all the service results again.
When the optimization and Service Solution Update is finished for the banded
direction, you can review stresses and precompression for the X-direction
support lines and see them all passing as shown in FIGURE 9-105 through
FIGURE 9-107 below. Note that X-direction precompession is showing failing in
some sections. After further investigation we have deemed these sections as
passing precompression check.
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FIGURE 9-105: Top Stress X-direction
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FIGURE 9-106: Bottom Stress X-direction
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FIGURE 9-107: Precompression # of Tendons X-direction

Optimizing Distributed Tendons:

Go to the Visibility Grid and navigate to the Design Strip section.
Select the check box next to Support Lines -Y and uncheck the check box next to
Support Lines -X.

e Inthe Tendon section of the Visibility Grid uncheck the box next to Type-Banded
to turn of the banded tendons in the model.
Select Top under Design Sections ?Stresses in the Results Viewer.
The model should show failing design sections as shown in FIGURE 9-108.
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Design Sections, Stresses, Top (Psi)
Load Combination: Envelope Semice
Tensile stress positive
Max: 653.25 "|
Min- -581.61
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FIGURE 9-108

e Zoom into the middle support line span on the left side of the slab.

e Goto Tendon =Optimizer and click on the Support Line Span * icon to open
the PT Strip Optimizer window.

e Drag to window select the black and yellow hexagon for the middle support line
span. Your screen should now look like FIGURE 9-109.
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PT Strip Optimizer x
Design Sections, Stresses, Top (Psi)
Load Combination: Envelope Service e I — T T T T T T T ] Force i
Tensile stress positive Stress Details  Seftings
Max: 653.25
Min- -591.61 4 Envelope Solution

SQ;TD p

@ Stress
Bat

BFA
386 773
[ JR:H]
214 614
Force Strands
MinRequred 61410 k 2300 [ Whole Strands
Provided 21360 k800
Proposed 61410 k2300

Proposed Status: Waming
Stress - Ten Top OK Bot 0K
Stress-Comp  Top 0K  Bot  OK
P/A Min 0K Max NG
Load Bal Min 0K Max  OK

The user defined allowable liit(s) not met.
Not govemed by the design code

Apply to Model

Update Service Solution

FIGURE 9-109

® We can see the PT Strip Optimizer is proposing 23 strands. We have 4 tendons
passing through these design sections. Click in the Proposed Strands text box
and type 24 on your keyboard. This will give us an even number of strands per
tendon in this strip.

e Click the Apply to Model button. This will open the Apply Options window
shown in FIGURE 9-110.
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Apply Options X

Apply Options

Select tendons to modify

Select All

Select None

Selected Tendons
4

Strands
Total Req Change 16.00

Change per Tendon 4.00

Apply Cancel

FIGURE 9-110

Click the Apply button on the Apply Options window to apply the tendon
changes calculated by the Tendon Optimizer.

Before we update the service solution, let’s resolve the support line span to the
right. Without closing the PT Strip Optimizer, pan to the right and drag to
window select the black and yellow hexagon for the last support line span.
Your screen should now look as shown in FIGURE 9-111.
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FIGURE 9-111

We can see the PT Strip Optimizer is proposing 14 strands. We have 5 tendons
passing through these design sections. Click in the Strands box next to Proposed
and type in 15 to add a whole number of strands to each tendon.

Click the Apply to Model button.

Click the Apply button on the Apply Options window to apply the tendon
changes calculated by the Tendon Optimizer.

Go to the Settings tab of the PT Strip Optimizer.

In the Update Service Solution Options section of this tab, select the option to
Design all Support Lines.

Select the Update Service Solution button which will open the Combination
Selection window.

Click OK to update the service solution.

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. In some cases, you may need to add tendons in
specific regions or modify the tendon profile manually to solve all stresses,
precompression, and balanced loading criteria.

Once you have optimized all the distributed tendons go to Tendon 2Visibility

and click on the Show Tendon =’ icon. This will turn off the tendons in the
model.

Go to Analysis PAnalysis and click the Execute Analysis |> icon to bring up the
Analysis Options window.
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Make sure all load combinations are selected and click OK in the Analysis
Options window to analyze the model.
Click Yes to accept and save the Analysis when prompted.

Go to Floor Design 2Section Design and click on the Design the Sections ’
icon.

When the optimization and design is finished for the distributed direction, you
should be able to review stresses for the support lines and see them all passing.
When all are passing you should see OK next to each result in the Results View
panel as shown in FIGURE 9-112.
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FIGURE 9-112

9.7 Punching Shear Check — PT Slab

Now that our design is compliant for bending, we need to check the two-way shear in
the slab. However, before 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.

Click the Clear All * icon at the top of the Results View panel to turn off the
display of the design section results.

Click on the View Full Structure ' icon in the Level Manager 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.

In the Visibility Grid, press the Refresh @ button.
Uncheck all boxes except for Column. You should now see only the columns.
Window select all the columns.
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Navigate to the Properties Grid. Click the + sign to expand the tree for the
Punching Shear options as shown in FIGURE 9-113.

Properties

g -

Property

E Selected Objects
Columns (53/93)

Identification

General

Criteria

Offsets

End Releases

Unbraced Length
Node Shift
Punching Shear

OIHEHERHE

> |

Value

Column 1

Stiffness Contribution per Usage

Method Auto
Condition NA
Precompression 0.125 ksi
Reinforcement type Studs
Stud |D (diameter) #3(0.38in)
Number of rails in rdire... 2
Number of rails in sdire... 2
Spacing of studs Uniform
Reduction of critical se...  Auto
Total Angle 0.00
Appearance
FIGURE 9-113

e Click on the drop-down menu next to Stud ID (diameter) and select #4 (0.5 in).

Note that we could also set columns separately with different properties. Now that we
have our two-way (punching) shear parameters setup, we can run a two-way shear
check.

e Click on the Single-Level Mode Iﬂ icon of the Level Manager toolbar. This will
switch the user to single-level mode. The active level should still be the Level 1
(EL 12.5) reference plane.

=1

® Go to Floor Design 2Punching Shear and click on the Execute Shear Check izt
icon.

e When the check completes the program will prompt the user with the message
in FIGURE 9-114. Click the OK button.

Builder X
o Operation successfully completed
FIGURE 9-114
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In the Visibility Grid, click the All check box in the Structure section. This will turn
on all structural components for this level. Turn off all other check marks. You
should now see the model as shown in FIGURE 9-115.

] U | [
1 = {1 ]
—————— —a [ —
i i i
Figure 9-115

In the Results View panel Loads tab expand the Load Combos =Envelope tree.
Click on the check box next to Envelope Strength. Note that punching shear
results are a strength level check, therefore, a strength combination or the
envelope strength combination needs to be selected for the results to become
active in the Results View panel Analysis tab.

In the Results View panel 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, but require 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.

Click on the check box next to Stress Ratio to display the enveloped shear ratios
of the column. In addition, the Governing Load Case and controlling Critical
Section are displayed for the reported shear ratio.

Your screen should look as shown in FIGURE 9-116.
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Figure 9-116

To see the punching shear reinforcement and other more detailed parameters,
you 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.

9.8 Checking One-Way Shear — PT Beam

After checking two-way shear, we also need to check one-way shear along the beam in
the model.

Click the Clear All ¢« icon at the top of the Results View panel to turn off the
display of the outcome of the punching shear design.
Go to Floor Design 2Strip Results/Visibility click on the Display/Hide Support

w
Lines in the X-direction "= icon.
Go to Floor Design 2Strip Results/Visibility click on the Display Design Sections

$ icon if the design sections along support lines are not shown.

In the Results View panel Analysis tab expand the Design Section—> One-way
Shear tree.

Check the box next to Shear Stress Check by clicking on it. Note that one-way
shear results are a strength requirement and therefore a strength combination
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or the strength envelope combination must be chosen in the Results View panel
Loads tab to view these results. The user should now see the one-way shear
stress check result along the beam support line as shown in FIGURE 9-117.

Resuts View: Envelope strengtn £y |
- k=Y 7
Losds Anabysis Colorize Display  Settings

REINFORCE = Siab
EXCEED CODE @ Column

Design Sections, One-way Shear Design, Shear Stress Check
NA

sion FEM) (010
sion # of tendons) (OK)

t (Longitudinal)
sing to moment capacity of b

‘ ‘ ‘ (
{Jum Shear Stirrups

ZE Torsion Design

! Punching Shear
O Stress Check (OK)

(5., Stress Ratio

@ condition

(% Reinforcement

-

/\
e
#O

H

FIGURE 9-117

® We can see the design sections are either green (OK) or blue (Reinforce). Blue
support sections show the location where one-way shear reinforcement must
be added for the beam to remain code compliant for the shear check.

® Go to Floor Design 2Strip Results/Visibility click on the Display Design Sections

$ icon to turn the design sections off.

® Inthe Results View panel Analysis tab expand the Design Section-> One-way
Shear tree.

® Check the box next to Shear Stirrups by clicking on it. The user should now see
the stirrups along the support line with spacing as shown in FIGURE 9-118.
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FIGURE 9-118

Checking Torsion — PT Beam

Next, we want to check the beam in the model to see whether its torsional threshold
has been exceeded. If the torsional threshold is exceeded ADAPT-Builder will design the
torsional reinforcement needed to resist the torsional moments.

In the Results View panel Analysis tab expand the Design Section-> Torsion
Design tree.

Check the box next to Threshold/Shear Stress Check by clicking on it. Note that
torsion results are a strength requirement and therefore a strength combination
or the strength envelope combination must be chosen in the Results View panel
Loads tab to view these results. The user should now see the Threshold/Stress
Check result along the beam support line as shown in FIGURE 9-119. Design
sections colored grey have not been checked for torsion. Green design sections
indicate the torsional threshold has not been exceeded. Blue design sections are
sections where the torsional threshold has been exceeded and the program has
calculated additional reinforcement to resist torsional moments. Lastly, pink
design sections are sections where the concrete section is inadequate to resist
torsional moments and will need to be revised through geometry, material,
and/or loading changes.

192



IiRisA

Design Sections, Torsion Design,

Results View: Envelope Strength L = |
Check,

NA

oK
REINFORCE
EXCEED CODE

o« +r=-v?
Loads Analysis Colorize Display Settings
= Slab
@ Column

# Beam

Wall
= Design Sections
ZE Deformation

Dum Bottom (0K)
)N P/A (Precompression FEM) (0K)
{Jam P/A (Precompression # of tendens) (OK)
ZE Balanced Loading
-ZE Investigation

ZE Reinforcement (Longitudinal)
ZE Contribution of prestressing to moment capacity of b
/ " Design Criteria

ZE One-way Shear Design

ZE Torsion Design
BN Threshold/Stress Check (NG)
[ Threshold torsion, phi*Tsh
0 / (phi*Tsh)

g

7
g

=

g Avetrs
i Punching Shear
. (Jum Stress Check (0K)
1001, Stress Ratio
+ () Condition
(0", Reinforcement

9.10

FIGURE 9-119

We can see in FIGURE 9-119 that some sections in our beam are inadequate to resist
torsional forces. For this tutorial, we will accept the design. Note that the user can also
check other torsional results including the torsional threshold (phi*Tsh), Design torsion
(Tu), Area of transverse reinforcement needed to resist torsional moments (At/s), Area
of longitudinal reinforcement needed to resist torsional moments (Al), and the
combined transverse reinforcement needed to resist one-way shear and torsional forces
(Av+t/s). In addition, when viewing the design section results the user can create a
detailed calculation report showing the detailed calculation for one-way shear and
torsion. This will be covered in Section 9.11 of this tutorial.

Checking Moment Capacities — PT Slab/Beam

Finally, we want to make sure that we have capacity to support the demand on the slab
by checking the moment capacities.

In the Results View panel Loads tab expand the Load Combos =Envelope tree.
Click on the check box next to Envelope.
In the Results View panel Analysis tab expand the Design
Section—> Investigation tree.

® 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 9-120.
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FIGURE 9-120

e We can see we have one location where the moment capacity is deemed NG.

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

Lines in the Y-direction + icon. The user should now see a screen similar to
FIGURE 9-121 below.
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We can see that some design sections fail the moment capacity check here by a small
amount. The reason for this is that the capacity is reported based on bending capacity
only. Since there is a compressive axial force, we have some axial capacity in the slab as
well. The program reinforces to a capacity of 1.0 with the axial capacity while the
support lines only report the bending capacity. The user can modify the limit DCR to
ensure the bending moment capacity is all under 1.0 by doing the following:

e Go to Criteria ?Design Criteria and click on the Analysis/Design Options HE'

icon.

In the DC Ratio section click the radio button next to User.

Click in the text box and type 0.98 for the new DC Ratio limit. The window

should now look like FIGURE 9-122.
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oK

FIGURE 9-122

Click OK to close the window and accept the change.

Go to Floor Design 2Section Design and click on the Design the Sections D

icon.

Click Yes to save the solution once the design is complete.

Once the design is complete you should now see the Moment Capacity passing
and showing OK for all design sections as shown in FIGURE 9-123.
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9.11 Design Section Properties and Data — PT Slab

In ADAPT-Builder a user can extract information for the design of the section by viewing
the design section properties.

Zoom in on the upper left column.

o Double click the design section just below this column in plan to open the
Support Line properties window.

® The Support Line properties window will open to the Design Sections tab to
show the design section properties as shown in FIGURE 9-124.
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Physical section with base rebar and tendans

Design section {idealized) with calculated rebar

Reinforcement

Base rebar: As = 0.0in2 Rho = 0.00%
Tendons: Aesp= 21in2

Calculated: Astop = 0.0in2

(envelope) Asbot = 0.0in2
Details....

Design summary
Criteria: Two-Way, PT
Moment capacity: M+ = 130.5 Kft M- = -33.6 kit

Demand (strength): M+ = 19.5 kit M-= 0.0 KR
D/C ratio: 0.149 0.000

Shear capacity: Phivc =
WVu/PhiVc ratio:

Calculation Report

FIGURE 9-124

In this window we can see the section geometry. The top section is the physical
section with tendons and base rebar shown, and the bottom section is 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 9-125.
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Diesign Secticn Details

Physical Section  Idealized Section %% Difference

|| Lgm 188.74 188,74
H (in) 8.00 8.00

|| Beff (in) 188.74 188,74
A (nZ) 1509.54 1509.95 0.00 %
1(n4) 8053.02 8052.97 -0.00 %
Ytop (in) 4,00 4.00

| | vbot (im) 4,00 4,00

CGOLY) (in) 562,72, 1149.12 552.72, 1149.12
Start (%,Y) (i) 468.35, 1149.14 468,35, 1149, 14
End (X,Y) (i) 657.09, 1149.10 &57.09, 1149.10

FIGURE 9-125

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. 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
9-126.

Reinforcement Details

{ Reference Line, RL: bottom of design section w

Area (in2) CGS from AL (in) Material Type/Case
| | tendon 0.3 21.4 Prestressing 1 unbonded
| | tendon 0.9 21.4 Prestressing 1  unbonded

tendon 0.9 21.4 Prestressing 1 unbonded

FIGURE 9-126
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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, or beam, as
well as if the section is designed as RC or PT), Moment Capacity of the section
for positive and negative moment, the moment demand of the section 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.

Finally, if the user clicks on the Calculation Report button the program will open
an Excel spreadsheet with different tabs outlining the Design Section Summary,
As,min calculation, and if the design section has one-way or beam criteria the
report will have sheets outlining the detailed calculations for one-way shear and
torsion. FIGURE 9-127 shows an example of this detailed Calculation Report.
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General
Design Section ID

Design Section Criteria

PTor RC?
PT System
Design Code

Load Combination
Region:
DLS:

frop

Fooe

T stowatie =

SECTION_ID_704012 ID of current design section.
Two-way Criteria assigned to design section.

T Design class (prestressed or non-prestressed).
Unbonded Post-tensioning system (bonded or unbonded).
ACI318-19 Referenced Design Code

Service(Total Load)

Location of the section with respect to typical regions of significant tension stresses expected in a span.

Low tension Controls amount and placement of minimum reinforcement.
SERVICEABILITY Design limit state.

-0.25 ksi Calculated stress at top fiber (tension positive).

-0.26 ksi Calculated stress at bottom fiber (tension positive).

0.42 ksi ACI318-19 24.5.2.2 Allowable tension stress.

-3.00 ksi ACI318-19 24.5.4 Allowable compression stress.

PASS Tension stress check.

PASS Compression stress check.

The section is located in the span region where typically no significant tension stresses are expected, the program doesn't calculate As,min.

Load Combination
Region:

DLS:

frop

[ERIES —
15 f < e ciouenis ?

As.min

Service(Sustained Load)
Location of the section with respect to typical regions of significant tension stresses expected in a span.

Low tension o N
Controls amount and placement of minimum reinforcement.

SERVICEABILITY Design limit state.
0.25 ksi Calculated stress at top fiber (tension positive).
0.27 ksi Calculated stress at bottom fiber (tension positive).
0.42 ksi ACI318-1924.52.2 Allowable tension stress.
-2.25 ksi ACI318-1924.5.4 Allowable compression stress.
PASS Tension stress check.
PASS Compression stress check.
+
FIGURE 9-127

9.12 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.

Click on the Zoom Extents @ icon.

Click the Clear All \ icon at the top of the Results View panel to turn off the
current results displayed.
Go to Floor Design 2Strip Results/Visibility and click on the Display/Hide

Support Lines in the Y-direction + icon.
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e Go to Floor Design 2Rebar and click on the Calculated Rebar Drawing % icon

this will bring up the Generate Rebar Drawing Options window shown in FIGURE
9-128.

Generate Rebar Drawing Options x

Load Combination

Envelope w

Bar Length Selection
© Calculated Lengths
(C)Library Lengths
Bar Orientation
© along support lines

O Angle from global x-axis for bars along
support lines in:

®-direction | 0 degrees

-direckion | 90 | degrees

carce
FIGURE 9-128

e Click the OK button to generate the rebar plan for the Envelope Load

Combination which will satisfy all the design criteria with the defaults of the
program.

e Your screen should now look like FIGURE 9-129.
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FIGURE 9-129
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e Now that we generated the calculated reinforcement on plan, we can also show
an elevation of the beam with longitudinal and shear reinforcement.

e Go to Floor Design 2Strip Results/Visibility and click on the Display/Hide
Support Lines in the X-direction X icon to turn on the support lines in the X-
direction.

Double click the beam support line to open the support line properties window.
Click on the Create Support Line Elevation icon as marked in FIGURE 9-130.
Support Line n
v Ers e T
General Location Design
Design Section Cptions Design Sections Properties
Curent Design Section: SECTION_ID_101000 w
Geometry
L=270in H=7in Beff = 270.01in Details...
FIGURE 9-130

e Click in the white space in the model space below the floor plan. The program
will draw a to scale elevation of the beam with longitudinal and shear
reinforcement as shown in FIGURE 9-131.
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FIGURE 9-131
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9.13 Export Rebar CAD Drawing — PT Slab

We can now export the rebar and beam elevation to a CAD drawing to produce our
documentation.

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

Support Lines in the X-direction = icon to turn off the support lines in the X-
direction.

Go to File=> Export>DWG. This will open the AutoCAD Version window where
you can choose the drawing version as well tendon Spline and Fillet options, as
shown in FIGURE 9-132.

Autocad Version X

Autocad 12 Spline Tendon Export

uoc:a © Export Spline as Polyline Objects [2D)
SL0CAC g
Autocad 2000

Autncad 2004 () Export Spline as Spline Object [20]

Autocad 2007

Fillet Tendon E sport
© Export Fillsts az Polyline Objects (20]

() Export Fillets az Lineddrc Objects [2D)

0K l Cancel

FIGURE 9-132

Make the selections in this window as shown above.

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 9-133.
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FIGURE 9-133

9.14 Export Tendon CAD Drawing

Now that we have a reinforcement drawing, we can export a drawing for our tendon
plan.

Click on the Home ribbon to bring the model space back into view.
Delete the beam elevation by selecting the pink X at the start of the section
elevation and clicking the Delete key.

e Go to Rebar-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 Go to Tendon Visibility and click on the Show Tendons * icon.

e Go to Tendon =Visibility and click on the Display Manager é&” icon to open the
Tendon Display Manager window shown in FIGURE 9-134.
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Tendon Display Settings [ x |
(©)

Property Walue
B Tendon
Tendon Appearance
Tendon Line Thickness 3
Text Height 10.00in
Text Thickness
Symbols

-

o

Symbal Size 00in
Cortral Points

Text Display
Inflection Points

Text Display
Swerve Points
Bundle Symbol
Stressing Live, Dead Ends

ID & Specification

D
Label
Area
System
Number of Strands

Strand Format
Material

und Up

Stressing
Elongation
Hfective Force
Force Format
Calculated Force
Force Format Average

FEM

KO ORO0000 OOMNOOFEF

o

og

Considered
Tendon Out Of Bounds
Analytical Tendon
Shop Drawing
Chair Heights +
Length Group Colors +
End Anchor Types +
Geometry
Shape
Shape Parameters
Radii of Curvature - Vert
Show Horizontal Curvature Ranges +
Show 'OK' Range +
Total Length (end to end)
Installation Length
Concrete Length

OOooOooOooo ooo odo

Description:

FIGURE 9-134

® Make the selections as shown in FIGURE 9-134. Your screen will appear as
shown in FIGURE 9-135.
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FIGURE 9-135

e We can now export the tendons to a CAD drawing 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 9-136.

Autocad Version x

Autocad 12 Spline Tendon Export
() Export Spline as Polyline Objects [2D0)

d 2000

Autacad 2004 © Export Spline as Spline Object [20]

Autocad 2007

Fillet Tendon E sport
© Export Fillets as Polyline Objects (2D)

(") Expart Fillets as Line/trc Objects (20)

Cancel

FIGURE 9-136

Click the radio button 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.

205



ERERER OB~

IiRisA

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 9-137.

FIGURE 9-137

9.15 Copying Tendons and Design Strips to Similar Levels

With our tendon and support line layout and design complete we can now copy them up
to Levels 2 and 3.

Go to the Home ribbon to bring the model active again.

In the Visibility Grid, press the Refresh ‘= button.
Navigate to the Design Strip section and click on the checkbox next to All to turn
on all support lines and splitters.

Click on the Select by Type TR icon located in the Bottom Quick Access toolbar.
This will open the Select by Type dialog window as shown in FIGURE 9-138.
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Select by Type X

Beam oK
Cell

Circle

Colurmn
Frarne
Gridline

Line

Lire Load
Line Support
Mode
Opening
Patch Load
Point Support
Rebar

Slab Region
Splitter
Suppart Line
Tendon

Text
Tributary Regian

Cancel

Criteria

[« T

() By keyword:

() By design groupe Mone
Mvshd Utilization min -~ |0
Meshd Utilization max (g9 g9

(O By column size: 18,00 % 180000

Selection Type

© Refresh all zelection

() &dd to cunent selection

() Remove from cument selection

FIGURE 9-138

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 2Copy/Move and click on the Vertical ﬁ' icon. This will open up
the Copy - Move window as shown in FIGURE 9-139.
Copy/Move Vertical et
Copy ~  zelected itemz Tao ~ plane Roof [EL 79.5] o
FIGURE 9-139
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 9-140.
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Copy/Move Vertical et

Copy ~  zelected items Up e 1 timefz] to existing planes.

Cancel

FIGURE 9-140
Click in the text entry box and change the 1to a 2.
Click the OK button to copy the selected items up for 2 levels.
e Click on the View Full Structure @ icon in the Level Manager toolbar.

In the Visibility Grid, press the Refresh @ button.
Make the selections as shown in FIGURE 9-141.

Visibility x|
+=-0 %06
Property Value
Global + [
B General
Al O
Gridline O
Reference Planes O
B Structure
Al +
Beam
Column
Drop Cap/Panel
Opening
Slab Region
Wall
E Restraints
Al + [0
Line Support O
Point Support O
B Tendon
Al +
Type - Banded
Type - Distributed
E Rebar
Al + [0
Rebar - Bot O
Calculated - X O
Calculated - Y O
Rebar - Top O
Calculated - X O
Calculated - Y O
B Loads
Al + [0
Load Case Al
Line Load O
Patch Load O
E Design Strip
Al + [+
Spltters - X
Support Lines - X
Support Lines - Y
Tributary Area - X O
Tributary Area - Y O
FEM
Line Work
Properties Colorize Visibility Tendon Display 5.

FIGURE 9-141
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e Click on the Top-Front-Right View icon @ in the Quick Access Toolbar at the

bottom of the screen. This will bring you to the view of the model shown in

FIGURE 9-142.

142

FIGURE 9

You 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

7

to be satisfactory in meeting the strength and service requirements for gravity
209

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

o Go to File>Save to save the model.

e Close the program by clicking on the Exit ﬂ icon in the upper right corner of
the program.
Reopen the model by double clicking the model file.
On the products selection screen choose the option for Builder PT.
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 Mode at the bottom of
the splash screen is set to RC now.

ADAPT-Builde

Version 23

Build 23
f 4
s Edge | Floor Pro | RC | US
Programs Mode Modules Unit System
Edge @  Floor Pro @) RC PT/RC PT/RC Strip Mode () ) Us sl MEKS
Q TN
Mat (0 s0G ) 5 o PTShop / FELT3D () 5 5 O

FIGURE 10-1

e Click on the drop-down menu next to the Level Assignment icon @ of the Level
Manager toolbar and select Level 3 (EL 37.5) to set that as the active reference
plane.

® Your screen should now look like the screen shown in FIGURE 10-2.
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FIGURE 10-2

e Click on the Select by Type TR icon located in the Bottom Quick Access toolbar.
This will open the Select by Type dialog window.
Click on Support Line.
Click the OK button to close the window which will select the support lines.

e Go to Modify 2Copy/Move and click on the Copy/Move Vertical ﬁ icon. This
will open the Copy/Move Vertical window as shown in FIGURE 10-3.

Copy/Move Vertical et
Copy ~  gelected itemz To ~ plane Roof [EL 79.5] o

Cancel

FIGURE 10-3

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 10-4.
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Copy/Move Vertical et

Copy ~  zelected items Up e 1 timefz] to existing planes.

Cancel

FIGURE 10-4

® Click the OK button to copy the selected items up 1 level.

e C(Click the Active Level Up 4} icon of the Level Manager toolbar. This will move
the user up to the single-level view of Level 4.

e You should now see the Level 4 geometry with support lines and splitters copied
to it as shown in FIGURE 10-5.

- Bl i

4

FIGURE 10-5

10.2 Support Line Modifications

We will now adjust the support lines copied from Level 3 to fit and work for Level 4.

Select the first vertical support line from the left-hand side.

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.

Zoom in to the top left of the structure.

Select the support line running horizontally in this corner.
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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. We are now
finished modifying this support line.

Select the vertical support line in this same area.

Grab the upper most point of the support line 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.

The support lines in the upper left corner should look like those shown in
FIGURE 10-6.

—<

=

FIGURE 10-6
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Select the horizontal support line just below the horizontal support line we
previously adjusted.

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 the 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.

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 support line we just adjusted.
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 the 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.

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 bottom horizontal support line.

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 as shown in FIGURE 10-7.
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FIGURE 10-7

Select the first vertical support line from the left side.

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.

Grab the bottom most point of the support line by 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 like those shown in FIGURE 10-
8.
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FIGURE 10-8

® Go to Floor Design 2Section Design and click on the Generate Sections Eﬁ icon.
The program will generate the tributary regions and design section cuts
associated with the support lines.

e 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.

e Click OK on the next window that opens to view the report, as shown in FIGURE
10-9.
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FIGURE 10-9

e Go to Reports—=>Analysis Reports—> Design Strips—> Design Strips Y-direction.
e Click OK on the next window that opens to view the report as shown in FIGURE
10-10.
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FIGURE 10-10

e Click Exit “Reports” Mode in the Report Mode dialog window to exit from this
view.

10.3 Creating Middle Strips

e Click on Floor Design—>Section Design—> Delete Design Strips ®icon to clear
the sections generated.
e Click the Yes button on the Design Strip Clearing pop-up window.

Go to Floor Design 2Strip Modeling and click on the Dynamic Editor —*icon.
Click on the Middle Strips tab of the Dynamic Editor as shown in FIGURE 10-11.
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B Support Line Dynamic Editor *
wizard Limits Criteria
Walls Middle Strips Trim
Create Middle Strips Delete Middle Strips
Min span distance  4.00 ft

(™) Auto Trim Middle Strips to Slab Edge

Trim Tolerance 3,00 ft

Create all middle strips/Delete all middle strips

[ Show Hide Construction Lines

Pause Close

FIGURE 10-11

e 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 10-12.

W Support Line Dynamic Edito

T
7 v
i Limits Criteria

Wizard

Wals Middle Strips Trim
Create Middle Strips Delete Middle Strips
Min span distance 4,00 ft

(] Auto Trim Middle Strips to Slab Edge

Trim Tolerance 3,00 ft

Create all middie strips/Delete all middle strips

1

(] Show/Hide Construction Lin

Pause Close

il

FIGURE 10-12

e We can see the southernmost horizontal middle strip support line does not
extend to the slab edge. We can adjust this using the Trim Tolerance setting of
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the Middle Strips tab of the Support Line Dynamic Editor. Click the check box for
the Auto Trim Middle Strips to Slab Edge to check the option.

Click your mouse on the Trim Tolerance text entry box.

Type 6 on your keyboard

Click the Create Middle Strips button. We can now see the southernmost
horizontal middle strip extends to the slab edge, as shown in Figure 10-13.

I—  — — 7 Support Line Dynamic Editor X
LT 1
1 Wizard Limits Criteria
walle Midde Strips Trim
Create Middle Strips Delete Middle Strips

Min span distance 4,00 ft

1B Auto Trim Middle Strips to Slab Edge

Trim Tolerance  6.00 ft

Create all middle strips/Delete all midde strips

[ L]

() show/Hide Construction Lin

Pause Close

FIGURE 10-13

Click Close on the Support Line Dynamic Editor. The user should now see the
middle strips created on the plan with the column strips in black as shown in
FIGURE 10-14.
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FIGURE 10-14

| 2
® Go to Floor Design 2Section Design and click on the Generate Sections ﬁ
icon. When the process is completed, design sections will be generated, as
shown in FIGURE 10-15.
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FIGURE 10-15

e We can see that some sections extend beyond the slab edge on the top of the
model. We can fix this with some minor adjustments to the support lines.
Go to Floor Design Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction 'I‘ icon.

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

Select the support line whose design section falls outside the slab region.

Right click and select Delete Vertexes.

Click the upper most vertex to delete the small end span of the support line.
Right click and select Delete Vertexes to deactivate the delete vertexes tool.
Click to grab the top-most vertex of the support line.

Hover your mouse at the slab edge until the perpendicular icon appears. When
the snap to perpendicular icon appears, left click to place the support line point
in this location.

Go to Floor Design 2?Section Design and click on the Generate Sections Eﬁ
icon.

Go to Reports=> 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 10-16.
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FIGURE 10-16

Click Exit “Reports” Mode to exit this view. And return to the Default View.
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 like FIGURE 10-17.
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FIGURE 10-17

e Click Exit “Reports” Mode in the Report Mode dialog window to exit from this
view.

Analyze Level 4

After completing the support line layout for the level and generating design sections we
can now analyze this level. Typically, in nonprestressed slabs, the design should be done
based on cracked section properties. In ADAPT-Builder a user can setup a Usage Case to
run that uses stiffness modifiers to simulate the cracked section properties. Usage cases
and stiffness modifiers are discussed in a later chapter. Once we have setup a Usage
Case and the stiffness modifiers for the components, we would use the Usage Case in
the analysis prior to designing the sections. For the purpose of this tutorial, we will
design the RC slabs from the uncracked section forces.

e Go to Analysis 2Analysis and click the Execute Analysis D icon.

e Inthe Analysis Options window select all load combinations as well as the
options as shown in FIGURE 10-18.
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Analysis Options

Options to indude global analysis results

[[JInclude lateral reactions

[[Jinclude Load Takedown Incude gravity reactions
Apply live load reduction Edit

Load Case |So|ut|or| ‘ Reactions

oofLL + 1.00 x Prestres
OMN

M_DEFLECTION
Select Combinations: Select Al Select None
Apply stiffness modifiers Uncracked "
Compression springjsoil support options Envelope only applies to compression gravity loads
Substitute compression springs with fixed supports Assign to selected: ‘ w

Analyze structure with compression springs

Maote: Since the structure incudes compression spring superposition of load cases does not apply. Load

takedown and resulks of building solutions will not be available in level mode, Equilibrium Check | Clear Reactions

[ Include vibration analysis
{8 stabilize slab automatically against in-plane translation and rotation
18 show this dialog whenever T Analyze Structure

[ warn me if any load case will be ignored in analysis Cancel

FIGURE 10-18

e Click the OK button to analyze the structure in single-level mode for all load
combinations.
e Click Yes when prompted to save the analysis.

10.5 Checking Service Deflection

The next check we want to perform is for deflection. Our long-term deflection limit is
L/240 for this slab. Since this is a non-prestressed slab, the deflection must be viewed
assuming a cracked section. In this section we will describe the process of evaluating the
cracked deflections in ADAPT-Builder. Note that cracked deflections are calculated only
for the uncracked usage case. If we were using a usage case to design the slabs based on
the cracked sections, we would have to evaluate the uncracked case for deflections but
design the design sections based on the cracked section usage case.

e Click on Floor Design 2Section 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 10-19.

Design Status

Design successfully completed,
Do you want to save the results?

FIGURE 10-19
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Click Yes to save the design.

Go to Analysis 2Analysis and click on the Cracked Deflection = icon.
Click OK when prompted that the Cracked Deflection Analysis was completed
successfully.

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

Lines in the Y-direction ’I' icon to turn off the support lines.

In the Loads tab of the Results View panel expand the Long-Term Deflection
tree.

Check the box next to Cracked_Total_Defl_5000

Click on the Analysis tab of the Results View panel.

In the Analysis tab tree, navigate to Slabs ?Deformation Z-Translation and
check the box next to Z-translation. You should now see the deflection contour
as shown in FIGURE 10-20.

Slab, Deformation, Z-Translation (in)

Load Combination: cracked_Total_Defl_5000

Max 0.49@)(64.03, 41.43, 47 50)
Min -2.18@(113.31, 33.32, 47.50)

0.49
032
014
0.00
-0.04
-0.22

P . |

L

-
7

FIGURE 10-20

Since the program does not report cracked deflection along the strip currently,
we must check the span deflection ratio manually. The max deflection is 2.18”
and the shorter span length in this location is 43.01’. This leads to a deflection to
span ratio of L/236. While this just exceeds our allowable limit we would need
to make a change to the geometry, material, or loading in order to meet the
L/240 limit. For this tutorial we will deem the slab deflection OK.

In the Analysis tab tree, navigate to Slabs 2?*Deformation 2Z-Translation and
uncheck the box next to Z-translation.
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10.6 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.

® Go to Floor Design 2Punching Shear and click on the Execute Shear Check i
icon.
o When the check completes the program will prompt the user with the message

in FIGURE 10-21. Click OK.

Builder >
o Operation successfully completed
FIGURE 10-21

In the Visibility Grid, press the Refresh ‘&) putton.
Uncheck all boxes that are selected in the Loads, Design Strip, and FEM
sections.

® You should now see the model as shown in FIGURE 10-22.

il 7] ]
Il ]

3 ] G

] S

FIGURE 10-22
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In the Results Viewer Loads tab expand the Load Combos Envelope tree.
Click on the check box next to Envelope Strength. Note that punching shear
results are a strength level check, therefore, a strength combination or the
strength envelope combination needs to be selected for the results to become
active in the Results Viewer Analysis tab.

In the Results Viewer 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, but require 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.

e Click on the check box next to Stress Ratio to display the enveloped shear ratios
of the column. In addition, the Governing Load Case and controlling Critical
Section are displayed for the reported shear ratio.
® Your screen should look as shown in FIGURE 10-23.
Punching Shear, Stress Ratio
Load CU’E'IW'DIFIE“U"TI'E”V?WF’:3 Strength SJR'_ = DB0IGLE:S, Ca \_S]F’_ = 0.370GLCS, S‘lhl R_r = 0.37(GLC:TS, Oy
a1 sk_E = ofoGloa Cob & = 0.406GLCI3, nts:n R s = 0.38(GLL3, CSD
GLC: [Ty oK il’s
3:Strength(Dead and Live)
sk i = D72LCS CSESR_4 = D54¢GLC3, TS
SR_s = D70CGLC:3 O353R _s = 0.500GLE:E OO0
oK oK
ER'_ = 052(GLC3, £ BF’_ = 0.750GLC:S, S‘IE R_r = 0.52(GLCTS, Oy
ik = 053(GLC3, i SR_g = 0.740GLCE, CEIWR_s = 05ICGLC:E C5i2
Or K
R = 096(GLCD, CSD
SR = 0.84(GLC:3, LS
ER’ = 058010 Lol QP rl= 11500 G LSl NP = 062000 C3, CS1)
SR_= = DEBGLCS, CS:D SE_= = 0.8&(GLC:S, CS: SR_=s = DE2(GLCSE, OS50
Ok Reinforce Ok
Column 37

FIGURE 10-23

To see the punching shear reinforcement and other more detailed parameters
the user can go to Reports 2Single 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.
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10.7 Checking Moment Capacities — RC Slab

Finally, we want to make sure that we have the capacity to support the demand on the
slab by checking the moment capacities.

e Go to Floor Design 2Strip 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 View panel change the load combo to Envelope.
In the Analysis tab of the Results View panel check the box next to Design
Sections—> Investigation>Moment Capacity with Demand by clicking on it. You
will now see moment capacity with demand curve along the support line as
shown in FIGURE 10-24.

Design Sections, Investigation, Moment Capacity with Demand (Kip-t)
Max: 571.91
Min: -694.34
Max demand/capacity ratio: 0.98

— 0 Column

FIGURE 10-24

® Go to Floor Design 2Strip Results/Visibility click on the Display/Hide Support

Lines in the Y-direction + icon to turn off the support lines in the Y-direction.
® Go to Floor Design 2Strip Results/Visibility click on the Display/Hide Support

Lines in the X-direction = icon to turn on the support lines in the X-direction.
The user should now see the Moment Capacity Check along the X-direction
support lines as shown in FIGURE 10-25.
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Results View Envelope i |
Design Sections, Investigation, Moment Capacity with Demand (<ip-f) .
Max: 571.91 «+=-v7?
Min: -634 34 i Loads  Anaysis Colorize  Display Settings
Max demand/capacity ratio: 0.98 R o 5
s - £ Deformation

6 X-Transation

¥-Translation
Z-Translation
> Global-Translation
& Actions (contour map)
& Stress (contour map)
# Column
” = @ Beam
Wall
[ | =5 Design Sections
A =E Deformation
=E Actions.
ZE Stresses
=E Balanced Loading
ZE Investigation
= O Moment Capacity (OK)
@ Moment Capacity with Demand (0K)
e S [Om Idesilized Section Integrity (0K)
" ZE Reinforcement (Longitudinal)
ZE Contribution of prestressing to moment capacity o
). Design Citeria
ZE One-way Shear Design

ZE Torsion Design
-[d Punching Shear

FIGURE 10-25

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.

Zoom in on the left side of the rightmost horizontal wall.
With your mouse double-click the design section just to the left of this wall in to
open the Support Line properties window

e The window will open to the Design Sections tab and display the detailed design
section information as shown in FIGURE 10-26.
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Support Line n

[ Ztrne ¥
General Location Design
Design Section Options Design Sections Properties
Current Design Section:  SECTION_ID_5604016 w
Geometry
L=170in H=14in Beff = 170.04in Details...

Physical section with base rebar and tendons

Design section (idealized) with calculated rebar

Reinforcement

Base rebar: As= 00in2 Rho = 0.51%
Tendons: Asp= 00in2

Calculated: Astop = 11.6in2 { Strength{Dead and Live) )

(envelope) Asbot = 0.0in2

Design summary
Ciiteria: Two-Way, RC
Moment capacity: M+= 39.1 kit M-= -601.3 Kit
Demand (strength): M+= 0.0 kit M-= -B85.9 Kit
D/C ratio: 0.000 0974

Shear capacity: PhiVic =
Vu/PhiVe ratio: |

Caleulation Report

FIGURE 10-26

e 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, as well as 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 10-27.
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L ) B ﬁ

Design Secticn Details

Physical Section  Idealized Section % Difference

1L Giny 170.04 170.04
I H g 13.50 13.50
Beff (in) 170.04 170.04
A (n2) 295,43 2296.17 0.03 %
I(in4) 3486279 34894.05 0.09 %
1| top (n) 6.75 6.75
Ybot () 6.75 6.75

CG(X,Y) () 1676.49, 512,73 1676.50, 512.73
Start (4,Y) (n) 1701.85, 593.87 1701.86, 593.57
End (X,Y) (n) 1651.13, 43158 1651.13, 431.53

FIGURE 10-27

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, we
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 10-28.
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Reinforcement Details |

| Reference Line, RL: bottom of design section ~ |

Area (in?) CGS from RL {in) Material Type[Case |
calculated 11,6 6.7 MildSteel 1 Strength(Dead and Live)
|
|
|
FIGURE 10-28

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.

If we click the Calculation Report button in the Design Summary section the
program will open a spreadsheet showing the summary of the properties of the
design section as well as the detailed calculations for minimum reinforcement,
one-way shear, and torsion design where applicable.

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 2Strip Results/Visibility click on the Display/Hide Support
Lines in the X-direction = icon to turn off the support lines in the X-direction.

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-
29.
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Generate Rebar Drawing Options *

Load Combination
Envelope e
Bar Length Selection
O calculated Lengths
() Library Lengths
Bar Orientation

© along support lines
O Angle from global x-axis for bars along
suppart lines in:

#-direction | 0 degrees

‘-direction | 90 | degrees

Canc

FIGURE 10-29

e Click the OK button to generate the Envelope rebar needed to satisfy all design
criteria with the default options of the program. When done the users’ screen
should be the same as shown in FIGURE 10-30.

T
B
By
(T
15:3)

FIGURE 10-30
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10.10 Export Rebar CAD Drawing — RC Slab

We can now export the rebar to a CAD drawing to produce our documentation.
Go to File> Export>DWG. This will open the AutoCAD Version window where
you can choose the drawing version as well tendon Spline and Fillet options, as
shown in FIGURE 10-31.

Autocad Version X

Autocad 12 Spline Tendon Export
O E:port Spline az Polyline Objects [20]

Autocad 14

() Export Spline as Spline Object (20)

Autocad 2007
Fillzt Tendan Export

© Export Fillets as Polyline Objects [2D)

() Expart Fillets a2 Linedére Objects [20)

oK ] Cancel
FIGURE 10-31

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 10-32.

FIGURE 10-32
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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.

In the Visibility Grid, press the Refresh = button.
Navigate to the Design Strip section and click on the checkbox next to All to turn

on all support lines and splitters.

e Click on the Select by Type TR icon located in the Bottom Quick Access toolbar.
This will open the Select by Type dialog window as shown in FIGURE 10-33.

Select by Type *

Beam rs ok

Cell ;]
Circle

Colurnn

Drop Cap/Panel
Frame

Gridline

Line

Line Load

Line Support
Mode

Opening

Patch Load
Paint Support
Rebar

.| Result Contour
Slab Region
Splitter

Support Line
Tendon v

Cancel

Criteria

[« F

() By keyword:

() By design group:  Mone
Hevshd Utilization min |0
Meshd Utilization max | g9 99

O By column size: 18,00 % 18000

Selection Type

© Refresh all selection

() Add to current selection

() Remave from curment selection

FIGURE 10-33

Click on Support Line in the Select by Type window.
Click the OK button to close the window and select all the support lines.

e Go to Modify 2Copy/Move and click on the Vertical @ icon. This will open the
Copy - Move window as shown in FIGURE 10-34.

Copy/Move Vertical

Copy ~ selecteditemz To ~ plane Roof [EL 79.5]

Cahcel

FIGURE 10-34
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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 10-35.

Copy/Move Vertical *

Copy w szelecteditemz Up 1 time(z] to existing planes.

Cancel

FIGURE 10-35

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

e Click on the View Full Structure @ icon in the Level Manager 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 Top-Front-Right View @ icon in the Bottom Quick Access toolbar.
This will bring you to the view of the model shown in FIGURE 10-36.

FIGURE 10-36

® You 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 like that at Level 4.
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Creating Lateral Loads & Load Combinations

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.

e Go to the Visibility Grid and click the checkbox next to Global at the top of the
Visibility Grid until nothing is shown in the model space.
e Inthe Visibility Grid, check the box for All in the Structure section.
e Go to Loading RLateral/Building and click on the Wind Load Wizard ‘{ icon.
This will bring up the window shown in FIGURE 11-1.
e Replicate the entry as shown in FIGURE 11-1. Note the criteria for wind loading
is found in Chapter 1 of this document.
‘Wind Load Wizard
General Parameters Exposure Height Wind Forces
Load Generation: ASCE 7-10 b Toplevel: Roof (EL 79.5) - © primary diection () Orthogenal direction
Primary wind direction: 0 degrees el G o (2 0) » Reference Plane  Exposure Width (ft) Force Windward (K) Force Leew:
. ' Roof (EL79.5)  82.5 11,576
Indude orthogonal direction: Level 6 (EL 67.5) 52.5 20,700
Wind Pressure Parameters Level 5 (EL 57.5) 82.5 18,164
Level 4 (EL 47.5) 82.5 17.442
Topographic factor, kzt: 1 Exposure: C i S SRS S =

Directionality factor, kd:

Basic wind speed:

Wind Pressure

0.85

115

. ) . 0.8 -
Windward coeffident, Cp: O calaulated ) User defined

mph Leeward coeffident, Cp: 0.5 Indude torsional moment

Gust factor: 0.85 Eccentricity, el: 15 %

Eccentricity, e2: 15 %

Height {ft) Windward (psf) Leeward (psf) Tl
73.5 23.625 14.788 Update existing load case
&67.5 22,825 14.766 ind
57.5 22.068 14,766 Create new load case @ Win
47.5 21,198 14.766 Wind_P0
375 20,169 14.766 Wind_MO
25.5 18.59 14.766 Wind_PS0
12.5 16,652 14,766 LD
0.0 16,652 14.765 Apply Forces Cancel

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_MO0 and Wind_M90 will be used.
Click the Apply Forces button.
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e After the dialog window closes the line loads representing the wind load cases
will be shown as in FIGURE 11-2.

FIGURE 11-2

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 2Load Case/Combo and click on the Load

Cases EE icon (FIGURE 11-3). Note that building loads are only solved 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.

239



IiRisA

Load Case Library X

General Loads [Gravity/Lateral] [ Lateral Load Solution Sets  Help
Reserved Load Cases

@ Dead load
@ Live load
Help
General Loads [Gravity/Lateral)
Live load Label | Dead lnad
RLLILR]
Add Delste

Bt @ Tomraeie
() Roof Load Shrinkage

Building Loads

\ind PO Label: Wind_P0

wind_P30 _
Wind_MD) add Delets
Wwind_M30

Reactions Only

FIGURE 11-3

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.

e Inthe Visibility Grid, press the Refresh @ button.
e |nthe Loads section click the checkbox next to All to turn off all the loads. Your
screen should now look similar to FIGURE 11-4.

FIGURE 11-4
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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 2Single Default Reports 2Loads DApplied Loads.

e Go to Loading PLateral/Building and click on the Seismic Load Wizard er icon
to bring up the Seismic Load Wizard dialog window.

e Replicate the entry as shown in FIGURES 11-5 and 11-6 for EQ_X and EQ_Y.
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.

After defining the EQ_X case, change the load case to EQ_Y and change the
direction to 90 degrees.

| Seismic Load Wizard

Load Cases
Update existing load case Load Generation: ASCE 7-16 v o P Range
Direction: legrees .
Create new load case € EQ X Roof (EL 79.5)
Eccentridty, el: 3 % Ground (EL 0) v
Spectral Acceleration, 5s: 198 Distribution Coeffident, k: 1016
e Reference Plane  Height (ft) Width (f) Eccentriaty (in)
Spectral Acceleration, 51: 0.55 Seismic Response Coefficent, Cs: @) 0.197
Site Class: D ~ Level 6 (EL67.5) 67.50 82,50 48,50
o s Level 5 (EL 57.5) 57.50 82,50 48,50
Response Modification Factor, R: 5 Level 4 (L 47.5) 47.50 82.50 45.50
Occupancy Importance factor, I: 1l 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
Coeffident, Ct: 0.02 w075

Long-period, TL: 8

Seismic mass: Vibration_1 = 1,00 x Selfweight ~

Edit

O calalated (O User defined

Apply To Load Case Close

FIGURE 11-5

Seismic Load Wizard

Load Cases

Update existing load case (O EQ X Load Generation: ASCE 7-16 v Range
Direction: 90| degress e 705) .
Create new load case @ EQ_Y —_— g
Eccentridty, el: 3 % Ground (EL 0) ~
Spectral Acceleration, Ss: 1-48 Distribution Coefficent, k: 1016
— Reference Plane Height (ff) Width (ft) Eccentricity (in)
Spectral Acceleration, 51: 0.55 Seismic Response Coefficent, Cs: @ 0.197
Site Class: D ~ Level 6 (EL67.5) 67.50 96.50 57.50
s Level 5 (EL 57.5) 57.50 96.50 57.50
Response Modification Factor, R: Level 4(EL 47.5) 47.50 .50 .50
Occupancy Importance factor, T: 1 Level 3{EL 37.5) 37.50 190.75  84.45
— Level 2(EL 25.5) 25.50 190.75  84.45
Level 1{EL 12.5) 12.50 190.75  84.45
Fundamental Period, T: 0:532 s DByEquation Ground (ELO)  0.00 0.00 0.00
Coefficient, Ct: 0.02 x 0.75

Long-period, TL: 8

Seismic mass: Vibration_1 = 1.00 x Selfweight -

Edit

O Calculated () User defined

Apply To Load Case Close

FIGURE 11-6
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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 2Load Case/Combo and click on the

Load Cases icon (FIGURE 11-3). Note that building loads are only solved 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 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
use the Load Combination Generator to quickly generate all of these 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 11-13 of this document. The following load combinations need to be
defined for the example model.

Serviceability Load combinations (SLS) — Lateral

1.0*SW +1.0* SDL + 0.6* WL + 1.0*PT

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

1.0*SW + 1.0*SDL + 0.45*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
1.0*SW + 1.0*SDL + 0.45*WL + 0.75*LL + 1.0*PT

1.0*SW +1.0*SDL + 0.53*EQ + 0.75*LL + 1.0*PT

0.6*SW + 0.6*SDL + 0.6*WL + 1.0*PT

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

Strength Load Combinations (ULS) — Lateral

1.2*SW + 1.2*SDL + 1.0*LL + 0.2*RLL + 1.0*EQ + 1.0*HYP
1.2*SW + 1.2*SDL + 1.0*LL + 1.0*EQ + 1.0*HYP

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

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

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

0.9*SW + 0.9*SDL + 1.0*WL + 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.
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1.00 x Wind_PO

-1.00 x Wind_PO

1.00 x Wind_P90

-1.00 x Wind_P90

0.75 x Wind_PO + 0.75 x Wind_MO

0.75 x Wind_P0 -0.75 x Wind_M0

-0.75 x Wind_PO0 + 0.75 x Wind_MO

-0.75 x Wind_P0 -0.75 x Wind_M0

0.75 x Wind_P90 + 0.75 x Wind_M90

0.75 x Wind_P90 -0.75 x Wind_M90

-0.75 x Wind_P90 + 0.75 x Wind_M90

-0.75 x Wind_P90 -0.75 x Wind_M90

0.75 x Wind_PO + 0.75 x Wind_P90

0.75 x Wind_P0 -0.75 x Wind_P90

-0.75 x Wind_PO + 0.75 x Wind_P90

-0.75 x Wind_P0 -0.75 x Wind_P90

0.56 x Wind_PO0 + 0.56 x Wind_P90 + 0.56 x Wind_MO + 0.56 x Wind_M90
0.56 x Wind_P0 + 0.56 x Wind_P90 + 0.56 x Wind_MO0 -0.56 x Wind_M90
0.56 x Wind_PO + 0.56 x Wind_P90 -0.56 x Wind_MO0 + 0.56 x Wind_M90
0.56 x Wind_PO + 0.56 x Wind_P90 -0.56 x Wind_M0 -0.56 x Wind_M90
0.56 x Wind_P0 -0.56 x Wind_P90 + 0.56 x Wind_MO + 0.56 x Wind_M90
0.56 x Wind_P0 -0.56 x Wind_P90 + 0.56 x Wind_MO0 -0.56 x Wind_M90
0.56 x Wind_P0 -0.56 x Wind_P90 -0.56 x Wind_M0O + 0.56 x Wind_M90
0.56 x Wind_P0 -0.56 x Wind_P90 -0.56 x Wind_MO0 -0.56 x Wind_M90
-0.56 x Wind_PO + 0.56 x Wind_P90 + 0.56 x Wind_MO + 0.56 x Wind_M90
-0.56 x Wind_PO + 0.56 x Wind_P90 + 0.56 x Wind_MO0 -0.56 x Wind_M90
-0.56 x Wind_PO + 0.56 x Wind_P90 -0.56 x Wind_MO + 0.56 x Wind_M90
-0.56 x Wind_PO + 0.56 x Wind_P90 -0.56 x Wind_M0 -0.56 x Wind_M90
-0.56 x Wind_P0 -0.56 x Wind_P90 + 0.56 x Wind_MO0 + 0.56 x Wind_M90
-0.56 x Wind_P0 -0.56 x Wind_P90 + 0.56 x Wind_M0 -0.56 x Wind_M90
-0.56 x Wind_P0 -0.56 x Wind_P90 -0.56 x Wind_MO0 + 0.56 x Wind_M90
-0.56 x Wind_P0 -0.56 x Wind_P90 -0.56 x Wind_M0 -0.56 x Wind_M90

Close the program and reopen the program using the settings in FIGURE 11-7.
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ADAPT-Builde

Version 23

Build 23

s Edge | .FI|:H:~r Pro | PT/RC | US

Programs Mode Modules Unit System
Edge @) FloorPro @) RC PT/RC PT/RC Strip Mode () Us sl MES
Mat (0 soG (0 8 5 PT Shop / FEIT 3D () 5 8 ®

FIGURE 11-7

Click on the View Full Structure ' icon in the Level Manager 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 Top-Front-Right View @ icon in the Bottom Quick Access toolbar.

Go to Loading 2Load Case/Combo and click on the Load Combinations ’ icon to bring
up the Combinations dialog window.

Click on the LC Generator button in the bottom of the Combinations window.

Make the following selections in the LC Generator window as shown in FIGURE 11-8.
LC Generator x

Code: ACI 2019/IBC 2021/ASCE 7-10

Design: (@ sLs Bus

Wind Load Options
ASCE Cases

B reversible @ixy [ e !
@z vwEe @4 X+ wEc

Seismic Load Options |

B Reversible B E=f(Eh, Ev)

FIGURE 11-8

244



IiRisA

o Click the Add button to add all the load combinations, as shown in FIGURE 11-9. This list
now includes 369 combinations. For the remaining sections of this tutorial only a
handful of the load combinations will be used.

. Combinations (369)

Add Combination Filter Rows Filter

+  Analysis/Design Options:  SERVICE SUSTAINED LOAD Choose... | Show all Cases Combos Deflection
Label Analysis/Design option Deflection Load Type | Age at Loading (days) | Observation day | Load Combination Selfweigh
ULS-2_LR1 STRENGTH 1.2 x Self + 1.2 x Dead + 1.6 x Live + 0.5 x RLL +Hype 1.2
ULS-3 LR1LL STRENGTH 1.2x Self + 1.2 x Dead +Live + 1.6 x RLL + Hype 1.2
ULS-3_LR1{LL) STRENGTH 1.2 x Self + 1.2 x Dead + 1.6 ¥ RLL +Hype 1.2
SLS-3_LR1 SERVICE TOTAL LOAD Self +Dead +RLL +Pres 1
SLS-4 LR1 SERVICE TOTAL LOAD Self +Dead +0.75 x Live +0.75 x RLL +Pres 1
Stage 1 CRACKED DEFLECTION Sustained 20 Self + Pres 1
Stage 2 CRACKED DEFLECTION Sustained 40 Self + Dead + Pres 1
Stage 3 CRACKED DEFLECTION Sustained 180 Self +Dead + 0.3 x Live + 0.3 xRLL +Pres 1
Total Load CRACKED DEFLECTION Total Self +Dead +Live +RLL +Pres 1
Long_Term_Defl_40 Long-Term Deflection Auto 40 0.903 x Stag + Stag
Long_Term_Defl_180 Long-Term Deflection Auto 180 0.122 x Stag + 1.483 x Stag + Stag
Total_Defl_360 Long-Term Deflection Auto 360 0,116 x Stag +0.293 x Stag + 1.393 x Stag + Tota
Total_Defl_5000 Long-Term Deflection Auto 5000 0.13 x Stag + 0.249 x Stag + 1.772 x Stag + Tota
Incre_Defi_40_5000 Long-Term Deflection User -1xLong +Tota
Inae_LL Long-Term Deflection User Tota +-1xLong
Service(Total Load) SERVICE TOTAL LOAD Self +Dead +Live +Pres 1
Service(Sustained Load)  SERVICE SUSTAINED LOAD Self +Dead + 0.3 x Live +Pres 1
Strength(Dead and Live) ~ STRENGTH 1.2 x Self + 1.2 x Dead + 1.6 x Live + Hype 1.2
Strength(Dead Load Only) STRENGTH 1.4 x Self + 1.4 x Dead + Hype 1.4
Inital INITIAL Self + 1.15x Pres 1
Wind_WC1a NO CODE CHECK Wind
Wind_WC1b NO CODE CHECK -1 x Wind
Wind_WC1c NO CODE CHECK Wind
Wind_WC1d NO CODE CHECK -1x Wind
Wind_WC2a NO CODE CHECK 0.75 x Wind + 0,75 x Wind
Wind_WC2b NO CODE CHECK 0.75 x Wind + -0.75 x Wind
Wind_WC2c NO CODE CHECK -0.75 % Wind +0.75 x Wind
Wind_WC2d NO CODE CHECK -0.75 % Wind +-0.75 % Wind
Wind_WC2e NO CODE CHECK 0.75 x Wind + 0,75 x Wind
Wind_WC2f NO CODE CHECK 0.75 x Wind + -0.75 x Wind
Wind_WC2g NO CODE CHECK -0.75 % Wind +0.75 x Wind
Wind_WC2h NO 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 NO CODE CHECK -0.75 % Wind +0.75 x Wind
Wind_WC3d NO CODE CHECK -0.75 x Wind +-0.75 x Wind
Wind_WC4a NO CODE CHECK 0.563 x Wind + 0,563 x Wind + 0,563 x Wind + 0,563 x Wind
Wind Wi sh MO CONF CHECK N 5A% v Wind + N 567 v Wind + N SA3 v Wind + -0 567 v Wind

Calculate Long-Term Factors LC Generator oK Cancel

FIGURE 11-9

o Click the OK button to close the window.
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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 releaseis 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 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.

12.1 Defining Usage Cases

Follow the steps below to set up the usage cases for Drift and Strength Design.

e Click on any component (slab, column, etc.) and navigate to the Properties Grid.

e Click the “+” sign next to Stiffness Contribution Per Usage to view this section.

e Click the “+” sign next to Uncracked to edit the usage cases. This will open the
Combination Usages window as shown in FIGURE 12-1. The default usage case
for any ADAPT-Builder model is Uncracked. This usage case cannot be removed
and has values of 1.0 set for all options. This assumes an uncracked, linear-
elastic state.

e Click the New (Insert) icon as shown in FIGURE 12-1.

Combination Usages

ﬂx

Mew(lnsert)

FIGURE 12-1

e Create usage cases Drift and Strength Design as shown in FIGURE 12-2
e Click OK.
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Combination Usages

Uncracked
Cirift
{Strength Design

QK Cancel

FIGURE 12-2

Click on the Multi-Level Mode @ icon of the Upper-Right Level Toolbar. This
will ensure the user is in multi-level mode.

Hold down the CTRL key on your keyboard and click to select the slabs at levels
1-3. These are the PT slabs so we will set the Strength Design usage case M11
and M22 values to 0.5.

In the Properties Grid, click the “+” sign next to Stiffness Contribution Per Usage
to view this section.

Click on the drop-down menu next to Strength Design and change it from Full to
Custom.

In the text box next to M11, M22, F11, F22, change the M11 and M22 values to
0.5, as shown in FIGURE 12-3.
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Selected Objects

Slab Regions (6/10) Slab Region 1
Identification

General

Stiffness Contribution per Usage

Uncracked + Full
Drift Full
Strength Design > Custom
M11, M22 F11, F22 0.500, 0.500, 1.000, 1.000
al direction 0.00°
Offsels
FIGURE 12-3

Click the ESC key on your keyboard to deselect the slabs.

Hold down the CTRL key on your keyboard and click to select the slabs at levels
4 through the Roof. These are the RC slabs so we will set the Strength Design
usage case M11 and M22 values to 0.35.

In the Properties Grid, click the “+” sign next to Stiffness Contribution Per Usage
to view this section.

Click on the drop-down menu next to Strength Design and change it from Full to
Custom.

In the text box next to M11, M22, F11, F22, change the M11 and M22 values to
0.35, as shown in FIGURE 12-4.

Properties r B
e =
Property Value

H B

+|

Selected Objects

Slab Regions (4/10) Slab Region 8
Identification

General

Stiffness Contnbution per Usage

Uncracked + Full
Drift Full
Strength Design > Custom
M11,M22, F11,F22 0.350, 0.350, 1.000, 1.000
al direction 0.00°
Offsets
FIGURE 12-4
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Click on the Select by Type TR icon located in the Bottom Quick Access toolbar
to open the Select by Type dialog window.

Select the text Column.

Click OK to exit the dialog window and select all columns in the model. For the
columns, we will set all values for the Drift usage case to 0.7, and all values for
the Strength Design usage case 0.5.

In the Properties Grid, click the “+” sign next to Stiffness Contribution Per Usage
to view this section.

Click on the drop-down menu next to Drift and change it from Full to Custom.
Click on the drop-down menu next to Strength Design and change it from Full to
Custom.

Change the all the stiffness modifier values to 0.7 for Drift and 0.5 for Strength,
as shown in FIGURE 12-5.

Properties B n
i -

Property Value

—| Selected Objects

Columns (93/93) Column 1

H Identification

+| General

+ Offsels

+ End Releases

—] Stiffness Contnibution per Usage

ncracked + Fu

Drift > Custom

M11, M22, M33, F11 0.700, 0.700, 0.700, 0.700

Strength Design > Custom

M11, M22, M33, F11 0.500, 0.500, 0.500, 0.500
H Unbraced Length
H Node Shift
+ Punching Shear

FIGURE 12-5

Repeat these steps for the walls and beams. For the walls, we will set the
stiffness modifier values as shown in FIGURE 12-6. For the beams, we will set
the stiffness modifier values as shown in FIGURE 12-7.
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Properties n -
=
Property Value
= Selected Objects
Walls (31/31) Wall 1
= Identification
H General
+/ Offsets
# End Releases
= Stiffness Contribution per Usage
Uncracked + Full
Drift > Custom
M11,M22, F11, F22 0.700, 0.700, 0.700, 0.700
Strength Design > Custom
M11,M22, F11, F22 0.500, 0.500, 0.500, 0.500
 Node Shift
= Punching Shear
FIGURE 12-6
Properties r BB
g =
Property Value
= Selected Objects
Beams (12/12) Beam 1
+ Identification
[ General
+/ Offsets
+ Beam Releases
=] Stiffness Contribution per Usage
Uncracked + Full
Drift Full
Strength Design > Custom
M11, M22, M33, F11 0.350, 0.350, 1.000, 1.000
+ Node Shift
FIGURE 12-7

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 Click on the Select by Type TR icon located in the Bottom Quick Access toolbar
to open the Select by Type dialog window.
Select the text Column.
Click OK to exit the dialog window and select all columns in the model.
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In the Properties Grid, click the “+” sign next to End Releases to view this
section.

Click on the drop-down menu next to Releases and change it from None to User.
Select the rotation to be released at the top and bottom of the columns, as
shown in FIGURE 12-8.

Properties LN - |

g -

Property Value

Selected Objects

Columns (93/93) Column 1

Identification

General

Offsets

~ End Releases
Releases >

Top Releases
Translation (r-r)
Translation (s-s)
Rotation (r-r)
Rotation (s-s)
Bottom Releases

H H F
c
v
@

OO

Translation (r-r)
Translation (s-s)
Rotation (r-r)
Rotation (s-s)
Stiffness Contribution per Usage

KO0

Unbraced Length
Node Shift
Punching Shear

FEEE

FIGURE 12-8
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Checking Drift

In this section, the lateral drift for the Service Limit State will be checked for load combinations
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

13.1  Seismic Drift
Follow the steps below to check drift due to Seismic loads.

e Click on the Multi-Level Mode @ icon of the Level Manager toolbar. This will
ensure the user is in multi-level mode.

e Go to Analysis 2Meshing and click the Mesh Generation oo icon to mesh the
structure.

e We will use the default meshing settings so press the Save & Mesh Slabs button
to mesh the building. You will now see the full building meshed as shown in
FIGURE 13-1
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FIGURE 13-1

include the Seismic (EQ) load cases. There

tions selected

. Use the CTRL key to select multiple

Ina

down menu next to Apply stiffness modifiers, select Drift. Your

ike FIGURE 13-2.

indow should now look |

Options w
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Go to the Visibility Grid and navigate to the FEM section. Uncheck the box next
easier.

to Cell to remove the mesh from view. This will make viewing the drift results

® Go to Analysis 2Analysis and click on the Execute Analysis > icon.
Select the combinations for SLS that
should be 32 of 369 comb
combinations.
In the drop
Analys
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Analysis Options
Select load combinations for analysis (32 of 369 combinations selected) Options to indude global analysis results
5L5-7_Wind_WC4i = 0,60 x Selfweight + 0,560 x Dead load + 1.00 x Prestressing-0.34 x Wind_P0 + 0.3+ Indude lateral reactions

5L5-7_Wind_WC4j = 0.60 x Selfweight + 0.60 x Dead load + 1.00 x Prestressing-0.34 x Wind_P0 + 0.3+ Indude Load Takedown Indude gravity reactions
SLS—?_W?nd_WC‘Ik B0 x Selfwe_ight +0.60 x Dead load + 1.00 x Preshess_ing-o.m X \ﬂ.!'ind_PO +0.3 Apply live load reduction Edit

SLS-7_Wind_WC4l = 0.60 x Selfweight + 0.60 x Dead load + 1.00 x Prestressing-0.34 x Wind_P0 +0.3¢
SL5-7_Wind_WC4m = 0.60 x Selfweight + 0.60 x Dead load + 1.00 x Prestressing-0.34 x Wind_P0-0.34
SLS-7_Wind_WC4n = 0.60 x Selfweight + 0.60 x Dead load + 1.00 x Prestressing-0.34 x Wind_P0-0.34 D — | Solution | Reactions

Select Combinations: Select Al Select None

Apply stiffness modifiers Drift =

Compression spring/soil support options Envelope only applies to compression gravity loads

Substitute compression springs with fixed supports Assign to selected: | e

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

[ Indude vibration analysis
Stabilize slab automatically against in-plane translation and rotation
8 show this dialog whenever I Analyze Structure

[C)Warn me if any load case will be ignored in analysis Cancel
FIGURE 13-2

® Select OK to analyze the model. Note the model may take several minutes to
process as we are analyzing the full building. The Progress Bar will indicate the
current analysis status, as shown in FIGURE 13-3.

Processing Finite Element Solution # 3 of 10 - Saolving.
Remain patient, this operation is time consuming.
8003 nodes. 312 frame elements, 7394 shell elements, 135 tendons.

ARNENER Cancel

FIGURE 13-3

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 the Results View panel. 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.

® Select Yes to save the solution. The Results View panel will appear on the right
side of the model space.

e Click on the Level Assignment @ icon in the Level Manager toolbar at the top
right of the main Ul window.
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Click on the Roof (EL 79.5) text.
Click the Set as Active button.
Click the Close button to close the window.

Click on the Top View @ icon in the Bottom Quick Access toolbar. You should
now see a plan of the roof floor.

In the Results View panel, on the Loads tab, expand the Service tree and select
the SLS-5_EQ1 load combination. This combination includes the EQX load case,
as shown in FIGURE 14-4. Note that for contour results, the envelope of load
combinations is not applicable.

SERVICE TOTAL LOAD Self +Dead + Pres + 0.6 x Wind

1

SERVICE TOTAL LOAD Self + Dead +Pres + 0.7 xEQ_X

SERVICE TOTAL LOAD 1.138 x Self + 1,138 x Dead +Pres + 0,91 x EQ_X 1
FIGURE 14-4

In the Analysis tab of the Results View panel, expand the tree for
Slab 2Deformation and select X-Translation. You will now see the X
deformation as shown in FIGURE 14-5.

Repeat the step above for Y-Translation.

Slab, Deformation, X-Translation (in)

Max -1.33@(66.94. 15 93 79.50)
Min -1 47@(158.03, 98 43, 79 50)

Load Combination: SLS-5_EQ1 (SERVICE_TOTAL_LOAD)

FIGURE 14-5

In the Results View panel, on the Loads tab, expand the Service tree and select
the SLS-5_EQ2 load combination. This combination includes the EQY load case.
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In the Analysis tab of the Results View panel, expand the tree for
Slab 2>Deformation and select Y-Translation. You will now see the Y
deformation as shown in FIGURE 14-6.

Slab, Deformation, Y-Translation (in)

Load Combination: SLS-5_EQ2 (SERVICE_TOTAL_LOAD)

Max -3 03@(64.03, 18 68. 79.50)
Min -10.39@(160.63, 41.68, 79.50)

il Kl [ 4

ﬂ 1 i

FIGURE 14-6

In the Results View panel 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%.

Go to the Loads tab and expand the Envelope tree.

Select Envelope.

Click on the Top-Front-Right @ icon in the Bottom Quick Access toolbar.

In the Results View panel, Analysis tab, check the box next to
Column->Deformation—> Global-Translation.

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. At
this column, the global displacement at the top node (Roof Level) is 14.07” and
at the bottom node (Level 6) is 12.07”, as shown in FIGURE 14-7. Taking the
difference, we have drift at this location of 14.07-12.07 = 2.00”. The drift ratio is
therefore 2.00” / 12x12 =1.38%. If we compare this to the allowable drift of
0.5% we can see the drift at this location is not acceptable.
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Column, Deformation, Global-Translation (in)
Load Combination: Envelope

Max: 14.02
Min: 0.00

FIGURE 14-7

In the Column tree of the Results View panel, expand the Drift tree and select
the option for Drift Combined. FIGURE 14-8 shows the drift results. Note the
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 only one
combination does not meet the acceptance criteria, the indication color will be
red. The values reported for drift is for the selected combination or envelope.

Column, Diift, Drit Combined (%)
Load Combination: Emelops
Mamum Allewable: 0 50%

FIGURE 14-8
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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 different criteria, you can solve the set of service
combinations including wind, change the acceptance criteria, and re-check the
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.”

13.2 Wind Drift

Follow the steps below to check drift due to Wind loads.

e At the top of the Results View panel, click the Clear All - icon.

e C(Click on the Multi-Level Mode ' icon of the Level Manager toolbar. This will

ensure the user is in multi-level mode.

Go to Analysis PAnalysis and click on the Execute Analysis > icon.
Select the combinations for SLS that include the Wind load cases by typing Wind
in the Select Combinations text entry box. There should be 288 of 326

combinations selected.

e Inthe drop-down menu next to Apply stiffness modifiers, select Drift. Your
Analysis Options window should now look like FIGURE 13-9.

Analysis Options

Select load combinations for analysis (160 of 369 combinations selected)

_EQ1 =0.60 x Dead load + 0.60 x Selfweight + 1.00 x Prestressing + 0.70 x EQ_X; SERVICE_TOT
5L5-8_EQ1_SEIS = 0.46 x Dead load + 0.46 x Selfweight + 1.00 x Prestressing + 0.91 x EQ_X; SERVICE
5L5-8_EQ1 = 0.60 x Dead load + 0.60 x Selfweight + 1.00 x Prestressing-0.70 x EQ_X; SERVICE_TOTA
5L5-8_-EQ1_S5EIS = 0.46 x Dead load + 0.46 x Selfweight + 1.00 x Prestressing-0.91 x EQ_X; SERVICE_
5L5-8_EQ2 = 0.60 x Dead load + 0.60 x Selfweight + 1.00 x Prestressing + 0.70 x EQ_Y; SERVICE_TOT
5L5-8_EQ2_SEIS = 0.46 x Dead load + 0.46 x Selfweight + 1.00 x Prestressing + 0.91 x EQ_Y; SERVICE
5L5-8_EQ2 = 0.60 x Dead load + 0.60 x Selfweight + 1.00 x Prestressing-0.70 x EQ_Y; SERVICE_TOTA
5L5-8_-EQ2_SEIS = 0.46 x Dead load + 0.46 x Selfweight + 1.00 x Prestressing-0.91 x EQ_Y; SERVICE_

Select Combinations: Select Al Select None

Apply stiffness modifiers Drift -
Compression spring/soil support options

Substitute compression springs with fixed supports

Analyze structure with compression springs

| [ Indude vibration analysis
Stabilize slab automatically against in-plane translation and rotation
8 show this dialog whenever I Analyze Structure

[C)Warn me if any load case will be ignored in analysis Cancel
FIGURE 13-9
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Click OK to analyze the model. Note the model may take several minutes to
process.

Select Yes to save the solution. The Result Display Settings dialogue window will
appear.

Click on the Single-Level Mode Iﬂ icon of the Level Manager toolbar. This will
switch the user to single-level mode.
Make sure the current active level is the Roof Level, if you are not on the roof

level use the Active Level Up 4} icon to make the Roof Level the active level.

Click on the Top View @ icon in the Bottom Quick Access toolbar.

In the Results View panel, on the Loads tab, expand the Service tree and select
the SLS-5_Wind_W(C1a load combination. This combination includes the
Wind_PO (Wind X) load case. Note that for contour results, the envelope of load
combinations is not applicable.

In the Results View panel click on the Analysis tab.

Expand the Slab 2Deformation tree and select the X-Translation, as shown in
FIGURE 13-10.

Slab, Deformation, X-Translation (in)
Load Combination: SLS-5_Wind_WG
Max 0.20@(138.94, 98.43, 79.50)
Min -0.35@(90.95, 15.93, 79.50)

Results View: SLS-5_Wind_WC1a

a (SERVICE_TO
1

€ r=-v?

Loads Analysis  Colorize Display ~Settings

TAL_LOAD)

I

=

T

g ss-Translation

g Z-Translation
([ Global-Translation

B
°
3
3

-§-]
ee
<k
EE)
53

(Jum Drift Combined Amplificat
Jum Drift X Amy

tion Factor (NA)

L .
i T n
FIGURE 13-10
o Select Y-Translation, as shown in FIGURE 13-11.
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Slab, Deformation, Y-Translation (in)
Load Combination: SLS-5_Wind_WG
Max 0.05@(64.03, 18.68, 79.50)

Min -0.58@(160.53, 95.93, 79.50)

a (SERVICE_TO

Results View: SLS-5_Wind_WC1a

TAL_LOAD)

20
5B
299999
033333

ction (Dead load(Drift:G))

sraa

=3

1Y

[

FIGURE 13-11

Note the maximum values for the drift are 0.20” and -0.58".

For this load case, compare the result of 0.58” 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.

In the Results View panel, select the Display tab.

In the Components section, change the Drift maximum allowable to 0.25%.

Change the model view to Top-Front-Right @

At the top of the Results View panel, click the Clear All - icon.

In the Results View panel, select the Analysis tab. Go to
Column->Deformation—> Global-Translation.

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
0.60” and at the bottom node (Level 6) is 0.54” Taking the difference we have
drift at this location of 0.60-0.54. = 0.06”. The drift ratio is therefore 0.06” /
12x12 = 0.04%. If we evaluate this against the allowable drift of 0.25% it can be
said that the drift at this location is acceptable.
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Column, Deformation, Global-Translation (in)
tion: SLS-5_Wind_WC1a (SERVICE_TOTAL_LOAD)

Load Co
Max: 0.60
Min: 0.00

.54

FIGURE 13-12

e |nthe same Column tree of the Results View panel, expand the Drift tree and
select the option for Drift Combined. FIGURE 13-13 shows the drift results.
Note the green color indicates that the story drift meets the acceptance criteria
in each direction and combined. 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.
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Column, Drift, Drift Combined (%)

Load Combination: SLS-5_Wind_WC1a (SERVICE_TOTAL_LOAD)
Maximum Allowable: 0.25%

Max: 0.09%

Min: 0.01%

Acceptable
Unacceptable

FIGURE 13-13

e Click on the Multi-Level Mode @ icon of the Level Manager toolbar. This will
ensure the user is in multi-level mode.

e Select all columns and in the Properties Grid expand the End Releases tree.

e Change the top and bottom releases to None for the columns to reset the
releases for the column design.
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Tributary Load Takedown and Live Load Reduction

In this section, the 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.

14.1 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 View panel to turn off the
previous results.

e Click on the Multi-Level Mode @ icon of the Level Manager 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 %2 icon. FIGURE 14-1
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

Regenerate Tributaries Recalculate Loads Delete Tributaries

Tributary options

Property Value

B Tributary Generation
Intersecting walls/columns Walls load bearing
Intersecting walls/columns tolerance 1in
Advanced Options settings Off

Bl Load Path
Detect transfer beams Yes
Detect transfer beams tolerance Tin
Transfer method for walls As applied line load -
User-defined paths Keep

Manage transferred supports
List transferred: @ Columns (@ Walls

Reference Plane  SupportMame Max Offset  # Supports

There are no items to show in this view.

Add Support

m
]

[l

FIGURE 14-1

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.

To show the tributary regions generated, click on the Analysis tab of the Results
View panel.

Expand the Load Takedown tree and check the Tributary Boundary box. FIGURE
14-2 shows the tributary regions generated for the tutorial model.
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FIGURE 14-2

Level Mode , icon of the Level Manager toolbar. This will

Click on the Single

level mode.

switch the user to single-

if you are not on the roof

l,

Make sure the current active level is the Roof Leve

’ icon to make the Roof Level the active level.

level use the Active Level Up

icon in the Bottom Quick Access toolbar.

vid

Click on the Result Display Settings €8 icon in the Bottom Quick Access toolbar,

Click on the Top View
to open the Results View panel if it is not already open.
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o While on the Analysis tab, navigate to the Load Takedown category and select
the options for Tributary Boundary and Cumulative Area, and Cumulative
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.

||

Cum. Dead lpod = -1511 Kip
Cur, Roofll = -257 Kig
Cum. Selfweight = -2587 Kip
Cum. Areal= 12838 =sgf4
Cum. Foscgee——7a075—+

L

m. Deod lood = -1838 Kp
Cup, RoofLL = -606 Kip

[}

()

um Seltfweght_ = —o629 Kip
Cum. Area = 30322 sqoft
Cum. Foscode = 2700 4

e From the Level Manager toolbar, use the 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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u

Cum. Deod lDDd = -12e.66 Kip
Cum. Live load = —-7B.08 Kip
Cum. Roofll = -257 Kp

Cum. Selfweight = -22027 Kip
Cum. Area = 150254 Sq?‘t
Cum. Foscade = 21275 £t

14.2

Cum. Deod IUDd = —lEget Kip
Cum. Live lood = *127'35 Kip
Cum. Roofll = -606 Kip
Eum Selfwei glﬂi = —330E35 Kip

2
Cum Ares = 212232 sqF't
Cum. Foscode = 18300

L]

® An excel report can be produced from Reports=> Column->Column Tributary to
obtain the column tributaries and loads.

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 View panel to turn off the
previous results.

e Click on the Multi-Level Mode @ icon of the Level Manager 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.

Go to Loading 2Load Case/Combo and click on the Load Cases icon.
In the General/Lateral load case window, select Live load and select the check
box for Reducible as shown in FIGURE 14-3.

e Click OK. This allows the load case to be assigned reduction factors for columns.
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Load Case Library

General Loads (Gravity/Lateral) [ Lateral Load Solution Sets  Help
Reserved Load Cases
B Dead load
@ Live load
B Frestressing
General Loads [Graviy/Lateral]

[ead load

Label: |Live load

RLL(LR]
Add

B Reducible
] Rioof Load

FIGURE 14-3

Go to Loading 2LL Reduction and click on the Reduction Settings
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.

To add a new entry for area and factor, right-click and select Append.

Enter the values as shown in FIGURE 14-4.
Select the option for Interpolate values.

Enter 1.0 for Minimum # of levels to support for reduction.

Help

Delete

Temperature
Shrinkage

Select the checkbox for Reduce Axial force only.

Live Load Reduction Factors

1 reducible load case(s) defined

Method:  Cumulative area b
Cumulative area ft2) | Factor
400 0.9
00 0.8
300 0.7
1000 0.6
1200 0.5
1400 0.4

© Interpolate values () Apply lowest factor

Minimum # of levels to support for reduction: 1

Apply

B Reduce Axial force only

FIGURE 14-4

Click Apply to assign the factors.

In the Results View panel, expand the Load Takedown tree, and select Load
Reduction Factor and Tributary Boundary to display the load factors and

tributary boundaries.

Click the Clear All o icon at the top of the Results View panel to turn off the

results after reviewing them.
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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 Chapter 14 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 2Analysis and click the

Execute Analysis D icon. Type Strength in the Select Combination text box to select all
“Strength” and “ULS” combinations. Set the Apply stiffness modifiers to “Strength Design
usage case, as shown in FIGURE 15-1. Select OK to run the analysis.

”

Analysis Options

Options to indude global analysis results
Indude lateral reactions
Indude Load Takedown Indude gravity reactions

Apply live load reduction Edit

Select load combinations for analysis (160 of 369 combinations selected)

SL5-4_LR1 = 1.00 x Selfweight + 1 00 x Dead load + 0.75 x Live load + 0 75 x RooflL + 1.00 x Prestres
Stage 1 = 1.00 x Selfweight + 1.00 x Prestressing; CRACKED _DEFLECTION . .
Stage 2 = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x Prestressing; CRACKED_DEFLECTION RuadiCose) ot [Beocims
Stage 3 = 1.00 x Selfweight + 1.00 x Dead load + 0.30 x Live load + 0.30 x RoofLL + 1.00 x Prestressin
Total Load = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x Live load + 1.00 x RoofLL + 1.00 x Prestres
Long_Term_Defl_40 = 0.90 x Stage 1 + 1.00 x Stage 2; LONG_TERM_DEFLECTION
Long_Term_Defl_180 = 0.12 x Stage 1 + 1.48 x Stage 2 + 1.00 x Stage 3; LONG_TERM_DEFLECTION
Total_Defl_360 = 0.12 x Stage 1 +0.29 x Stage 2 + 2.39 x Stage 3; LONG_TERM_DEFLECTION
Total_Defl_5000 = 0.13 x Stage 1 +0.25 x Stage 2 + 1.77 x Stage 3 + 1.00 x Total Load; LONG_TERM_
Incre_Defl_40-5000 =-1.00 x Long_Term_Defi_40 + 1.00 x Total_Defi_5000; LONG_TERM_DEFLECTION
Incre _LL = 1.00 x Total_Defl_5000-1.00 x Long_Term_Defi_180; LONG_TERM_DEFLECTION

Load) = 1.00 x Self\n\elght +1.00 x Dead load + 1.00 x Live load + 1.00 x Prestressing; SE
inad | aadY — 1 NN v Calfuainkt L 1 AN v Nazad lasd L0 3N v liva laad L 1 AN v Dractracecing

Select Combinations:  strength 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: | e

Analyze structure with compression springs

Equilibrium Check Clear Reactions

[ Indude vibration analysis
Stabilize slab automatically against in-plane translation and rotation
8 show this dialog whenever I Analyze Structure

|_| warn me if any load case will be ignored in analysis Cancel

FIGURE 15-1

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 chooses to use the FEM forces and moments. As stated earlier, the option will
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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:

1O

e Go to Column Design 2Visibility and click on the Columns Only icon. This

will change the view to show only the columns in the model.
From the Results View panel, click on the Loads tab.
Click the check box next to the ULS-3_LR1_Wind_W(C1a load combination.
Go to the Analysis tab. Expand the Column Action (Combinations) tree and
select Axial Force. In the same way, the user can view the shear, moment

e 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 -762.87 K
(C) and the bottom force is -766.87 K (C), as shown in FIGURE 15-2.

F--£2 Slab

=N @ Column

[l Deformation

m- [ Drift

|_:_| ' Action (Combination)

- [ Axial Force

[l Shear along rr

[l Shear along ss

- Moment about rr

-]y Moment about ss

- Torsion

-[_J® Moment Amplification Fa
-[_Jmm Moment Amplification Fa
& [ Action (Dead load(Drift:G))

- g Beam

-G Wall

E]"'ﬁ Load Takedown

FIGURE 15-2
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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 From the Level Manager 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.
In the Properties Grid, expand the Offsets section.
Change the top and bottom offsets to 0 in, as shown in FIGURE 15-3, to ensure
all columns are continuous.

Properties o n

L
Property Value

= Selected Objects

Columnz (93./93) Calumn 1
Identification

General

Criteria

Offsets

Top Offset (x. v, z} 0.00, 0.00. 0.00in
0.00, 0.00. 0.00in
End Releases

Stiffness Contribution per Usage
Unbraced Length

Node Shift

Punching Shear

Appearance

0 F H F

H FH F FEFEE

FIGURE 15-3

e Inthe Level Manager toolbar, use the tools to switch to Single-Level mode Q

Use the Level Assignment@ icon to navigate to the Level 1 (EL 12.5) level.
In the Visibility Grid, click the checkbox next to Column — Bot, Column - Top,
Wall - Bot, Wall - Top, and Gridline.

e FIGURE 15-4 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 the main grid. These are A.5-5, B.8-5 and D.3-5.
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FIGURE 15-4
e From the Bottom Quick Access toolbar, click the Select by Type TR icon and use

the tool to select all Gridlines.

Go to Modify 2Copy/Move and click on the Vertical ﬂ; icon.
Change the drop-down menu for after the selected items text from “To” to

Down.

Click OK to copy the gridlines down to the Ground Level (EL. 0).

In the Level Manager toolbar, change the active level from Level 1 (EL. 12.5) to
Ground Level (EL. 0).
In the Visibility panel Structure section, click on the + sign next to All.

In the All Structural Components window that opens, check the box in the
Column row under the Label column, as shown in FIGURE 15-5.

ltem D Dimension | Label | Symbol | Symbol Size | Font Height
Beam [] [] [] [] 6in 201in
| Corn | | W || [3in J20in |
Opering [ ] 1 T[] Ein 20in
Slab Region [ | ] 1 T[] Ein 20in
‘wial [ ] [ [T 3in 20in
FIGURE 15-5
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Click on the column located at Grid B-1.

In the Properties Grid, change the column label to B-1.

Repeat this step for all columns at the lowest level. FIGURE 15-6 shows the final
column label assignments after making the changes.

® ® © Q) © @] @)
@ BLJ] [:L]] FLJ] ELJ]
@ e E+12
@ B 05 ri i3
Q) =
& pdte Edts Jije33 i
=
FIGURE 15-6
H
e Select Column Design 2Labels and click on the Reset column/wall stack
icon.
® Select OK in the Automatic Labeling of Stacked Supports window. 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-1 will be labeled “B-1.”
e From the Level Manager toolbar, click the Multi-Level mode @ icon.
e Use the Bottom Quick Access toolbar and select the Top-Front-Right View @
icon.
e Go to Column Design 2Visibility and click on the Columns Only © icon to

isolate the columns. This allows you to check the column labels and their new
assignments. FIGURE 15-7 shows an example of some of the column stack
labels.
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FIGURE 15-7

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 15-8 shows a colorized
view of the columns assigned to the different design groups. Each design group will be
assigned a section type.
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Column
Section Type

18 x 30 Lower
30 x 18 Lower
32 x 12 Lower
[ 18 x 18 Upper
32 x 12 Upper
18 x 30 Upper

FIGURE 15-8

The section types that will be created in the tutorial model will be as follows:

Yellow — 18x30 Lower
Green —30x18 Lower
Cyan —32x12 Lower
Blue — 18x18 Upper
Pink — 32x12 Upper
Grey — 18x30 Upper

Next, the section types will be created and then columns will be selected and assigned
to respective design groups.

e Go to Column Design 2Type Manager and click the Define Section Type

icon.
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e There will already be 4 Section Types in this list. Use the New (Insert) — tool
to create 2 more Section Types. Rename the Section Types as shown in legend
of FIGURE 15-8.
® For each section type, set the properties as shown FIGURE 15-9. Type =
Column, Shape = Rectangular, Material = 5000psi for upper section types, and
6000psi for lower section types.
Properties
Property Value
E Component ”
Type Calumn
Shape Rectangular
6000psi -
M General
FIGURE 15-9
e For each section type, enter the remaining parameters as shown FIGURE 15-10.
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
18 %30 18 30 2 Tangential 9 3 4 1 4 6
Lower
30x18 30 18 2 Tangential 9 4 3 1 4 6
Lower
2x12 32 12 2 Tangential 8 5 2 1 4 6
Lower
18x18 18 18 2 Tangential 8 3 3 1 4 6
Upper
32x12 32 12 2 Tangential 8 5 2 1 4 6
Upper
18x30 18 30 2 Tangential 9 3 4 1 4 6
Upper
FIGURE 15-10

We now need to assign the correct section type to each column. Refer to FIGURE
15-8 for the column section type assignments.

Select all the yellow columns as shown in FIGURE 15-8 by holding Ctrl and
selecting each column.

In the Properties Grid, under the General section, change the drop-down menu
next to Section Type to 18x30 Lower.

Repeat the process for the other 5 column groups by assigning the appropriate
section types.

To review the column design groups (section types), go to the Colorize tab at
the bottom of the Properties Grid.

Click the check box next to Column to bring up the colorize options for columns.
Click the check box next to Section Type to see the columns colorized by
Column Section Types as shown in FIGURE 15-11.
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Column
Section Type

18 x 30 Lower
30 x 18 Lower
32 x 12 Lower
18 x 18 Upper
32 x 12 Upper
18 x 30 Upper

a

FIGURE 15-11

15.3 Column Code Check and Design

ADAPT-Builder has the capability of performing a code check of the assigned section
type for design groups. This section will describe the process for performing a Code
check for one of the created design groups.

For the Code Check, the 18x30 Lower 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
check will be to set up the Column Design Options.

Go to Column Design ?Settings and click on the Design Settings @ icon.

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
the forces and moments for the combination. In this example, leave the
selected group of combinations as-is.

For the remaining parameters, use the following and as shown in FIGURE 15-12.
Consider Slenderness — NO.

Force Source — FEM Moments and larger of Tributary/FEM Axial.
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® FEM Source — This should show the last run usage case and analysis mode. In
our case our last analysis was for the Strength Design usage case and was run in
multi-level mode. Therefore this input should read Strength Design: Global.
Load Reduction — No

Max Utilization —1

Code —ACI318-19

Analysis Methodology — PCA Contour Method

Parme Beta Factor — 0.65

Compression Stress Block — Rectangular

For Design Constraints set the (As/Ag) Minimum to 1% and (As/Ag) Maximum to
8%.

e Select OK to close the window and accept the settings.

For additional information describing each of the settings made above, please click F1
key on your keyboard while the Design Options window is active to bring you to the
Design Options section of the Help file.

Design Options

ight + 0.70 x Dead load + 1.00 x Hyperstatic +

+ 0.90 x Dead load + 1.00 x Hyperstatic + -1.00 x EC

B Design Parameters

Consider Slendemess
Force Source
FEM Reaction Set

No
FEM Moments and larger of Tributary/FEM Axial
Strength Design:Global

Load Reduction Nao
Max Ltilization 1
Code ACI 31819
Analysis Methodology PCA Contour Method
Fame Beta Factor 065
Compression Stress Block Rectangular
Design Constraints:
(As./Ag) Maximum 3%
(A= Ag) Minimum 1%
Cancel
FIGURE 15-12
e From the Level Manager toolbar, click the Multi-Level mode ' icon.
e Use the Bottom Quick Access toolbar and select the Top-Front-Right View @
icon.
e Make sure only the Columns are visible by going to the Visibility Grid and

making sure only Column is checked.

278



IiRisA

In the Visibility panel Structure section, click on the + sign next to All.

In the All Structural Components window that opens, uncheck the box in the
Column row under the Label column.

Click Close to close the All Structural Components dialog window.

Go to Column Design 2Design and click the Solve ’ icon.
Select the 18 x 30 Lower Design Group as shown in FIGURE 15-13.

Design Group Selection X

Code Check Cancel

FIGURE 15-13

Click the Code Check button. This will initiate the code check process for this
design group.

After the code check process is completed, go to the Results View panel Analysis
tab and select the Column 2Individual Column Design Results options for Status
and NvM Utilization. Note both must be viewed separately. FIGURE 15-14
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). If the column code check were
to show that some of our columns will need to be revised to come to a code
compliant design, the user can revise the sizes of the columns and
reinforcement in the section type and iteratively code check the columns until
they pass.
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R 5 Results View: ULS-3_LR1_Wind_WC1a Ll = |
Il - =Y 7
- 7| tosds Anaysis Colorize Display Settings
 Slab
f Column
) Deformation
[
@ Action (Combination)
0 Action (Dead load (Drift:6)
& Individual Column Design Results
O status (0K)
T - (Oxm V&T Utilization (0K)
o 0T xm NvsM Utilization (OK)
ol 1 7. Design Loads
T - = 7., Axial Capacity
=T Olm Rho
P L~ # Beam
1 o o Wall
- % Load Takedown

Column, Individual Column Design Results, NvsM Utilization
NA -
Acceptable S

07
=
Unacceptable - e

=
o

FIGURE 15-14

® To check results for an individual column assigned to the group, select any
column that was checked, go to Column Design 2Reports and click the Detailed
Report icon. A full design summary produced as an XLS document will be
opened as shown partially in FIGURE 15-15.

Summary Report: 18 x 30 Lower Design Status IEEEEERIE
Input Parameters and Criteria

General Section Dimensions Concrete Material

Label: B-1 18 x 30 in f'c =6000 psi

ID: 6 I b Ag = 540 in2 Ec =4696.96 ksi

Section Type: 18 x 30 Low L d Reinforcement Steel Material

shape: | Rectangular 10 - #9 fy,vert =60 ksi

Design code:  ACI-318 18 s 2-#4@6in fy,horz =60 ksi

Type of run:  Code check clear cover = 2 in Es =29000 ksi

Axial/Bending Capacity Check
Interaction Diggram

Mnr Mns Mnr, Mns @ ©Pn = 0.9 kip Axial Capacity
00, 0w | Po = -3303 kip
2000 [~ 2000 N Pnmax = -2642.4 kip
200 M 20m ©Po = -2972.7 kip )
@Pn,max = -1717.56 kip
-1,000 _1000
a o
1,000 M 1000 M
0 500 1000 1500 o S0 10m 150
Governing Loads Axial/Bending Capacit Unity Check Status
Fuz = 0 kip @Pn = 0.9 kip [ Pass
Mur = 0.01 K-ft OMnr = 0.01 K-ft ®Mnar = 570.26 K-ft
Mus = 0.01 K-ft oMns = 0.01 K-ft @Mnas = 317.86 K-ft

GLCPM: ULS-7_-EQ2_SEIS

Shear Capacity Check

Loads Capacity Unity Check Status
Vur = 0 kip oVnr = 96.87 kip [ Pass
GLCr: ULS-7_-EQ2 SEIS

Vus = 0 kip oVns = 137.14 kip [ Pass

GLCs: ULS-7_-EQ2_SEIS

Reinforcement Ratio Check
10 - #9 As = 10in2 pmin = 0.01 Status
(As1=1in2) pmax = 0.08 rho = 0.0185 Pass

Detailed Report Loads i PMdata

FIGURE 15-15
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Wall Design

Like column design, having analyzed the structure for relevant Strength level combinations
including lateral and gravity loading effects, the design of shear walls can be performed. For this
tutorial, the design of shear walls will utilize the native ADAPT-Wall Designer that is integrated
within Builder. This tool is limited to the 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 Help File by clicking the F1 key on your keyboard while the software is open and
active.

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, assignment of Wall Piers and
Generation of Wall Sections must be performed.

16.1 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.

From the Level Manager toolbar, click the Multi-Level mode @ icon.

Reset the view of the model by selecting Clear All from the Results View panel.
This will turn off the view of any graphical results that were displayed previously
in the column design section. If the Clear All icon is not active move to the
Analysis tab of the Results View panel.

e Using the Bottom Quick Access toolbar, select the Top-Front-Right View @
icon.

®

e Go to Wall Design 2Visibility and click on the Walls Only icon. This will

change the view to show only the walls in the model.

Go to Wall Design 2Settings and click on the Define Pier Labels W icon.
Click the Add button to generate P2 and P3, as shown in FIGURE 16-1.
Select OK to close the Pier Labels window.
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NONE
P1
P2
P3

Add Delete Assign

OK Cancel

FIGURE 16-1

Select the shortest wall stack at the far left of the structure.

Go to Wall Design 2Settings and click on the Define Pier Labels W icon.
Select P1 and then click the Assign button. This will set the Pier designation for
the selected stack of walls to P1. Alternatively, this can be assigned through the
Properties Grid.

Repeat the wall stack selection process and assignment of piers for the middle
core (P2) and the wall stack to the far right (P3).

In the Results View panel, go to the Colorize tab and select Walls — Pier Type.
FIGURE 16-2 shows this selected view setting.

Wall
Pier Type

P1
P3
P2

FIGURE 16-2
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® Go to Wall Design 2Sections 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 16-3 shows the section cuts for all piers.
Each design section is uniquely identified by the Pier Label=> Level
ID>Top/Bottom—=>Wall ID. Note the section cuts will be displayed
automatically. To hide the cuts, in the Results View panel, go to the Analysis tab
and select Wall-> Design Section Results> Outline.

AN

NN

FIGURE 16-3

16.2 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 Go to Wall Design 2Design and click on the Wall Design Manager QD icon. The

Wall Design Manager will appear as shown in FIGURE 16-4. Note there are 3
walls in the P1 stack, therefore, 6 design sections listed for the pier.
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Wall Design X

| Design Section  Design Parameters Load Combinations  P-M Diagram  Wall Intersection |
Reinforcement
Copy Paste Display: Design Status w
Panel reinforcement
Vertical bars Horizontal bars Mo. of Curtains
i i1 ot =4 ~ @ 18 in =4 v @ 12 in Two v
[Jr2 —_— mi—
"[:]P3 Zone 1 reinforcement Zone 2 reinforcement [:]Syrnmetric
Mumber of bars 9 Number of bars 9
Vertical bar size #3 ~ Vertical bar size #B ~
Tie bar size #3 v Tie bar size #3 w
Tie spadng 9 in Tie spacing 9 in
Number of Curtains 3 Mumber of Curtsing 3
Mumber of Face bars 4 Number of Face bars 4
Face bar spacing 9 in Face bar spacing 9 in
[ single selection
Zone 1 Panel Zone 2
I
. 1y

oo ]

180.00
[® ] L
L
Cloze Update Design View Design Summary

FIGURE 16-4

e 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.

We will use all the defaults on the Design Section tab.
Select the Design Parameters tab at the top of the screen.
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Change the Check Boundary Elements option to No. Note, if we were to choose
Yes for checking the Boundary Elements only load combinations including a
seismic load case would be available for design.

For other inputs the default values will be used as shown in FIGURE 16-5. Note
for this tutorial the ADAPT Wall design tool will be used.

Design Section Design Parameters | oad Combinations P-M Diagram  Wall Intersection

Property Value

E Design Parameters
Design tool ADAPT Wall
Design Code ACI 2019
Max utilization 1
Check boundary elements No -
Phi bc 09
Phi.cc 0.65
Phi,sh 0.75

H Geometry
Section type Rectangular
Section length 14599 ft
Section thickness 11.999in
Qverall wall height. Hw 3751
Unsupported wall height, hu 13t

E Reinforcement properties
Rebar Library American
Panel vertical bar material MildSteel 1
Panel horizontal bar material MildSteel 1

Check boundary elements

Therk hroindans alameantz

FIGURE 16-5

Select the Load Combinations tab at the top of the Wall Design window.

In the top window, only Strength level combinations will be shown. Click the
Select All button to select all load combinations. If the button is inactive then all
load combinations are already selected.

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. If this option is not
available, you will have to run a multi-level analysis for the uncracked usage
case for those reactions to become available. This will set the reactions to be
used as those solved for the Uncracked usage case. For all other load cases set
the option to Strength Design: G. This will set the reactions for the Strength
Design usage case, as shown in FIGURE 16-6.
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Design Section Design Parameters Load Combinations  p-M Diagram  Wall Intersection

[fweight +0.90 x Dead load + 1.00 x Hyperstatic + 1.00 x EQ
0.70 fweight +0.70 x Dead load + 1.00 x Hyperstatic + 1.30
elfweight + 0.90 x Dead load + 1.00 x Hyperstatic-1.0 (

j % Dead load + 1.00 x

.00 x Hyperstatic-1.0

Select Combinations: Select All Select None

Load Case | Solution

Deadload Uncracked:G

EQ_X Strength Design:G
EQ_Y Strength Design:G
Hyperstatic Strength Design:G
Liveload  Uncracked:G

RooflL Strength Design:G
Selfweioht  Strength Desion:G

Envelope only applies to compression gravity loads

Assign to selected: | Uncracked R

FIGURE 16-6

Click the Design Section tab at the top of the Wall Design window.

Make sure all P1 design sections are selected and click the Code Check button.
After processing the sections, the code check results in unacceptable status. For
all sections and they are displayed in red.

e Unselect all design sections except the design section at the bottom of the wall
stack L1_Bot_1.

e Click the View Design Summary button at the bottom right of the window. The
design summary for the selected wall section will appear, as shown in FIGURE
16-7. 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.
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ADAPT Wall Design

Status: _
adapi-
Model: builder_multi- M vs M Util: 3.021
level_tutorial_ch18

Pier Label: P1
Design Section: L1_Bot_1 (Level 1 (EL 12.5) - 12.50f) Shear Util 1.956

Maximum 1.000
Design Code: ACIZ019
Dimension Governing Loads
Length = 15.00 fi Pu {kip} Vu { kip) Mu (kip-ft)  Utilization GLC
Thickness = 1200 in Axial -T18.810 -759.860 -18876.000 0.094 "ULS-5_-EQ1_LR1_SEIZ"
Lu = 13.00 f Flexure -287.860 1019.200 21759.000 3.021 "ULS-7_EQ1_SEIS"
Hw = 37.00 i Shear -287.860 1019.200 21759.000 1856 "ULS-7_EQ1_SEIZ"
Shear Design
Fys = &0.000 ksi
Fyv = 60.000 Esi Panel Bars Smax Avmin Ay oreq Ay prov Strength Check Spacing Check
Phish =0.750 {in} { in2/ft) { in2/ft) { in2ft)
Phive = 250.869 kip (2C)#4 @ 12.00 horz 18.00 0.2% 1.14 0.40 "OR"
Phivn = 520989 kip (2C)#4 @ 18.00 verd 18.00 0.36 0.36 027 "OK"
PhiVnmax = 1003877 kip
Flexure and Axial Design
Fc = 600000 psi
phib = 0.90
phic = 0.65 As As {min) CGS Curtains Spacing
upsagde.l bars in2 in2 in in
Aused = 0.00 in2 Zone 1 9-#5 71 216 1138 3 3.00
n= 800 Zone 2 9-#8 71 216 1.33 3 9.00
AusedfAprov vert = 0.00 P Diagram status:
Slenderness check Material statistics
Lui ft) Lufr Lufa Status Volume( yard3) Steel ratio(%c) Steel Density
13.00 4433 9.75 "O.K" 7222 0.66 0.01
Boundary element check
Method: “NIAY DuHw = 0.00

FIGURE 16-7

Close the HTML report and go back to the main program interface.

In the Wall Design window click the Design button. FIGURE 16-8 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 30-#8
bars but the interaction is still > 1.0.
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ADAPT Wall Design

Status: | Unacceptable |
adapt-
Model: builder_multi- M vz M Util 1.447
level_tutorial_ch18

Pier Label: P1
Design Section: L1_Bot_1 ( Level 1 (EL 12.5) - 12.50f) Shear Util: 1.554

Maximum 1.000
Design Code: ACI2018
Dimension Governing Loads
Length = 15.00 ft Pu (kip) Vu o [ kip) Mu (kip-ft}  Utilization GLC
Thickness = 1200 in Aocial -718.810 -759.580 -18876.000 0.051 "ULS-5_-EQ1_LR1_SEIS
Lu = 13.00 ft Flexure -287.860 1019.200 21755000 1.447 "ULS-T_EQ1_SEIS"
Hw = 37.00 fi Shear -287.860 1019200 21755.000 1554 "ULS-7_EQ1_SEIS"
Shear Design
Fys = 60.000 ksi
Fyv = &60.000 ksi Panel Bars Smax Avmin Avreg AV prov Strength Check Spacing Check
Phish =0.750 {in) { in2/m) { in2/t) { in2/t)
PhiVe = 250869 kip (2C) &4 @ 8 00 horz 18.00 029 114 060 e ok
PhiVn = 655983 kip (2C) 24 @ 12.00 vert 18.00 0.36 0.36 0.40 "o "o
Phi Vnmax = 1002577 kip
Flexure and Axial Design
Fc = 6000.00 psi
phib = 0.90
phic = 0.685 As As {min} CGS Curtains Spacing
E::::I bars in2 in2 in in
Aused = 0.04 in2 Zong 1 30-#3 2370 2186 4288 3 9.00
n= 0.00 Zone 2 30-#3 2370 2186 4288 3 8.00
AusedfAprov vert = 0.10 P Diagram status:
Slenderness check Material statistics
Lu( ft) Lufr Luf1g Status Volume( yard3) Steel ratio(%) Steel Density
13.00 4483 9.75 "OK" 7.222 219 0.03
Boundary element check
Method: MIA" DuiHw = 0.00

FIGURE 16-8

Close the HTML report and go back to the main program interface.
In the Wall Design window go to the Design Parameters tab, locate the Design
Constraints — Freeze zone bar size option and select No.

e Onthe Design Parameters tab, locate the Design Constraints — Freeze panel bar
size option and select No.

e |nput the values as shown below in FIGURE 16-9.

EH Design constraints
Freeze zone bar size No
Zone 1 minimum bar size Ha
:4]
Ha

Zone 1 maximum bar size 1

Zone 2 minimum bar size

Zone 2 maximum bar size #11

Freeze panel bar size No

Panel minimum vertical bar size Ha

Panel minimum horizontal bar size H3

Panel maximum vertical bar size #11

Panel maximum harizontal bar size H5 -
Autoupdate reinforcement Yes

Panel maximum horizontal bar size
Select panel maximum horizontal bar size

|
FIGURE 16-9
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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 16-10.

ADAPT Wall Design

Status: Acceptable
adapi-
Model: builder_multi- N vs M Util: 0.9584
level_tutorial_ch18

Pier Label: P1
Design Section: L1_Bot_1 ( Level 1 (EL 12.5) - 12.50ft) Shear Util: 1015

Maximum 1.000
Design Code: ACI2018
Dimension Governing Loads
Lengith = 15.00 fi Pu (kip) Vu (kip) Mu (kip-ft)  Utilization GLC
Thickness = 12.00 in Auial -718.810 -759.860 -18876.000 0.076 "ULS-5_-EQI1_LR1_SEIS
Lu = 1300 f Flexure -2587 860 1019.200 21759.000 0.984 "ULS-7_EQ1_SEIS"
Hw = 37.00 fi Shear -287.860 1019.200 21759.000 1.015 "ULS-7_EQ1_SEIS"
Shear Design
Fys = 60.000 ksi
Fyv = &60.000 ksi Panel Bars Smax Aymin Avreq Av prov Strength Check Spacing Check
Phish =0.750 {in} (InZff) { N2ty { in2ft)
PhiVe = 250969 kip (2C) #6 @ 6.00 horz 15.00 0.36 1.14 176 "OK" oK
Phivn = 1433989 kip (2C) #4 @ 12.00 vert 18.00 0.36 0.36 0.40 oK "o
PhiVnmax = 1003.877 kip
Flexure and Axial Design
Fc = 6000.00 psi
phib = 030
phic = 0865 As As {min) CGS Curtains Spacing
E:Q;I bars in2 in2 in in
Aused = 0.04 in2 Zone 1 23.#11 35.88 216 33.88 3 9.00
n= 2.00 Zone 2 23-#10 2921 215 33.88 3 9.00
Ausedfdprovvert = 0.10 PM Diagram status: "OK"
Slendemess chack Waterial statistics
Lui ft) Lufr Luf1g Status Volume( yard3) Steel ratio(%) Steel Density
13.00 4483 9.75 "OK" 7222 302 0.04
Boundary element check
Method R/A" DuwHw = 0.00

FIGURE 16-10

e 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.

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
2018 User Manual found in the Help Menu for more information. The instructions
below will define the process for producing common graphical and tabular results.

e Click the Close button to close the Wall Design Manager.

e From the Level Manager toolbar, click the Multi-Level mode @ icon if not
already in this view.
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Reset the view of the model by selecting Clear All from Result View panel. 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 View panel, go to the Analysis tab and select Wall — Design
Section Results—>Status. The design sections for P1 are shown as Acceptable in
FIGURE 16-11. 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.

Wiall, Design Section Results, Status

4

<

Qo
N
e

Bowrsp

=
MY

<

AR NN

FIGURE 16-11

Go to Reports 2Single Default reports 2Wall and select Wall Design Sections
and Wall Design Summary.
The XLS report contains the following sections.

o Project Information

o Reinforcement

o Geometry

o Governing Loads
An example of the XLS report sections for Reinforcement, Geometry and
Governing Loads are shown in FIGURE 16-12.
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E F G H | J K L M

1 |Pier IReference Plane  Design section ID Thickness fc Zone 1 vert. reinf  Zone 1 ties Zone 2vert. reinf  Zone 2 ties Panel vert. reinf  Panel horz. reinf  Mumber of curtains Status

2 P1 Level 3 (EL 37.5) L3 Top_11 11.99935408 4.000.00 9-#8 #@9%n 9-#8 #@%in #@12in #1@12in 2 Acceptable
3 |P1 Level 3 (EL 37.5) L3 Bot_11 11.99935408 4.000.00 9-#8 #@9%n 9-#8 #@%in #@12in #1@12in 2 Acceptable
4 Pt Level 2 (EL 25.5) L2 Top 6 11.99985408 4,000.00 9-#8 #1@29in 9-#8 #3@9in #.@12in #@o0n 2 Acceptable
5 |P1 Level 2 (EL 25.5) L2 Bot & 1199955408 4.000.00 9-#8 #@9n 12-#8 #@%n #@12in #@9in 2 Acceptable
6 |P1 Level 1 (EL 12.5) L1_Top_1 1199955408 4.000.00 9-#8 #@9n 10-#8 #@%n #@12in #1@12in 2 Acceptable
7 |P1 Level 1 (EL 12.5) L1_Bot_1 1199955408 4.000.00 11-#11 #@9n 10-#9 #@%n #@12in #0@12in 2 Acceptable
8 |P2 Roof (EL 79.6) L7 _Top_31 1199985408 4.000.00 3-#8 #@9n 3-#8 #@%in #@18in # @12in 2 NA

9 |P2 Roof (EL 79.6) L7 _Top_30 1199985408 4.000.00 3-#8 #@9n 3-#8 #@%in #@18in # @12in 2 NA
10 P2 Roof (EL 79.6) L7 _Top_29 1199955408 4.000.00 3-#8 #@9n 3-#8 #@9%in #@18in #@12in 2 NA

A B B D E F G H | J K

1 |Pier IReference plane  Design Section  Wall ID Section type Length Thickness Zone 1 length Zone 1 width Zone 2 length Zone 2 width
2 |P1 Level 3 (EL 37.5) L3 Top_11 11 Rectangular 179.9978112 11.99985408 NA NA NA NA

3 |P1 Level 3 (EL 37.5) L3 Bot 11 11 Rectangular 179.9978112 11.99985408 NA NA NA NA

4 |P1 Level 2 (EL 255) L2 Top_6 6 Rectangular 1799978112 11.99985408 NA NA NA 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 179.9976112 1199985408 NA NA NA NA

7P Level 1 (EL 12.5) L1_Bot_1 1 Rectangular 1799978112 11.99985408 NA NA NA NA

8 |P2 Roof (EL 79.5) L7 Top 1 31 Rectangular 119.9985408 11.99985408 NA NA NA NA

9 P2 Roof (EL 79.5) L7_Top_30 30 Rectangular 1799978112 11.99985408 NA NA NA NA

10 |P2 Roof (EL 79 5) L7 Top 29 29 Rectangular 119.9985408 11.99985408 NA NA NA NA

A B c 4] E F G H 1 Jd K L M N o P [*] R

1 [Pier [Reference Plane  Design section 1D Asial Utiization  GLC Pu [ Vu WMament Usiization GLC Py Mu Vu Shear UG GLC P

2 P Level 3 (EL 37 5) L3 Top_11 0042989116 “ULS_minus_S|_m 228 27 1587 5 506 58 0235039325 "ULS_munus_5[_m 22827 1587 5 506 58 0618035 "ULS mim  -228.27 1587 5

3 P Level 3 (EL 375) L3 Bot_11 0 046662942 "ULS_minus_5_m 24778 44915 50658 0673228711 "ULS_maws_7[_m 89 229 3948 4 39664 0619035 "ULS_mini 4776 44815
a P Level 2 (EL 26 5) 12 Top 6 0 091481227 “ULS_mi m 48577 3086 9 43874 0513167087 "ULS_miny m 17388 32874 354 52 0970804 "ULS mim 48577 -30965

5 1 Lew| 2 (EL265) L2 Bot 6 0.093934271 "ULS_mi 506.98 40005 43874 092098856 "ULS_minus_7[ m 18257 7992 35452 0070804 ULS_minu 50696 68005

6 P1 Level 1 (EL 125) 0139026764 “ULS_minus_5_ m 4227 7561 16374 0976572585 "ULS_minus_7|_m 26532 7707 10211 067723 “ULS_mimi 24339 65426
7P Level 1 (EL 125) L1 Bot_1 0131777048 “ULS_minus_s_m 6247 96055 6374 0.98570729 "ULS_mnus_7Lpl 25166 13480 55511 0.677236 "ULS_mim 26166 13480

8 P2 Rool EL 79 L7 Top_31

3 P2 Roof (EL 795) L7 Top_30

0o Dncf F1 706 17 Tan 20

FIGURE 16-12

e The PDF Wall Desigh Summary is a compilation of the summary reports for each
design section produced for the designed sections. These are like those
summary reports shown in the figures earlier in this 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 16-13 and 16-
14.

ADAPT Wall Design
Status: Acceptable
adapt-
Model: buider_rrulti- Nwvs MUl 0.984
level_tutorial_ch16

Pier Label: Pl
Design Section: L1_Bol_1( Level 1 (B 12.5) - 12.50t) Shear Ui 1015

Mexirrurn 1.000
Design Code: AC2019
Dimension Governing Loads
Length = 15.00 ft Pu (kip) Vu (kp) M (kipft)  Ullization [T
Thickness = 12.00 in Axial -718.810 -759.880 -18876.000 0076 "ULS-5 -E01_LR1_SBS"
Lu = 13.00 ft Fexure -287.860 1019.200 21759.000 0984 "ULS-7_B)_sBS'
Hv = 37.00 ft Shear -287.860 1019.200 21759.000 1015 "ULS-7_BE_sBS'
Shear Design
Fys = 60.000 ksi
Fyv = 60.000 ksi [Panel Bars Smax Avnin Av req Av prov Strength Check Spacing Check
Fhish =0.750 (in) (in2/ft) (in2/ft) (in2/ft)
FhiVc = 250969 kp (20) #6 @6.00 horz 1800 0.36 114 1.76 "OK" "0K"
FhiVn = 1438969 kp (20) #4 @12.00 vert 18.00 0.36 0.36 040 "OK" "oK*"
FhiVnmax = 1003.877 kip
HAexure and Axial Design
Fc = 6000.00 psi
phib = 0.90
phic = 065 As As (min) [se] Curtains Spacing
:g:bars in2 in2 in in
Aused = 0.04 in2 Zone 1 23-#11 3588 2.16 33.88 3 9.00
n= 200 Zone 2 23-#10 2921 2.16 33.88 3 9.00
Aused/Aprov vert = 0.10 AV Diagram status: "0K"
Slenderness check Material statistics
Luf 1) Lufr L6 Stalus Volure( yard3) Steel ratio(%)  Steel Density
13.00 44.83 975 "OK" 7222 3.02 0.04
Boundary element check
Method: "NA" DwHv = 000
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