Slsyl-dosdno 1WaA/4

0339 AL 0y S®)l92> =>hb 9 (Gilwdae OIS

ACE-318-19 g 05 Camnso Guggh Gl oluol )

Jod)l Ll Gwiige pUa5 ()lojlw 8315 )55,

Juol 0315 pauws g2
¥4 ¢y Liunoj

www.hoseinzadeh.net https://telegram.me/hoseinzadehasl  cauwl giloly "guio )33 L' 8952 (2l Lo Lkl \




Slejhdedie  WAA/Q

............................................................................................................. L)‘“’)" )l%) Caolzus d.‘)'.\.? \-1-Y

.............................................................................................................................. 91923 (gjlud o V-Y

................................................................................................................................ )92 sy 1-1-Y

.......................................................................................................... )lgad (553)95 S5 wulud Y-y
................................................................................................................ 92> (553)95 S5 S ¥

.............................................................................. Simplified C and T Section (ybg) ;| o3lasiuwl \-0-V
.......................................................................... Uniform Reinforcing Pier Section (ybg) | o3lasiuwl Y-0-V
e General Reinforcing Pier Section (ybg, ;| 63laiwl W-0-Y

L e (50)3 51923 53 3,8Lie 0y HiSIas g J8las F-0-F

L TP U OO PO O R PR PP PO O PR P RPRORRRRRR Cawl b.nl})l S 3= )’I o3 lasiwl (_,_.gL(b)Ig_.g.) 4z > \-9-v¥

LI SO SO U RSOV SRUR SO U TSR PRSOPRON 3)S &8 1) o659 (5jp0 52 0l95 (50 45 ojlw I (selas)l 13-y
Y et Gire =izl Uoye 9 Job (yausd Y-9-Y
B0 e Sire slpzl ) WSS Juolgd ¥-a-Y
Lot PO OO U T OU OO U U P OU U RO O RO U REUURROPROOO Sire =l ) WS Ol g pms 1-9-Y
Lok oSO U TP U TR UTUPROUPTPROON Gt (G po £52 0 5L a5 (63)lg0 )5 SIS Juolgd Y-3-Y
B e Siye oLl 515 55 (b g (588l (clod )Xo Hlgo V-4-Y

L USSR 0)d VO dslis S Jolyo V-le-V
Y S JasS |y dili auo)d YO (0l d lgs (Sad OB aS (ol ajlw P-lo-Y

e ULQ 9 )l%) U.US)AJ

O e e (09830 (63V99 (ygiw 4 bgiye ago IS -IF-Y
00 1ot (09990 € (63V98 (g% ) bgayo ago SIS V-IF-Y

..................................................................................................................... =hb gy el o-y

................................................................................................... )gad @SB 3,Slio (lac ghd Joo -
............................................................................................................ Sire =190 )d duog Joo V-¥

................................................................................................. 500 Hlg03 (5881 (gl >)Shuo aiog A-Y
.................................................................... g3 ole )3 (Bloviw) (6, Hgile)] @ LS pac b LS a-¥

................................................................................... (100 ¢ 7Y0 (15318) 895 aiunuw Jolgud V+-¥

......................................................................................................... EWSHl 5> (s Hlgad Rajgs VI-Y

| yy-y

................................................................................................... L:'“’)" )|9,§.) )d a.)l.) U“’)" d).uS \Y-y
.......................................................................... LS.)\JQQ LSLQAQ—MU 8] L,u.) L:"*’)“ )]9).) LJLJQJ‘ OIS VE-Y

......................................................................................................... (Coupling beam) Aivod yu5 \o-Y

www.hoseinzadeh.net https://telegram.me/hoseinzadehasl  cawl gilolMy "guin )33 1" 6952 (5l Lo Lkl Y




Slejhdedie  WAA/Q

doldo |

W49 )le )3 o L3> Ginlpg a5 3oL (50 "(63V99 g (i o djlw (s=hb g (gjludae BISS " QLS I (windo HLikdg ¢yl
9 (5l 40l (ol g U5 il 9 Al (505 5 )l G2k 9 (Gl e JolS Jolye Jolid )lidss al . 3ib Solg jdviie
2wl 034 Bl @gd Camao (e Ui jl wgie (gl I L (Ko Hlgnd Sl 4 azg b ..))_i;\.o).))_\ Iy 5o
)92 @ bgyyo 624 Al OIS g klgud (seled g 63w 631 gy buwgio 4y slo)lgrd 4 boiye kilgs )lidbgs ¢yl
b (0 029 (4

www.hoseinzadeh.net Colw §3,b jl 3lg3 (50 1) 395 @l @iS (o Juiiwl 693> 515 Cllas jI 31801 L g )k 4igS yo
Aled Jlw)l hoseinzadeh. m@gmail.com g hoseinzadeh.m@tabrizu.ac.ir Jaayl b 9

A lgad ¥

Cawl 034 B> bugie (5 )l (1Y) agh Cusue Guggidiy 5o

S b wgd oo a3F la 0 (ol b pies 5l (250 Glgie 4 o (6l ole Sl e T-)-Y-Ye-A
V-V oo 50 0ad lsie dales aul o prcws ol o 0l lezsle Lo Ol jhe 10 00l drogi sl i
Ngd Cule,
w0yl o sl s sy JS5 ok @ bgrje Lalgs -Ye-R Joor
srdy JS8 zolaw
(0329) 35 boogie (Jgoxe) o5 4
SYelan | O-Ye-dan | Y-Ye-q an e sl
Y=Y -4 o - f-ve-1 00 Slosls slo g <:|
AYeqan | AVt - a5 5 oS3k
9-Y -9 ay b ooglls

2o 9 290 pudlgas buwgie (5 Hlgnd L slo wiwaw jl oslaiwl 4 jlae 3z Ginlig pgd Cae wguals I g oelplo
A Wlgs bds YAee 3)la5liwl Jgaz 51 F g ¥ 3)lg0 Viaisl

Hm losslu jlxo gl )l j25Tos b ol yod Ry (ol jLd) o po polio F-Y Jouo

Ca | Q| Ry o5l gy wly 50 palite potans | 05lu pooan

Yoo [ QIO | YIO | VIO o529 40ylos (52 o)l +( 1 b (5Y5d) o9 (shuad B

ve | o | Y| sn o519 40T sy lges +lamgie dn) Ty shas QY | R O

- - l_‘“ A Zl?sc

. ¥ - = . T sie o8 -V .

0 | Y| f D) D i s
O | Fd| YD | # Lasgie as 5T . 5T otes 5 -F

Ablie 0529 (50 )lgnd  boiye Juad ¢l kolgsd pla3 @

www.hoseinzadeh.net https://telegram.me/hoseinzadehasl  Caswl @loly “guio )53 L' 6952 ¢yl Ldlzo HLixisl w




glg_?l \-¥

Gy )lgd Cuolus (J8las 1-1-Y

200 ;1 ,ieS Ygano (ol blad 4 lohb lpiie .cawl 6245 555 150 mm ply () )lgnd Cuolsus (J8las pgd Cusuo > @

G Uildl)loas JBlas cualius (b ol (50 lall &5 590 )3) )lsad (G50 plall Ceamd )3 5 glo JSib Gollao

2k

105k Coley Wb 5 (@) 9 (@) wsin sbagsgame slojle slojlgs ;0 1-Y-Y-Y.-4

oS Wl (50 gae ye wad oo 4285 IS 4 F-V-Y e un millae (55,0 lil sl o a5 ol s o —o

98 il e oo 10+ 51 e wls lgss culs -

ol OF-F-V-Y e an o ond aseie Hlads

T

c

lw

oz Sl ool 5LS ohg 5500 slyml 4 ToFY-Yeoq L YoF-V-Yoq oy bl ST F-F-V-Yeq

4 6skad 6 090 315 5 € = 01Dy Jlade 53 (it b ply o alols b (81 & j0m il (550 552 — Al

)L} %).a 6)52u)l{);‘w45@u|6)u.5)b d‘;)sé)l‘sib)w alold CJ..JL.I' M‘Ql)‘ﬁééjain;)aw

RE P o«))51¢«-.-h).g 61.1. C]Ja‘j_ub u‘S.eM‘L;bL&AAst'W&AsL:M b‘)-o.bﬂe

h . .

..x.:l.,);ofl—zjl Dl gl oo jui D929 Dygeo 4o jlesd
h

g oyl aalol Jlars YL U ooglls (55, 5l diwgm ijgar g 035 l—w 22045 Sl e bl » —@<1T
w

3. . . . . S .
—25 l.ejl 90 9 00y (S 9% Lgl.b)l.g 9 e Lgl)..; ‘5;‘):».3 cla.ﬂ.a 5 l.Q...: nS‘)l') as ol ealls ‘57‘).19 ! A.v; 4

Yoo 5l 55,50 plp ol s aculxe () an Gille a5 Jsb 0 b (ies 51 56 g,Lid 4l 5,0 el

sl ek

Sip sl s slpe T 2150 mm

4 ;j
- o * v - - - ."w 1 — o
5% B T [Es20 Wlhw
Ago pmpd Sip GT_-,:,.“”.?_;T tz by and E:) by, > Max (300, hy
gl e hw T
et I
5 !
hy
_ J, ‘ else ‘ E:)“:;?,_
E i | . 7 £_J||b,
T ver] 1
12150 mm . Sy e
o G‘Nﬁ)‘ﬁ; GM-J")}&
A 3§ ga e S0 81521 0 Slged b L

Mehle, 2014:

1L (50 200 mm lyy 5lgyd Cuolius J8las (glyy Moehle joudg)y duogs

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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WaTPier 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.
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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.
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CHAPTER 11—WALLS

11.7—Reinforcement detailing
11.7.2 Spacing of longitudinal reinforcement

11.7.2.1 Spacing s of longitudinal bars in cast-in-place
walls shall not exceed the lesser of 3% and 450 mm. If shear
reinforcement is required for in-plane strength, spacing of
longitudinal reinforcement shall not exceed ¢,,/3.
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V,=V,+V, (Y-1v-4)

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 vV, shall be calculated by:

Vo=V, +V, (11.5.4.4)
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Flexural Design for P, M; and M,

Station| DI/C Flexural P. M., M

kgf kgf-cm kgf-cm
Top 0.39 UDWal-DYN7 | 746171.51 | 2640643.56 | 74336918.05

Bottom | 0.476 | UDWal-DYN7 | 769570.28 |-2356449.45 | 105502604.69

@ Shear Design

Station ID Rebar | Shear Combo P. M. V., PV, oV,

Location cm?m kgf kgf-cm kgf kgf kgf
Top Leg1 0os UDWal-DYN7 | 397353.42 | 21140283.1 | 100895.25 | 29567.39 | 100895.25
Bottom Leg 1 0os UDWal-DYN7 | 403199.28 | 34712422.37 | 81732.45 | 29567.39 | 81732.45

Number of legs where shear force ds max all d (top, b )=1, 1

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 (cm)| Combo kgf kgf-cm kgflcm? kgflcm? cm cm
Top-Left Leg 1 55.262 UDWal-DYN7 | 418310.14 | -10226156.61 49.52 50.99 94.062 | 86.222
Top—Right Leg1 28.045 UDWal-DYN7 | 418310.14 | 21140283.1 64.02 50.99 56.091 86.222
Bottom-Left | Leg1 55.561 UDWal-DYN7 | 420292.95 | -23076890.07 66.77 50.99 94.361 | 86.222
Botttom-Right | Leg 1 28.094 UDWal-DYN?7 | 420292.95 | 34712422.37 82.22 50.99 56.189 | 86.222
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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/8,)(pi— 0.0025)  (11.6.2)

(b) p; shall be at least 0.0025
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Fig. R18.10.2.4—Locations of longitudinal reinfarcement required by 18.10.2.4(a) in different configurations af wall sections.
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18.10.2.3 Reinforcement in structural walls shall be devel-
oped or spliced for £, in tension in accordance with 25.4,
25.5, and (a) through (d):

(a) Except at the top of a wall, longitudinal reinforcement
shall extend at least 3.6 m above the point at which it is
no longer required to resist flexure but need not extend
more than £; above the next floor level.
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Note: For clarity, only part of the required reinforcement is shown.
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Fig. R18.10.2.3—Wall boundary regions within heights where lap splices are not permitied.
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18.10.2.1 The distributed web reinforcement ratios, p, and
P, for structural walls shall be at least 0.0025, except that
if V,, does not exceed k\/z’ A, ps shall be permitted to be
reduced to the values in 11.6. Reinforcement spacing each
way in structural walls shall not exceed 18 in. Reinforce-
ment 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 0.014,, 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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G =021

o> 0.2f;: 1 o<015f,
— Special boundary A pelAg pe <2.8/f MPa:
element req'd. 4 ties not required.
1
Develop for fy pastopening, o<0.15f,
top and bottom As be/Agpe > 2.8/f,MPa:
0<02f, ordinary boundary element required.
. =Valo
H 1 AsvelAgpe >2.8/f,MPa | €f— See Note below.
H [ ordinary boundary o>0.2f;: Along this height:
- element req'd. special boundary b>h,/16

v elementrequired.

Note: Requirement for special boundary element is triggered if > 0.2f.
Once triggered, the special boundary element extends until o< 0.15f.
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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 Leg1 ||+ » +463.2: « » || UDWal7 |3980.1298 | -468.6339 4.04 5 8512 | 862.2
TopRight | Leg1 ||+« .389.2. » . || UDWal7 | 4056.2136 | 2088.9959 6.26 5 7772 | 862.2
Bottom-Left | Leg1 [L . .469.3. . .|| UDWal7 |4036.4321 |-708.9682 4.41 5 8573 | 8622
Botttom—Right | Leg1 ||* * "387.9° * * || uDwal7 |4038.4581 | 927.508 47 5 775.7 862.2

Edge Length

Edge Length

& Design Dutput IF'ier E dge/B oundary Zones Widths LII

0 Design Input |

Cloze Apply
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Ties not
required —| P <28
Ties per
— .28
A-F-YV-Y.-4 P2
Special Ly b 2:’—(‘3’
boundary || fE
element — H Max. 2 f S 53
. lw 8
z12in. if (—“ )
_‘ 4Vy/ criticat  then b= 300 mm
EH - section
2 (g4 for 1.25f, l \ E\
(orhook as req'd.) N Boundary element near edge
\ of footing or other support

Boundary eiement noiJ \_
near edge of footing Critical section per 18.10.6.2

(a) Wall with hy, /¢,,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 o.2f’c
Special boundary
element required

Develop for f, past opening,
top and bottom

g<0.2f;

2.8 .

}/7‘» fy
Ties per 18.10.6.5

p=—
fy
Ties not required

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

I

i

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

until o < 0.15f’. Since hy/¢,,< 2.0, 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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Hoop sets @ s<ming b/3
6dy, (5dy, for S520)

350-h
100 + ( 3 ‘) mm
h 150 mm
bz 4
16 Hoops/crossties also satisfy requirements for
longitudinal bar restraint and
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(a) Perimeter hoop with supplerental 135-degree crossties and 135-degree crossties
supporting distributed web longitudinal reinforcement.
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{b) Overlapping hoop with supplemental 135-degree crossties and 135-degree crossties
supporting distributed web longitudinal reinforcement.
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Horizontal web reinforcement, A,

b
e y -
[ 2 lgnor fay Confined
<150 mm as appropriate core

(a)
Option with standard hooks or headed reinforcement

Boundary element Horizontal web
reinforcement, Ash7 reinforcement, Avw
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| 2 {4 of the horizontal
<150 mm ' web reinforcement

(b)
Option with straight developed reinforcement
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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) V. 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 12.2.3.3 R, C,,and Q, Values for Horizontal Combinations.

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.

The value of the response modification coefficient, R, used for
design in the direction under consideration shall not be greater
than the least value of R for any of the systems used in that
direction. The deflection amplification factor, C;, and the
overstrength factor, €, shall be consistent with R required in
that direction.
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18.10.5.2 Unless a more detailed analysis is 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.

be=Min(Ln/2 ’ hW/4)

ho gin: adeh.net

Ln )
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H92 JU2 deme yi55 LUz jl J&5 4 ACL I unly 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.
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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 13.44).
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.

e g g H aE G al, Lel el ol o ol oW W o 0

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

FIGURE 13.4 Wall vertical rregularities.

FIGURE 13.5 Permanent offset of’ weak first story due to discontinued wall, Olive View Hospital, 1971 San Fernando earthquake.
(Phatograph 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 13.45h)
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 13.4¢. 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

Stery: Story15
3; C S 101608m Ux = 0.078380 m
Uz = 0.009335m Uy =-6.323E-11m
Rx = -0.000008 rad Uz = 0.000614 m
Ry = 0.002029 rad Ry = -0.000005 rad
Rz = -2 338E-09 rad Ry = 0.000533 rad
z= 4, -1 ra
+ R 4.752E-11 rad
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AISC-361-16
CHAPTER |

DESIGN OF COMPOSITE MEMBERS
I2. AXIAL FORCE

1. Encased Composite Members
la. Limitations
For encased composite members, the following limitations shall be met:

(a\ The cross-sectional area of the steel ¢

composite cross section.

(b) Concrete encasement of the steel core shall be reinforced with continuous longi-
tudinal bars and lateral ties or spirals.

Where lateral ties are used, a minimum of either a No. 3 (10 mm) bar spaced at
a maximum of 12 in. (300 mm) on center, or a No. 4 (13 mm) bar or larger spaced
at a maximum of 16 in. (400 mm) on center shall be used. Deformed wire or
welded wire reinforcement of equivalent area are permitted.

Maximum spacing of lateral ties shall not exceed 0.5 times the least column
dimension.

(c) The minimum reinforcement ratio for continuous longitudinal reinforcing, ps,,
shall be 0.004, where p;; is given by:

Psr =— (12'1)
where
Ag = gross area of composite member, in.> (mm?)

Ay, = area of continuous reinforcing bars, in.2 (mm?)

Al (50 lyed waige pUsS elaisl) jl 438)Sy 5 JSid

] S ~

[ Ag =bxh

(P Asr )
| I J Psr_A9>0-004 !
//4\ Asteel >O‘OWAQJ e Asr=Longitudinal Reinforcement Areo)I

-\
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AISC-341-16
H4. COMPOSITE ORDINARY SHEAR WALLS (C-OSW)
5. Members
5a. Boundary Members

(c) Headed studs or welded reinforcement anchors shall be provided to transfer
required shear strengths between the structural steel boundary members and
reinforced concrete walls. Headed studs, if used, shall satisfy the requirements
of Specification Chapter 1. Welded reinforcement anchors, if used, shall satisfy
the requirements of Structural Welding Code—Reinforcing Steel (AWS D1.4/
D1.4M).
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AISC 341-16
H5. COMPOSITE SPECIAL SHEAR WALLS (C-SSW)
5b. Boundary Members

Concrete-encased structural steel boundary members that qualify as composite
columns in Specification Chapter 1 shall meet the highly ductile mem-ber
requirements of Section D1.4b.2. Otherwise, such members shall be designed as
composite compression members to satisfy the requirements of ACI 318,
including the special seismic requirements for boundary members in ACI 318
Section 18.10.6. Transverse reinforcement for confinement of the composite
boundary member shall extend a distance of 24 into the wall, where A is the
overall depth of the boundary member in the plane of the wall.

JHolgize spe oLl (205 )93lo)T 2! (gl 330 LIS o5 2L (50 e wdige Pl (slaidl) jI 48)Sy) 5 JSib
.3)S oslaiwl (Floviw L olyas (015 tgels SO wuSys
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|
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Slais] GG (_;)5919 g2 (20 (sledlouiw | 5 JSo (§alae 2h dlold ) 0ad (ylgic AISC 341-16 juwd3 ) (puizad
ga o3l (JSib 5> ) S)5)
AISC 341-16
H5. COMPOSITE SPECIAL SHEAR WALLS (C-SSW)
5. Members
5b. Boundary Members

Concerns have been raised that walls with encased steel boundary members may
have a tendency to split along planes 1 and 2 shown in Figure C-H5.2. Transverse
reinforcement within a distance 2k (h = width of the wall) will resist splitting along
plane 1 while the wall horizontal reinforcement will be adequate to prevent failure

along plane 2.
Adequate development length
i i
..o (R} = 7 A - .z;. 2,
. o Ce 12 .t
3}6\/‘4\1/'\/‘\/\/‘\ |4 (b
E ) : . .4<r, 14 a9 V o |
o4 o . o . d \o\ —_ :
R Y

Fig. C-H5.2. Reinforcement to prevent splitting failures.
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AISC 341-16
H5. COMPOSITE SPECIAL SHEAR WALLS (C-SSW)

5. Members
5b. Boundary Members

Unencased structural steel columns shall satisfy the requirements of Section D1.1 for
highly ductile members and Section H4.5a(a).

H4. COMPOSITE ORDINARY SHEAR WALLS (C-OSW)
5. Members
5a. Boundary Members

Boundary members shall satisfy the following requirements:

(a) The required axial strength of the boundary member shall be determined assum-
ing that the shear forces are carried by the reinforced concrete wall and the
entire gravity and overturning forces are carried by the boundary members in
conjunction with the shear wall.
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(Coupling beam) 3iaad yi5-(40)0 jlged  \WIA/Q

(Coupling beam) Jirad 5,5 Y 8-Y
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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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(Coupling beam) Qe yu5-(540)) jlgsd NV VA

isad (gly5 (shire> (i 11O
(a8, )15 )3 05 Jgao @las |y Lacl idwo ()lg5 (50 ACI-318-14 Gub
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 0.707,
Uncracked 0.70Z,
Walls
Cracked 0.357, 1.04,
Beams 0351,
Flat plates and flat slabs 0.251,

@lko )l2b @ 2L @S Jae ACT @b @olg )51 g cul o Al (patiie iz jlaio abygS (gl he G99 J932 )
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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.I, = 0.15EI; 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.

:3wla a>g5 (Coupling Beam) diwao yu5 b ahaly )3 ATC-72-1 Oilaxudgs ©
In summary, yield deformations for coupling beams with /,/h > 2.0 are
dominated by flexure, and use of E /[, ~0.15E I, and G, = 0.4E, are
appropriate. For beams with /,/h < 1.4, deformations due to flexure and

shear are about equal, nonlinear behavior is dominated by shear : h I
deformations, and use of E_I_, ~0.15E,1, and G, = 0.1E_ are appropriate.

Linear interpolation of effective stiffness values for clear span-to-depth ratios “—>
1.4 <[,/h <2.0 is a reasonable approach. Ln
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(Coupling beam) Qe yu5-(540)) jlgsd NV VA
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(Coupling beam) 3iaad yi5-(40)0 jlged  \WIA/Q
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Spacing not Note:
exceeding smaller For clarity, only part of the required Transverse reinforcement
of 150 mm and 6dp B reinforcement is shown on each spacing not to exceed 200 mm
side of the line of symmetry.
Horizontal beam | >
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4 Note: Consecutive crossties engaging the same longitudinal
Elevation bar have their 90-degree hooks on opposite sides of beam.
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10 | Slab Depth Left 1]
11 | Thick Right 200
12 | Depth Right 880
13 | Cover Bottom Right 5
14 | Caver Top Right a5
15 | SlabWidth Right 1]
16 |5lab Depth Right 1]
17 | Material C24
18 | Consider Vc? ez Blue:
Set To Default values Reset To Previous Yaluss Blacks
i Alltems I Selected tems | Al kems | Selected tems | Red:
QI Cancel |
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(Coupling beam) 3iaad (540 )lgd

ETABS 2016 Shear Wall Design
ACI 318-14 Spandrel Design

Spandrel Details

Story ID | Spandrel ID

Centroid X (mm)

Centroid

Y (mm) | Depth (mm)

Width (mm)

LLRF

S$1

Story1

19000

0

1250

360 1

Material Properties

E.(MPa) | f

<(MPa)

Lt.Wt Factor (Unitless)

f,(MPa)

f,» (MPa)

23025

25

1

400

400

Design Code Parameters

L2

Dc

Dy

@ (Seismic)

0.9

0.65

0.75

0.6

Spandrel Flexural Design—Top Reinforcement

Station
Location

Reinf Area
mm?

Reinf

Percentage

Reinf
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

Reinf Area
mm?

Reinf

Percentage

Reinf
Combo

Moment, M,
kN-m

Left

1396

0.31

UDWal8 519.05637

Right

1396

0.31

UDWal8 513.3607

Spandrel Shear Design

Station Aot

Ahnriz

Vy

V. oV,

Location

mm?m

o | ShearCombo
mm?#m

kN

kN

kN

dV.
kN

Left

2104.38

900 UDWal6

705.2144

137.0307

568.1836

705.2144

Right

2129.51

900 UDWal6

713.6761

138.7084

574.9677

713.6761

www.hoseinzadeh.net

Spandrel Shear Design—Diagonal Reinforcement

Station
Location

A diag
mm?

Shear
Combo

A\
kN

v uLimit

kN

L/H
Ratio

Seismic
Design

Diag Reinf
Mandatory

Left

2319

UDWal6

705.2144

672.5809

1.6

Yes

Yes

Right

2347

UDWal6

713.6761

672.5809

1.6

Yes

Yes
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