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Table R18.10.1 —Governiné design provisions\for vertical wall segments!!!

Clear height of vertical wall ’ Length of vertical wg{l segment/wall thickness (£,/b,)
segment/length of vertical
wall segment, (k,/£,) \ /b)) <25 2.5<(¢£,/b,) <6.0 (¢./b,) > 6.0
h/t,<2.0 i Wall Wall Wall

. . . Wall pier required to satisfy
1 . .
Wall pier required to satisfy specified column design

ifi 1 i . f

h/€,>2.0 spect _ed column design requirements or alternative Wall
requirements; refer to .

requirements; refer to

’ 18.10.8.1 ‘ 18.10.8.1 ’

[, is the clear height, £, is the horizontal ]éngth, and b,, is the width of the weblof the wall segment.
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(a} Rectangular shape {b} "Bar bell” shape

T LLI

(c) Flanged walis in common T, L, C, and | shapes

Coupilng beam \

{d} Posmble conhguranon of a core wall
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Mehle, 2014:

Although ACI 318 has no prescriptive minimum thickness, 8 in (200 mm) is a practical lower limit for special structural
walls. Construction and performance generally are improved if wall thickness is at least 12 in (300 mm) where special
boundary elements are used and at least 10 in (250 mm) elsewhere. Walls that incorporate coupling beams require
minimum thickness around 14 in (350 mm) to accommodate reinforcement and required cover and bar spacing, although
16 in (400 mm) is a practical minimum where diagonally reinforced coupling beams are used. Flanges and enlarged
boundary sections are helpful to stabilize boundaries and anchor reinforcement from adjacent members
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V,=V, +V, (Y-1v-41)

11.5.4 In-plane shear

11.54.3 V, at any horizontal section shall not exceed
0.83,/f hd

11.5.4.4 V,, shall be calculated by:

Vo=V, +V, (11.54.4)

)5yl laio 1381 o) 3Bl G99yl Sl i )load 22 )y YD &S (590 53 9 5o SIS Y18l o9 bawgs G9b g0 @
A5 (50 )3bo 08 plany ydge )3 9 305 ab inlad ) (p

www.hoseinzadeh.net https://telegram.me/hoseinzadehasl  Cawl gloMy "guin )53 L' 695> (pal Lllao )Lkl v




Ay 51923 53 3)8Le Juoys HiSIas g JSlas-slesl  WWAA/
@5 3,8 30y> J8las
(c329) 0L pdy Kb slojlw sla,lgro V-¥.-4
88l 5 o306 olazel 50 5 S gud 40 lg0 alaiie IS ay,55le )] alatie prlaw Caod slojle sl lgin Ho V-Y-Y-Ye-Q

3025 0.083A0 AT 51 Vi fes e 53 35750 b st 538 450 S bl 1+ YD §) S il
Bed Cule ) F-IV- 0n Lules Wil jless 0 Pf 03B Lig « Pr o 28l5L5 0550 o, Ko JBlas (gl cdl> (o .aiSS

(u) 9 (u.ll) )g’él.aa Lt ﬁlﬁ J..:‘L.» Pr 9 P J§|A> Cawl Vu 205¢I/c At J$|¢ ‘;a).g ‘5‘}3 as LS‘))‘}‘ ) Y-£-17-4
D9d jslate pj

(Jg g 418, Lai s ofe VD o (F-IV-) alayl) 5 codaculone Hlade 90 o 28,5 b ol 2l o) JBlos — a1

B last Tan Y-P-1V-0 00y ;0 cod dawlxe P Jlade 5| cans p3Y

£ >0.0025 +0.5[2.5—?—w](p, —0.0025) (F-1Y-9)

D9 43S Jaiyo [+ YO L plp ol pp Sl oo

11.6.2 If in-plane V,,>0.5¢ V., (a) and (b) shall be satisfied:

(a) p, shall be at least the greater of the value calculated by
Eq. (11.6.2) and 0.0025, but need not exceed p, in accor-
dance with Table 11.6.1.

pe>0.0025 + 0.5(2.5 — hy/t,)(p,— 0.0025)  (11.6.2)

(b) p, shall be at least 0.0025
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18.10.2.1 The distributed web reinforcement ratios, ps and py, for structural walls shall be at
least 0.0025, except that if ¥, does not exceed MA.[f Aev, pr shall be permitted to be

reduced to the values in 11.6. 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.
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CHAPTER 11—WALLS

11.7—Reinforcement detailing
11.7.4 Lateral support of longitudinal reinforcement

11.7.4.1 If longitudinal reinforcement is required for axial
strength or if A, exceeds 0.01A4,, longitudinal reinforcement
shall be laterally supported by transverse ties.
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James K. Wight (2016):
Distributed wall steel placed in two separate curtains can be tied through the thickness of the wall using stirrups or through-the-wall
cross-ties engaging reinforcement on both faces of the wall. Although the ACI Code does not specify what fraction of the bars should
be tied in this manner, it is customary for such ties to engage every second or third bar each way on both faces [18-21].
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Moehle, 2014:

13.2.6 Wall Reinforcement

Figure 13.12 illustrates typical reinforcement for a rectangular special structural wall. As a minimum,
a wall must have distributed web reinforcement in both horizontal and vertical directions. Commonly,
walls also have vertical reinforcement concentrated at wall boundaries to provide additional
resistance to moment and axial forces. Longitudinal boundary element reinforcement usually is
enclosed in transverse reinforcement to confine the concrete and restrain longitudinal bar buckling. In
some practices, crossties also are used to restrain buckling of web vertical reinforcement.

E Boundary element
Horizontal web reinforcement

r—fbe—j / /— Vertical web reinforcement

FIGURE 13.12 Typical reinforcement for rectangular wall.

In U.S. practice, the distributed web reinforcement ratios, p; for vertical reinforcement and p, for
horizontal reinforcement, must be at least 0.0025, exceptp; and p, are permitted to be reduced if

V, SA Af, > psi (A, A\ff] 112, MPa). See Table 13.1. Reinforcement spacing each way is not to
exceed 18 in (457 mm). At least two curtains (layers) of reinforcement are required if V_ > 24 ﬂj,\/f,
psi (A, A f/i6, MPa) or h, /I, > 2.0, in which i, and /,, refer to height and length of the entire wall,

respectively. Reinforcement p, also is to be designed for wall shear forces. Finally, if 4./, <2, p; is
not to be less than the provided p,, ACI 318 has no requirements about which distributed

reinforcement (vertical or horizontal) should be in the outer layer, although lap splices of vertical
reinforcement will perform better if horizontal bars are placed outside the vertical bars as shown in
Figure 13.12.
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'y
Develop for f, past opening,
top and bottom

a< 0.15f,
A; be/Agpe > 2.8/ f,MPa:
ordinary boundary element required.

v elementrequired.

P 0<0.2f,

8 Asbe/Ag.e >2.8/f,MPa (—h— See Note below.

5 [ ordinary boundary o>0.2f;: Along this height:
2~ element req'd. special boundary b=h, /16

Note: Requirement for special boundary element is triggered if o> 0.2f.
Once triggered, the special boundary element extends until o< 0.15f..
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Special
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element — Max. 2
2 (4 for 1.25f, l i \ i\
(or hook as req'd.) —

Boundary element not
near edge of footing

N Boundary element near edge
of footing or other support

\—Critical section per 18.10.6.2

(a) Wall with h,, /¢ ,,2 2.0 and a single critical section controlled by flexure and
axial load designed using 18.10.6.2, 18.10.6.4, and 18.10.6.5

— o2 0.2f'¢
Special boundary
element required

Develop for f, past opening,
top and bottom

0<0.2f,

2.8 .

}/i» fy
Ties per 18.10.6.5

y
Ties not required

o <0.15f,
2.8

P>T

B—F-Y-Y+-q

o > 0.2f;. Special boundary
b> hy element required,
16 See Notes.

1

i

Notes: Requirement for special boundary element is triggered if maximum extreme fiber
compressive stress g 2 0.2f°;. Once triggered, the special boundary element extends

until o < 0.15f’. Since hy/¢,,52.0, 18.10.6.4(c) does not apply.

(b) Wall and wall pier designed using 18.10.6.3, 18.10.6.4, and 18.10.6.5.
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350-h
100+( 3 ")mm

150 mm
Hoops/crossties also satisfy requirements for
Iongitudinal bar restraint and

sb " 0.09f,/f,. 203 (—— - 1)

oV e 0
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le—21 01l L
& e _.l Straight or standard bar offset,

<150 mm anchored 2 1y, or I, in confined core
(a) Special boundary element

IPerimeter hoop—j Supplemental crosstiesj
I il
A S / 7]

o/ o/ o/ o JJ

[Venical web reinforcement

—Through web
crosstie

o
&

|
B f1<2b; -|  Horizontal web—
e reinforcement, A,

(a) Perimeter hoop with supplemental 135-degree crossties and 135-degree crossties
supporting distributed web longitudinal reinforcement.

Hoop Overlap

Supplemental crossties—,  at least min. of
/1
/| (150mm and 2b/3) —Hoop #2

Hoop #1 7 /\ o = [
| A A < .

2 5
1
Horizontal web— \“Through web
reinforcement, A, crosstie

N E—
(b) Overlapping hoop with supplemental 135-degree crossties and 135-degree crossties
supporting distributed web longitudinal reinforcement.
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Ag = 1225 = Jgb (so)gilo)l 0L ;0 S500mm % 500mm ojug (4 Hlgd SO @ @leio (gjpo ol ghios sl
Al 468 P10 1) Lo gols b8 3ib ;0 5890mm?
f¢ =25MPa , F, =400MPa, F, =300MPa
el sl (gjp0 lall Job )3 1) S5 Jeolgd
50

(<] & B Mo a=270

50

eld blie JSW 2,b 5l eslatil ()0,5 L jEwly

2 2
hy, = 5(500 — 80 — 20 — 25) = 250 mm < min (— x 500, 300) OK.

3
b 500 166 \
3=3 = mm |
6d, = 150mm Smax = 133 mm
350 — 250

So =100 + (—) =133 mm - sy, = 133 mm
A fe 5002 25 )
0.3 (—g— )—C =03|-—=——=—-1]=—=10.0104

Acn Fy (500 — 80)?2 300

0.0104

25
0.09 — = 0.0075
yt

Agp =1 X 52(2 + Sina + Cosa) = 262.6 mm* _ 0.62
sh, = s(500 — 80) B

> 0.0104 -»s<59mm - Uses=50mm

9 Gl 50 mm oye (5loygiloyl Juolgd 3k §98 ghio )5 palply
S5 1 10 S5 (gl @ Lo (gly S a3 §98 2 pb annl yigd palplis 9 Gt Cwslio (ol Blod 4y s=50 mm jlade
b yinlidl SIS Fy Sl b g 394 o3lasiwl @12
Al aoldl (gl g0 @ b dinb WS )3 (5ire ol )d 0ye (o3, The (et B Gligiw SVSy e

:— lpe 2 max (¢ - 0.11,, ¢/2)
h, = max spacing of supported bars < min { 350 mm g—b }

Hoop sets @ s<minq b/3
/ 6d,, (5d, for S520)

350-h
100+( 3 ")mm

150 mm

Hoops/crossties also satisfy requirements for
longitudinal bar restraint and

—
[«))

Agp , (Ag ) Je
-Sb—c = 0.09fc/fy, 203 —E -1 7—;

|
le— 21 0Or | L
& e _.l Straight or standard bar offset,

<150mm anchored 2 1y, or I, in confined core

(a) Special boundary element
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Y b

gliio 2o b 16 lane S5

AL @12 408y oye ygila)l jl g AL yj JSib Gallao (0ye () Xhre il 34iS o)8

fl =25MPa, F,=400MPa, F, =300MPa
50
[ A
fayls lio JSib 2 yb 5l oslaiwl (08 b gl
500 — 80 — 24 — 25 2
h, = 3 =124 mm < min <§ X 500, 300) OK.
b 500 166
3="3 = mm
6d, = 150mm Smax = 150 mm
350 — 124
So = 100+(—) =175mm - s, = 150mm}

5002 25

0.3 (A—g— )f—cl =03[——— —1)|— = 0.0104\
Ao o (500 — 80)2 300

0.0104

25
0.09 — = 0.0075
Fye

Asp =4 X7 X 6% =45216 mm? _ 1.076
sh, = s(500 — 80) B

> 0.0104 -»s<103mm - Uses=100mm

9 azlge JSire b ghiie (s oy 1 30l9> 20 (idpe (5ly93le)] (soled jlgo oS S9b B3
Lo, > max (c - 0.1/, ¢/2)
h, = max spacing of supported bars < min { 350 mm g—b }

6d, (5d, for S520)

350-h
100 + ( 3 ") mm

150 mm

/Hoop sets @ s<minq b/3

Hoops/crossties also satisfy requirements for

longitudinal bar restraint and
e [0 o

—
[}
1

A A -’
= =009f./f,; 203 (—9— - 1)1.6_

|
2 lporly—| o o T
I‘t dh = tdt _.| Straight or standard bar offset,

<150 mm anchored 2 Iy, or Iy, in confined core

(a) Special boundary element
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I
J 1= lpe 2max (c - 0.11,,, ¢/2)
Ties not required [

/—‘— h, = max spacing of supported bars < 350 mm
: Hoopsets @s< ¥-Y.—4 J,.,,,]

As be/Agpe < 28/f, MPa

Ordinary |

boundary element A pelAg be > 2.8/, MPa

-+ Hoops/crossties also satisfy requirements
for longitudinal bar restraint

Special
boundary element

<«— (ritical section

Standard hooks engaging vertical —

edge reinforcement

(b) Ordinary boundary element where p,, > 2.8/f, MPa
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Horizontal web reinforcement, A,
fbe
by

e
I 2 L OF Lo Confined
<150 mm as appropriate core
(a)

Option with standard hooks or headed reinforcement

Boundary element Horizontal web
reinforcement, Ash7 reinforcement, AVW
: %

g

€ y B

-

| = (4 of the horizontal
<150 mm— web reinforcement
(b)

Option with straight developed reinforcement
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File Edit View Define|Draw Select

Reinfaorcing Bargizes...

Group Definitions..,

L& [ 52 ¢« |l£ Material Properties..
T M X Section Properties Y | Frame Sections..
it Spring Properties » | @ Tendon Sections..
Diaphragms... & Slab Sections...
E‘O Pier Labels &7 DeckSections..
M3 Spandrel Labels.. ] Wwall Sections..
B
X

Section Cuts.., Link/Supporgffroperties...

all Nenlinear Hinges...

=l Panel Zone...

Wall Property Data

Wall Properties

r General Data
rwall Property ——— ~Click ta: Froperty Name |Wa||35
Add Mew Property. . | | | Property Type Ispecified LI
Add Copy of Property... | “wall b aterial |C25 LI _I
Modify/Show Property... | Hotional Size D ata Modify/Show Notional Size... |
Delete Property | taodeling Type ISheII-Thin LI
Modifiers [Currently Default) todifp/Shaw... |
Dizplay Color Change... |
Property Motes Modifw/Show... |
r Property Data
Thickness 350 i
ok Cancel |
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mModel Explarer [:] Dirawy Joint Objects F=129(m)

_x M el | Displayl Tablesl A ‘{ Draw Beam/Column/Brace Objects b
B Model )
—I| & Propat [#1  Draw Floorall Objects » [™ DrawFloor/Wall (Plan, Elev, 30)
N & gtructu.re Layout %, DrawLinks D Draw Rectangular Floor/all {Plan, Elew)
! - Froperties —
D:\J [ Structural Objects -Ii Drave Grids [ ] Quick Draw Floor/iall (Plan, Elev)
rs1 =
ITI G
L=1 [ Laraups ) . . Eﬂ Draw Yalls (Plan)
= - Loads |-£4 Drawe Dirmension Lines —
'E:! G- Mamed Output ltems 7 _ iley  Quick Draw Walls (Plan)
o & Named Plots ) Draw Reference Paints =

,__
[C

~

-

Drawe Wfall Openings (Plan, Elew, 300
Dy Referenice Planes

Draw Section Cut..,

) |
O

ro

Drawy Developed Elevation Definition,.,

===
[
-
P
A

Drrawy Wiall Stacks (Plan, Elew, 300...

C|

Auto Draw Cladding...

==
[
=2

< | B 5B

Snap Options..

HH| ~ JI=

[y m Properties of Ohbject ] - X

Type of Area Fier

ps[a Property Wl L25

Flan Offzet Momal, n 0

Auto Pier/Spandrel IT ves

\\[& Line Drawing Type | Straight Line
Drawing Contral Type Mone < space bar

Flan Yiew - STORY4 -2 = 12.9 [m)]

RIGDE

STORYSG

STORYS

STORY4

STORY3

STORY2

STORY1

GROUND

BASE
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File Edit|"u"iew Define Draw  Select

@49 undo Ctrl+Z
- ﬁ" Redo Ctrl+Y
We” Cut Ctrl+X
A B copy
E Paste...
L
: 7 Delete Delete
r: @ Add to Model from Template
L2 dr| i Edit Stories and Grid Systems..
LE1
S| .l_ Add Grid Lines at Selected Joints..
L= |
E;_\}] Grid Options
IIZ Replicate.. Crl+R
RINY
[f] Extrude
™

=

.
s

Merge loints..

Divide Selected Shells

€ Cookie Cut Floor Objects at Selected Frame Objects
[l Exend Frames o Shell Edges

€ Cookie Cut Floor Objects at Selected Joints at

Degrees

4

]

Divide Quadrilaterals/Triangles into
0 Divide Quadilaterals/Triangles at

[ Intersections with Visible Grids
0 Selected.Jaint Objactz on Edges

O Intersections with Selected Frame Objects

Areas

ok || Cose |

Lk ¢
2 = Align Joints/Frames/Edges..  Shift+Ctrl+M ’
- «5  Move Joints/Frames/Shells.. Ctrl+M Divide Shells.., -
E ¥  Edit Frames Merge Shells
~ I:? Edit Shells Expand/Shrink Shells...
X{, Edit Links Split Shell Edges
ﬂ Remave Joints from Shells
. |~ Add/Edit Tendons
- e Chamfer Slab Corners..,
—_ A Add/Edit Design Strips
. Rewerse Wall Local 3 Axis
B> Auto Relabel Al DCivide Walls for Openings
Modify/Show Slab Edge Twype..
Tl Modify/Show Wall Curve Type...
D59 )19ya5 g e jl g 2L 4SSl yigy iz
7 6 5 4 3 2 1 5 4 3 2 1 T8
A A A A A A A A A A A A AlA
RIGDE RIGDE RIGDE
STORY6 STORY6 STORY6
STORYS STORYS STORYS
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A AA A A A A A
RIGDE
STORYG
P3P3P3[ST PZ P&
P2 P2 P2 P1 P1
P2 P2 P2 P1 P1 STORYS
P3P3P3[S1 PEPH
P2 P2 P2 P1 P1
P2P2P2| P1 P1 STORY4
P3P3P3[S1 PZ P&
P2 P2 P2 P1 P1
P2P2P2| P1 P1 STORY3
P3P3P3[S1 PEPH
P2 P2 P2 P1 P1
P2 P2 P2 P1 P1 STORY?2
P3P3P3[S1 PZ P&
P2 P2 P2 P1 P1
P2 P2 P2 P1 P1 STORYA
P3P3P3[ST P4 PZ
P2 P2 P2 P1 P1
P2 P2 P2 P1 P1 GROUND
P3P3P3[S1 P& P&
P2 P2 P2 P1 P1
P2 P2 P2 P1 P1 BASE
Roof
PIP1 P1 [P1| P
P2 P3 P4
P2 P5 |P5 P5 | 2nd
PIPI| P1 P1| P
- P3 P4
P5 |P5| P5 | Base

Wall Pier Labeling
Wall pier forces are output at the top and bottom of wall pier elements. Also, wall pier design is
only performed at stations located at the top and bottom of wall pier elements.

Db Wglatie W Hlgys sz 1L ¢l plo 251 6ddd Juastio

RIGDE

STORY6

STORYS

STORY4

STORY3

STORYZ2

STORYA

GROUND

L NS

|
a2l )l kS s NS

Because the wall piers are associated with story levels, wall pier labels can repeat at different
levels, as shown in the figure.

Wall Spandrel Labeling
Wall spandrel forces are output at the left and right ends of wall spandrel elements. Also, wall spandrel
design is only performed at stations located at the left and right ends of wall spandrel elements.

Roof
S1 S2
| 52 2nd
S1 S2
L (7 Base
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€ F o@D\ X)XE g o Sl » & Slab Section.. T
% Link ¥ |&p Deck Section..
~X Tendon v |1 Wall Section..
we Joint Loads » |E] Openings..
[fn Frame Loads v B Stiffness Modifiers..
4% Shell Loads » | = Thickness Overwrites..
% Tendonloads » £% Insertion Point..
E Diaphragms..
4% Edge Releases..
T2 Local Axes..
';% Area Springs...
& Additional Mass.. [ Modity/Show Dsfiritions |
S Pier Label.. ¢ ok | Oose | | ey |
my Spandrel Label..

www.hoseinzadeh.net https://telegram.me/hoseinzadehasl  Cawl @ilolMy "guin )33 L" 6952 (yl Lllao HLiisl YA




9>z prle)lh )5 by sl

WAA/

oy a5 iy

T e

T (olwl p o)l CuS)y3 B @aib 63,5 3)lg Preferences cawd )3 1) Sds g Rho wolyps b Lais )b cuS)yd sloyl 51 Jus e

File  Edit
Le H
(& A

& =]
N 41 Madel

Wiew

Define | Ciraww

I
=
1
=
By
v

Select  Assign

Material Properties...

d Combinations [ x]

Section Properties

Spring Properties

~ Combinations

Click to:

Add New Combo.

Add Copy of Comba..

ModilShow Combe...

Dielate Combo

Add Default Design Combos.

Corvert Combos ko Monlinear Cases... I

o |

Cancel |

Diaphragms..
Model ]Dispxaﬂ phrag

Pier Labels...

Spandrel Labels...

Group Definitions..

E{E Section Cuts...
* Functions
-5 NamedH . .
hY £ Generalized Displacements..,
'] & Mass Source..
| P& P-Delta Options..
E] M Modal Cases..
3 vl Load Pattems..
H =3 Shell Uniform Load Sets..,
| 12t Load Cases..
%, 5% Load Combinations...
H = Auto Construction Sequence Case..,
o v} Walking Vibrations..,
|
-, Performance Checks..
www.hoseinzadeh.net

-

Steel Frame Design

Il
- Compasite Beam Design
[ Cancrete Frame Design
¥ Concrete Shear wall Design

[T Concrete Slab Design

¥ Convert ta Liser Combinations [Editable]

0K Cancel
—
11

Load Combin:

v4

[~ Combinations

EE

Click. box

Add New Combo... |
Add Copy of Comba.. |
MadifysS hows Comba. I

Delete Combo |

Add Default Design Combos. .. |

Convert Combos to Nonlinear Cases... |

(1L

Cancel |

[~ Combinations

DCanl10
DContl
DCanl2
DConi3
DConld
DCanls
DConlB
DCanl?
DConld
DCanl1d
DCon2

DCon20
DCon21
DCon22

Click to:

Add Mew Combio,
&dd Copy of Comba.
Modify/Show Combo,

Delete Combo

#dd Default Design Combos |

Convert Combos to Norlinear Cases... I

OK Cancel |

https://telegram.me/hoseinzadehasl

ol Bloly "guin )33 L' 0952 ¢l o )l

.’....l

Yq



N9 Gunzyrloylgns (53,95 )5 calpd

Positive 2 Face
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% Axis 2
il 8 f11 €—|—>f11
'S Axis1 | <=
g e Negative 3 Face is E
on back of element
{  Positive 3 Face is
___onffontof sement
Negative 2 Face
Axis2 & 5 Axis2 & o1 22 Axis2 & m21
IEEE K EPEPY Y 555 22|24
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10.10.4.1 — It shall be permitted to use the following
properties for the members in the structure:

(a) Modulus of elasticity ...................... E.from 8.5.1
(b) Moments of inertia, 1
Compression members:

(070 (1] 4 4 0.7OIg
Walls—Uncracked............coeoieee. 0.7OIg
—Cracked ..o 0.35lg
Flexural members:
Beams......coomeeeeeeeeee e e e 0.351
Flat plates and flat slabs........................... 0.251
(o) IV =T 1.0A,
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Modeling cracked section properties for shear wall and slab

In ETABS, shell or area element has two types of stiffnesses i.e. inplane stiffness refers as f11, 22 and f12 and
out-of-plane stiffness refers as m11, m22 and m12. Refer to the below Figure which shows the direction of local
axes and their corresponding stiffnesses:
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PLATE BENDING AND TWISTING MOMENTS
STRESSES AND MEMBRANE FORCES

Stress Sij Has Same Definition as Force Fij

Figure
Shell Element Stresses and Internal Resultant Forces and Moments

For shear wall (both piers and spandrels), the flexural and axial behavior is modified by either f11 or 22
depending on the orientation of the local axis and the shear behavior is controlled by f12. In column and code
terms f11 or f22 would correspond to modifications of El or EA and f12 would correspond to modifications to
GAshear. The code recommendations in Section 10.10 of ACI 318 code are related to slenderness effects where
flexural deformations govern so they have recommended modifying El (corresponding to f11 or f22 for shear walls).
There is no recommendation about reducing the GAshear. YOu should, however, note that some of our users
use modifiers for f12 also, where they expect deterioration of shear stiffness and want to be realistic in their
modeling.

The above discussion applies assuming the local axes 1 and 2 of the shear wall area object are either vertical or
horizontal. This is under user control. When drawing in ETABS the default is to have the 1 axis horizontal and
the 2 axis vertical. This means that the flexural modifier for El should be applied to f22 for wall piers and
to f11 for spandrels. If you apply the modifier to both f11 and f22 it hardly affects the results.

For slabs where bending is always in the out-of-plane direction, modifiers m11, m22 and m22 are required
to model cracking behavior.

Summary

Assuming beams and columns are modeled as frame then the stiffness modifier table is as follows:

ACI ETABS

Beams...........cccociiiiiiiiiieieee 0.35*lg = 122=133=0.35

Columns.........cccoeeviiiiiiiiiiies 0.70%1g = [22=133=0.70

Walls-Uncracked................. 0.70%lg = modeled as shell: f11, f22 = 0.70
Walls-Cracked...................... 0.35%lg = similar to Walls-Uncracked (with modifiers of 0.35)
Flat Plates & Flat Slabs....0.25%Ig = modeled as membrane: f11, 22, 12 = 0.25

modeled as shell: f11, 122, f12, m11, m22, m12 = 0.25 (for both cases fxx is not important if rigid diaphragm is
assigned)
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NOTE:

Walls are generally not designed for out-of-plane bending to avoid excessive longitudinal reinforcement.

In this case, use a small modifier say 0.1 for m11, m22 and m12 so numerical instabilities could be avoided.

However, use m11, m22, m12 = 0.70 (or 0.35) when considering the out-of-plane bending in wall.
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ETABS 2016 Shear Wall Design
ACI 318-14 Pier Design

Pier Details

Story ID | Pier ID | Centroid X (mm) | Centroid Y (mm) | Length (mm) | Thickness (mm) | LLRF
Story2 P3 0 12500 5000 350 0.554

Material Properties

E.(MPa) f.(MPa) | LLWt Factor (Unitless) | f,(MPa) | f,(MPa)
23025 25 1 400 400

Design Code Parameters

¢T (0] c ¢v Q,,(Seismic) IPMAX IP MIN P MAX
0.9 0.65 0.75 0.6 0.04 0.0025 0.8

Pier Leg Location, Length and Thickness

Station ID Left X, | LeftY, | Right X, | Right Y, | Length | Thickness
Location mm mm mm mm mm mm
Top Leg 1 0 10000 0 15000 5000 250
Bottom Leg 1 0 10000 0 15000 5000 250

Flexural Design for P, M., and M

Station Required Required Current | Flexural P. M. M. Pier Aq
Location | Rebar Area (mm?) | Reinf Ratio | Reinf Ratio | Combo kN kN-m kN-m mm?
Top 4063 0.0025 0.0038 UDWal9 | 1342.8471 | -204.9543 | -2829.7542 | 1625000
Bottom 4063 0.0025 0.0038 UDWal9 | 1431.6585 | -157.6483 | -4806.8334 | 1625000
Shear Design
Station ID Rebar | Shear Combo P, M, V, V., vV,
Location mm?m kN kN-m kN kN kN
Top Leg 1 625 UDWal6 1721.0357 | 1393.3339 | 695.627 | 1285.7095 | 2035.7095
Bottom Leg 1 625 UDWal6 1941.3689 | 2627.8199 | 716.4029| 1318.7595 | 2068.7595
Boundary Element Check (ACI 21.9.6.3, 21.9.6.4)
Station ID Edge Governing P, M, Stress Comp | Stress Limit | C Depth | C Limit
Location Length (mm) | Combo kN kN-m MPa MPa mm mm
Top—Left Leg 1 Not Required UDWal7 | 1938.1105 | -1129.0201 2.63 5 403 11111
Top—Right Leg 1 Not Required UDWal7 | 1938.1105 | 1406.9989 29 5 403 11111
Bottom-Left Leg 1 216.6 UbDwal7 2192.75 | -2165.984 3.83 5 433.2 11111
Botttom—Right | Leg 1 216.6 UDWal7 2192.75 | 2639.1623 429 5 433.2 11111
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FEMA- P751:
7.4.1 Analysis of Frame-Only Structure for 25 Percent of Lateral Load

Where a dual system is utilized, Standard Section 12.2.5.1 requires that the moment frames themselves
are designed to resist at least 25 percent of the total base shear. This provision ensures that the dual
system has sufficient redundancy to justify the increase from R = 6 for a special reinforced concrete

structural wall to R = 7 for a dual system (see Standard Table 12-2). This 25 percent analysis was carried
out using the ETABS program with the mathematical model of the building being identical to the
previous version except that the panels of the structural walls were removed. The boundary elements of
the walls were retained in the model so that behavior of the interior frames (Frames 3, 4, 5 and 6) would
be analyzed in a rational way. (It could be argued that keeping the boundary columns in the 25 percent
model violates the intent of the provision since they are an integral part of the shear walls. However, in
this condition, the columns are needed for the moment frames adjacent to the walls and those in
longitudinal direction (which resist a small amount of torsion). Since these eight boundary columns resist
only a small portion (just over 15 percent) the total base shear for the 25 percent model, the intent of the
dual system requirements is judged to be satisfied. It should be noted that it is not the intent of the
Standard to allow dual systems of co-planar and integral moment frames and shear walls.)

The seismic demands for this frame-only analysis were scaled such that the spectra base shear is equal to
25 percent of the design base shear for the dual system. In this case, the response spectrum was scaled
such that the frame-only base shear is equal to (0.25)(0.85)Vzr. While this may not result in story forces
exactly equal to 25 percent of the story forces from the MRSA of the dual system, the method used is
assumed to meet the intent of this provision of the Standard.
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12.2.3 Combinations of Framing Systems in the
Same Direction
Where different seismic force-resisting systems

are used in combination to resist seismic forces in the
same direction, other than those combinations

considered as dual systems, the most stringent
applicable structural system limitations contained in
Table 12.2-1 shall apply and the design shall comply
with the requirements of this section.
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18.10.5.2 Unless a more detailed analysis 1s performed,
effective flange widths of flanged sections shall extend from
the face of the web a distance equal to the lesser of one-half

the distance to an adjacent wall web and 25 percent of the
total wall height.

b,=Min(Ln/2 , h , /4)

hogein:

Ln

L Vi

7 7
//‘1531..‘»‘ 2k S

H92 JU2 dee 355 ©liz I J&5 0 ACT I &by 9 ey
In section 18.10.5.2, where the code talks about L, C or T shape wall sections, does it mean that the design engineer needs to calculate
the total axial and bending moment forces on the composite (C, L ot T shape) section and design the wall section as a whole or still
we need to design each segment separately for the axial and moment forces acting only on that portion? C, L, or T shaped walls
should be analyzed considering the entire section acting as a unit. Analysis should not be performed separately for each planar
element of the wall. When performing analysis, the effective flange width should be specified according to 18.10.5.2. If a finite
element analysis of the wall under applied earthquake and gravity loads is performed, then many designers consider the finite element
analysis “a more detailed analysis”, so that the flange width requirement of 18.10.5.2 does not apply. In that case, many designers
include the entire extent of all planar wall elements in the finite element model.

3)S Lyl Aslg pier SO Oygo w1y iy lgad IS (¢lg5 (50 ¢l plu g (detailed analysis is performed)
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Moehle, 2014:

In the past, demand for open space in the first story led to many older buildings in which walls
from upper stories were discontinued in the first story, creating a weak first story (Figure 13.4a).
These have performed poorly in past earthquakes (Figure 13.5). This configuration, classified by
ASCE 7 as an Extreme Weak Story Irregularity, is no longer permitted in new buildings assigned to
Seismic Design Categories D, E, and F.

(a) Weak story (b) Discontinuous (c) Interruption of
wall wall section

FIGURE 13.4 Wall vertical irregularities.

FIGURE 13.5 Permanent offset of weak first story due to discontinued wall, Olive View Hospital, 1971 San Fernando earthquake.
(Photograph by K. Steinbrugge, used with permission from the National Information Service for Earthquake Engineering,
University of California, Berkeley.)

Walls extending from the foundation and discontinued at some intermediate level (Figure 13.45)
are permitted by most codes, but the design may be penalized by increased seismic design forces. It is
preferred to have more gradual reduction in wall section (length, thickness, or both), as illustrated by
Figure 13.4c. Such transitions in wall length or thickness may require details to enable the flow of
forces near the transition. See Section 13.6.3.
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Joint Label: 1

Story: Story15 Joint Label: 1

Ux = 0.135308 m Story: Story15

Uy =-6191E09m Uz = 0078390 m

Uz = 0.009335m Uy = -6.323E-11 m

Rx = -0.000008 rad Uz = 0.000614 m

Ry = 0,002029 rad Rx = -0.000005 rad

Rz =-2.338E-09 rad Ry = 0.000533 rad
Rz = 4752E-11 rad

+
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In this program, wall spandrels are designed for major direction flexure and

shear only. Effects caused by any axial forces, minor direction bending, torsion

or minor direction shear that may exist in the spandrels must be investigated by

the user independent of the program. Spandrel flexural reinforcing is designed

for each of the design load combinations. The required area of reinforcing for
flexure is calculated and reported only at the ends of the spandrel beam.

—
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Table 6.6.3.1.1(a)—Moment of inertia and cross-
sectional area permitted for elastic analysis at
factored load level

Moment of Cross-sectional
Member and condition Inertia area
Columns 0.70I,
Uncracked 0.701,
Walls
Cracked 0.351, 1.04,
Beams 0351,
Flat plates and flat slabs 0.251,

@lao )2l @ 2L @S Joo ACT Gib @aolgz )51 g Cunl 03 &S] (uative (i jlado alygS (sloys (g @98 Joaz o
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13l 4295 Moehle jgudgy Jouwgi 634 &Syl Wilowudgs

ACI 318 provides frame beam effective stiffness values, but these are not appropriate for typical coupling beams. Coupling beams
are expected to sustain damage before significant yielding occurs in walls, leading to faster stiffness reduction. Coupling beam
effective stiffness is further reduced because of concentrated end rotations associated with reinforcement slip from anchorage zones
within the wall boundary. ATC 72 (2010) recommends effective stiffness E.l, = 0.15E_I; with shear deformations calculated based

on G, = 0.4E, for l,,/h > 2 and G, = 0.1E for L,,/h < 1.4, with linear interpolation for intermediate aspect ratio.

uled d>gl (Coupling Beam) Ao yu3 b alayly 43 ATC-72-1 Olowsgs 4
In summary, yield deformations for coupling beams with /,/h > 2.0 are

dominated by flexure, and use of £/, ~0.15E_ [, and G, = 0.4E_ are
appropriate. For beams with /,/h < 1.4, deformations due to flexure and

h I shear are about equal, nonlinear behavior is dominated by shear
deformations, and use of E_ I, ~0.15E I, and G, = 0.1E_ are appropriate.
——> Linear interpolation of effective stiffness values for clear span-to-depth ratios
Ln 1.4 <1,/h < 2.0 is a reasonable approach.

Dguiae duogi Mg sy (gl pj ol ATC-72-1 duogs Gab

In fi1 = f22 = 0.15
—=>2 {

h ” fiz=1
ln fi1 = fa2 = 0.15
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exceeding smaller
of 150 mm and 6dj

Horizontal beam
reinforcement at

Note:

For clarity, only part of the required
reinforcement is shown on each

Transverse reinforcement
/Y spacing not to exceed 200 mm
side of the line of symmetry.

Avg = total area | |

of reinforcement Wﬂ

D

in each group of

diagonal bars

f r | 1

\

AV

dp

Transverse

\
h
=

reinforcement
spacing not to
exceed 200 mm

Wall boundary

reinforcement Section B-B

‘n Note: Consecutive crossties engaging the same longitudinal

Elevation bar have their 90-degree hooks on opposite sides of beam.
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Jigad 515 (6135 ,g5Le)T LSjm>-(Coupling beam) Sisad 55 WAA/

File  Edit ‘Wiew Define Draw Select Assign  Analyze  Display | Design | Detailing  Options  Tools  Help
DV Ho R > @& & & Q@ [zdrly T steelFrame Design 1t
] | i | X35 | | a /e [0 Concrete Frame Design vz
- ] 1 et B % | ESEES T Composite Beam Design i
W—X Composite Calumn Design y
A Model | Display | Tabies | Reports | Detailing| Steel loist Design y [

- Model

Project

Structure Layout
Properties

Structural Objects
Groups

Loads

Mamed Output Items
Mamed Plots

Owerarite Frame Design Procedure...

ShearWall Design 4 Wiew/Revise Preferences..

Steel Connection Design 4 Define General Pier Sections..,

Live Load Reduction Factars... Azsign Pier Sections.., »

Set Lateral Displacernent Targets.., Wiew/Revise Pier Overarites..,

Set Tirme Period Targets..,

Wiene/Rewise Spandrel Cwernrites.,,

Select Design Combinations..,

Start Design/Check Shift+F10

&
]

Interactive Design

Display Design Info..,  Shift+Ctrl+F10

Make Auto Select Section Mull...

Werify Analysis vs Design Section..,

E Reset Al Owvernrites..,

[

Delete Design Results..,

Wall
tem Description
o Vel LL Reduction Factor 1+
¥ 01 | Design this Spandiel

02 | LL Reduction Factor 1
03 |Designis Seismic? Yes
04 | Length 1275
05 | Thick Left 200
08 | Depth Left 850
07 | Cover Bottom Left a5
08 | Cover Top Left a5
09 | Slab'width Left ]
10 | 5lab Depth Left 1]
11 | Thick Right 200
12 | Depth Right 850
13 | Cover Bottom Right 85
14 | Cover Top Right a5
15 | 5lab 'width Right il
16 | Slab Depth Right 0 -]
17 | Material Cz4 r~ Explanation of Color Coding for “alues —
18 | Consider We? Yes Blue: Al selected tems sre program

I —— determined

Set To Default Values Reset To Previous YWaluss Black: 3:;::528'85180! flems are user
All tems Selected tems Al tems | Selected tems | Red: xi“;:??mh::SZ?::QEU during

Ok | Cancel |
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Jigad 315 (6135 5 g5Le)T L5j>-(Coupling beam) Jisod 55

ETABS 2016 Shear Wall Design
ACIl 318-14 Spandrel Design

Spandrel Details

WAA/

Story ID

Spandrel ID

Centroid X (mm)

Centroid Y (mm)

Depth (mm)

Width (mm)

LLRF

Story1

S1

19000

0

1250

360 1

www.hoseinzadeh.net

Material Properties

E.(MPa)

f.(MPa)

Lt.Wt Factor

(Unitless) | f,

(MPa)

f,- (MPa)

23025

25

1

400

400

Design Code Parameters

D

D Py

® (Seismic)

0.9

0.65

0.75

0.6

Spandrel Flexural Design—Top Reinforcement

Station
Location

Reinf Area
mm?

Reinf

Reinf

Percentage

Combo

Moment, M,
kN-m

Left

1425

0.32

UDWal6

-558.1863

Right 1437

0.32

UDWal6

-562.545

Spandrel Flexural Design—Bottom Reinforcement

Station
Location

mm?

Reinf Area

Reinf
Percentage

Reinf
Combo

Moment, M,
kN-m

Left 1396

0.31

UDWal8

519.0537

Right 1396

0.31

UDWal8

513.3607

Spandrel Shear Design

Station
Location

Avert
mm2/m

Aoz
mm?m

ShearCombo

\"

kN kN

V.

V.
kN

oV,
kN

Left

2104.38

900

UDWal6 7

05.2144

137.0307

568.1836

705.2144

Right

2129.51

900

UDWal6 7

13.6761

138.7084

574.9677

713.6761

Spandrel Shear Design—Diagonal Reinforcement

Station

Location

A diag
mm?

Shear
Combo

V.,
kN

v uLimit
kN

L/H
Ratio

Seismic
Design

Diag Reinf
Mandatory

Left

2319

UDWal6

705.2144

672.5809

16

Yes

Yes

Right

2347

UDWal6

713.6761

672.5809

16

Yes

Yes
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