Seismic design of RC buildings
following ACI 318-14

Design outline



Seismic Design Category and Energy

Dissipation Capacity

SDC — Seismic Design Category

Denomination (energy
dissipation capacity)

A, B Ordinary
C Intermediate
D,E F Special




Seismic design
reguirements in
ACl 318-14

Component resisting sDC
earthquake effect,
unless otherwise A B C DLE.F
noted (Nome) | (18.2.1.3) | (18.2.1.4) | (18.2.1.5)
Analvsis and des: 1822
Y315 auc design 18.2.2 18.2.2 ’
requirements 18.2.4
18.2.5
Materials MNone None through
18.2 8
186
Frame members 183 15 4 through
189
Structural walls and
= . i None None 18.10
coupling beams
None 18 502
Precast structural walls None 18.5 18 “’
Dhiaphra and
1apHTasms an None None 18.12
trsses
Foundations None None 18.13
Frame members not
designated art of
Sigfaied as patto None None 18.14
the seismuc-force-
resisting system
Anchors None 1823 1823




General Requirements

« Compressive strength of concrete f'. larger than 21MPa
» Specified compressive strength of lightweight concrete less than 35MPa

* For computing the amount of confinement reinforcement, f,; less than
700MPA

* Reinforcing steel must meet ASTM A706, if ASTM A615 is used, it must

meet:
* The actual yield strength based on mill tests does not exceed f, by more than
125MPa
* The ratio of the actual tensile strength to the actual yield strength is not less
than 1.25

* Minimum elongation in 200mm should be at least 14% (bar No. 10 to No. 19)
and 12% (bar No. 22 to No. 36) and at least 10% (bar No. 43 to No. 57)



Ordinary moment frames

* Corresponds to SDC B

 Beams must have at least two continuous longitudinal bars along both
top and bottom faces. These bars shall be developed at the face of
support

* The design of beams in flexure and shear are governed by the
requirements in ACl 318 chapter 9

* Columns having clear height less than or equal to five times the
dimension c, (dimension of column in analysis direction)



Ordinary moment frames

* The design shear force is calculated as the lesser of

* The shear V, associated with the development of nominal moment
strengths M of the column at each restrained end of the

unsupported length due to reverse curvature

* The maximum shear obtained from the design load combinations of
ACl 318 chapter 5 that includes the earthquake effect E with Q_E

substituted for E in the load combinations



Intermediate moment frames

* Reinforcement details in a frame member shall satisfy beam
requirements if the factored axial compressive load P, does not
exceed A f /10

* When P is greater, reinforcing details must meet column
requirements.

* When a slab-column system without beams is part of the seismic-
force-resisting system, reinforcement details in any span resisting
moments caused by seismic loads must satisfy Provision 18.4.5



Intermediate moment frames
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Intermediate moment frames Wy = 12D +10L 4028

e Shear design of beams and columns, shear M m EERRRE [T
forces shall be at least the lesser of H fn |
Vuj Vur
o Beam shear
* The sum of the shear force associated with

development of nominal strengths of |
members and the shear calculated for ‘ o— f

. . . ni + Mpr Wy b,
factored gravity loads (accounting for gravity Vy= =+ —
is for beams only ) }e

* Maximum shear obtained from design load /S
combinations taking (E) as (2E) for beams and
(Q, E ) for columns




Intermediate moment
frames: shear
reinforcement for beams

(d/4
8d, (longitudinal bar)

ﬁ 24d, (hoop bar)

| P | ( 12 in (300 mm)
<2in
s Hoops Stirrups
]h
._/\/_.
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» — s<d/2

Hoop reinforcement determined in
accordance with ACI 18.4.2.3 at both ends

Detail B
6db > 3in
(75 mm)
extension F\ f
__J L____J
Detail A Detail C
Note lj /-B
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Notes

—

r 6d, extension

\Crosstie (ACI 2.3)

-C

. The 90-degree hooks of two consecutive

crossties engaging the same longitudinal
bars shall be aiternated end for end.

2. Spacing s between longitudinal bars
restrained by legs of crossties or hoops
must not exceed 14 in (350 mm),

Note 2



Intermediate moment
frames: shear
reinforcement for columns

Intermediate moment
frames: transverse
reinforcement in the

joint
0.75\/f/bs . 0.062,/ f.bs
n :
fvt f_l/!

; 0.35 Q8 7bs
208 [tast s

f yt . f yt

where b is the column’s dimension
perpendicular to direction of analysis and
s is the spacing of the of hoops, s is less
than half depth of smaller beam framing
the joint

Joint reinforcement in accordance with ACl 18.4.4

L

Clear span/6

18 in (450 mm)

¢, =< Larger of ¢, orc,

H

1

A

|~ Spacing of transverse reinforcement in accordance with

ACI 184.3.5

/ See note below on splice location

Transverse reinforcement in accordance with ACI 18.4.3.1

ﬂ / 4
8 x diameter of smallest longitudinal bar

24 x diameter of hoop bar

3sosﬁ

0.5 x smallest cross-sectional dimension of the column

L 12 in (300 mm)

Note: There is no restriction on the location of
longitudinal bar splices for intermediate moment
frames. The splice may be located away from the
potential hinge regions as shown above, or it may
be located immediately above the floor slab.

Section A-A
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Intermediate moment frames:
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Intermediate moment frames: two way slab —
shear design

Two way slab without beams

* Two way shear caused by factored gravity loads shall not
exceed 0.4®V_, where V_ shall be calculated in accordance

with 22.6.5.

* This requirement may be waived if the slab complies with

provision 18.14.5. This provision is related to the
requirement of members not designated as part of lateral

resisting system



Special moment
frames: flexural
members

e Dimensional
restrictions

* Axial force, P,
must not exceed
O.1f’CAg

L/ Column ¢; X ¢; (typ.)

9

=T

: [ > lesser of 0.3k and 10 in (250 mm)

Section A-A

1 < lesser of 3¢, and ¢, + 1.5¢,



Special moment frames:

0.25./Fbhb,.d 1.4b,.d
= Y s
flexural members (Asmin ===~ ond —=p5
< p <0.025
Requirements on: & . Minimum 2 bars continuous .
M .
¢ member’S £ Mn.r
reinforcement \
|
|
* the moment strength
of beam members —
. My »
capacity checks A M}, 2 s

(maximum M, at either joint)

M; or M} >



Special moment frames:
flexural members

Lap splice confined and located

n tside potential hinge area
Requirements on: (ea. end) outside potential hinge
q L] .+- x
' Hoop or spiral
) Lap SpllceS for reinforcement
longitudinal

reinforcement

i |~s S{d/4 el

4in (100 mm)



Special moment frames: flexural members —
shear design values

* The design shear values are obtained Wy =1.2D+1.0L+0.28
from two sources, we design for the

greater: Myt fl EERERN

Mpr.!
* Analysis value from the load L I fn i j
v

combinations

V
* Based on flexural capacity of beams, M o o2

pr —Beam shear

computed using f,  ,=1.25fy and @ is 1 T —

ypr -t

* For the design of transverse /A Wﬂ

reinforcement, V_=0 if shear caused by M b M wod

M (0) I'i Llr = --":hr1 - _”__;.]:I':.? i H _"
lateral force is more than 50% of o A 5
maximum required shear strength, and

axial force is less than 0.05f’. A

g



Special moment frames:
flexural members —
transverse reinforcement
details

d/4
s <1 6d, (smallest longitudinal bar)

6in (150 mm)

IA
N
=

Hoops Stirrups with seismic hooks

IK W

—s<d/2

Hoop reinforcement determined in
accordance with ACI 18.6.5 at both ends

o

KA G (350 mm)

Section A-A




Special moment
frames: column
members

e Dimensional
restriction

* Axial force
greater than 0.10
f'c A,

"1

For ¢; < ¢y:

-
A

Section A-A

c; < 2.5¢;



Special moment frame:

beam

Mnc,b
~
A

/\/
\ Y

MIIC,C
Sidesway Right

My r C § % D Mpb,e

strong column — weak

Mnc,b
e\
/\/

M;b,rc S 2 )Mr:b,t’

/\/
U

Myc,e
Sidesway Left

Mnc.b + Mnc,t 2 (6/5)(M;b,r T M;b,t')

* Columns can be interior, edge and corner. The number of elements
framing the joint and their reinforcement may differ

* The flexural capacity of the columns are dependent on the axial force
in columns (corresponds to direction of analysis)



Special moment
frame: column
members

* The flexural capacity
of the columns are
dependent on the
axial force in columns

* Do we consider lower
or larger M _?

Axial Force

1.2D 4+ 1.0E + 1.0L + 0.25

0.9D 4+ 1.0&

Mnc,l

MTIC.Z




Special moment frames: column members — shear
design value

N $ P

J Q;—L il MF 3
N iy Ves ~ Calumn
; shear
|
D

y_l —I — Ves

Li’ a I *L - Hprd. :'“H | M =M
- - * P, — Vﬂ.# - pri - ord
4

* The design shear values are obtained from two sources, we design for
greater value:
* Analysis value from the load combinations
* Based on flexural capacity of beams, M, computed using f,
considered to find M,

* For design, Vc=0 if shear caused by lateral force is more than 50% of required
shear strength, and axial force is less than 0.05f’. A

=1.25f and ®is 1 P, is

g



Special moment frames:

column members —

how to find the bending
capacity of the columns
for shear design value

Do we consider lower
or larger M, ?

Axial Force

Axial Force

1.2D + 1.0E + 1.0L 4 0.25 [~ Range of Axial Forces

0.9D + 1.0E \

f

Bending Moment
(a)

1.2D + 1.0E + 1.0L + 0.2S rRangc of Axial Forces

0.9D + 1.0E /
|

Bending Moment
(b)




Special moment
resisting frames:
column’s main and
transverse
reinforcement
details

Tension lap splice within center
half of member length enclosed
with transverse reinforcement pe
ACl 18.7.5.2 and 18.7.5.3

r
A

a2

T W —

1

A

0.014, < Ay, < 0.064,

B

Section A-A



Special moment resisting
frames: column main and !
transverse reinforcement .
details
for transverse reinforcement r
£/ df’ A & x smallest longitudinal bar diameter
P.<0.3A, " ana ' .</0MPa -
. T | Ain
6d, = 3in, 6d, extension JLarger of ¢y or s
Provide additional > A. L
transverse reinforcement ¥— L ;C!Edrbpdn‘m
spaced no greater than { S il Dl Llﬂ in
12 in if thickness > 4 in R S RO A Xi
! 3 Co
Al 90- % Xi
hot(f;:ate g : - ' B l ‘ l {Smaller of ¢4 ar ¢3) /4
X o Xi | Xi L ¥ 5 <. 6 smallest longitudinal bar diameter
|
.Cl ‘ L 350 — h
SECtomAA. g 100 mm < s, = 100 + (—] < 150 mm]
r'::13("%’ - l)f—csb () g g
. Ach fyt ‘
Ash 2 4
chF
0.09 —sb, (b)
\ f;-.::

X; Is less than or equal to 350mm, h, in the equations of s, is the largest of x;
b, Is dimension of confined column that is perpendicular to the tie legs that make up A,



Special moment resisting
frames: column transverse
reinforcement details
P>0.3A,t" or ' >70MPa

s A, ¢
0.3(=L - l)f—csbc (a)
ch fyt
0.09f—csbc (b)
Provide additional fye
y i )
transverse reinforcement 0.2k kP,
spaced no greater than sb, (c)
12 inif thickness > 4 in \ fyeAcn
frf = f‘_ +0.621.0
175
r o n,
Section A-A =2

where n,is the number of longitudinal bars
X; 1s less than or equal to 200mm, h, in the equations of s, is the largest of x;



Special moment frames: beam-column joints

General requirements

* When computing shear strength within the joint in special frames all
longitudinal reinforcement must be presumed to be stressed at 1.25f,

e Longitudinal reinforcement terminating at a joint must be extended
to the far face of the column confined core and anchored in tension

* When the beam longitudinal reinforcement passes through the joint,
the column dimension parallel to the reinforcement cannot be less
that 20d, for normal weight concrete and 26d, for lightweight
concrete



Special moment -

beam-column joi

* The shear in the joint is
calculated using M,

Nt

x (€1/2)

_ MM Vet Vea)

‘/L'Ul :
€. €c

‘rames:

o
S

Vcol :

col



Special moment frames: beam-column joint

Vcol
<
* Computation of the shear g A — C; =T,

‘_

demand on the joint Vj

* The shear in the joint is
calculated using M, Mor Vy =Ty + Ty = Voo My
P A

s - + i M ——» ¥
Vi = 1.25A, f.lf + 1.25A; f;; Vool C, =T, %’n = 1.254%f,




Special moment frame: beam-column joint

* The nominal shear strength of the joint is calculated following the
table shown below, nominal strength factor is taken as 0.85

Table 18.8.4.1—Nominal joint shear strength V,

Joint configuration V,

1;01" j([)li]nts confined by beams on all four [ 70, \/z, 4 [2]
aces ‘

For joints confined by beams on three

r 4 2]
_ - 120 f74,
faces or on two opposite faces

. ; 2]
For other cases I.OKJZ 4

1] Refer to 18.8.4.2.

1) shall be 0.75 for lightweight concrete and 1.0 for normalweight concrete. 4; is
grven 1n 18.8.4.3.



Special moment
frame: beam-
column joint

Effective area for
nominal shear
strength of the
joint

Effective joint area A; = wc¢,

Effective joint width w = smaller of {

~
~
~
~
Sy
~

b+c,
b+ 2x

//Direc:on of analysis




Special moment frame: beam-column joint

* Development length of bars in tension

Ly, shall be at least the greater of 8d, and 150mm for normal weight
concrete

Ean=1,ds/ (5404 £))

* The hook shall be located within the confined core of the column or

boundary element
/.

t———H
Standard Hﬂﬂﬂ Izdb






