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SEISMIC EVALUATION AND RETROFIT OF CONCRETE BUILDINGS *
PSR . -
raple 9-6. Modeling Parameters for Nonlinear Procedures—Reinforced concrete 5eams
Modeling Parameters”™
Plastic Rotation Angle, rad Residual strength
E Ratio
" component Type a | b <
1. Beams controlled by flexure’
20 | geinforcement? T
A s,
=00 c <3 0.025 0.05 0.2
T <00 c 26 0.02 0.04 02
=05 Cc <3 0.02 0.03 0.2
=05 = 26 0.015 0.02 0.2
<0.0 NC <3 0.02 0.93 0.2z
=0.0 NC 26 0.01 0015 0.2
=05 NC <3 0.01 0.015 0.2
=05 NC 26 0.005 001 0.2
2. Beams controlied by shear! '
stirrup spacing < d/2 0.0 0.02 0.2
- stirrup spacing > df2 0.0 0.0 0.2
--%. Beams controlled by inadequate development or splicing along the span®
stirrup spacing < dr2 0.0 0.02 0.0
stirrup spacing > df2 0.0 0.01 0.0
a. Beams controlled by inadequate embedment into beam-column joint’
0.015 0.03 | 02

>

When more than one of the conditions 1, 2, 3, and 4 occur for a given component. use the minimum appropriate

_numerical value from the table.

Under the heading “transverse reinforcement,” “C™ and “NC™ are abbreviations for conforming and non-conforming

* details, respectively. A component is conforming if within the fiexural plastic region: 1) closed stirrups are spaced at
< d/3, and 2) for components of moderate and high ductility demand the strength provided by the stirrups (V) is at

least three-fourths of the design shear. Otherwise. the component is considered non-conforming.
"Linear interpolation between values listed in the table is permitted.

"V = design shear force

For lightweight concrete, use 75 percent of tabulated values (see Section'9.5.2.2).
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SEISMIC EVALUATION AND RETROFIT OF CONCRETE BUILDINGS

Table 9-7. Modeling Parameters for Nonlinear Procedures—Reinforced Concrete Columns

Modeling Parameters®
Plastic Rotation Angle, rad Residual Strengtlt Katio
Component Type a | b c
1. columns contreolled by flexure’
) Transverse v
e Reinforcement’ —p—
Agfe bdy fe
201 C 53 0.02 0.03 02 -
501 [« 26 0.015 0.025 0.2
204 C =3 0015 0.025 0.2
204 C z6 oM 0.015 0.2
<01 NC <3 oo 0.015 0.2
<01 NC 26 -0.005 0.005 ,
204 NC 53 0.005 0.005 -
=04 - NC z6 0.0 0.0 -
2. columns controlled by shear'*
. Hoop spacing < d/2, ' :
or —F _sc01 0.0 0.015 0.2
Agfe
other cases 00 0.0 0.0
3. columns controlled by inadequate development or splicing along
the clear height'®
Hoop spacing s df2 0o 0.02 04
Hoop spacing > di2 00 om 0.2
4. columns with axial loads exceeding 0.70P,"*
Conforming reinforcement over the entire length
0015 0.025 0.02
All other cases 00 0.0 co

When more than one of the conditions 1. 2. 3. and 4 occur for a given component, use the minimum appropriate numerical
value from the table.

Under the heading “transverse reinforcement.™ “C” and "NC™ are abbreviations for conforming and non-conforming details.
respectively., A component is conforming if within the flexural plastic hinge region: 1) closed hoops are spaced at < d¢3. and 2)
for components of moderate and high ductility demand the strength provided by the stirrups (V4) is at least three-fourths of the
design shear. Otherwise. the component is considered non-conforming.

To qualify, 1) hoops must not be lap spliced in the cover concrete, and 2) hoops must have hooks embedded in the core or must
have other details o ensure that hoops will be adequately anchored following spalling of cover concrete.

Linear interpolation between values listed in the table is permitted.

P = Design axial load

V¥ = Design shear force

For lightweight concrete. use 75 percent of tabulated values (see Section 9.5.2.2).
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SEISMIC EVALUATION AND RETROFIT OF CONCRETE BUILDINGS

rable 9-12. Modeling Parameters for Nonlinéar Procedures—coupling Beams

]
) Modeling Parameters®
1 chord Rotation, rad Residual strength Ratio
companent Type . d | & P
1. coupling beams controlled by flexure
Longitudinal reinforcement v 2
and transverse b -
reinforcement’ "d"‘T‘ _
conventional longitudinal <3 0.025 0.040 0.75
reinforcement with
conforming transverse z6 0.015 0.030 0.50
reinforcement )
conventional longitudinal <3 0.020 0.035 0.50
reinforcement with non- '
conforming transverse 26 0.010 0.025 0.25
reinforcement
_Diagonal reinforcement N/A. 0.030 0.050 0.80
2. coupling beams controlled by shear
Longitudinal reinforcement v o2
and transverse g
b,
reinforcement? 'd"l?‘ -
conventional longitudinal <3 0.018 0.030 - 0.60
reinforcement with - .
“conforming transverse =6 0.012 0.020 - 030
reinforcement )
Conventional longitudinal <3 0.012 0.025 0.40
reinforcement with non-
Conforming transverse z6 0.008 0.014 © 020
reinforcement

Conventional Iong'hudinat steel consists of top and bottom steel parallel to the longitudinal axis of the beam. The
requirements for conforming transverse reinforcement are: 1) closed stirrups are 10 be provided over the entire length
of the beam at spacing not exceeding d/3: and 2) the strength provided by the stirrups (V) should be at least three-
. fourths of the design shear. ) :
V = the design shear force on the coupling beam in pounds, bw = the web width of the beam. d = the effective depth
of the beam, and fi’ = concrete compressive strength in psi. . s
Linear interpolation between values listed in the table is permitted.
For lightweight concrete, use 75 percent of tabulated values (see Section 9.5.2.2).
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Tabel 3 Faktor daktilitas maksimum, faktor reduksi gempa maksimwm, faktor
tahanan lebih struktur dan faktor tahanan lebih total beberapa jenis sistem
dan subsistem struktur gedung

paria

Sistesn dan subsistem struktur CUraian sisters pemikul beban gempa ta R, f
sedung Pers. (6) | Pers. (29)
1. Sistem dinding p pT 1. Dinding geser beton berlang 27 33 238
[Sistem  stnktor  vang  tidak | 2. Dinding penumpy dengas rangka taija riwgan dia 18 x8 s
memuliki rangka reang pemikul bresing tarik
beban gratiasi iecom lengkap. | 3. Rangka bresing ch mana bresingmya memikul bebas
Dinding pepumpu ~ aRm  sisiem gravitazd
bresing mwemilyl bampir semma a Baia 28 4.4 23
beban emrims. Beban lateral b.Beton bermlang (fidak notuk Wilayah 3 & 6} ] EX] 22
diptiul dinding geser araw rangka
bresng}.
3. Sistemrangks gedung 1. Rangka bresing ekszatris bais (RBE) 4.3 2.
{Sisten svuktur yang pada dasainya | 2. Dindimg gever betan bertslang 33 2
meouliki rangkn ruang pemikul 3. Rongk bresing biasa
beban gravitasi secara lenglap. a.Baia 3.6 5.6 23
Bebau Lateral dipikul dinding b.Beton berhilang (tidak natuk Wilnyah 3 & 6} 36 3.6 2
geser amu rgka bresing). 1. Rungkn bresing Lenseatk khusns
a.Baia 41 6.+ 33
5. Dinding gezer beton bertulang berangkai dalail +.0 6.3 23
§. Dinding geser beton bermlang kamtilever daktad | 36 6. iz
pemub
7. Dinding geser beton bermlang kantilever daktail B 33 X3
parual
3. Sistemangka penuinl monen 1. Ruongks penuiul monen khusus (SRPMK)
{Sistem sunktur yang pada dasamya aBaia 32 85 ig
memlili rngka ruang pemikul b.Beton berrulang 52 e 38
beban gravitasi secara lengkap. 2. Rangka pemikul momen menengah beton (SRPMAM) 33 35 B
Beban lateral dipikul raogka 3. Rourks panuloul momen binza (SRPMB}
pemikul inomen terntama melala a Baia 2.7 +.5 8
melanisme  leatur} b.Beton bermlang 2.1 35 28
4. Rapgka bomng bma pemitul momen khusu: +.0 6.3 g
{SRBPMK}
4. Sistem ganda 1. Dinding gezer
{Terdiri dari: 1) rangka mang vang a.Beton bernulang denzan SRPMK beton bertulang 32 3 28
memikul selnruh beban graviass 2) b_Betcn bertulang denzan SRPMB baja 2.6 +.2 28
pemiku] beban lateral berupa . Betcn bertalaug dengan SRPMM beton bertulang 1.0 = 28
dinding geser aru rangia bresing 2. REEbaa i
dengan rangica peukul momen. a Dengan SRPMK baja 52 85 28
Rangka pemilul momes harus b Dengan SRPMB baia 26 32 i3
direncanakan secara terpisah By Rng bresing biwa
Maapg etk sekurang. a Baia deagn SRPMK baja 10 65 B
knrangeya 23% dari sejuuh beban = = s
fateral: 3) kedna sistem hars b.Bnja dengan SRPAMB bayya 2.6 i..: 28
& PR i 2 Beton bertulane dengan SRPMK beton bertulang +0 €. g
ar un! recora ;- = c
bersama-sama selnruh beban lateral {ndak uaral: Wilaeah 3 & 6)
i atikag interk d Bztcn bertulang dengan SRPAMM beten berulaag 2.6 4.2 28
= ’mlﬂPﬂh \ ’ =t =
ssisioun grndia) -udakwr-:-.i:‘?ulasah:&ﬂ
4. Rangka bresing kcnzestnk khusos
a.Baia dengan SEPMK baja 4.6 7.3 23
b.Baja d SRPMB bya 26 12 38
5. Simem struktur geduag kolem Sistem struktur kolom kantilever 1.4 2z ]
kantilever. (Sistemn strukrus vang
memanfaatkan kolom koailever
namk memilod bebao laterals
§. Sistem interaksi dinding seser | Beton bertulang biasa (tidak untuk Wilayah 3. 4. 5 & 6) 34 535 238
dengan rangka
7. Subsistem ruaggal 1. Roanpka terbuka baja 52 8.5 28
{Subsistemn struktor bidong o 2. Rongkn terbuka beton bertulang 5.2 8.5 28
membentuk struktur gedung zecara | 3. Rongkn terbukn beton bermlang dengan balck beten 33 B 38
keseloruban} pratekan (berganiaz pada indeks baia wotal)
4 Dinding geser betco beimiang berangkai daktail +0 6.3 28
pemb.
Sistem dan subsisrem strukroy Traian dztem peoniknl keban sempa s R, i
sedims Perz, t) | Pers. (35}
3. Didmz gecer beton bermalanz kemTever dakeail 33 x5 23
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Table 3-1 Values for Effective Mass Factor C,,,'

[ Sl Steel Steel
Na. of Concrele Concrete Concrete . .
2 : Moment Concenlrikc Eccentric Other
Stories Moment Frame Shear Wall Pier-Spandrel F Braced Frame B S Erané
1-2 1.0 1.0 1.0 1.0 1.0 1.0 1.0
3 or more 09 0.8 08 09 09 0.9 1.0

1. Cm shall be laken as 1.0 if the fundamerial period, T , is greater than 1.0 second

Table 3-2 Values for Modification Factor Cy'

Shear Buildings’ Other Buildings
Number of Stories 5
;I;ri:ngiu;ar i{_(;d Pattem l(.lzn;fjom Load Pattern Any Load Pattern

1 1.0 1.0 1.0
2 12 1.15 1.2
3 12 1.2 13
& 1.3 1.2 1.4
10+ 1.3 1.2 1.5

1. Unear interpalation should be used to calculate intermediate values
2. Buildings in which, for all stories, interstory drift decreases with increasing height.

Table 3-3 Values for Modification Factor C,

T <0.1 second” . T=Ts second’
Structural Performance Level Lol i s Toned
Immediate Qccupancy 1.0 1.0 1.0 1.0
Life Safety 1.3 10 1.1 1.0
Collapse Prevention . 1.5 1.0 122 1.0
1. Structures in which more than 30% of the story shear at any level is resisted by any combination of the following componerts, elements
or frames; ordinary resisting, i 1 frames, frames with partially-restrained connections, tension-only braces,

- N - .
unreinforced masonry walls, shear-critical , piers and spandrels of reinforced concrete or masonry.
2. Allframes not assigned to Framing Type 1.
3. Linear interpolation shall be used for intermediate values of T
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