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Ties per 18.10.6.5 p>fu  element required,
~ 16 See Notes.
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CZFu,i = Vu
» —— Moments from load
| combination, M,
V, os -5:» \ == Amplified moments, Q, M,
A/
Q. = Mpr,CS
Ve,cs C— D "7 Mycs
My,cs
H £
T~ V,cs
:\\
Critical ; ; —
Section (CS) Vacs I 7Moo Vucs Vecs Mycs Mprcs
(a) Lateral  (b) Wall (c) Shear (d) Moment
forces elevation
094+ N/10 NXZ6
V,=w,V, w, = 134+N/30 N>6 Blakeley et al. (1975)

Luu et al. (2014)

v

B { 1.6 +0.7(y, — 1)+ 02(T —0.5) if05<T <15
T 18407(y, —1)=0.1(T—15) if L.5<T <35
09+N/10 if N<6

W, = . NZS 3101 (NZS 2006
{1.3+N/30 if 6<N<15 ( )

09+ N/10 if N<5
w— - CEB (1985)
1.2+ N/25<18 ifN2>25
Yed Mpa\? S AT .)\2
e=gq (ﬂ—"”) +o.1(ﬁ) . 15<¢e<ygq
q Mgy S.(Ty) CEN (2004) (Eurocode 8)
_{I.O if7T,<T;
wr 1.0<1.0+025(R,R, /v, — 1)< 15 T, 2Ty, CSA A23.3 (CSA 2014)
.. 54(0.2) . 5,(0.2)
TLZOS S, TU= 1.051fm<10, TL =0.2 S, TU:OSQHWZ 10

Fatemi et al. 2020
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5000 .
e f{MIN
N ———Mpr P, D/C=M,, /M,
4000
(ton)
3000 \ 1.0 | 097 | 09
2000 *‘-\\\\“
\ / -Qv=Mpr/Mu
1000
0 i 800 | 1.21 | 1.25 | 1.34
/LQQG/, 3000 4000 5000 6000
-1000 " 2000 | 1.93 [ 1.99 | 2.15
-2000
® = 0.60 (92) > ¢ = 0.75 (98)
B, | My, /M, | D/C=M,/OM,, | wv v, @V,,(98) ETABS
(ton) = Qyw,Vy | /BV,(92)
0.97 0.9 ns=15
@(seismic)
0, = pr/Mu
800 1.21 1.25 1.34 1.8 225|241 |18 | 1.93 | 0.33 | 0.31
2000 1.93 1.99 2.15 1.8 3.00 | 3.00 | 24 | 24 | 0.25 | 0.25
V, =A, (e, +4f,)
h, /1, <1.5=a, =0.25 V, <0.66yf A,
h, /1, >2.0=a, =0.17 V. <0.83,f A
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h, /1, >2.0
l, /b, <2.5

{n” /1, >2.0
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1] e e
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(a)

Option with standard hooks or headed reinforcement
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/—Transverse reinforcement

| spacing measured perpendicular
| to the axis of the diagonal bars
not to exceed 350 mm

\Transverse reinforcement

spacing measured perpendicular
to the axis of the diagonal bars
not to exceed 350 mm

& [ )
} !
by,
Section A-A
Horizontal beam —| [=—Spacing not exceeding
reinforcement at wall smaller of 150 mm and 6d, A, = total area of reinforcement in
does not develop f, > each group of diagonal bars
=
\I\ o B ] L
2|~ ;
- —
\\ al . /Vx Note:
L For clarity, only part of the
N ) i required reinforcement is shown
= h » ] _L_ oneach side of the line of
T | i symmetry.
- | »
P - I &
/ | ~—Wall boundary
‘ _J i {J'b reinforcement
T S
I gn I
‘ - - ‘
ol & o |0 7/
L]
N Note:
. °pr _ Consecutive crossties engaging the same
[+ ~ longitudinal bar have their 90-degree hooks
on opposite sides of beam.
. oo ele °
C P /—Tran§verse reinforcement
spacing not to exceed 200 mm
\° o \e o,
Transverse reinforcement %_J
spacing not to exceed 200 mm
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Table 4-3 Reinforced concrete effective stiffness values.
Service-Level Linear Models MCERr-Level Nonlinear Models
Component
Axial Flexural Shear Axial Flexural Shear

Structural walls’ (in- 10E 75E. AEA 1 0EA £ oF
plane) 0EAq 0.75Eclg 0.4E:Aq .0E:Aq 0.35Eclq 0.2E:Aq
Structural walls (out- _ 0.25Ed, _ _ 0.25E.; _
of-plane)
Basement walls 1.0E:A, 1.0Ecl, 0.4EA; | 1.0E:A 0.8/, 0.2E:A,
(in-plane)
Basement walls (out- _ 0.25Ed, _ _ 0.25E4; _
of-plane)
Coupling beams with 0 07[ f]E / 0 07{ ;JJE |
g;”g"::at'f’”a' or 10EA; | \h) 7 | 04EA, | 10EA, | \h) %% | 04E.A,
reinforcement <0.3E./, <0.3&,
Composite steel / P P
reinforced concrete | 1.0(EA)uans 0.07[51(5){% 1.0EsAsw | 1.0(EA)uans | 0.07 [FJ(EI)M 1.0EsAsw
coupling beams
Non-PT transfer
diaphragms (in-plane | 0.5E:Ag 0.5Ecl, 04 EA; | 0.25E:Aq 0.25Ecly 0.1EAq
only)?
PT transfer
diaphragms (in-plane | 0.8E:Aq 0.8E.ly 0.4E:Aq 0.5EcAq 0.5 Ecly 0.2E:Aq
only)?
Beams 1.0E:Aq 0.5E:ly 0.4EcAq 1.0E:Ay 0.3Ecly 0.4E:Ay
Columns 1.0E:Ag 0.7 Eclg 0.4EA; | 1.0E:Ag 0.7 Eclg 0.4E:Ag
Mat (in-plane) 0.8E:Aqg 0.8E:/g 0.8EcAy | 0.5E:Aq¢ 0.5 Ecly 0.5Ec:Aq
Mat* (out-of-plane) - 0.8E:ly - -- 0.5E:l, -

Values are relevant where walls are modeled as line elements. Where walls are modeled using fiber elements,
the model should automatically account for cracking of concrete and the associated effects on member stiffness.

2(El)wans is intended to represent the flexural rigidity of the cracked transformed section. It is acceptable to
calculate the transformed section properties based on structural mechanics or to use (El)wans = Eclg/5 + Esls per
ACI 318.

3 Specified stiffness values for diaphragms are intended to represent expected values. Alternative values may be
suitable where bounding analyses are used to estimate bounds of force transfers at major transfer levels. For
diaphragms that are not associated with major force transfers, common practice is to model the diaphragm as
being rigid in its plane. Flexural rigidity of diaphragms out of plane is usually relatively low and is commonly
ignored. The exception is where the diaphragm acts as a framing element to engage gravity columns as
outrigger elements, in which case out-of-plane modeling may be required.

4 Specified stiffness values for mat foundations pertain to the general condition of the mat. Where the walls or
other vertical members impose sufficiently large forces, including local force reversals across stacked wall
openings, the stiffness values may need to be reduced.
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