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0520 Special Provisions for
Seismic Design

0520 YRIEARX] S8 1ALRY

0520.1 General

0520.1.1 Scope
0520.1.1.1 Monolithic structures

Provisions of this 0520 specify the special re-
quirements for seismic design and detailing of
reinforced concrete members, and shall apply
only to monolithic reinforced concrete struc-
tures resisting forces induced by earthquake

motions.

0520.1.1.2 Structures other than monolithic
structures

When provisions of this 0520 apply to pre-
fabricated structures other than monolithic
structures, the provisions shall be modified based
on appropriate physical evidence and analysis,
and special seismic design for these structures
shall satisfy the corresponding provisions.

0520.1.1.3 Precast and prestressed concrete

structures

Precast and prestressed concrete structures
shall be permitted to be considered as earth-
quake-resistant structures only if they satisfy
the safety and serviceability requirements for
monolithic structures.

0520.1.1.4 Exceptions

A reinforced concrete structural system not
satisfying this 0520 shall be permitted to be
used if it is demonstrated by experimental evi-
dence or analysis that the proposed system
satisfies the requirements of this 0520 or has
the structural performance equal to or exceed-
ing that required by this 0520.
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0520.1.2 Requirements for seismic-force-re-
sisting systems

(1) This 0520 specifies the requirements for de-
sign and construction of reinforced con-
crete members subjected to design earth-
quake forces that are determined based on
the energy dissipation capacity in the non-
linear range of response to earthquake
motions.

(2) For other than the provisions of this 0520,
the provisions of 0501 to 0519 specified in
this chapter shall be applied.

(3) When the design earthquake load is de-
termined for ordinary or intermediate mo-
ment frames as the seismic-force-resisting
system, the requirements of this 0520 for
ordinary or intermediate moment frames
shall be satisfied.

(4) When the design earthquake load is de-
termined for special moment frames form-
ing part of the seismic-force-resisting sys-
tem, the requirements of this 0520 for spe-
cial moment frames shall be satisfied.

(5) A reinforced concrete structural system not
satisfying this 0520 shall be permitted to be
used as the earthquake-resistant system if
it is demonstrated by experimental evidence
and analysis that the proposed system has
strength and toughness equal to or exceed-
ing those required by this 0520.

(6) Vibration isolation and damping devices,
which are designed and demonstrated by
professional structural engineers in ac-
cordance with 0306.12 or 0306.13, shall be
permitted to be used to decrease the vi-
bration of structures.

0520.1.3 Analysis and design of structural

members
0520.1.3.1 Lateral-force-resisting Systems

Interaction of all structural and nonstructural
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members, which affects linear and nonlinear
responses of structures in terms of materials,
shall be considered in the analysis of structural

members for earthquake motions.

0520.1.3.2 Nonstructural members

Rigid members assumed not to be a part of the
lateral-force-resisting system shall be permit-
ted to be used if their effects on the response
of the structural system are considered. Effects
of failure of structural and nonstructural mem-
bers that are not a part of the lateral-force-re-
sisting system shall also be considered.

0520.1.3.3 Structural members below base of
structures

Structural members, which are below the base
of structures and required to transmit forces
resulting from earthquake effects to the foun-
dation, shall satisfy the requirements of this
0520.

0520.1.3.4 Structural members not designated
as part of lateral-force-resisting system

All structure members, which are not supposed
to be a part of the lateral-force-resisting sys-
tem, shall also satisfy the requirements of
0520.2.

0520.1.4 Concrete of seismic-force-resisting

members

0520.1.4.1 Specified compressive strength of

concrete

Specified compressive strength of concrete f
shall not be less than 21 MPa.

0520.1.4.2 Specified compressive strength of
lightweight concrete

Specified compressive strength of lightweight

concrete shall not exceed 35 MPa. If it is dem-
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onstrated by experimental evidence that struc-
tural members made with lightweight concrete
have strength and toughness equal to or ex-
ceeding those of comparable members made
with normal-weight concrete of the same
strength, the greater compressive strength shall
be permitted.

0520.1.5 Reinforcement of seismic-force-re-
sisting members

0520.1.5.1 Reinforcement used in frames or
boundary elements of structural walls

Specified yield strength f, of reinforcement
(KS D 3504, 3552, 3688, 7017) used in special
moment frames subjected to earthquake—in-
duced flexural and axial forces or boundary el-
ements of special shear walls shall not exceed
600 MPa and 500 MPa for longitudinal and
transverse reinforcement, respectively, and
shall satisfy the following requirements of

0520.1.5.2 and 0520.1.5.3.

0520.1.5.2 Actual yield strength limits

Actual yield strength based on mill tests shall
not exceed the specified yield strength by more
than 120 MPa. Retest shall not exceed this value
by more than an additional 20 MPa.

0520.1.5.3 Actual tensile strength ratio limit

Ratio of the actual tensile strength to the actual
yield strength shall not be less than 1.25.

0520.1.5.4 Mechanical splices

(1) Mechanical splices shall be permitted to be
classified as Type 1 or Type 2 mechanical
splices.

@ Type 1 mechanical splices shall conform
to 0508.6.1.

@ Type 2 mechanical splices shall conform
to 0508.6.1, and shall be capable of de-
veloping the specified tensile strength of
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the spliced bar.

(2) Type 1 mechanical splices shall not be used
within a distance equal to twice the member
depth from the column or beam face or
from sections where yielding of the re-
inforcement is likely to occur as a con-
sequence of inelastic lateral displacements.
Type 2 mechanical splices shall be permit-
ted to be used at any location.

0520.1.5.5 Welded splices

(1) Welded splices of reinforcement resisting
earthquake-induced forces shall conform to
0508.6.1, and also shall not be used within
a distance equal to twice the member depth
from the column or beam face or from sec-
tions where vielding of the reinforcement is
likely to occur as a consequence of inelastic
lateral displacements.

(2) Welding of stirrups, ties, inserts, or other
similar elements to longitudinal reinforce-
ment that is required by design shall not be
permitted.

0520.2 Frame members not designated as
part of seismic-force-resisting system

0520.2.1 Scope

Frame members assumed not to contribute to
lateral resistance shall be designed in accord-
ance with 0520.2.2 or 0520.2.3 depending on the
magnitude of moments induced in those mem-
bers when subjected to the design displacement.
If effects of the design displacement are not ex-
plicitly checked, the requirements of 0520.2.3
shall be satisfied.

0520.2.2 When induced sectional forces under
design displacements do not exceed design
member strength

0520.2.2.1 General
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Where the induced moments and shears by the
combined effects of factored gravity loads and
design displacements of 0520.2.1 do not exceed
the design moment and shear strength of the
frame member, the requirements of 0520.2.2.2,
0520.2.2.3, and 0520.2.2.4 shall be satisfied. In
the case, the gravity load combinations of 1.2.D
+1.0L+0.28 or 0.9D, whichever is critical,
shall be used. The live load factor shall be per-
mitted to be reduced to 0.5 for areas where L
is greater than 5.0 kN/m?, except for garages.

0520.2.2.2 Members with factored axial

forces not exceeding 4, f4/10

Members with factored axial forces not exceed-
ing A,f /10 shall satisfy 0520.4.2.1. Transverse
reinforcement spacing shall not exceed d/2

along the length of the member.

0520.2.2.3 Members with factored axial

forces exceeding A4, f,/10

Members with factored axial forces exceeding
A,f4/10 shall satisfy 0520.5.3, 0520.5.4.1(3),
0520.5.4.3, and 0520.5.5. Maximum tie spacing
shall be s, for the full column height, and the
spacing s, shall not be greater than the lesser
of six diameters of the smallest longitudinal bar

enclosed and 150 mm.

0520.2.2.4 Members with factored axial
forces exceeding 0.35P,

Members with factored axial forces exceeding
0.35P, shall satisfy 0520.2.2.3. Amount of trans-
verse reinforcement shall be one-half of that
required by 0520.5.4.1, and spacing shall not be
greater than s, for the full column height.

0520.2.3 When induced sectional forces under
design displacements exceed design member
strength
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0520.2.3.1 General

Where the induced moments and shears under
design displacements of 0520.2.1 exceed the
design moment and shear strength of the frame
member, or where the induced moments are
not calculated, the requirements of 0520.2.3.2,
0520.2.3.3, and 0520.2.3.4 shall be satisfied.

0520.2.3.2 Splices of reinforcement
Materials shall satisfy 0520.1.4 and 0520.1.5.

Mechanical splices and welded splices shall sat-
isfy 0520.1.5.4 and 0520.1.5.5(1), respectively.

0520.2.3.3 Members with factored axial forces
not exceeding A,f,,/10

Members with factored axial forces not exceeding
A,f4/10 shall satisfy 0520.4.2.1 and 0520.4.4.
Transverse reinforcement spacing shall not ex-
ceed d/2 along the length of the member.

0520.2.3.4 Members with factored axial forces
exceeding 4,f.;./10

Members with factored axial forces exceeding
A,f4/10 shall satisfy 0520.5.3.1, 0520.5.4,
0520.5.5, and 0520.6.2.1.

0520.2.4 Precast concrete frames

Precast concrete frame members and their con-
nections assumed not to contribute to lateral re-
sistance shall satisfy 0520.2.4.1, 0520.2.4.2, and
0520.2.4.3 in addition to 0520.2.1, 0520.2.2, and
0520.2.3.

0520.2.4.1 Placement of transverse reinforcement

Transverse reinforcement specified in 0520.2.2.2
shall be provided along the entire column height,
including the depth of beams

0520.2.4.2 Structural integrity reinforcement
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Structural integrity reinforcement shall be pro-
vided in accordance with 0516.3.

0520.2.4.3 Bearing length at support of beams

Bearing length at the support of a beam shall
be at least 50 mm longer than the calculated

value from 0506.8 using bearing strength.

0520.3 Requirements for intermediate
moment frames

0520.3.1 Scope

This section shall apply to intermediate mo-

ment frames.

0520.3.2 Classification of members for design
code application

0520.3.2.1 Members with factored axial
forces not exceeding A4, Ffer/10

Where factored axial forces P, do not exceed
A, £ /10, reinforcement of frame members
shall conform to 0520.3.4.

0520.3.2.2 Members with factored axial
forces exceeding A,f.,/10

Where factored axial forces exceed A,/ /10,
reinforcement shall conform to 0520.3.5, unless
spiral reinforcement is provided as specified in
Eq. (0506.4.1).

0520.3.2.3 Seismic design of two-way slabs
without beams

When two-way slabs without beams are consid-
ered as part of a frame resisting earthquake ef-
fects (&), reinforcement to resist the induced
moments by earthquake effects shall conform
to 0520.3.6 in any span.

0520.3.3 Design shear strength

0520.3.3.1 Calculation of design shear strength Fig. R21.3.3—
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Design shear strength of beams, columns, and
two-way slabs resisting earthquake effects shall
satisfy the following (1) and (2).

(1) Design shear strength shall be at least the
sum of the shear associated with develop-
ment of nominal moment strengths of the
member at each restrained end of the clear
span and the shear calculated for factored
gravity loads.

(2) Design shear strength shall not be less than
the maximum shear force obtained from de-
sign load combinations including the earth-
quake effect, which is taken as twice that pre-

scribed by the seismic design code.

0520.3.4 Beams
0520.3.4.1 Flexural strength limits

At the face of the joint, the positive moment
strength shall be at least one-third the negative
moment strength. At any section along the
length of the beam, both the negative and pos-
itive strength shall not be less than one-fifth
the maximum moment strength provided at the

face of either joint.

0520.3.4.2 Placement of hoops

Hoops shall be provided over the length of at
least two times the beam depth measured from
the face of the supporting member toward the
mid-span. The first hoop shall be located not
more than 50 mm from the face of the support-
ing member. Hoop spacing shall not exceed the
smallest of d/4, 8 times the diameter of the
smallest longitudinal bar enclosed, 24 times the
diameter of the hoop bar, and 300 mm.

0520.3.4.3 Placement of stirrups

Stirrup spacing shall not exceed d/2 along the
length of the beam.

0520.3.5 Columns
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0520.3.5.1 Applicable provisions

Columns shall be spirally reinforced in accord-
ance with 0505.5.2, or shall conform to the fol-
lowing 0520.3.5.2, 0520.3.5.3, and 0520.3.5.4.
0520.3.5.5 shall apply to all columns.

0520.3.5.2 Spacing of transverse reinforcement
at flexural yielding regions

At both ends of a column, hoops shall be provided
over a length [,

from the joint face. The spacing s

at a spacing of s, measured

, Shall not
exceed the smallest of 8 times the diameter of
the smallest longitudinal bar enclosed, 24 times
the diameter of the hoop bar, one-half of the
smallest cross-sectional dimension of the col-
shall not be

less than the greatest of one-sixth of the clear

umn, and 300 mm. The length [,

span of the column, maximum cross-sectional di-

mension of the column, and 450 mm.

0520.3.5.3 Location of first hoop

The first hoop shall be located not more than
s,/2 from the joint face.

0520.3.5.4 Spacing of transverse reinforcement
outside potential plastic hinge regions

Spacing of transverse reinforcement outside the
length [, shall be in accordance with 0505.5.2
and 0507.4.2(1).

0520.3.5.5 Reinforcement at joints

Reinforcement at joints shall conform to 0507.11.2.

0520.3.6 Two-way slabs without beams
0520.3.6.1 Factored slab moment at support

Factored slab moment at the support including
earthquake effects shall be calculated for load
combinations specified in Egs. (0503.3.5) and
(0503.3.8). Reinforcement to resist A4,,,, shall
be placed within the column strip specified in
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0510.3.1(2).

0520.3.6.2 Reinforcement within effective slab
width

Effective slab width for exterior and corner
connections shall not extend a distance greater
than ¢,;, which is measured perpendicular to

the slab span, beyond the column face.

0520.3.6.3 Reinforcement in column strip at
support

At least one-half of the reinforcement in the
column strip at the support shall be provided
within the effective slab width (c, + 3h).

0520.3.6.4 Continuity of top reinforcement in

column strip

At least one-quarter of the top reinforcement
at the support in the column strip shall be con-

tinuous throughout the span.

0520.3.6.5 Continuous bottom reinforcement

in column strip

Continuous bottom reinforcement in the col-
umn strip shall be at least one-third of the top
reinforcement at the support in the column

strip.

0520.3.6.6 Continuity of bottom reinforcement
at mid-span

At least one-half of all bottom column strip re-
inforcement and all bottom middle strip re-
inforcement at the mid-span shall be con-
tinuous, and shall develop the design specified
yield strength at the face of the support as de-
fined in 0510.4.2(5).

0520.3.6.7 Development of reinforcement at

support of slab discontinuous edge

At discontinuous edges of the slab, all top and
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bottom reinforcement at the support shall be
developed at the face of the support as defined
in 0510.4.2(5).

0520.3.6.8 Factored gravity load limits

At the critical sections of the column specified
in 0507.12.1(3), two-way shear induced by fac-
tored gravity loads shall not exceed 0.4¢ V.,
where V,_ shall be calculated in accordance
with 0507.12.1(2) for non-prestressed members
or 0507.12.2(3) for prestressed members. This
requirement shall be permitted not to be sat-
isfied if the unbalanced moment caused by
earthquake effects is not greater than one-half
of the unbalanced moment strength ¢ A,
which is calculated by 0507.12.7.

0520.4 Flexural members of special
moment frames

0520.4.1 Scope
0520.4.1.1 General

Provisions of 0520.4 shall apply to special mo-
ment frame members, which are subjected to
seismic forces and are proportioned primarily

to resist flexure.

0520.4.1.2 Requirements

These frame members shall also satisfy the fol-

lowing requirements.

(1) Factored axial compressive force shall not
exceed (4,f4/10).

(2) Clear span shall not be less than four times
the effective depth.

(3) Ratio of width to depth shall not be less than
0.3.

(4) Width shall not be less than 250 mm.

(5) Width shall not exceed the sum of the sup-
porting member width measured perpen-
dicular to the axis of the flexural member

and 0.75 times the flexural member depth

A2 0510.4.2(5)014 st wle} Zo] €zl

oA F=23| A= ofoF it

0520.3.6.8 A5ZAs5159] At

0507.12.1.391A 78 7152 DTl A
Sadatgol o 9% Adele 0.44V, olst
7} Eofof gtk v, & melsEAS WA o
L ®Rjo] 9 0507.12.2.20) we A stoiof
stol, majAEAZ Wi Bl Ao
0507.12.2.38 A 835lojof stch. 12} x]RS}
zog 9ol BEHF3YURUET 0507.12.70A4
A BFRRGE oM,0) 1/2 olsid 9]
QPR HgslA] ok 4 9t

B

0520.4 E5

0520.4.1 =29
0520.4.1.1 U¥rARE

052049 FHL AN Wi, X2 Y ¥
£% A" E4RUERE YAlo] A

gt

0520.4.1.2 QAL

;’?e:aufréﬁ'gnf of th,}cu!“p,f member
Pu € Asfifio
,g’,g > 4.0
¢ ;
.Ef
b b > zspmm
h b/h,



박홍근
강조

박홍근
강조

박홍근
강조


on each side of the supporting member.

0520.4.2 Longitudinal reinforcement
0520.4.2.1 Reinforcement limits

At any section of a flexural member, except as
provided in 0506.3.2(3), for both top and bottom
reinforcement, the amount of reinforcement
shall not be less than that given by Eq.
(0506.3.1), but not less than 1.4b,d/ f,. The re-
inforcement ratio p shall not exceed 0.025. For
both top and bottom reinforcement, at least two

continuous bars shall be provided.

0520.4.2.2 Moment strength limits

The positive moment strength at a joint face
shall not be less than one-half of the negative
moment strength provided at the joint face. At
any location of the member, both the positive
and negative moment strength shall not be less
than one-fourth of the maximum moment

strength provided at the face of either joint.

0520.4.2.3 Lap splices of flexural reinforcement

Lap splices of flexural reinforcement shall be per-
mitted only if hoop or spiral reinforcement is pro-
vided over the lap length. Spacing of the trans-
verse reinforcement enclosing the lap-spliced
bars shall not exceed the lesser of d/4 and 100
mm. Lap splices shall not be used within the joints,
within a distance of twice the member depth from
the joint face, and where flexural yielding is ex-
pected by analysis as a result of inelastic lateral

displacements of the frame.

0520.4.2.4 Mechanical and welded splices

Mechanical splices and welded splices shall con-
form to 0520.1.5.4 and 0520.1.5.5, respectively.

0520.4.3. Transverse reinforcement

0520.4.3.1 Scope
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Hoops shall be provided in the following re-

gions of frame members.

(1) Over a length equal to twice the member
depth measured from the face of the sup-
porting member toward the mid-span, at
both ends of the flexural member.

(2) Over lengths equal to twice the member
depth on both sides of a section where flexu-
ral yielding is likely to occur as a result of
inelastic lateral displacements of the frame.

0520.4.3.2 Spacing of hoops

The first hoop shall be located not more than
50 mm from the face of the supporting
member. Spacing of the hoops shall not exceed
the smallest of d/4, 8 times the diameter of the
smallest longitudinal bars, 24 times the diame-
ter of the hoop bars, and 300 mm.

0520.4.3.3 Lateral support of hoops

Where hoops are required, longitudinal bars
enclosed by hoops shall have lateral support in
accordance with 0505.5.2.3(3).

0520.4.3.4 Required length for stirrups with

seismic hooks

Where hoops are not required, stirrups with
seismic hooks at both ends shall be spaced at
a distance not exceeding d/2 throughout the
length of the member.

0520.4.3.5 Required length for hoops

Stirrups or ties required to resist shear shall be
hoops over the lengths of members as given in
0520.4.3, 0520.5.4, and 0520.6.2.

0520.4.3.6 Hoops in flexural members

Hoops in flexural members shall be permitted
to be made up of two pieces of reinforcement,
including a stirrup having seismic hooks at both
ends and closed by a cross-tie. Consecutive
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cross-ties engaging the same longitudinal bar
shall have their 90-degree hooks at the opposite
sides of the flexural member. If the longitudinal
reinforcing bars secured by the cross-ties are
confined by a slab on only one side of the flexu-
ral member, the 90-degree hooks of the cross-

ties shall be placed on that side.

0520.4.4 Requirements for shear strength
0520.4.4.1 Design shear forces

The design shear force V, shall be determined
by the force equilibrium on the portions of the
member between joints faces, assuming that
moments of opposite sign corresponding to
probable flexural moment strength A7, act at
the joint faces and that the member is loaded
with the factored tributary gravity load along

its span.

0520.4.4.2 Exemption of concrete contribution

to shear

Transverse reinforcement over the lengths de-

fined in 0520.4.3.1 shall be designed to resist

shear assuming V, =0 when both the following
conditions occur.

(1) The earthquake-induced shear force calcu-
lated from 0520.4.4.1 represents at least
one-half of the maximum required shear
strength within those lengths.

(2) The factored axial compressive force in-
cluding earthquake effects is less than
A, f /0.

0520.5 Special moment frame members
subjected to flexure and axial force

0520.5.1 Scope
0520.5.1.1 Applications

Requirements of 0520.5 shall apply to members

of special moment frames that resist seismic
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forces and are subjected to the factored axial
compressive force exceeding (4, ./ 10).

0520.5.1.2 Dimensional limits

These frame members shall satisfy the followings.

(1) The shortest cross-sectional dimension, meas-
ured on a straight line passing through the geo-
metric centroid, shall not be less than 300 mm.

(2) The ratio of the shortest cross-sectional di-
mension to the perpendicular dimension shall
not be less than 0.4.

0520.5.2 Minimum flexural strength of columns

0520.5.2.1 Requirements for flexural strength

of columns

The flexural strength of columns exceeding a
factored axial compressive force of (A4 p fu/10)
shall satisfy 0520.5.2.2 or 0520.5.2.3. If
0520.5.2.2 is not satisfied, the lateral strength
and stiffness of the columns framing into that
joint shall be ignored when calculating strength
and stiffness of the structure. However these
columns shall conform to 0520.2.

0520.5.2.2 Flexural strength of columns

The flexural strengths of columns shall satisfy
Eq. (0520.5.1)

M, = (6/5)2M,

where, Y M, is the sum of nominal flexural
strengths of the columns framing into the joint,
evaluated at the faces of the joint. Column flex-
ural strength shall be calculated for the fa-
ctored axial force, consistent with the direction
of the lateral forces considered, resulting in the
minimum flexural strength. YA, is the sum of
nominal flexural strengths of the beams fra-
ming into the joint, evaluated at the faces of the
joint. In T-beam construction, where the slab

acts monolithically with the beam and resists
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flexure together, slab reinforcement within the
effective slab width defined in 0503.4.10 shall be
considered in the evaluation of the flexural

strengths.

0520.5.2.3 Direction of column moments

Flexural strengths shall be summed such that
the beam
moments. Eq. (0520.5.1) shall be satisfied for

beam moments acting in both directions in the

the column moments oppose

vertical plane of the frame considered.

0520.5.2.4 Transverse reinforcement at joints

If 0520.5.2.2 is not satisfied at a joint, columns
subjected to reactions from that joint shall be
reinforced with transverse reinforcement as
specified in 0520.5.4.1, 0520.5.4.2, and 0520.5.4.3
over the full height.

0520.5.3 Longitudinal reinforcement
0520.5.3.1 Reinforcement ratio limits

Longitudinal reinforcement ratio p, shall not be
less than 0.01 and shall not exceed 0.06.

0520.5.3.2 Splices of reinforcement

Mechanical splices shall conform to 0520.1.5.4
and welded splices shall conform to 0520.1.5.5.
Lap splices shall be permitted only within the
center half of the member length, shall be de-
signed as tension lap splices, and shall be en-
closed with transverse reinforcement conform-
ing to 0520.5.4.2 and 0520.5.4.3.

0520.5.4 Transverse reinforcement
0520.5.4.1 Details of transverse reinforcement

Transverse reinforcement shall conform to the
following requirements of (1) to (5), unless a
larger amount is required by 0520.5.3.2 or
0520.5.5.

(1) The volumetric ratio of spiral or circular
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(2)

(3

(5)

hoop reinforcement p, shall not be less
than that required by Eq. (0520.5.2), and
shall not be less than that required by Eq.
(0506.4.1).

Ps — 012f(‘k/fyh

The total cross-sectional area of rectangular
hoop reinforcement shall not be less than that
required by Egs. (0520.5.3) and (0520.5.4).

Ash = 0'3(Shmf{:k/fyh)[(Ag/Ach, ) - 1]

Ash, = 0'098h(j(:kr/fyh

Transverse reinforcement shall comprise ei-
ther single or overlapping hoops. Cross-ties
of the same bar size and spacing as the hoops
shall be permitted. The end of cross-ties
shall engage peripheral longitudinal re-
inforcement, and consecutive cross-ties
shall be alternated end for end along the lon-
gitudinal reinforcement.

If the design strength of the member core
exceeds the strength calculated from design
load combinations including earthquake ef-
fects, it shall be permitted not to conform
to Egs. (0520.5.3) and (0506.4.1).
Additional transverse reinforcement shall
be provided if the concrete cover outside
the confining transverse reinforcement is
greater than 100 mm. For the additional
transverse reinforcement, concrete cover
shall not exceed 100 mm, and spacing shall

not exceed 300 mm.

0520.5.4.2 Spacing of transverse reinforcement

Spacing of transverse reinforcement shall not

exceed the smallest of one-quarter of the mini-

mum member dimension, 6 times the diameter

of the smallest longitudinal bar, and s, as de-
fined by Eq. (0520.5.5).

s, =100+ [(350—h,)/3]

(2) APZF ZnATo] HA] Bl A1(05205.3)
4)2 A= 2 oo stol

(0520.5.3)
(0520.5.4)

Consecutive crossties engaging
the same longitudinal bar have
their 90-degree hooks on
opposite sides of column
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where, s, shall not exceed 150 mm and need not

be taken less than 100 mm.

0520.5.4.3 Spacing of cross-ties or overlapping
hoops

Spacing of cross-ties or overlapping hoops
shall not exceed 350 mm on center within the

cross-section of a member.

0520.5.4.4 Flexural yielding regions

Transverse reinforcement conforming to 0520.5.4.1
through 0520.5.4.3 shall be provided over a length
l, from each joint face. Also, it shall be provided
on both sides of any section where flexural yield-
ing is expected to occur as a result of inelastic
lateral displacements of the frame. [, shall not
be less than the largest of the depth of the member
at the joint face or at the section where flexural
yielding is likely to occur, one-sixth of the clear
span of the member, and 450 mm.

0520.5.4.5 Columns supporting discontinued

stiff members

Columns supporting reactions from discontinued
stiff members, such as walls, shall satisfy the
followings.

(1) Transverse reinforcement as required in
0520.5.4.1, 0520.5.4.2, and 0520.5.4.3 shall
be provided over the full height at all levels
up to the discontinuity, if the factored axial
compressive force of the members by

A,f 1/ 10).

(2) Transverse reinforcement shall extend into

earthquake effects exceeds (

the discontinued member at least [; of the
largest longitudinal column bar, where [, is
determined in accordance with 0506.4.
Where the lower end of the column termi-
nates on a wall, the required transverse re-
inforcement by 0520.5.4.1, 0520.5.4.2, and
0520.5.4.3 shall extend into the wall at least
l; of the largest longitudinal column bar at
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the point of termination. Where the column
terminates on a footing or mat, the required
transverse reinforcement by 0520.5.4.1,
0520.5.4.2, and 0520.5.4.3 shall extend at
least 300 mm into the footing or mat.

0520.5.4.6 Minimum spacing of transverse

reinforcement

Where the required transverse reinforcement
by 0520.5.4.1, 0520.5.4.2, and 0520.5.4.3 is not
provided throughout the full length of the col-
umn, the remainder of the column length shall
contain spiral or hoop reinforcement with a
center-to-center spacing not exceeding the
lesser of six times the diameter of the longi-

tudinal column bars and 150 mm.

0520.5.5 Requirements for shear strength
0520.5.5.1 Design shear forces

The design shear force V, shall be determined
from considering the maximum forces that can
be generated at the faces of the joints at each
end of the member. These joint forces shall be
determined using the maximum probable mo-
ment strengths A, at each end of the member
associated with the range of factored axial loads
acting on the member. The design shear force
V., need not exceed that determined from joint
strengths based on A, of the transverse mem-
bers framing into the joint, but, in any case, V.
shall not be less than the factored shear de-

termined by analysis of the structure.

0520.5.5.2 Exemption of concrete contribution
to shear

Transverse reinforcement over the length [,
defined in 0520.5.4.4 shall be designed to resist
shear assuming V, =0 when both the following
(1) and (2) are satisfied.

(1) The earthquake-induced shear force, cal-

culated in accordance with 0520.5.5.1, is
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more than 1/2 of the maximum required
shear strength within the length.

(2) The factored axial compressive force includ-
ing earthquake effect is less than A £,./20.

0520.6 Joints of special moment frames

0520.6.1 General

0520.6.1.1 Design stress of flexural tensile re-
inforcement

Forces in longitudinal beam reinforcement at
the joint face shall be determined assuming
that the stress in the flexural tensile reinforce-
ment is 1.25f,.

0520.6.1.2 Strength of joints

Strength of joints shall be determined in ac-
cordance with the strength reduction factors
specified in 0503.3.3.

0520.6.1.3 Longitudinal reinforcement of beams

Beam longitudinal reinforcement terminated in
a column shall extend to the opposite face of
the confined column core, and shall be anch-
ored in accordance with 0520.6.4 in tension and

0508 in compression.

0520.6.1.4 Requirements for column dimension

Where longitudinal beam reinforcement ex-
tends through a beam-column joint, the col-
umn dimension h parallel to the beam re-
inforcement shall satisfy Eq. (0520.6.1) for nor-

mal-weight concrete.

iz 20

<
f, = 400MPa,

h
f, > 400MPa, —-= 25
b

For lightweight concrete, Eq. (0520.6.2) shall be
satisfied.
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L 26 Jy
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0520.6.2 Transverse reinforcement
0520.6.2.1 Scope

Transverse hoop reinforcement conforming to
0520.5.4 shall be provided within the joint, if the
joint is not confined by structural members as
specified in 0520.6.2.2.

0520.6.2.2 For joints confined by beams on
all four faces

Where beams frame into all four sides of the joint
and where each beam width exceeds three-fourths
the column width, the amount of reinforcement
specified in 0520.5.4.1 shall be permitted to be re-
duced by one-half within the overall depth of the
shallowest framing member. In these regions, the
spacing required by 0520.5.4.2 shall be permitted
to be increased to 150 mm.

0520.6.2.3 For joints not confined by beams
on all four faces

Transverse reinforcement as required by 0520.5.4
shall be provided in the joint, if longitudinal beam
reinforcement outside the column core is not

confined by a beam framing into the joint.

0520.6.3 Shear strength
0520.6.3.1 Nominal shear strength of joints

The nominal shear strength of the joint shall not

exceed the following values for normal-weight

concrete.

(1) For joints confined by beams on all four
faces, 1.74/f A;

(2) For joints confined by beams on three faces
or on two opposite faces, 1.2/ f., 4;

(3) For other cases, 1.04/f 4;
A member framing into a joint face is con-

sidered to provide confinement to the face

(0520.6.2)
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Effective joint

area, A;
Joint depth = h Effective
in plane of joint width=b + h
reinforcement 2 b + 2x|
generating shear .

Reinforcement i el |y | Note:
generating shear—{— Effective area of joint for
s & p”] Torces in each direction
P f—b—| L of framing is to be
/ consideraed separately.

ters of the values specified in 0520.6.3.1.

0520.6.4 Development length of bars in tension
0520.6.4.1 Normal-weight concrete

For normal-weight concrete, the development
length [, for bar sizes D6 through D35 with a
standard 90-degree hook shall not be less than
the largest of 8d,, 150 mm, and the length re-
quired by Eq. (0520.6.3).

lan = £, 4/ (5-4+/F )

For lightweight concrete, [,;, for a bar with a
standard 90-degree hook shall not be less than
the largest of 10d,, 190 mm, and 1.25 times the
length required by Eq. (0520.6.3). The
90-degree hook shall extend to a column or

confined concrete of a boundary element.

0520.6.4.2 Development length of straight bars

For bar sizes D6 through D35, the development
length [, for a straight bar shall not be less
than 2.5 times the length specified in 0520.6.4.1
if the depth of the concrete cast in one lift be-
neath the bar does not exceed 300 mm, and
shall not be less than 3.5 times the length
specified in 0520.6.4.1 if the depth of the con-
crete cast in one lift beneath the bar exceeds
300 mm.

0520.6.4.3 Straight bars terminated at joint

. Vel

Vieint = CAs) +As2) (-"-U'F)-J -Veor

Ve = (i 4 i)
(Pl + hifa )

olx 775 7ol oj4folofof sttt

(0520.6.3)
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Straight bars terminated at a joint shall pass
through the confined core of a column or
boundary element. Any portion of the develop-
ment length not within the confined core shall
be increased by a factor of 1.6.

0520.6.4.4 Development length of epoxy-
coated reinforcement

The development lengths specified in 0520.6.4.1
to 0520.6.4.3 shall be multiplied by applicable
factors in 0508.2.2 if epoxy-coated reinforce-

ment is used.

0520.7 Special structural walls and
coupling beams

0520.7.1 Scope

Requirements of this section shall apply to spe-
cial structural walls and coupling beams form-

ing part of the seismic-force-resisting system.

0520.7.2 Reinforcement

0520.7.2.1 Reinforcement ratio of structural

walls

The distributed web reinforcement ratios, p,
and p;,, for structural walls shall not be less
than 0.0025. However, if the design shear force

does not exceed (4/f, /12)A

reinforcement of structural walls shall be per-

«» the minimum

mitted to be reduced to the values required in
0511.3. Reinforcement spacing each way in
structural walls shall not exceed 450 mm.
Reinforcement contributing to shear strength
shall be continuous and shall be distributed

across the shear plane.

0520.7.2.2 Two curtains of reinforcement

If the in-plane factored shear force in a wall is

greater than (/f,./6)A,,.

tains of reinforcement shall be used.

at least two cur-

de L gy ST xhdh F kS

T a5 xldhif 5y

/
S —. /

|
hy | depth of wnerels cost
M oone ift
/
H"“*---.___.n/

o]

N

0508.2.2

u
rlr

o eber

il

Rlesdmy

0520.7.1 X249

o Aol e 2 A2 AlXIZ AY A2
o o wRog ofdg s EXHIEIRE
FxuAet AR A gstofo} shrt

0520.7.2 A2
0520.7.2.1 x@R|0] H-2y]

i —F flr' .:3 7 0.005
S < B in,
i C4Sm)
I

v > FALTEC,

Fwo curtans of remfoemenf

0520.7.2.2 25t j WRR] A
of A-gst= U AlpET—o] ((/f,./6)A4

=17
2 2ol AR Hojw Buj2o 2 wjx|siolo}
_61._1_


박홍근
강조

박홍근
강조

박홍근
연필


0520.7.2.3 Splices and development of continuous
reinforcement

All continuous reinforcement in structural

walls shall be spliced and developed in accord-

ance with 0508.5.1 for reinforcement in ten-
sion, except as provided in the followings.

(1) The effective depth d in 0508.5.1(2) shall be
permitted to be taken as 0.8[,.

(2) The requirements of 0508.5.2, 0508.5.3, and
0508.5.4 need not be applied.

(3) At locations where yielding of longitudinal
reinforcement is likely to occur as a result
of displacements by lateral loads, develop-
ment lengths of longitudinal reinforcement
shall be 1.25 times the values calculated for
the specified yield strength in tension.

(4) Mechanical splices and welded splices of re-
inforcement shall conform to 0520.1.5.4 and
0520.1.5.5, respectively.

0520.7.3 Design forces

The factored shear force V, shall be de-
termined from the lateral load analysis in ac-
cordance with the factored loads and load

combinations.

0520.7.4 Shear strength

0520.7.4.1 Nominal shear strength of structural
walls

The nominal shear strength of structural walls
shall not exceed the value calculated by Eq.
(0520.7.1).

(ot v/ for+ pufy)
< 1.5,

where, the coefficient o, is 1/4 for h, /I,
1/6 for h, /l,L > 2.0, and varies linearly b-
etween 1/4 and 1/6 for 1.5< h,/1, <2.0.
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0520.7.4.2 h, /1, for segments of wall

In 0520.7.4.1, the value of h,/l, used to calcu-
late V, for segments of a wall shall be the
greater of the ratios for the entire wall and the
segment of the wall considered.

0520.7.4.3 Shear reinforcement in two orthogonal
directions
Walls shall have distributed shear reinforce-
ment in two orthogonal directions in the plane
of the wall. The reinforcement ratio p, shall not
be less than the reinforcement ratio p,, if
h,/1, does not exceed 2.0.

0520.7.4.4 Nominal shear strength of vertical

wall segments

For all vertical wall segments sharing a com-
mon lateral force, the nominal shear strength

shall not be taken greater than 2(4/f,. /3)A
where A,

cv’

is the gross sectional area in the di-
rection of shear force. For an individual verti-
cal wall segment, the nominal shear strength
shall not be taken greater than 5 ( \/ﬂ /6)A

where 4, is the gross sectional area of the in-

dividual vertical wall segment considered.

0520.7.4.5 Nominal shear strength of horizontal
wall segments and coupling beams

For horizontal wall segments and coupling
beams, the nominal shear strength shall not be

taken greater than 5(,/f../6)A4
is the gross sectional area of a horizontal wall

o Where 4
segment or coupling beam.

0520.7.5 Design for flexure and axial force
0520.7.5.1 General

Structural walls and portions of such walls
subjected to combined flexure and axial force
shall be designed in accordance with 0506.2.1
and 0506.2.2. However, 0506.2.1(2) for the non-
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linear strain requirements and 0506.2.2(5) shall
not be applied. Concrete and longitudinal re-
inforcement within effective flange widths,
boundary elements, and the wall web shall be
considered effective, and the effects of open-
ings shall also be considered.

0520.7.5.2 Effective flange width of flanged

sections

Unless a more detailed analysis is conducted,
effective flange widths of flanged sections shall
be the lesser of 1/2 of the distance to an ad-
jacent wall web and 1/4 of the total wall height.

0520.7.6 Boundary elements of special structural
walls

0520.7.6.1 General

The need for special boundary elements at the
edges of structural walls shall be evaluated in
accordance with 0520.7.6.2 or 0520.7.6.3. The
requirements of 0520.7.6.4 and 0520.7.6.5 shall
also be satisfied.

0520.7.6.2 Design of special boundary elements

This section shall apply to walls or wall piers
that are effectively continuous from the base of
the structure to the top of the walls and are de-
signed to have a single critical section for flex-
ure and axial force. Walls not satisfying the fol-
lowing requirements shall be designed in ac-
cordance with 0520.7.6.3.
(1) Compression zones shall be reinforced with
special boundary elements where the fol-
lowing is satisfied.

l
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where §,/h,, shall not be taken less than
0.007.
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quired by (1), reinforcement of the special
boundary elements shall extend vertically
from the critical section at least the greater
of 1, and M,/4V,.

0520.7.6.3 Alternative design of special

boundary elements

Structural walls not designed in accordance
with 0520.7.6.2 shall have special boundary ele-
ments at boundaries and edges around open-
ings of structural walls where the maximum ex-
treme fiber compressive stress, corresponding
to load combinations including earthquake ef-
fects, exceeds 0.2f... The special boundary el-
ement shall be permitted to be discontinued
where the calculated compressive stress is less
than 0.15f,,. Stresses shall be calculated for
the factored loads using a linearly elastic model
and gross sectional properties. For walls with
flanges, an effective flange width shall be the
lesser of 1/2 of the distance to an adjacent wall
web and 1/4 of the total wall height.

0520.7.6.4 Details of special boundary elements

Where special boundary elements are required
by 0520.7.6.2 or 0520.7.6.3, (1) through (6) shall
be satisfied.

(1) The boundary element shall extend hori-
zontally from the extreme compression fi-
ber a distance not less than the larger of
c—0.11, and ¢/2.

(2) For walls of flanged sections, the boundary
element shall include the effective flange
width in compression and extend at least
300 mm into the web.

(3) Transverse reinforcement of the boundary
element shall satisfy 0520.5.4.1 through
0520.5.4.3. Eq. (0520.5.3) need not be sat-
isfied, and spacing of transverse reinforce-
ment shall be 1/3 of the least dimension of
the boundary element. Transverse reinforce-
ment conforming to 0520.5.4.1(3) shall be in

ox
19
X
oo

b6 2 o v f¢  Specind éouﬂdong_

elemert s ,.,}u,;.e,t_
ot} o] A9 g HEHA B I )

g o] thsh Algste2

2
oo
ol
o
8
)
2
s
ECRR Y

0520.7.6.4 E27AQ 40 Q74N

Pength of  specinl boundany element .

| =i
|
J& ) ﬂb > C-odtlo
1 sz
The  trunseverse remfortement

Thoatd econfrm

+he hﬁjl-aw men

0-,!'- calumng

(3) 5473484 YT B2 0520.5.4.1%
Bl 0520.5.4.37k719] @At S TEAIAOF


박홍근
강조

박홍근
강조

박홍근
강조

박홍근
연필

박홍근
강조

박홍근
강조


the form of closed hoops enclosing the edges
of walls and shall be permitted to consist of
U-stirrups and cross-ties extending a length
equal to the development length beyond the
boundary element into the wall web.

S

Transverse reinforcement shall extend into
the support a distance not less than the de-
velopment length in tension of the largest
longitudinal reinforcement in the special
boundary element. If the special boundary
element connects with a footing or mat,
transverse reinforcement shall extend at
least 300 mm into the footing or mat.
(5) Horizontal reinforcement in the wall web
shall be anchored to develop the specified
yield strength f, within the confined core of
the boundary element.

=

For longitudinal reinforcement of the boun-
dary element, mechanical splices shall con-
form to 0520.1.5.4, and welded splices shall
conform to 0520.1.5.5.

0520.7.6.5 Walls without special boundary el-

ements

Where special boundary elements are not re-
quired by 0520.7.6.2 and 0520.7.6.3, the follow-
ings of (1) and (2) shall be satisfied.

(1) When the longitudinal reinforcement ratio at
the wall boundary is larger than 2.8/ f,. boun-
dary transverse reinforcement shall satisfy
0520.5.4.1(3), 0520.5.4.3, and 0520.7.6.4(1).
The longitudinal spacing of boundary trans-
verse reinforcement shall not exceed 200 mm.

(2) Except where the factored shear force V, in
the plane of the wall is less than (/f,,/12) 4
horizontal reinforcement at the edges of struc-
tural walls without boundary elements shall
have a standard hook engaging the edge re-
inforcement or the edge reinforcement shall be
enclosed in U-stirrups with the same diameter

and spacing as the horizontal reinforcement.
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0520.7.6.6 Splices of reinforcement

For longitudinal reinforcement of the boundary
element, mechanical and welded splices shall
satisfy 0520.1.5.4 and 0520.1.5.5, respectively.

0520.7.7 Coupling beams

0520.7.7.1
l,/h >4

For coupling beams with

For coupling beams with a slenderness ratio of
1,/h = 4, the requirements of 0520.4 shall be
satisfied. If it is demonstrated by analysis that the
beam has adequate lateral stability, the require-
ments of 0520.4.1.2(3) and 0520.4.1.2(4) need not
be satisfied.

0520.7.7.2 For coupling beams with [,/h < 4

Coupling beams with a slenderness ratio of
1,/h < 4 shall be permitted to be reinforced with
two intersecting groups of diagonally-placed
bars symmetrical about the mid-span. If an al-
ternative method having the performance equal
to or exceeding that provided by the two inter-
secting groups of diagonally-placed bars is used,
its performance shall be verified in accordance
with 0211.

0520.7.7.3 Design of two intersecting groups
of diagonally-placed bars

Unless it can be shown that loss of stiffness and
strength of the coupling beams will not impair
the vertical load-carrying capacity of the struc-
ture, the egress from the structure, or the in-
tegrity of nonstructural components and their
connections to the structure, coupling beams
with an aspect ratio of [, /h < 2 and with a fac-
tored shear force of V, > (4/f../3)A,, shall be
reinforced with two intersecting groups of diago-
the

mid-span. The groups of diagonal bars shall be

nally-placed bars symmetrical about

permitted to contribute to the nominal moment

strength of the coupling beam.
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0520.7.7.4 Details of groups of diagonal bars

Coupling beams reinforced with two intersect-
ing groups of diagonally-placed bars sym-
metrical about the mid-span shall satisfy the
following (1) and (2), and either (3) or (4).

(1) Each group of diagonal bars shall consist of
at least 4 bars, and each diagonal bar shall
be developed into the wall at least 1.25 times
the development length for the specified
yield strength in tension.

(2) The nominal shear strength V, shall be
calculated by Eq. (0520.7.3).

Vn = 2A,I,dfySi1’10£ < (5 \/ f(’k /G)Acn

(3) Each group of diagonal bars shall be en-
closed by transverse reinforcement satisfy-
ing 0520.5.4.1, 0520.5.4.2, 0520.5.4.3, and Eq.
(0520.5.5). Also, spacing of transverse re-
inforcement shall not exceed 6 times the di-
ameter of the diagonal bar. To calculate 4,
for Egs. (0506.4.1) and (0520.5.3), the mini-
mum concrete cover as required by 0505.4
shall be assumed on all four sides of each
group of diagonal bars. Out-to-out di-
mensions of transverse reinforcement en-
closing diagonal bars shall not be less than
b,,/2 in the direction parallel to b,, and b,,/5
in the direction perpendicular to diagonal
bars within the beam plane. The area of re-
inforcement, which is transverse and parallel
to the longitudinal direction of a coupling
beam, shall not be less than 0.002b,,s In each
direction, and spacing shall not exceed 300
mm.

(4) For the beam cross-section satisfying 0520.
5.4.1 and 0520.5.4.3, spacing of transverse
reinforcement shall not exceed the lesser of
150 mm and 6 times the diameter of diago-
nal bars. Spacing of cross-ties both verti-

cally and horizontally in the plane of the
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beam cross-section shall not exceed 200
mm. Each cross-tie and hook of transverse
bars shall engage a longitudinal bar of equal
or greater diameter, and mechanical an-
chor bars shall be permitted to be used as
cross-ties. It shall be permitted to configure
transverse reinforcement as specified in
0520.4.3.6.

0520.7.8 Construction joints

All construction joints in structural walls shall
conform to Concrete Standard Specification,
and contact surfaces shall be roughened in ac-
cordance with 0507.7.3(1).

0520.7.9 Discontinuous walls

Columns supporting discontinuous structural
walls shall be reinforced in accordance with
0520.5.4.5.

0520.8 Structural diaphragms and trusses

0520.8.1 Scope

Floor and roof slabs acting as structural dia-
phragms to transmit earthquake forces shall be
designed in accordance with this section. This
section shall apply to trusses forming part of
the seismic-force-resisting system and struts,
connecters, chords, and collectors transmitting

loads induced by earthquake motions.

0520.8.2 Cast-in-place composite topping slab
diaphragms

A cast-in-place composite topping slab on a
precast floor or roof shall be permitted to be
used as a structural diaphragm, provided the
cast-in-place topping slab is reinforced and the
surface of the previously hardened concrete on
which the topping slab is placed is clean, free
of laitance, and intentionally roughened.
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0520.8.3 Cast-in—place topping slab diaphragms

If a cast-in-place topping slab is designed and
detailed to independently resist the design
earthquake forces, composite action between
the topping slab and the precast floor element

shall not be required.

0520.8.4 Minimum thickness of diaphragms

0520.8.4.1 Concrete slabs and composite top-
ping slabs

The thickness of concrete slabs and composite
topping slabs acting as structural diaphragms
used to transmit earthquake forces shall not be

less than 50 mm.

0520.8.4.2 Cast-in-place topping slabs on
precast floors or roofs

The thickness of topping slabs placed over pre-
cast floor or roof elements, which act as struc-
tural diaphragms but do not rely on composite
action with the precast elements to resist the
design earthquake forces, shall not be less than

65 mm.

0520.8.5 Reinforcement
0520.8.5.1 Minimum reinforcement ratio

The minimum reinforcement ratio for struc-
tural diaphragms shall be in accordance with
0505.7. Spacing of reinforcement each way in
floor or roof systems shall not exceed 450 mm,
except for post-tensioned slabs. Where welded
wire reinforcement is used as the distributed
reinforcement to resist shear in topping slabs
placed over precast floor and roof elements,
the wires parallel to the span of the precast ele-
ments shall be spaced not less than 250 mm on
center. Reinforcement provided for shear
strength shall be continuous and shall be dis-

tributed uniformly across the shear plane.
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0520.8.5.2 Reinforcement in chords or col-
lectors of diaphragms

Bonded tendons used as reinforcement in
chords or collectors of diaphragms shall be de-
signed so that the stress due to design earth-
quake forces does not exceed 420 MPa. If a
seismic load path is provided, precompression
from unbonded tendons shall be permitted to
resist diaphragm design forces.

0520.8.5.3 Details of structural trusses,
struts, connecters, chords, and collectors

Structural truss elements, struts, connecters,
chords, and collectors with compressive
stresses exceeding 0.2f, at any section shall
have transverse reinforcement
0520.5.4.1, 0520.5.4.2, and 0520.5.4.3 over the

length of the elements. The specified trans-

satisfying

verse reinforcement shall be permitted to be
discontinued at a section where the calculated
compressive stress is less than 0.15f,.,. The
compressive stress shall be calculated for the
factored forces using a linearly elastic model
based on the gross section of the elements

considered.

0520.8.5.4 Splices and development of con-

tinuous reinforcement

All continuous reinforcement in diaphragms,
trusses, struts, connecters, chords, and collec-
tors shall be spliced or developed in accord-
ance with 0520.6.4 for the specified yield

strength in tension.

0520.8.5.5 Splices of vertical members

Type 2 splices specified in 0520.1.5.4(1) shall be
used where mechanical splices are used to
transfer forces between the diaphragm and the
vertical members of the seismic-force-resist-

ing system.
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0520.8.6 Design forces

The earthquake design forces for diaphragms
shall be permitted to be obtained by the later-

al-force analysis for design load combinations.

0520.8.7 Shear strength
0520.8.7.1 Nominal shear strength of structural
diaphragms
Nominal shear strength V,, of structural dia-

phragms shall not exceed the value calculated
by Eq. (0520.8.1).

Vi
6

vV, =A,(

n

+pnfy)

0520.8.7.2 Nominal strength  of
cast-in-place composite topping slab dia-

shear

phragms on precast floor or roof elements

Nominal shear strength V, of cast-in-place
composite and noncomposite topping slab dia-
phragms on precast floor or roof elements shall
not exceed the value calculated by Eq. (0520.8.2).

Vrn = A(:vpnf Yy
where, 4, is based on the topping slab
thickness. The required web reinforcement

shall be uniformly distributed over the entire

section in both directions .
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0520.8.7.3 Nominal shear strength limit

Nominal shear strength shall not exceed

(24/f./3)A,,. where 4,

area of the diaphragm.

is the gross sectional

0520.8.8 Boundary elements of structural dia-
phragms

0520.8.8.1 General

Boundary elements of a structural diaphragm
shall be proportioned to resist the sum of the
factored axial forces acting in the plane of the
diaphragm and the load obtained by dividing
the factored moment at the section by the dis-
tance between the boundary elements of the di-
aphragm at that section.

0520.8.8.2 Splices of reinforcement

Splices of tensile reinforcement in all dia-
phragm boundary elements and collectors shall
develop the specified yield strength. Mechanical
and welded splices shall conform to 0520.1.5.4
and 0520.1.5.5, respectively.

0520.8.8.3 Detailing of splices and anchorage

zones

Longitudinal reinforcement detailing for chord

and collector elements at splices and anchor-

age zones shall satisfy the following (1) or (2).

(1) Center-to-center spacing of at least three
times longitudinal bar diameters, but not
less than 40 mm, and concrete clear cover
of at least two and one-half times longi-
tudinal bar diameters, but not less than 50
mm.

(2) Transverse reinforcement required by
0507.4.3.3, except as required in 0520.8.5.3.

0520.8.9 Construction joints

All construction joints in diaphragms shall
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conform to Concrete Standard Specification,
and contact surfaces shall be roughened in ac-
cordance with 0507.7.3(1).

0520.9 Foundations

0520.9.1 Scope

Foundations resisting earthquake-induced forces
or transferring earthquake-induced forces between
the structure and ground shall be in accordance
with 0520.9 and other applicable chapter provisions.

0520.9.2 Footings, foundation mats, and pile
caps

0520.9.2.1 General

Longitudinal reinforcement of columns and struc-
tural walls resisting forces induced by earthquake
effects shall extend into the footing, mat, or pile
cap, and shall be fully developed for tension at

the interface.

0520.9.2.2 Columns
fixed-end conditions at foundation

designed assuming

Columns designed assuming fixed-end con-
ditions at the foundation shall comply with
0520.9.2.1. If hooks are required, longitudinal
reinforcement resisting flexure shall have
90-degree hooks near the bottom of the foun-
dation with the free end of the bars oriented to-

ward the center of the column.

0520.9.2.3 Columns or boundary elements of
special reinforced concrete structural walls
having edge within 1/2 of footing depth

For columns or boundary members of special
reinforced concrete structural walls that have
an edge within 1/2 of the footing depth from an
edge of the footing, transverse reinforcement
in accordance with 0520.5.4 shall be provided
below the top of the footing. The transverse re-

inforcement shall extend into the footing, mat,
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or pile cap, and shall be developed for f, in
tension.

0520.9.2.4 Members with uplift forces

Where earthquake effects create uplift forces in
boundary elements of special reinforced con-
crete structural walls or columns, flexural re-
inforcement shall be provided in the top of the
footing, mat, or pile cap to resist the design
loads, and the flexural reinforcement shall sat-
isfy 0506.3.2.

0520.9.2.5 Structural plain concrete in footings

and basement walls

Usage of structural plain concrete in footings and
basement walls shall be in accordance with 0519.

0520.9.3 Grade Beams and Slab-on-ground

0520.9.3.1 Development of longitudinal re-

inforcement in grade beams

Grade beams, which are designed to act as hor-
izontal ties between pile caps or footings, shall
have continuous longitudinal reinforcement.
The longitudinal reinforcement shall be devel-
oped within or beyond the supported column,
and shall be anchored within the pile cap or

footing at all discontinuities.

0520.9.3.2 Size of grade beams and spacing
of closed ties

Grade beams, which are designed to act as hor-
izontal ties between pile caps or footings, shall
be sized so that the smallest cross-sectional di-
mension is not less than the clear spacing be-
tween connected columns divided by 20 but not
greater than 450 mm. Spacing of closed ties
shall not exceed the lesser of one-half the
smallest orthogonal cross-sectional dimension

and 300 mm.

0520.9.3.3 Grade beams subjected to flexure
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Grade beams and beams, which are part of a
mat foundation subjected to flexure from col-
umns which are part of the seismic-force-re-
sisting system, shall be in accordance with
0520.4.

0520.9.3.4 Slab-on-ground resisting earthquake
forces

Slab-on-ground, which resists earthquake
forces from walls or columns that are part of
the seismic-force-resisting system, shall be
designed as structural diaphragms in accord-
ance with 0520.8. The structural drawing shall
clearly indicate that the slab-on-ground is a
structural diaphragm and part of the seis-

mic-force-resisting system.

0520.9.4 Piles, piers, and caissons
0520.9.4.1 Scope

This section shall apply to concrete piles, piers,
and caissons supporting earthquake-resistant

structures.

0520.9.4.2 Piles, piers, and caissons resisting
tension loads

For piles, piers, and caissons resisting tension
loads, continuous longitudinal reinforcement
shall be provided over the length resisting de-
sign tension forces. The longitudinal reinforce-
ment shall be detailed to transfer tension
forces within the pile cap to supported struc-
tural members.

0520.9.4.3 Pile top reinforcement trans-
ferring tension forces

Where tension forces induced by earthquake
effects are transferred between the pile cap or
mat foundation and precast pile by reinforce-
ment grouted or post-installed in the top of the
pile, the grouting system shall be demonstrated
by test to develop at least 125% of the design
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specified yield strength of the bar.

0520.9.4.4 Transverse reinforcement of piles,
piers, and caissons

For piles, piers, and caissons, transverse re-

inforcement in accordance with 0520.5.4 shall

be provided at the locations of (1) and (2).

(1) At the top of the member, at least 5 times
the member cross-sectional dimension, but
not less than 2 m below the bottom of the
pile cap

(2) For the portion of piles in soil that is not ca-
pable of providing lateral support or exposed
to air and water, along the entire unsupported
length plus the length required in (1)

0520.9.4.5 Precast concrete driven piles

For precast concrete driven piles, the length
where transverse reinforcement is provided
shall be sufficient to consider the potential var-

iations in the elevation of pile tips.

0520.9.4.6 Concrete piles, piers, and caissons
in foundations supporting short and wide
bearing walls

For concrete piles, piers, and caissons in foun-
dations supporting short and wide bearing walls
with one or two stories, transverse reinforce-
ment need not satisfy 0520.9.4.4 and 0520.9.4.5.

0520.9.4.7 Pile caps incorporating batter piles

Pile caps incorporating batter piles shall be de-
signed to resist the full compressive strength of
the batter piles acting as short columns. For
the portion of the piles in soil that is not capa-
ble of providing lateral support or exposed to
air or water, slenderness effects of the batter
piles shall be considered.
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Terminate all required oo and battorn bars at
the for face of the column core, providing min.
distances, /yy, orf, , for tension per Section

A.6.4. or compression per Sechion|2 3, ACI 318-83

EXTEND 4, STRAIGHT
oR £, WHERE HOOKED
INTO CORE

Longitudingl Reinforcerment, Top ond Bottom
Minimum As2 200by, d/ty  14ehe J/.[,
Maoximum p< 0.025 ’

Minimum moment strength > 25% Maximum moment
strength af foce of mther joint

Minimum of 2 bars, continuous TBE

FMAX,

Engineer must provide dimensions
JI- 22‘. 51, 52, hoop and stirrup
spacing, anchorage length, cut-off
points of discontinucus bars, £y, or
J’mif less then ocross column core,

ALTERNATE SIDE OF
CROSSTIE 90° HOOKS,
EXCEPT &T SPANDRELS

i"_‘—!-z SPLICE
= ——— o= —
r ; = |
| | A
---E—SH.ICE‘
0 STISR‘HLFS HOSUPS MIN. 2h FROM FACE |OF JOINT
| 2 1
£ uJ--.".’L—J_ £y
4,z 44

Maximum Hoop/Tie Spacings

In length 5|, spacing for hoops
<d/4; Bdy, of smallest bar; 244,
of hoop?, or I2in

*At lop splicas, spocing of hoops
£d/4 but not greater than 4in.

In length S2 , spacing strirrups

£ | = distonce required by design for
moment plus anchorage length

fa = distance Yo point of inflection
plus oncharoge length

d= design depth for-Mand +M

- c

EXAMPLES OF OVER-LAPPING HOOPS

£d/2
135°
. 10 dy, N

PLACE CROSSTIE 908

HOOKS ON SLAB- CONF|

SIDE [ANCHORED SLAB J‘

fa BARS MOT SHOWM) 6
T 135*
LY
—C
125" -
SPANDREL BEAM DETAIL-A DETAIL-B DETAIL-C

STIRRUPS RECUIRED TO RESIST SHEAR SHALL BE HOOPS. THROUGHOUT THE LENGTH OF
FLEXURAL MEMBERS WHERE HOOPS ARE NOT REQUIRED, STIRRUPS SHALL BE SPACED

AT NO MORE THE d/2

L



“% ——MAXIMUM

SPACING OF 4/4 FOR DIMENSION By BUT
\—A\, TIES IN LAP MOT GREATER THEN 4"
L Y LENGTH
CrASS
LAP i
SPLICES oo ¥
ONLY WITHIN JOINT HOOPS MAY BE SPACED AT "2 5p

BEAM WHEN BEAMS WITH WIDTH > 34
ﬁﬁé&'rm" TIMES THE WIDTH OF THE COLUMN FREME
INTO THE FOUR SIDES OF A COLUMN,
FOR ALL OTHER CONDITIONS, USE
HOOPS SPACED AT "S," 0.C.

.
CENTER HALF OF T . FOR THE DEPTH OF THE SHALLOWEST

dp—aml] .0.= 4dy, FOR*3, s, *5
COLLMN HOOP HOOKS AT EACH END

COLUMN HOOPS

+ COLUMN HOOPS MUST BE PROVIDED IN JOINTS
1 Sh AND IN THE COLUMNS FOR A DISTANCE, X, , ABOVE
AND BELOW JOINTS, SEE VERTICAL ELEVATION,
TIES REQUIRED TO RESIST SHEAR SHALL BE HOOPS,
AND SPACING SHALL NOT EXCEED d/2.

;‘; |-‘-
=T

WHEM WELDED SPLICES OR MECHANICAL

CLEAR CONNECTION ARE USED, NOT MORE THAM
HEIGHT - ALTERNATE BARS MAY BE SPLICED AT ANY
oF (] SECTION WITH VERTICAL DISTANCE
coL. Pﬂ? BETWEEN 5P| ICES 24 IN. OR MORE
coL. \A o
L 10y,

ase [ % E\Edja:%
i

SUPPLEMENTARY CROSSTIES

[ALTERMATE 90° AND 1359 ENDS
ON CONSECUTIVE CROSSTIES)

Sy, = HOOP AND SUPPLEMENTARY CROSSTIE SPACING,
NOT TO EXCEED By /4 OR 4"

Sy = COLUMN TIE SPACING, NOT TO EXCEED 16 dy,
OF VERTICALS, 48dy b¢ TIES , OR By.

? ? + SMALLER DIMENSION OF COLUMN CROSS-SECTION
[+]

PR T T LN = LARGEST COLUMN DIMENSION, BUT NOT LESS
r L THEN OME-SIXTH CLEAR HEIGHT,OR 18"









