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Adapt-Wall Designer Overview

ADAPT-Wall Designer (AWD) is an integrated design module for ADAPT-Builder and provides
tools for the design of reinforced concrete bearing and shear walls. The program includes
options for the design of zone-less (no boundary elements) walls including panel reinforcement
only, or walls with both boundary elements and panel reinforcement. This version of the
program is compatible with prismatic walls where the boundary elements are of the same
thickness as the wall panel. ADAPT-Wall Designer is currently compatible with ACI318-11 design
code. The program can operate as a standalone executable but is commonly accessed and used
through the integrated ADAPT-Builder GUI. For more information regarding usage and
functionality for wall design directly through ADAPT-Builder, refer to the ADAPT-Builder 20
Column & Wall Design Manual. This document focuses primarily on the back-end functionality
and theory related to the ADAPT-Wall Designer executable.

ADAPT-Builder also includes interoperability with the S-Concrete wall design application
providing the user with additional designh code selections, non-prismatic wall shapes (thickened
boundary elements) and seismic design requirements.

Wall design actions are generated natively using ADAPT-Edge or ADAPT-Floor Pro. The program
also includes the option to import wall reactions by use of the ADAPT-Integration Console from
ETABs for the design of walls using the ADAPT-Wall Designer. When multiple, global solutions
are captured within ADAPT-Builder using usage case modifiers, the user can select the solution
reactions when designing walls. See Figure 1-1.

Wall Design

Design Section | Design Parameters | Load Combinations | p-M Diagram | Wall Intersection

Service(Total Load) = 1.00 x Selfweight + 1.00 x Dead load + 1.00 x Live load + 1.00 x Prestressing
Service(Sustained Load) = 1.00 x Selfweight + 1.00 x Dead load + 0.30 x Live load + 1.00 x Prestre

Strength(Dead and Live) = 1.20 x Selfweight + 1.20 x Dead load + 1.60 x Live load + 1.00 x Hypers
Strength(Dead Load Only) = 1.40 x Selfweight + 1.40 x Dead load + 1.00 x Hyperstatic + 1.00 x Wi
Initial = 1.00 x Selfweight + 1.15 x Prestressing; IN[TIAL

<

Select Combinations: Select Al Select Mone

Load Case | Solution =

EEGILELE  Stiffnesss0:G

Hyperstatic Uncracked:G

Live load Stiffness50:G

Prestressing Uncracked:G

Selfweight  Stiffness50:G

Wind_P0 Stiffness50:G

wind P90 Stiffness50:G h
Envelope only applies to compression gravity loads

Assign to selected: | Stiffnesss0 W

Figure 1-1 Wall Design Load Combinations



ADAPT-Wall Designer operates silently and is fully integrated within the ADAPT-Builder user
interface. However, the application can be independently launched and used from accessing
the program executable file in C:\Program Files (x86)\ADAPT\ADAPT-Builder 2019\wall
design.exe. Walls that are modeled, analyzed, and processed using the wall designer are
evaluated as design sections at the top and bottom of each wall belonging to an assigned pier.
Individual wall design sections processed using ADAPT-Wall Designer are assigned an input data
file, NAME_OF_SECTION.AWL. These files can be opened directly from FILE>Open within the
ADAPT-Wall Designer interface. See Figure 1-2. The input files are stored in the WallDesign
folder located in the main model directory for ADAPT-Builder models where the wall designer is
used.
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Figure 1-2 ADAPT-Wall Designer User Interface
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Program Operability

The application operates in two modes:

e The investigation mode ("Calculate" button in AWD and “Code Check” button in
ADAPT-Builder) can be used to verify if the assumed design settings are sufficient to
satisfy the design requirements. In this mode, the program does not perform any
adjustments of reinforcement quantities but checks the current set of reinforcement
and wall properties against the selected design code requirements.

e The Auto-Design mode ("Auto Design" button in AWD and “Design” button in ADAPT-
Builder) allows for automatic selection of the amount of main horizontal and vertical
reinforcement for satisfy the requirements of flexure design (P-M Interaction) and shear
design. The Auto-Design functionality has also been extended on the design of boundary
zones, allowing for automatic selection of ties.
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Figure 2-1 ADAPT Wall Designer Operability Options
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Figure 2-2 ADAPT-Builder Wall Design Operability Options



The application operates internally using the US "Imperial" unit system. The AWD user interface
can operate in one of three possible unit systems" SI Metric, US Imperial, or MKS. It is possible
to convert a project from one set of units to the other, simply by selecting another unit system
using the menu item Options—>System of Units. The existing project (or new project) will
automatically get converted to the new unit system. Please note that multiple conversions may
lead to some insignificant loss of accuracy of floating-point numbers.

Several reinforcement tables are implemented in the program, which are available from the
General Settings pull-down menu item. The first selection "ASTM - US Extended Bars" was
adopted as a default, custom bar group. The remaining rebar tables are using ADAPT's standard
rebar definitions contained in the REBAR_DB.ADP file. When switching between different rebar
tables, the program will attempt to automatically convert previous selection of bar sizes, to
match the newly selected rebar table. However, the user should manually check if the program
selected bar size matches the needs of the project.

The program GUI is provisioned to support different design codes. However, currently only
ACI318-2011 is functional and implemented. For other design codes, the option for S-Concrete
can be selected in ADAPT-Builder from FEM—->Wall Design—> Design Parameters.

The current state of design/investigation can be saved and reopened using a project file ((AWD).
The file can contain both input and output values (if calculated).



ADAPT-Wall Designer Graphical User Interface (GUI)

The figures belo

parameters for ADAPT-Wall Designer. When using ADAPT-Builder’s user interface for wall design

w described the different input and output dialogue windows and associated

with AWD selected as the design tool, the parameters shown in the windows below are

replicated within Builder and mapped to wall designer for silent processing runs. The user is not
required to input values unless directly in these interfaces unless operating AWD independent of

ADAPT-Builder as a standalone application.

3.1 Genera

| Settings

E ADAPT-ShearWall 2017 - [D:\ ...-Design\WallDesign-8 (2017-01-00Tests\Input Data EQ4L49 E MEZZP-E2-1.AWL] e ]
File Edit Options Help
T e General Settings I Loads I Design I F-M interaction I Boundary Elements
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Auto Design
Lwall 1533795 Fu flex et ’—ED Pach " A5TM - LS Extended Bars
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[~ Zone-less Design for Flexure
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Phi.bc E]
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P-M Graph

v Include Avsiiary Curves

Boundary Elements

v Check Boundary Elements

Status

Code: American-4C1318 (2011) Units: American | 1/20/2017 1:43 PM

Figure 3-1 General Settings Input Window

Wall Dimensions — Inputs are required for wall length (ft, m), total wall height
(ft, m), thickness (in, mm), wall angle* (degrees), and story height (ft, m)

Concrete properties — Concrete compressive strengths for flexure and shear
(psi, MPa)

Reinforcement steel properties — Reinforcement yield strength for zone and
panel reinforcement (ksi, MPa) and rebar cover (in, mm)

Rebar Table — Reinforcement library for definition of rebar and calculation of
rebar (design mode). Options available are ASTM-US Extended, ASTM-US
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Customary, ASTM — US SI, Euro — BS, BPEL, DIN and CSA-Canada. Reinforcement
table data is found in the “rebar_db.adp” file located in the program files
directory.

e Partial safety factors — Strength reduction factors, Phi, for bending,
compression and shear.

e Check boxes controlling additional functionalities — Check of boundary element
stress limitation or maximum concrete strain and option for zone-less design in
flexure.

All fields in General Settings tab are strictly for input. *The value Angle is currently
ignored and reserved for future development. It is assumed that the wall is analyzed in
its local coordinate system, and the loads will be defined accordingly (Angle=0).
Therefore, no angle transformations are performed.

Loads

The Loads tab contains the factored forces and moments for all considered load
combinations. When utilizing AWD as the wall design option in ADAPT-Builder, the user
has the option of selecting which load combinations are to be processed for design.
Only combinations that include load cases with available solution reactions are available
to be selected. When working in AWD as a standalone application, the user must enter
the forces and moments in table format.

When using AWD as a standalone application, before entering the load values, the user
should resize the load table using the field Number of load cases. The load labels and
values can be entered manually into the grid control. The minimum and maximum
fields contained in this tab are recalculated internally and do not need to be input or
modified.
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Figure 3-1 Loading Input Window

3.3 Design

The Design tab contains both input and output fields. Depending on the mode of
operation (Investigation or Auto-design), some of the fields are for input only or can also
contain the output values. The following fields are the input fields of this dialogue
menu.

e Rebar size at left — Bar size for boundary zone left.

e Rebar size at right — Bar size for boundary zone right.

o Number of bars at left — Total bar quantity in boundary zone left.

o Number of bars at right — Total bar quantity in boundary zone right.

e Bar spacing at left — Bar spacing in boundary zone left in direction of wall
length.

e Bar spacing at right — Bar spacing in boundary zone right in direction of wall
length.

e Curtains at left — Number of bar rows at left boundary zone in direction
perpendicular to direction of wall length.
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e  Curtains at right — Number of bar rows at right boundary zone in direction
perpendicular to direction of wall length.

o Number of face bars at left (for boundary element design) — Number of bar
columns at left boundary zone in direction of wall length.

e Number of face bars at right (for boundary element design) — Number of bar
columns in right boundary zone in direction of wall length.

e Horizontal bar size — Horizontal bar size in panel.

e Vertical bar size — Vertical bar size in panel.

e Number of horizontal bars — Total bar quantity in panel of horizontal bars.

e Number of vertical bars — Total bar quantity in panel of vertical bars.

e Horizontal bar spacing — Bar spacing in panel of horizontal bars.

e Vertical bar spacing — Bar spacing in panel of vertical bars.
The fields in bold text are output fields in Auto-Design mode, but also serve as input
fields (initial values for design). The fields listed above in regular text are input fields
only. The remaining fields not listed above but shown in the image below are for output
only.

The schematic of rebar distribution for vertical bars is presented below.

L

Dy | Dp Distributed Rehars Dr | Dgp

—— Lumped Rebar

End hars are considered as a lumped rebar

Figure 3-3 Rebar Distribution in wall

When performing investigation or design, the program will display the status messages,
indicating success or failure conditions.



The auto-design algorithm operates such that the amount of left and right

reinforcement to satisfy the flexure condition can be automatically adjusted, however

there is no automatic adjustment of bar sizes (for left and right bars). The user selected
bar sizes are used. The auto-design of shear reinforcement (horizontal and vertical) can
result in program changing both the quantity and size of the bars.

B ADAPT-ShearWall 2016 - [D:\ ..R\Main\BuilderModules\WallDesign\Input Data EQ\_L49 E MEZZP-E2-1-debug.AWL] {ii-l
File Edit Options Help
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Status Code: AmericanaC1318 [2011) Units; American | B/16/201E 66 FM
Figure 3-4 Design Input Window
3.4 P-M Interaction

The P-M Interaction tab contains the interaction diagram for axial force and moment.
The interaction diagram in AWD is developed only the bending about the local r-r axis of
the wall. When AWD is selected as the design tool in ADAPT-Builder, the interaction
diagram is produced for the angle theta being 90 and 270 deg. This angle is measured
between the local r-r and s-s axes as defined for walls in Builder. There are no input
fields on this tab. The auxiliary curves can also be displayed if selected on the General
Settings tab.
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Figure 3-5 P-M Interaction Output Window - AWD
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Figure 3-6 P-M Interaction Output Window - Builder




3.5

Boundary Elements

The Boundary Elements tab allows investigation and design of boundary zones. In the
General Settings tab, the checkbox “Check boundary elements” has to be selected in
order to enable boundary element calculations. The user must select design method
("Stress > 0.2 fc" or "Strain > 0.003"). The load cases in the Loads tab need to have
appropriate flags input in the column “EQ” Set the flag as 0 for non-seismic and 1 for
seismic.

The input and output fields for boundary element ties are as follows in the graphical
representation of left and right boundary zones.

Compression on left side

Compression on right side

Cu

Figure 3-6 Left and Right Side Boundary Elements

The spacing parameters, hri, hs and hy, are linked to the input fields contained in the
Design tab. The value hr; is automatically calculated (non-input). Similarly the number of
legs associated with hr1, and h, are linked with input fields in the Design tab. The

13
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number of legs associated with hr; and hrs are input fields for investigation, and
calculated automatically (output fields) in auto-design mode.

The following field entry handling apply to the Boundary Element dialogue window:
o Tie size — Rebar size used for tie. Auto-calculated
e Smax — Maximum tie spacing. Auto-calculated

e (@ spacing — Tie spacing increment. Input for investigation and output for Auto-
design

e Boundary code — Output only
o Ld—Development length for vertical bars. Output only
e Ldh - Development length for horizontal bars. Output only

e Lzreq, Lz,prov — Required and provided confinement lengths. Output only

In Auto-design mode, the program will automatically calculate all fields, based on the
input specified in "Design" tab, and the selected method. In investigation mode, the
user is required to manually enter the input values, in particular number of tie legs.

The following caveats apply to the boundary element design and investigation modes.

e Zone reinforcement is calculated per ACI 318-11 for two cases: 1) When strain is
more than 0.003, and 2) When stress > 0.2 f'c. The user defines the method in
General Settings.

e  For Strain > 0.003 the curvature has to be calculated based on top nonlinear
lateral displacement of the wall due to seismic load. The user is required to
manually input D_u/H_w for this calculation.

e The load case for “EQ” must be set to 0 or 1 for non-seismic loading and seismic
loading.

e The definition of the horizontal dimensions depend on the compression side.
The parameter hry is on the right for the right zone and on the left for the left
zone.

e Ties are placed every single bar when horizontal distances are defined.

e Rebar placement is assumed to be filled from the end face towards inside of the
wall. Maximum number of bars at each end is Curtains x n_face
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Figure 3-7 Boundary Element Input Window
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4 Shear Wall Design Per ACI-318

This chapter summarizes the design code requirements and design procedure of regular and
special shear walls based on ACI 318 and the algorithm used for ADAPT Wall Designer (AWD).

Eboundaryr element
horizontal web reinforcement
= lhe_'| /—vertical web reinforcement
= . L] L] Ll ‘ . é Ll . L] _1_
- - - - - - - - - b]‘
(&3 == |
I,

Figure 4-1 Reinforcement Schematic for Special Structural Wall

The above schematic presents typical reinforcement of a special structural wall of rectangular
cross section. As a minimum, a special structural wall must contain distributed web (panel)
reinforcement in both horizontal and vertical directions. A special structural wall also includes
vertical reinforcement concentrated at the wall boundaries to provide additional resistance to
moment and axial force. Longitudinal reinforcement is enclosed in transverse reinforcement to
confine the concrete and restrain longitudinal rebar buckling.

A boundary element is a portion of a structural wall edge or opening that is strengthened by
both longitudinal and transverse reinforcement. Where combined seismic and gravity loading
results in high compressive demands on the edge, ACI 318 requires usage of a special boundary
element. These elements incorporate closely spaced transverse reinforcement enclosing the
vertical boundary bars, increasing compressive strain capacity of core concrete and restraining
longitudinal rebar buckling.

4.1 Minimum Reinforcement

For Regular structural walls, calculation of minimum distributed web reinforcement is
governed by ACI 318-11 section 11.4.6.3,

11.4.6.3 — Where shear reinforcement is required
by 11.4.6.1 or for strength and where 11.5.1 allows
torsion to be neglected, A, qin, for prestressed (except
as provided in 11.4.6.4) and nonprestressed members
shall be computed by

b s
= 0.75 [f1—2 (11-13)

v, min c
fyr

A

but shall not be less than (50b,,s)/fy,;.

and ACI 318-11 section 14.3.3
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14.3.3 — Minimum ratio of horizontal reinforcement
area to gross concrete area, p;, shall be:

(a) 0.0020 for deformed bars not larger than No. 5
with f, not less than 60,000 psi; or

(b) 0.0025 for other deformed bars; or

(c) 0.0020 for welded wire reinforcement not larger
than W31 or D31.

Minimum vertical reinforcement is also governed by ACI 318-11 section 14.3.2:

14.3.2 — Minimum ratio of vertical reinforcement area
to gross concrete area, gy, shall be:

(a) 0.0012 for deformed bars not larger than No. 5
with £, not less than 60,000 psi; or

(b) 0.0015 for other deformed bars; or

(c) 0.0012 for welded wire reinforcement not larger
than W31 or D31.

For special structural walls, calculation of minimum distributed web reinforcement is
also governed by ACI  318-11 section 21.9.2.1. The distributed web reinforcement
ratios, pi for vertical reinforcement and p: for horizontal reinforcement, must be at least
0.0025, except that p;and p: are permitted to be reduced if V, < AcAVf'c . Reinforcement
spacing each way is not to exceed 18 inches. At least two curtains (layers) of
reinforcement are required if V,, > 2A.AVfC.

21.9.2.1 — The distributed web reinforcement ratios,
p and py, for structural walls shall not be less than
0.0025, except that if 1, does not exceed Agyd, (T . py
and p; shall be permitted to be reduced to the values
required in 14.3. Reinforcement spacing each way in
structural walls shall not exceed 18 in. Reinforcement
contributing to V, shall be continuous and shall be
distributed across the shear plane.

The provision ACI 318 section 16.4.2 defines minimum amounts of vertical and
horizontal reinforcement for the walls.

16.4.2 — For precast, nonprestressed walls the
reinforcement shall be designed in accordance with
the provisions of Chapters 10 or 14, except that the
area of horizontal and vertical reinforcement each
shall be not less than 0.001A4, where Ag is the gross
cross-sectional area of the wa% panel. Spacing of rein-
forcement shall not exceed 5 times the wall thickness
nor 30 in. for interior walls nor 18 in. for exterior walls.




4.2

Wall Shear Strength Design

The design shear strength of a wall is equal the sum of concrete shear strength plus the
reinforcement shear strength as follows:

Vi 29V, + 9V,

The nominal shear strength of any section of the wall cannot exceed the requirements
of ACI 318-11 section 11.9.3 & 11.9.4

11.9.3 — V,, at any horizontal section for shear in
plane of wall shall not be taken greater than
10@ hd, where h is thickness of wall, and d is
defined in 11.9.4.

11.9.4 — For design for horizontal shear forces in
plane of wall, d shall be taken equal to 0.8¢,,. A larger
value of d, equal to the distance from extreme
compression fiber to center of force of all reinforce-
ment in tension, shall be permitted to be used when
determined by a strain compatibility analysis.

The value of shear strength provided by concrete Vc cannot exceed the requirements of
ACI 318-11 section  11.2.1.1:

11.2.1.1 — For members subject to shear and
flexure only,
V. =24,/f b,d (11-3)

If demand shear Vu exceeds ¢Vc, design of shear reinforcement for walls is governed by
requirements of ACI 318-11, section 11.9.9.

The calculation of shear web reinforcement is performed according to ACI 318-11
section 11.4.7.2:

11.4.7.2 — Where shear reinforcement perpendicular
to axis of member is used,

vV, = XL (11-15)

where A, is the area of shear reinforcement within
spacing s.

or by similar requirement of section 11.9.9.1:
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4.3

11.9.9.1 — Where I, exceeds ¢V, horizontal shear
reinforcement shall be provided to satisty Eq. (11-1)
and (11-2), where V; shall be computed by

v, = vyt (11-29)

where A, is area of horizontal shear reinforcement
within spacing s, and d is determined in accordance
with 11.9.4. Vertical shear reinforcement shall be
provided in accordance with 11.9.9.4.

The spacing of vertical shear reinforcement is governed by section 11.9.9.5:

11.9.9.5 — Spacing of vertical shear reinforcement
shall not exceed the smallest of £,/3, 3h, and 18 in.,
where £, is the overall length of the wall.

Wall P-M Strength Design

The strength calculations for structural walls resisting combined flexure and axial force
directly are similar to the calculations for concrete columns in accordance with
requirements of ACI 318-11 chapter 10.

Specifically, the calculations assume linear strain distribution, idealized stress-strain
relations for concrete and reinforcement, and material strain limits per ACI 318 § 10.2
and 10.3. Boundary elements and the wall web are considered effective. Portion of
vertical shear rebars which is more than required is included in moment calculations
with equal spaces.

For combined flexure and axial force in a wall, the strength reduction factor @ is
determined based on ACI 318-11 section 9.3.2.

9.3.2 — Strength reduction factor ¢ shall be as given in
9.3.2.1 through 9.3.2.7:

9.3.2.1 — Tension-controlled sections as
definedin 10.3.4............coiiiviiiiiiienn.... 0290
(See also 9.3.2.7)




9.3.2.2 — Compression-controlled sections, as
defined in 10.3.3:

(a) Members with spiral reinforcement
conforming to 10.9.3........coiiiii, 0.75

(b) Other reinforced members ..................cccoeve. 0.65

For sections in which the net tensile strain in the
extreme tension steel at nominal strength, &. is
between the limits for compression-controlled and
tension-controlled sections, ¢ shall be permitted to be
linearly increased from that for compression-controlled
sections to 0.90 as g increases from the compression-
controlled strain limit to 0.005.

For this purpose, et is defined as the net tensile strain in the extreme tension steel when
the section reaches nominal strength (ecu = 0.003). If et > 0.005, ¢ = 0.9. If et < fy (taken
as 0.002 for Grade 60), @ = 0.65 for tied boundary elements or 0.75 for spiral reinforced
boundary elements. The value of ¢ is interpolated for intermediate values of et.

The maximum nominal compression force strength is given by ACI 318-11 section
10.3.6:

10.3.6 — Design axial strength ¢P,, of compression
members shall not be taken greater than @Pp max.
computed by Eq. (10-1) or (10-2).

10.3.6.1 — For nonprestressed members with spiral
reinforcement conforming to 7.10.4 or composite
members conforming to 10.13:

OPp,max = 0.854[0.851; (Ag - Agy) + f,As]  (10-1)

10.3.6.2 — For nonprestressed members with tie
reinforcement conforming to 7.10.5:

P 1, max = 0.809[0.857; (Ag - Ag) + [,Ag,]  (10-2)

The maximum nominal tension force that the wall can carry is given by ACI 318-11
Pot= fyAs

The program uses the requirements of strain compatibility to determine the nominal
axial strength and moment strength (Pn, M) of the wall pier. The coordinates of these
points are determined by rotating linear strain line on the section of the wall pier. the
maximum concrete strain is always taken as —0.003 and the maximum steel strain is
varied from -0.003 to plus infinity. When the steel strain is -0.003, the maximum
compressive force in the wall pier, P, is obtained from the strain compatibility analysis.
When the steel strain is plus infinity, the maximum tensile force in the wall pier, Pot, is
obtained.
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The compressive stress in the concrete is calculated (ACI 10.2.7.1) as follows:
0.85f‘c[31 ctp

The value of B is determined from ACI 318-11 section 10.2.7.3

10.2.7.3 — For f! between 2500 and 4000 psi, £,
shall be taken as 0.85. For f! above 4000 psi, B4 shall
be reduced linearly at a rate of 0.05 for each 1000 psi
of strength in excess of 4000 psi, but 4 shall not be
taken less than 0.65.

The following schematic illustrates the strains and the stresses in the wall under ULS
design condition:

i
=<
strains 10,003
internal forces Pues WM
and stresses N Ify
[ITH] Tossf
s

Figure 4-2 Ultimate Limit State Stress/Strain Condition in wall

The computer algorithm implemented in ADAPT Wall Designer considers loading cases,
where either left or right side of the wall is in compression. The following schematics
illustrate such conditions, together with relevant notation.
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Compression on left side

Figure 4-3 Schematic of wall zones in compression

4.4 Special Boundary Elements

ACI 318 provides two methods for determining whether special boundary elements are
required. The preferred method (Method "Strain > 0.003") (ACI 318 section 21.9.6.2):

21.9.6.2 — This section applies to walls or wall piers
that are effectively continuous from the base of structure
to top of wall and designed to have a single critical
section for flexure and axial loads. Walls not satisfying
these requirements shall be designed by 21.9.6.3.

(a) Compression zones shall be reinforced with
special boundary elements where

¢
> tw 21-8
€= 800(3,/h,,) (21-8)
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c in Eq. (21-8) corresponds to the largest neutral
axis depth calculated for the factored axial force and
nominal moment strength consistent with the design
displacement §,. Ratio &,/h,, in Eq. (21-8) shall not
be taken less than 0.007;

(b) Where special boundary elements are required
by 21.9.6.2(a), the special boundary element
reinforcement shall extend vertically from the critical
section a distance not less than the larger of ¢, or
M, 14V,

The method applies to walls that are effectively continuous from base of structure to
top of wall or segment and designed to have a single critical section for flexure and axial
force.

To use this method, the seismic force-resisting system is first sized and then analyzed to
determine the top-level design displacement du and corresponding maximum value of

wall axial force Pu. The flexural compression depth c corresponding to nominal moment
strength Mn,CS under axial force Pu is then calculated. If the compression zone exceeds:

J'Il‘

CZ2 ———
~ 600 (5./7,)

(ACI 318 Eq. 21-8)

Where hw refers to total wall height from critical section to top of wall, then special
boundary elements are required. Where special boundary elements are required by
Method I, they must extend vertically above and below the critical section a distance
not less than the greater of lw and Mu,CS/4Vu,CS.

The second method (Method "Stress > 0.2 fc") for determining if special boundary
elements are required, is based on nominal compressive stress (ACI 318 section
21.9.6.3).

21.9.6.3 — Structural walls not designed to the
provisions of 21.9.6.2 shall have special boundary
elements at boundaries and edges around openings of
structural walls where the maximum extreme fiber
compressive stress, corresponding to load combinations
including earthquake effects, E, exceeds 0.2f{. The
special boundary element shall be permitted to be
discontinued where the calculated compressive stress
is less than 0.15f, . Stresses shall be calculated for the
factored forces using a linearly elastic model and gross
section properties. For walls with flanges, an effective
flange width as defined in 21.9.5.2 shall be used.

First, the seismic force-resisting system is sized and analyzed to determine axial forces
and moments under design load combinations. Using a gross-section model of the wall
cross section, nominal stress at wall edges is calculated from s = Pu/Ag + Mux/Sgx +



Muy/Sgy. Special boundary elements are required at an edge if nominal stress exceeds
0.2f’c. If a special boundary element is required, it must be continued vertically (upward
and downward) until compressive stress drops below 0.15f'c. Method "Stress > 0.2 fc"
can be used for any wall. The preferred use is for irregular or discontinuous walls for
which Method "Strain > 0.003" does not apply.

Where a special boundary element is required, ACI 318 section 21.9.6.4 (a) requires it to
extend horizontally from the wall edge a distance not less than the greater of c - 0.1lw
and c/2. Flexural compression depth c is calculated at nominal moment strength Mn,CS
under maximum axial force Pu.

(a) The boundary element shall extend horizontally
from the extreme compression fiber a distance not
less than the larger of ¢ - 0.1¢,, and ¢f2, where cis
the largest neutral axis depth calculated for the
factored axial force and nominal moment strength
consistent with &;

: [y 2 max (c— 0.1/
|

c/2)

h, = max spacing of hoop or tie legs < 14 in.

w?

|
| rhoop sets @ s £ min b/3
/- 6d,, longitudinal

Ml (14—}1;,)_
= 4+ 3 in.

17 i

61n.

SRR ~-1| Hoops/crossties also satisfy
——— A, = 0.095b,.f /fy(

> 5=
e
and ACI 318 § 7.10.1
X j‘_zfa‘hor[dr_—| L
Straight or standard bar offset,

<6in.

anchored 2 1, or /; in confined core

Special boundary elements must have transverse confinement reinforcement satisfying
requirements of ACI 318-11 section21.6.4.4(b) & 7.10.5.1:

21.6.4.4 — The amount of transverse reinforcement
required in (a) or (b) shall be provided unless a larger
amount is required by 21.6.5.
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Spacing of transverse reinforcement shall satisfy requirements of ACI 318-11 section

21.9.6.2-4:

(b) The total cross-sectional area of rectangular
hoop reinforcement, Agp, shall not be less than
required by Eq. (21-4) and (21-5)

sb_flrr A,
Ay, =03 ”K_s.)_q (21-4)
fyt Ach
sb. T,
A, =009 —=5 (21-5)
yt
7.10.5.1 — All nonprestressed bars shall be

enclosed by transverse ties, at least No. 3 in size for
longitudinal bars No. 10 or smaller, and at least No. 4
in size for No. 11, No. 14, No. 18, and bundled longitudinal
bars. Deformed wire or welded wire reinforcement of
equivalent area shall be permitted.

(c) The boundary element transverse reinforcement
shall satisfy the requirements of 21.6.4.2 through
21.6.4.4, except Eq. (21-4) need not be satisfied and
the ftransverse reinforcement spacing limit of
21.6.4.3(a) shall be one-third of the least dimension
of the boundary element;

21.6.4.3 — Spacing of transverse reinforcement

along the length ¢, of the member shall not exceed the
smallest of (a), (b), and (c):

(a) One-quarter of the minimum member dimension;

(b) Six times the diameter of the smallest longitu-
dinal bar; and

(c) 84, as defined by Eq. (21-2)

(21-2)

14-h
X
s _—4+( J

The value of s, shall not exceed 6 in. and need not be
taken less than 4 in.

At wall boundaries where special boundary elements are not required, ACI 318 section
21.9.6.5 requires usage of ordinary boundary elements if the boundary element
longitudinal reinforcement ratio As,be/Ag,be > 400/fy, where As,be/Ag,be is the local
ratio at the wall boundary only. The schematic of ordinary boundary element is

presented in the following image:




lye2max (c—0.11 , c¢/2)

|

|

]

| w2

Il h, = max spacing of hoop or tie legs < 14 in.
|

|

I

/-hoop sets @ s < 8 in.

Hoops/crossties also satisfy
7] ACI318§7.10.1

L]
LStandard hooks engaging vertical
edge reinforcement L

Where As,be/Ag,be < 400/fy, ACl 318 section 14.3.6 permits the section to be detailed
without ties enclosing the vertical reinforcement.

21.9.6.5 — Where special boundary elements are
not required by 21.9.6.2 or 21.9.6.3, (a) and (b) shall
be satisfied:

(a) If the longitudinal reinforcement ratio at the wall
boundary is greater than 400/f,, boundary transverse
reinforcement shall satisfy 21°6.4.2 and 21.9.6.4(a).
The maximum longitudinal spacing of transverse
reinforcement in the boundary shall not exceed 8 in.;

(b) Except when V,,in the plane of the wall is less than
A, Jf! , horizontal reinforcement terminating at the
edges of structural walls without boundary
elements shall have a standard hook engaging the
edge reinforcement or the edge reinforcement
shall be enclosed in U-stirrups having the same
size and spacing as, and spliced to, the horizontal
reinforcement.

At the interface with a footing, foundation mat, pile cap, or other support, longitudinal
reinforcement of structural walls must be fully developed in tension. Development
length "Ld" for vertical bars of special element anchored in footing is calculated based
on ACI 318-11 section 21.2.3 & 12.2.3.
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21.9.2.3 — Reinforcement in structural walls shall be
developed or spliced for f, in tension in accordance
with Chapter 12, except:

(a) The effective depth of the member referenced in
12.10.3 shall be permitted to be taken as 0.8¢,, for
walls.

(b) The requirements of 12.11, 12.12, and 12.13
need not be satisfied.

(c) At locations where yielding of longitudinal reinforce-
ment is likely to occur as a result of lateral
displacements, development lengths of longitudinal
reinforcement shall be 1.25 times the values calculated
for £, in tension.

(d) Mechanical splices of reinforcement shall
conform to 21.1.6 and welded splices of reinforcement
shall conform to 21.1.7.

12.2.3 — For deformed bars or deformed wire, £4 shall be

3y wivevs d, (12-1)

40, [f! (Cb; Ku‘)
b

€y =

in which the confinement term (¢, + K/ )!dp, shall not
be taken greater than 2.5, and

K, = 404y (12-2)
tr= Tsp )

where h is the number of bars or wires being spliced
or developed along the plane of splitting. It shall be
permitted to use Ky, = 0 as a design simplification even
if transverse reinforcement is present.

Development length "Ldh" for horizontal web bars anchored in special elements is
calculated according to ACI 318-11 section 21.9.2.3 & 12.5.2.

12.5.2 — For deformed bars, g shall be (0.02yf,/
lﬁ)db with y, taken as 1.2 for epoxy-coated
reinforcement, and A taken as 0.75 for lightweight
concrete. For other cases, y, and A shall be taken as 1.0.

12.5.3 — Length €44 in 12.5.2 shall be permitted to be
multiplied by the following applicable factors:

(a) For No. 11 bar and smaller hooks with side cover
(normal to plane of hook) not less than 2-1/2 in., and

for 90-degree hook with cover on bar extension
beyond hook not less than 2 in. ...................... 0.7




4.5 Wall Slenderness Checks

The algorithm implemented in ADAPT Wall Designer calculates the slenderness ratio of
the wall as follows:

lu/r
where:
lu - clear story height

r - radius of gyration of the wall
Slenderness ratio is checked against the limiting condition:

lu/r<34

which is equivalent to the ACI 318 requirement:

— <34 - 12(W/My) < 40 (10-7)

The calculation of radius of gyration of a wall is done using simplified formula:

r=0.29*min (t, Lw)

Thin wall sections responding in flexure may be prone to out-of-plane buckling,
typically at higher ductility levels. The 1997 UBC prescribes a minimum wall
thickness of 1/16 the clear story height for walls that require boundary
confinement:

1921.6.6.6 Shear wall boundary zone detail requirements.
When required by Section 1921.6.6.1 through 1921.6.6.5, bound-
ary zones shall meet the following:

1. Dimensional requirements.

1.1 All portions of the boundary zones shall have a thick-
ness of I,/16 or greater.

The algorithm implemented in ADAPT Wall Designer checks the condition:
lu/16<t

where:

t - wall thickness
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lu - the length which is an input parameter, should be is taken as the
smaller of:

e The clear story height between floors bracing the wall in the out-of-
plane direction, and

e 2.5lp for single-curtain walls and walls with p greater than 200 / fye,
or 2.0lp for two-curtain walls with p less than or equal to 200 / fye.

e p =Llocal reinforcement ratio in boundary region of wall.

4.6 Wall Zone-less Design

The designs (investigation and auto-design) of ordinary walls can be performed in two
possible modes:

e Including the flexural zone rebar at wall ends.
e Excluding the flexural zone rebar at wall ends (zone-less design).

Zone-less design is controlled by a switch "ZonelLessDesign". This mode of operation is
pertaining only to ordinary walls without special boundary elements. If special zones are
selected, the zone-less design selection will be ignored.

If zone-less mode is selected, the program will ignore the input pertaining to the flexural
zone rebar, and assume that the number of zone bars ("BarCount_Left",
"BarCount_Right") is equal zero. In such case, the program will check or design the walls
flexural capacity (P-M Interaction check) assuming that the panel vertical shear rebar
are distributed over the entire length of the wall and it fully participates in flexural
capacity.

The input parameters (AWL file) for such models should be set as follows:
"ZonelLessDesign" 1
"BarCount_Left" 0
"BarCount_Right" 0

In the case where the program is run in investigation (calculate) mode the capacity of
the wall based on the assumed panel rebars will be code-checked.

In case program is run in auto-design mode, the design for shear will be followed for
iterative design for flexure, where the amount of panel rebar and bar sizes will be
increased to satisfy the flexural demand. If program is unable to satisfy the
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4.7

requirements for flexural capacity using distributed panel reinforcement, the auto-
design calculations will attempt to switch to design including zone reinforcement.

The operation of the auto-design algorithm including the zone-less designs can be
presented by the following pseudo-code:

e Design vertical panel rebar to satisfy the shear requirements.
e Test if boundary zones are required/selected and if so go to (6).

e Test if program is supposed to try to design using panel rebar only. If YES go to
next step (4), if NO go to step (6).

e Test if selected vertical panel shear rebar satisfy flexural requirements, and if so
stop (exit).

e Try to adjust vertical panel rebar (bar size spacing) to satisfy the flexural
requirements (PM interaction). If satisfied stop (exit).

e Design for flexure using the zone bars.

e Design for boundary zones if required.

Utilization Factors

The calculation of utilization factors is performed similarly to the approach used in the
S-CONCRETE program for use in the design of columns and walls within ADAPT-
Builder. The following formulas (American Standards) are used for calculation of axial
and flexural utilization ratios:
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& N vs M [[EFEEET

For load cases that fall within the failure envelope, axial load and moment [HIPZLTS! is computed as follows:

American Standards

Utilization = — or £ (forN,<0) or T- (for N> 0)

[ I¥5 rome i

whichever is greater

British and Singapore Standards

M
Ctilization =— or
M

N (frNs0) o —Y(for N>0)
V. T

whichever is greater

Canadian Standards

P, M, Ne o ons Ny
Ctilization=—= o ——(for N, =0) or (for N,>0)
M, N : o :
whichever is greater
where M. M M =  Factored Bending Moment Applied

oM. M. M. = Mome apacity or Moment
Resistance evaluated at the applied
aaal load N, N, Ny

N.. N N: Factored Axial Load Applied

N: s
T

Axial Load Capacity in Compression
Axial Load Capacity in Tension

Axial utilization is the ratio of the ultimate applied axial load Pu divided by axial capacity
of the section ¢*Pn.

Moment utilization is the ratio of ultimate applied moment Mu divided by the moment
capacity ¢*Mn evaluated at the level of applied axial load Pu.

The calculations of utilization ratios for shear are performed using the following
formula:

Utilization= Vu/ ($*Vn), where Vn=Vc+Vs.

The program selects maximum values from each load case under consideration. The
governing load case number is also reported for each of these.
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