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SNI 03-1726-2002

Peta Wilayah Gempa Indonesia

KEGEMPAAN INDONESIA

Peta Wilayah Gempa Indonesia

Berdasarkan Seismic Hazard Analysis, diperoleh percepatan puncak
batuan dasar yang memiliki periode ulang 500 tahun di sejumiah titik
lokasi di Indonesia.

Di atas peta Indonesia ditarik garis-garis kontur yang
menghubungkan titik-titik lokasi yg memiliki geroepatan puncak
batuan dasar yang sama, sehingga diperoleh dasar dari pembuatan
Peta Wilayah Gempa Indonesia.

Indonesia dibagi dalam 6 Wilayah Gempa berikut :

Wilayah Percepatan puncak batuan dasar ('g’} dengan
periode ulang 500 tahun

0,02
0,16
0,15
0,20
0,25
0,30
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JENIS TANAH & PERCEPATAN PUNCAK MUKA TANAH

+ Gelombang gempa merambat dari batuan dasar ke muka tanah sambil
mengalami perbesaran gerak, tergantung pada jenis fanah yang ada di atas
batuan dasar.

* Dibedakan 3@) nis tanah: Tanah Keras, Tanah Sedang dan Tanah Lunak,
ditentukan berdasarkan nilai rata-rata berbobot 3 parameter tanah, yaitu
kecepatan rambat gelombang geser vs, nilai test pnetrasi standar N dan
kuat geser niralir Su.

* Dengan tebal lapisan tanah t sebagai faklor pembobot, nilai rata-rata
berbobot parameter tanah menjadi sebagai berikut :

. m m m
_ El[l ¥y Zy
j= w5 - =

Vg = s N i

_Z i vs _Z /N gf', 18y

Dengan syarat : i’; <30m

1=
Karena menurut penelitian hanya lapisan-lapisan tanah sampai kedalaman 30m
saja yang Menentukan pembesaran,

JENIS TANAH & PERCEPATAN PUNCAK MUKA TANAH

Tabel parameter jenis-jenis tanah

Seis Tanah Kaenpatan m'mat Kitai lost ponotrast stanar Huat goser nitatir
. taiarata

Taneh Sedang Ri75<y, <350 154 W <4p

T
Tanah Khusus Pm1u evaluast khusus 41 | Perlu evaluas! Khusus di tiag Perlu evaluasi khusus di liap
tiap fokasi lokasi tokasi

Catatan : serua jenis tanah lempung lunak dengan tebal total lebih dari 3 m
dengan Pl > 20, w, 2 40 dan 5, < 25 kPa dinyatakan sebagai tanah lunak




JENIS TANAH & PERCEPATAN PUNCAK MUKA TANAH

Tabel Percepatan puncak batuan dasar dan percepatan puncak muka tanah,

* Percepatan puncak muka tansh A, ('g"Y

Pumpataﬁ puncak
batunndaf.ar B . . . T
"+ - Tanahkeras 'Tanshsedang’ Tanah lunak  Tanah khusus

. Wilayah _
g‘elnpa - (gv)

003 - - 0,04 0,08 - 008 Dipertukan

00 T 0,12 -, DS .. 020 - Evaluasi -
0 ~ 018 . 023 - 0,36 khususdi = -
0,20 ST 024 0,28 . 0,34 setiap lokasi
025 Ll 028 LT 032 S0l L
0,30 L0633 e 036 o038

JENIS TANAH & PERCEPATAN PUNCAK MUKA TANAH

Faktor Keutamaan | adalah suatu faktor yang dikalikan pada pengaruh Gempa Rencana
untuk menyesuaikan periode ulangnya dengan Kategori bangunan yang ditinjau.

Tabel Faktor Keutamaan (1) untuk berbagai kategori gedung dan bangunan

! _ | «Faktor Keutamaan
Kategori gedung . i . L

. - -
I L
Gedung umum sepem untuk pc:iahuman pemlagaan d.m : SR X |

perkantoran - oo

-Monumcndan b.mgtm'm mmmmcmal IR : TSN X o

Gedung penting pasca gempa sq:cm rumah S‘il\il. instalasi air S 14

bersily, pembangkit tenapa lisirik, pusat penye!amalan datam
keadaan darura, fasilitas radio dan televisi. :

Gedung untuk menyimpan bakien berbahiaya aepem gas, produk‘ L 16 -
ininyak bumi, asam, bahan beracun, - SR -

Cerobong, tanal\l di alas menara oo

Catatan ¢ ’ ) .
Unituk sernua steabtsr bangumn gedan; nm. ifin pengpuRzany. dlurtuthn <cb\.!um bcrhl wnya
Standar Ink naka Faktor Keutamzan, ). dapat dikatikan BU"




Pengaruh Gempa Vertikal

* Pengaruh gempa vertikal khususnya harus ditinjau pada balkon, kanopi,
kantilever panjang, balok transfer, balok beton pratekan berbentang panjang,
bersamaan dengan pengaruh beban gempa horisontal.

Dalam arah vertikal bangunan dapat dianggap sepenuhnya mengikuti
pergerakan vertikal muka tanah, sehingga faktor respons gempa vertikal -

- r,v..l‘./!

Dengan nilai ¥ tergantung pada wilayah gempa sebagai berikut
Wilayah Gempa ¥

1 0.5
0.5
0.5
06
07
08
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SPEKTRUM RESPONS GEMPA RENCANA
dan ANALISIS RAGAM SPEKTRUM RESPONS

* Spektrum respons Gempa Rencana C-T adalah suatu diagram yang memberi
hubungan antara percepatan respons dinamik C {dalam 'g’) dan wakiu getar
alami T (dalam detik) sistim satu derajat kebebasan dengan fraksi redaman kritis
5%.

« Analisis Ragam Spektrum Respons :

Respons dinamik total struktur elastik merupakan superposisi dari respons
dinamik ragam-ragamnya, masing-masing ditentukan dari spekirum respons
gempa rencana C-T, dikalikan dengan faktor partisipasinya. Dalam hal ini,
respons ragam fundamental adalah yang paling dominan pariisipasinya.\

Modal Combinations : Cara superposisi respons masing-masing ragam yang
paling tepat adalah dengan metode Complete Quadratic Combinations (CQC).




SPEKTRUM RESPONS GEMPA RENCANA
dan ANALISIS RAGAM SPEKTRUM RESPONS
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SPEKTRUM RESPONS GEMPA RENCANA
dan ANALISIS RAGAM SPEKTRUM RESPONS

Tabel Spektrum respons gempa rencana

Wilayah Gempa Tanah Keras Tanah Sedang Tanah Lunak
T.=0,5det. . T,m08det. 7,210 det

A

008
023 "~
0,33
042
0.50

A

. 0,20

0,50
0,76

085
G980

9




DAKTILITAS, KUAT LEBIH & PENGARUH GEMPA
PADA STRUKTUR GEDUNG
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Gambar P.1 Diagram beban-simpangan {diagram V-5) struktur gedung

DAKTILITAS, KUAT LEBIH & PENGARUH GEMPA
PADA STRUKTUR GEDUNG

Diagram ¥-d didasarkan atas konsep kesamaan simpangan maksimum d,, pada saat di
amnbang keruntuhan ; titik pelelehan pertama tergantung pada faktor daktilitas y -

S,

Lo =
éy

=y

3, : adalah simpangan akibat beban V, pada saat pelelehan pertama
#=10 :struktur dalam keadaan elastik penah (6,=43,)
po= g o struktur pada batas daktilitas maksimumnya
i, = 3,2 untuk portal terbuka dakiail penuh
i, = 3,3 untuk dinding geser daktail parsial
4 dapat dipilih sendiri oleh perencana atau pemilik pedung, asal tidak melebihi i
Faktor kuat lebih yang berhubungan dengan faktor keamanan terhadap beban lebih atau
beban kurang -
f= 160
Faktor kuat lebih yang berhubungan denpan kehiperstatisan struktur daktail sebelum
runiuh ;
L=083+0,17. u




DAKTILITAS, KUAT LEBIH & PENGARUH GEMPA
PADA STRUKTUR GEDUNG

* Faktor reduks: gempa untuk mendapatkan beban gempa nomnal pada struktur daktasd
Re=puly= 1,64
* Faktor kuat lebih total untuk mendapatkan beban gempa maksimum struktur daktail sebelum
rumtuh :
l=f.6=1061
* Beban gempa bumi untuk mendesain straktur daktail -
vV, =L e
R
* Beban gempa maksimurn vang dapat dipikel strukiur daktail sebelum runtuh
V= OV =0V,

* Beban gempa maksimum neminal uatuk mendesain bagian struktur dakiail yang harus tetap
berperiluku elastik, sekaligus beban gempa nominal terbesar yang dapat bekesa pada strokiur
daktail : v . Vo 05V

mR - - |
R f

* Bila simpangan akibat beban gempa nominal V adalah 8, , maka :
- Sunpangan pada saal pelelehan pertama : 5), = {8,

- Simpangan pada saat di ambang keruntuhan : &, = RS,

DAKTILITAS, KUAT LEBIH & PENGARUH GEMPA
PADA STRUKTUR GEDUNG

Tabel Faktor ﬁuat iebih struktur f2 dan faktor kuat lebih totat § yang terkandung di dalam struktur

gedung
Taraf kinerja struktur H R 2 f
pers.{6} pers.{37) pers.(39)
Elastik pznuh 1.0 16 1.0 16
Dakdail parsial 15 24 1.09 1.7
20 32 117 19
25 4.0 1,26 20
3.0 48 1,35 22
35 5,6 1.44 23
4.0 64 151 24
45 7.2 1,61 26
50 8.0 1.70 27
Daktail penuh 53 8.5 1,78 28




DAKTIHLITAS, KUAT LEBIH & PENGARUH GEMPA
PADA STRUKTUR GEDUNG

Pemakaian Gempa Nominal sebesar f,.V pada struktur dakiail :

1.Perencanaan Struktur Bawah, yaitu struktur besmen dan pondasi

Akibatnya diharapkan Struktur Bawah akan berperilaku elastik pada saat Struktur Atas
berada diambang keruntuhan.

2. Capacity Design
Jika pada pertemuan balok kotom jumtah kapasitas kolom tidak mencapai (6/5) jumiah
kapasitas balok, sehingga tulangan kofom harus ditambah, tetapi tidak perlu lebih dari
pada untuk memikul gaya dalam f,.V, , dimana V,, adalah gaya dalam akibat gempa
nominal sebelumnya.

3. Perencanaan sistim strukiur yang berupa kombinasi porial terbuka dan dinding geser
(Sistim Ganda}, katau beban geser yang diterima oleh komponen portal terbuka tidak
mencapai 25% beban geser tofal, sehingga beban geser yang dikerjakan pada
kompenen portal terbuka harus ditambah, tetapi tidak perlu lebih dari f,.V,, , dimana V,,
adalah gaya dalam akibat gempa nominal sebelumnya,

ANALISIS STRUKUR GEDUNG 3D

KETENTUAN UMUM

* Struktur utama penahan beban gempa harus dimodeikan 3 dimensi

* Jika tidak ditinjau Heraksi tanah-struktur, taraf jepitan fateral struktur atas dapat
dianggap terjepit pada taraf lantai dasar (kalau ada besmen) dan pada taraf bidang
atas pur atau pada taraf bidang telapak (kalau tidak ada besmen).

* Arah gempa yang menentukan : searah dengan bidang kerja subsistim struktur
penzhan beban gempa vang dominan

* Karena arah gempa pada kenyataannya sembarang, hal ini disimulasikan dengan
meninfau beban gempa 100% dalam satu arah, bersamaan dengan beban gempa 30%
dalam arah tegak lurusnya.




ANALISIS STRUKUR GEDUNG 3D

KETENTUAN UMUM

Analisis struktur dilakukarn dengan memperhitungkan pengaruh retak pada
penampang Beton :

Modulus elastisitas Ec {dari 10.5(1})
Momen Inersia 0,35 Ig
Balok 0,7¢ ig
Kolom 0,70 lg
Dinding : tidak retak G,35 lg
:retak
Pelat datar dan {antai datar (flat piate/flat siab) 0,25 1g
Luas 1,0 Ag

ANALISIS STRUKUR GEDUNG 3D

KETENTUAN UMUM

* Faktor reduksi gempa dihitung sebagai nilai rata - rata berbobot dari R semua unsur
vertikal dengan gaya geser dasar V sebagai faktor pembaobotnya :

v o
- arah sumbu - X R_ = 2 M e

2R} Y (VR }

Sw v
Z(VF[RYG_) ) Z(V)s"'Rys)

- representatif secara keseluruhan :

-arahsumbu-y: R, =

vy +vE

Ve ooV
Ri + R}
* Nilai R masing - masing unsur vertikal tergantung pada nitai yang dipilih, tetapi tidak
boleh diambH lebib dari nilat maksimum R,
R, = 8.5 untuk portal terbuka daktail penuh
R, = 5,5 untuk dinding geser daktail parsiai/biasa




ANALISIS STRUKUR GEDUNG 3D

KETENTUAN UMUM

“ Untuk struktur gedung dengan tinggi > 10 tingkat atau 40 m, pengarvh P-Delia harus
diperhitungkan.,

« Eksentrisitas rencana anlara Pusat Massa dan Pusat Rotasi di setiap fantai tingkat harus
diperhitungkan untuk mensimulasikan :

- pengaruh komponen rotasi horisantal gerakan tanah

- kemungkinan perpindahan letak Pusat Massa karena perubahan dalam beban
gravitasifhidup

- kemungkinan pempindahan letak Pusat Rotasi karena pengaruh plastifikasi pasca
elastik

* Wakiu getar alami fundamental - Tt <y n.
n adalah jumiah tingkat dan y koefisien menurut tabel berikut -

Wilayah Gempa ¥

1 05
05
05
0.6
0,7
08

Dihliasjwin

ANALISIS STRUKUR GEDUNG 3D

SNI 03-1726-2002

Harus mementthi ~Tidak peru Analisis Dinamik
Gedung beraturan [ - > 9 ketentuan >r > Statik Exwivalen

) tidak memenuhi
Gedung tidak beraturan {7~ > 0 0 an [:::> Harus Analisis Dinamik




ANALISIS STRUKUR GEDUNG 3D

STRUKTUR ATAS GEDUNG 3D BERATURAN

Karakteristik dinamik struktur 3D :

Gerak ragam getar alami pertama dominan dalam transtasi searah dengan salah satu sumbu
wamanys;

Gerak alami kedua dominan dalam Wransiasi searah dengan sumbu utama lainnya yang orthegonat
dengan sumbu utama sebelumnya. Dengan kata lain, struktur 3D beraturan berperilaku seperti
struktur 2D datam arah masing-masing sumbu utamanya, Karena itu respons total struktur sangat
dominan ditentukan oleh respons dari ragam fundamentalnya.

Dengan hanya meninjau respons dari ragam fundamentainya saja dan bentuk ragamnya didekati

sebagai garis lurus, maka anslisis ragam spektrum respons (CQC)Y menghasitkan 2 rumus
sederhana unfuk beban gempa nominat statik ekwivalen

. W
- Gyl W K= Ra

t n

R Z (W)

V = gaya geser dasar nominal

F, = beban gempa pada taraf lantai - i

€, = nilai faktor respons gempa dari Spektrum Respons Gempa Rencana untuk T = T,
! = faktor keutaman

R = faktor reduksi gempa representatif untuk | yang dipilih

W, = berat total gedung { + beban hidup yg sesuai)

W, = beratiantai ke ~i { + beban hidup yg sesuai)

z, = kelinggian lantai ke - i dari taraf penjepitan iateral

\Y

1

ANALISIS STRUKUR GEDUNG 3D

STRUKTUR ATAS GEDUNG 3 D BERATURAN

Karena dalam masing-masing sumbu utama prilaku struktur mirip dengan struktur 20,
maka untuk masing-masing arah fersebut, waktu getar fundamentainya bisa didekati
dengan Rumus Rayleigh :

F; = beban gempa statik ekwivalen yg bekerja pada struktur atas di taraf masing-
masing lantai ke-{

d; = simpangan/peralihan horisontal struktur di tarat masing - masing fantai ke - i
W, = berat masing-masing lantai ke - i { beban hidup yang sesuai)




ANALISIS STRUKUR GEDUNG 3D

STRUKTUR ATAS GEDUNG 3 D TIDAK BERATURAN

« Harus dilakukan anafisis dinamik urtuk menentukannya :
- waktu-waktu getar alami dan bentuk ragamnya
-1espons dinamik terhadap Gempa Rencana sebagai dasar untuk mendesain struktur

tUntuk mencegah struktur terlalu fleksibel, waktu getar fundamental dibatasi

Agar strukiur berkinerja baik terhadap gempa, gerak ragam getar alami fundamental
(kalau bisa juga gerak ragam getar alami kedua) harus dominan datam franslasi,
mengingat respons dinamik {otal struktur terhadap gempa akan dominan ditentukan cleh
respons ragam fundamentalnya.

Bila Eerak ragam getar alami fundamental dominan dalam rotasi horisontal (purdir, torsi),
gerak respons dinamik total struktur terhadap gempa jug akan dominan dalam rotasi. Haf
ini harus dicegah mengingat respons struktur yang berotasi akan menyebabkan :

- Tuntutan terhadap strukiur untuk mengerahkan kekuatan yang berlebihan.

- Gangguan terhadap kenyamanan penghuni, karena akan merasa pusing, mual dan
mengalami disorientasi.

- Kerusakan non-struktural yang tebih banyak.

ANALISIS STRUKUR GEDUNG 3D

STRUKTUR ATAS GEDUNG 3 D TIDAK BERATURAN

Gaya geser dasar nominal sebagai respons dari ragam getar fundamental (dengan T) :
Cyi
vy = e W,
R
rilai faklor respons gempa dari Spektrum Respans Gempa Rencana untuk T = T1
faktor keutaman gedung berdasarkan fungsi gedung ybs
faktor reduksi gempa representatif untuk 4 yang dipilih
W, = berat total gedung { + beban hidup yg sesuai)

o=

HobodE

Gaya geser dasar nominal total VCQC = Vt dari hasil analisis ragam spektrum respons untuk
mendesain struktur atas harus memenuhi

V% Vo2 0.8V,

Bila syarat ini lidak terpenubi, gaya geser tingkat nominal sepanjang tinggi struktur gedung
untuk desain harus dikaliakan dengan Faktor Skala

DRV,
Faktor Skala = —-—1 210
Vl

Diagram gaya geser nominal sepanjang tingi gedung uniuk desain dapat dimodifikasi bila
dianggap periu




ANALISIS STRUKUR GEDUNG 3D

AN

STRUKTUR ATAS GEDUNG 3 D TIDAK BERATURAN

Gambar P.4 Diagram gaya geser tingkat nominal sepanjang
tinggi struktur gedung.

Dari diagram gaya geser fingkat nominal sepanjang tinggi strukiur gedung didapat
beban gempa nominal statik ekwivalen pada taraf masing-masing lantai ingkat,
sebagai selisih gaya geser tingkat di bawah dan diatasnya,

Analisis Struktur dari Struktur Bawah

« Strukiur Bawah : Besmen dan Pondasi

- Struktur Bawah dapat dianggap sebagai struktur 3D tersendiri di dalam tanah

yang mengalami pembebanan gempa yang berasal dari : struktur atas, gaya
inersia sendiri dari tanah sekelilingnya.

= Struktur bawah tidak boleh gagal lebih dulu dari struktur atas, karena itu harus
selalu berprilaku efastis penuh, sehingga beban gempa maksimum nominal
dari struktur ats pada struktur bawah adalah :

V

mn s 1:2 upper Vn upper

Beban gempa statik ekwivalen nominal yang bekerja horisontal pada taraf
lantai besmen akibat gaya inersia (empirik) -

Fon =0,10.A, LW,

A, = percepatan puncak pada permukaan tanah
I = faklor keutaman gedung
W, = berat lantai besmen ( + beban hidup yg sesuai)




Analisis dan Desain Struktur dari Struktur Bawah

b $20550
B 417800

R0

e +10500
e 4720

+ Akibat beban horizontal gempa stalik Keterangan Notasi

ekuivalen {Fbzi) : P, M, E : Reaksi-reaksi dari strukiur alas
« Fbzi= 010 Azi . Whzi f1:186
#0D - Rupperi A

f2 upper : .83 + 057 40

AQ : Percepatan puncak mizka tanah

Ab : Percepatan puncak batuan dasar

21 : Kedalaman yang ditinjau dari muka $anah {m)

Z,
Ay =1 Ay~ A, - 4
o= (gt )

Analisis Struktur dari Struktur Bawah

+ Anallsis dan Desaln Dinding Besmen terhadap Beban Muka :

Beban gempa herisontal dari tekanan tanah, dapat dianggap mencapai nilai maksimum
sentlat fekanan leleh tanah (senilai tekanan pasif tanah) sepanjang kedalaman struktur
bawah; beban tanah nominal yang bersangkutan didapat dengan membaginya dengan
angka R=1,8, sehingga kombinasi pembebanan terfaktor menjadi :

120L+ 1,6 LL + 1,6 (H/1,6).

Beban gempa horisontal dari tekanan air tanah, dapat dihitung dari massa air yang dibatasi
oleh parabola Westergaard, dikalikan dengan percepatan puncak muka tanah Ao; beban
hidrodinamik nominal yang bersangkutan didapal dengan membaginya dengan angka
R=1,6; sehingga kombinasi pembebanan terfakior menjadi ;

12DL+1BLL+H+F




Analisis dan Desain Struktur Dinding Besmen thd beban muka dari Struktur Bawah

i $4G3]
Y

" : ot Kelerangan Notasi :
. Ra 1 R L) pl =g K =
:::g:: :Lekl;a;‘a:ﬁt‘pamﬁ fﬂu atanani{l):pl=q.Kp h1: Tinggi daersh i atas GWL (m}
p2a gt (. b Kp} h2 1 Tinggt daerah di bawab GWL (m}
pi=p2+ (.ﬂ‘-‘ h2: o KO : (Eu;.';i}cienf of al rest earth pressore for compacted backiit
. Aiu‘b'l:: l;kfn;zﬁ:narr?z Y Kp : Passive Coefficien of earth pressure (= 1.0)
) p: Tofal horzontal earth pressure {(kN/m2)

ﬁg : ﬁ;_ : g: TZ- K,f;, 2. Kedalaman yang dilinjau dari muka air lanah (m)

PA= D3+ (yw . h2)

? h
R -r-[x% R RN ) :
Py 3om ) @, =| Ag-——{4,- 4,)
7 30m
P, =% shyy, .,
7 it ¥ . Unit weight of soil (= 16.5 kN/im3}
P = Iy B2 ¥l yw : Unit weight of water (= 10 kN/m3)
716550 = 6.5 kim3
Kombinasi Pembebanan
120+16L+1.6(H/1.6)

SNI 1726-02

Lateral Load Resistance Structural Systems

« Bearing wall system
:s adstmctural system without an essentially complete space frame that provides support for all or most of the gravity
OAS,
Resistance o taterat lorces is provided by the same bearing walls acting as shear wall
- Light frames with shear panels
- Load bearing shear walls
+ Building Frame System
is a structural system with an essentially complele space frame that suppont the gravity loads. Resistance to tateral forces
is provided by shear walis. No interaclion between the shear walls and frames is considered in the lateral foagd analysis; af
of the laterat forces are allocated (o the walls.
~ Shear Walls {SW) and Moment Resisting Frame
- Diagonal Bracing (08)
+ Moment Resisting Frames System {MRFS)
is a struciural system with an essentially complete space frame providing for gravity loads. Laleral forces are resisted
primarily by fiexural action of the frame members, The entire space frame may be designaled as the seismic-force-
rasisting system.
~ Special Moment-Resisting Frames (SMRFS}
~ Concrete Intermediate Moment-Resisting Frame (IMRFS)
- Ordirary Mement-Resisting Frame (OMRF S)
= Duat Systems (DS}
a. An essentially complate space frama provides support for gravity loads
b. Resistance 1o lateral forces is provided by moment resisting frames capable of resisting at leasl 25 percent of the
design base shear and by shear wall
¢ The two subsystems (momenl-fesisting frames and shear walls) are dasigned o resist the design base shear in
proportion to their reiativa rigidities
~ 8pecial Shear Walls + Special Momen! Resisting Frame
~ Ordinary Braced Frame (OBF)
- Spedial Braced Frame (SBF)




Tabel 2.3 Faktor dakfilitas maksimum, faktor reduksi gempa maksimum, faktor tahanan lehih
struktur dan faktor tahanan total beberapa jenis sistem dan subsistem struktur gedung

D SNI 03-2847-02

TATA CARA PERHITUNGAN STRUKTUR BETON
UNTUK BANGUNAN GEDUNG
SNI 03-2847-2002 (PASAL 23-Desain Tahan Gempa)

Ketentuan Dasar

a. Kuat Tekan beton struktural minimum = 17,5 MPa (K-210)

b. Kuat Tekan beton struktural minimum untuk
Struktur Tahan Gempa = 20 MPa (K-250)

¢. Harus menggunakan baja ulir dengan maksimum fy=400 MPa, baja
polos hanya diperkenankan untuk tulangan spiral atau tendon.

d. Balasan di atas tidak berlaku untuk jaring kawat baja polos.
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SN 03-2847-02
Kombinasi Pembebanan (SNI 03-2847-2002, pasail 11.2)

+ Kombinasi Beban Mati dan Beban Hidup :
U=14D |
U=12D+16L+0,5(lL,,atauR)

L oor = Beban Hidup Atap dan R = Beban Air Hujan

+ Jika Beban Angin diperhitungkan :

Us12D+FML+18W+05 (L, atau R)
U=09D+16W

+ Jika Beban Gempa diperhitungkan :
U=12D+fIL+E
U=09DzE

SNI 03-2847-02
Faktor Reduksi Kapasitas

1. Lentur, tanpa beban aksial..................

2. Beban Aksial dan Beban Aksial dengan lentur
a. Aksial tarik dan aksial tarik dengan lentur..............0,80

b. Aksial tekan dan aksial tekan dengan lentur
- komponen struktur dengan tulangan spiral............. 0,70
- komponen struktur lainnya.. ... 0,65
3.Geserdan TOrSi ..o 0,75
4. Tumipuan pada beton.... ... 0,65

5. Beton polos struktural




SNI 03-2847-02

Korelasi Kriteria Desain Kegempaan dalam beberapa
Peraturan yang ada

Codes, Standards, or Low/Crdinary Moderate / High/Special
reserce documents (ACI21.21.2) SNI Intermediate (AC121.2.1.4) 1 NI
23212 (ACI21.2.1.3) /ISN 23.2.1.4
23213
1BC 2000, 2003, NFPA 5000 SOCA B sbcC SDCD. & F
(2003),ASCE 07-98, 7-
G2; NEHRP 1987,2000
BOCA (1993,1986,1999); SPCA B SPCC SPCD E

Standard Building Code
(1594,1897,1999); ASCE 7-
93, 7-05, NEHRP (1991,
1994}

Uniferm Buiding Code
(1991, 1994, 1997)

Seismic Zone 01

Seismic Zone 2A 2B

Seismic Zone 3,4

SNI 1726-2002

Seismic Zone 1,2

Seismic Zone 3.4

Seismic Zone 5,6

Note:
S$OC = Seismic Design Category

SPC = Seismic Perpormance category

Ketentuan Kriteria Desain dan faktor R Pasal 23.2 SNI 03-2847-2002

Resiko Gempa Jenis Struktur yang dapat digunakan Faktor Modifikasi Respon
(R
Rendah Sistern Rangka Pemikul Momen
-SRPM Biasa {Bab 3 - Bab 20) 3-35
-SRPM Menengah (Pasal 23.10) 5-55
-SRPM Khusus (Pasal 23.3-23.5) 8--85
Sistem Dinding Struktural
-80S Biasa {Bab 3 — Bab 20) 4-45
-SDS Khusus (Pasal 23.6) 55-65
Menefigah Sistem Rangka Pemikul Momen
-SRPM Menengah (Pasal 23.10} 5-55
-SRPM Khusus (Pasal 23.3-23.5) B--85
Sistem Dinding Struktural
-80S Biasa (Bab 3 — Bab 20) 4-45
~8S08 Khusus (Pasal 23.6) 55~85
Tinggi Sistem Rangka Pemikul Momen
-8RPM Khusus (Pasal 23.3-23.5) 8-85
Sistem Dinding Struktural
-80S Khusus (Pasal 23.6) 55-65

Dinding Structurat : Bearing Wall Systems atau Dual Systemns




Pasal-pasal bab 23 SNI 03-2847-02 yg harus dipenuhi untuk
berbagai sistem struktur dalam berbagai level gempa

Camponent Resisting Moderate / Intermediate High / Special
Earthquake Effect {pasaf 23.2.1.3} (pasal 23.2.1.4}
Frame members Pasal 23.10 Pasal 23.2; 23.3;23.4 ;235
Structural Walls and coupling -None Pasal 23.2; 236
beams
Structurat Diaphragms and -Nong Pasal 23.2, 237
Trusses
Foundations ~None Pasal 23.2,;,23.8
Frame membors not Nono Fasal 23.3;23.9
proporticned to resist forces
induced by earthquake
motions
Beton Tanpa Tuiangan Pasal 24.4 Pasal 24.4; 24.10.%
Catatan:

Harus memenuhi juga persyssatan-persyaratar Bab 3 - bab 20 SNJ 03-2847-2002

i . SNI 03-2847-02
Sistem Rangka Pemikul Momen :

Sistern Rangka Ruang dengan komponen-komponen struktur dan join-joinnya
menahan gaya-gaya yang bekerja melalui aksi lentur, geser dan aksial.

SRPM dikelompokkan sebagai berikut :
a. Sistem Rangka Pemikul Momen Biasa :
Sistem rangka yang memenuhi ketentuan-ketentuan pasal 3 hingga pasal 20

b. Sistem Rangka Pemikul Momen Menengah :
Sistem rangka yang memenuhi ketentuan-ketentuan pasal 3 hingga pasal 20,
juga memenuhi ketentuankeientuan pada pasal 23.2(2(3)) dan 23.10

c. Sistern Rangka Pemikul Momen Khusus ;
Sistern rangka yang memenuhi ketentuan-ketentuan pasal 3 hingga pasal 20
juga memenuhi ketentuanketentuan pada pasal 23.2 sampai dengan 23.5




Moment Resisting Frame

* The Load is transferred by
shear in columns, that
produces moment in
columns and in beams

+ The Beam-Column
connection is crucial for the
system to work

« The moments and shear from
later loads must be added
to those from gravity loads

Design Criteria Table
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SNE 03-2847-02

Sistem Dinding Struktural :

Dinding yang diproporsikan untuk menahan kombinasi geser, momen dan gaya
aksial yang ditimbulkan gempa

Ada 3 sistim Dinding Struktural :

- Bearing Wafl Systems
- Building Frame Systems (no inleraction between Frame & Structural Wall)
- Dual Systems (MRF and Structural Wall Systems)

Kriteria Desain Dinding Struktural dikelompokkan sebagai berikut

a. Dinding Struktural Beton Biasa
Dinding struktural yang memenuhi keientuan-ketentuan pasal 3 hingga 20.

b. Dinding Struktural Beton Khusus
Dinding strukiural yang memenuhi ketentuan-ketentuan pasai 3 hingga 20,
juga memenuhi ketentuan-ketentuan SNi 03-2847-02, pasal 23.2 dan 23.6

Shear Wall-Frame Interaction

10 Story Wall and Frame - _A=514cm
L ‘

Wiall Thickness = 15 cm
Beam Section = 60 cm x 30 cm
Column Section =50 cm x 50 ¢cm

Laa

BOYIEE RS E : )
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File :Dynamic & Static Analysis of prepared by Djoni Simanta No. 1
Plane Frame Building.xmed
Date :3/26/2007 - 11:24 AM

1. Response Spectra Analysis

Diketahui :
hy=42m hy:=39m Hi=h+ h2 H=81m SeismicZone= 5
my = 1034928610 kg my = 92710.3512kg go= 9.8
S2
WpE=mpg o ow = 1084230.039 N Wyl My g W, = 908649.642 N
2
wy o= Z wo o wp = 1922879.681 NRumah Sakit: 1= 14 SMRF: R:= 85
i AR
i=1
A. Pada saat Ge Rencana Ex : N
4= npa 2en MPai= l-——  kPa:= 1000-—
a. Kurva Spectra Gempa Rencana HHI m

Soil Type Evaluation for Seismic Zone -5 :

Data parameter tanah sampai kedalaman 30 m :

4= 7.5m ﬂ}'&l =5 ,§d = 12-kPa

£, = 4em N, = 25 S, = 55-kPa

2 2 2
e A — S kP
t3 = 3.5-m N3 = 24 53 = 50-kPa
== . L= = . )(
t4.-—4m an' 38 84. 97-kPa
t5 = 6-m NS = 30 SS = 75.kPa
t6 = 5em NG = 29 SG = §139-kPa
6 &
2. 2
{=x1 i= ]
N = N= 13.138 g = 3, = 32.435kPa

i=1 i j=1 1
a.1 Soil type based on average SPT value (Standard Penetration Resistance) :

Soil_Type_based_on_SPT = | "Very Dense Soil/Soft Rock, Sc type” if N> 50.0
"Stiff Soil, Sd type” if 15.0 < N <500
"Soft Clay Soil, Se Type" otherwise

Soil_Type based_on_SPT = "Soft Clay Soil, Se Type"




File :Dynamic & Static Analysis of prepared by Djoni Simanta No. 2
Plane Frame Building.xmcd
Date :3/26/2007 - 11:24 AM

a.2 Soil type based on average Su value (Undrained Shear Strength) :

Soil_Type_based_on_Su = |"Very Dense Soil/Soft Rock, Sc type” if S, > 100.0-kPa
"Stiff Soil, Sd type” if 50.0-kPa <8 < 100.0-kPa

"Soft Clay Soil, Se type"  otherwise

Seil Type based on_Su = "Soft Clay Soil, Se type"

Results : Ay =036 Ap = 2.5A, Ay, = 0.9 A= 0.90
UBCO7: C = A, Cyi= A,
AT

r= rrwl & o= 1s T, = 02T, I, =025

E. = 25742960202 N

Matriks Kekakuan Lateral dan Matriks Massa: ¢~ Yy

m
50343000 ~25094000) N mp 0 103492.861 0

- — MASS = MASS = g
~25094000 21308000 / m 0 1y 0 92719.351

Hasil Analisis Eigen :

Untuk Model Portal Bidang dengan dua derajat kebebasan dari perhitungan dengan CAL-86 :

d 2.
0= 84624 Ty = =L T, = 0742 s
s (DE
ad 2-
0y = 25390 Ty S T, =0247s
S wa

0.0016333 -0.0026448
“10.0027942  0.0017256

b. Menghitung Koefisien Gempa Rencana,Cm

13T
STm) = {1+ T M 0STy<T,

o C{Ty) = 0.148  C(Ty) = 0.148

U o
(2.5.AO).E i T, <, < T, Syr= (i) e Sap = 1453 %
A 8
1L T, <1, m
Ty | R S = C(To) g Syp= 1453 -
Sap O S

al 1453 0 \m
SA = SA g —
0 5. 0 1.453 52




File :Dynamic & Static Analysis of prepared by Djoni Simanta No. 3
Plane Frame Building.xmcd
Date :3/26/2007 - 11:24 AM

¢. Menghitung Gaya Geser Dasar Dinamik akibat Gempa Rencana

Earthquake participation factors :

T ! 428.111 b O0ke
L= ¢ -MASS- L= kg Ln:=
W i ~113.721 0.0kg L

2,1
Modal Mass :
) 428.111 0
1 . b0 Ln = ke
Mn = ¢ -MASS¢ Mn= 0 1 kg 0 ~113.721
MASS 105126.787 45219.373
Fhio= --Ln-SA FJ = N
Mn 161121.783 -20431.47
Effective Weight :
Ln’g 17961442 2.195
Worm W= Wy = 1922879.681 N
il Mn G155 126736.647

Participating Mass Ratio:

W 0934 0
PM 1= ~— PM =
W, 0 0.066

Vo= ST )W, | V= (:(1“2)-W2,2 V) = 266251.964 NV, = 18786.844 N

L]

Pakai operasi matriks
Vo = {1 1)}FI Vg, = (266248.57 18787.904) N

Complete Quadratic Combinations: akibat gempa rencana

to | w

2
£ 005 1= b py o —— e ALH DT PLy= 10 py o= 1.0 po gi=py 2

)

(l - r2)2 + 4i;2-r~(1 + r)2

2 2
Vo= Z Z (Vdoa Pn,m Vo, m) Vo = 266971.023 N
I m=1

1=




File :Dynamic & Static Analysis of prepared by Djoni Simanta No. 4
Plane Frame Building.xmed
Date :3/26/2007 - 11:24 AM

B. Static Base Shear, Faktor Skala ke Gempa Nominal dan Beban Lateral Ekwivalen

Tp= T, karena L1 > L2, maka mode 1 adalah mode fundamental, juga periode getamya

a. Deflection Control:

T;=Tp T=07425s
Faa

) Ayl Apl
Vs omir Wi,

“Wy Vg = 285038.635 N

RTos |

0.8V,
f; = max 1 fi =1
L ’ L
Vdo

Lendutan lateral :

S
1
LI
2
Ln | ©1 14.185 0.678
qL = ¢-—- A, qb= nun
Mn Sy2 24.266 -0.442
0 e
i
0y

Simpangan antara tingkat :

Ay = qL],f Ay o= qu,Z

8 Be (qu,i - qI‘l,]) 82,277 Gly 5~ aby

14.185 0.678
= mm
10.082 -1.12

2
Z Z At nPn,mH m)

cQcC

P A—
=

2 2
Z Z Ay wPn,md2 m)

f
-
=




No,

File :Dynamic & Static Analysis of prepared by Djont Simanta

Plane Frame Building.xmed
Date :3/26/2007 - 11:24 AM

Kontrol kondisi beban kerja :

hl =42m h2 =30m

0.03
max| ——-hy,30-mm
R

14.203 30
A= mm Ay = mm oke
10.14 30

A=

alf -

maxi Pﬂ-h ,30-mm
R 2

Kontrol kondisi beban ultimate :
0.02+h,

Ay = BTRA A =
uit batas 0.02:hy

84.507 . 84 e jug
= Win = mm oxe ) a

b. Strength Control:

Zone 4 : L= 017 jmih tingkat: n=2 H=81m

3

T, = 0.0731 -l~I4 m untuk Moment Resisting Frame

0B T,=0351s

To= |Tp if Tp< 12T
AW a
T=035ts Tgp= s Tgu= 0345 anggap cukup

T, otherwise

a
Apy Apl
Vl = mi "Wy, Wy Vl = 285038.635 N O_SVS = 228030.908 N
R N |
R-T-s
O.S-VI
fpy = max .| fy=1 hasil dinamik lebih besar dari 0,8.V1,
Vdo jadi tidak perlu modifikasi

b.1. Gross Response dari Gempa Nominal:

Gaya lateral ekwivalen

e B F (105126.787 45219.373) N 2
A= 1o 161121.783 2643147 DD (RIS S .
yn=1m=1
cQc Eo=
2 2
] (114573.436) N Z (sz’n-pn,m-FJZ m)
MJ n=1 m=1

163191.3069
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No. 6

Gaya geser dasar nominal

Va= (1 1)F] V= (266248.57 18787.904) N

7 2
cQcC
N Z Z (le P Vg, m) Vy = 266971.023 N
n=1m={ | ’

Momen guling: hy=42m hy=39m H=81m

Mg = (h; H)-FJ Mg = (1746618.95 -24173.535) Nm
cQc

2 2
M= Z Z (Mgl,n‘PM‘-'Mg:,xn) Mg = 1746708.329 Nm

n=1 m=1

Lendutan lateral :

S
al 0
2
Lo | @1 0.014185 0.000678
qLi = @m . 'fD qL] =

0.024266 -0.000442

0.012116  0.000579
Sk m

0.020727 -0.000378
b.2. Member Response

Dari CAL diperoleh matriks peralihan : 0,48383-10” *

~0.18071-10” %

0.42542.10" 20

~0.87807-10 >

-0.48383-10"

0.62469-10" *

~0.83884-10"°

0.29282.10"

~0.62469-10" 4

3

-0.83884.10

—0.26941-10
0.2749-10
~0.84683-10"
0.23172-10
0.26941-10
~0.18071-10" % 0.2749.10”
-0.46207-10"
0.12832-10"
~0.15892-10
~0.4009-10 1 0.39945.107
0.46207-10

0.12832-10°

3

4

21

4

5

4

5

3

20

4

5

3
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qTOT := stack(qUP,qk.}
gl 2
1 0.000048383|  -0.0000026941
2 -0.0018071 0.00002749
3 0 0
4 -0.00087807 0.000023172
5 -0.000048383 0.0000026941
g -0.0018071 0.00002749
qrorT =17 0.000062469| -0.0000046207
8 -0.00083884 0.00012832
9 0 0
10 -0.0004009 0.000039945
11 ~0.000062469 0.0000046207
12 -0.00083884 0.00012832
13 0.012116 0.00G579
14 0.020727 -0.000378
Data batang 1:
¢ = cos(90-deg) Cy 1= sin(90-deg)
0 0
0 ¢
0 0
Di:=| 0012115597 0.000578908 P S N
b 2 ™1 b
0.48383-107 1 -0.2694-107°
~0.18071-10" % 0.2749.10” "
¢ 0
>, = submatrix(D1,1 ,3,1,2) Dy=100
00
0.0i2116  0.000579
Db = submatrix(D1,4,6,1,2) Db =1 (.000048
~0.001807 0.0000627
0.000048 -0.000003
dy = ApDy  dyy = | ~0.012116 —0.000579
~0.001807 0.000027
00
d, = Ay Dy d, a0
00
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2. SNi 1726-2002 Static Equivalent Method

Wpmmpg o ow, = 1014230.039 N w, = my-g W, = 908649.642 N wy = 1922879.681 1
hz =81lm B:=36m B=18m

hl::: h] ,!}Q:: h1+ 112

= T karena L1 > L2, maka mode 1 adalah mode fundamental, juga pericde getamya

3

4  ~0.75
/I&— 00731 H m -5 T,=0351s untuk MRF R = 8.5

L= |Tp if Tp< 12T
A a .
T=0351s [Tou=0162s T =032s cukup oke

T, otherwise
A

Am-l Al
Ay'\s/fz mit " "Wy, T wy VS = 285038.635 N
R-T-s
H
F1 = {0.0N if - <3
B
F,=0N
0.1-Vg otherwise t
w,-h w,-h
1" 272 -
FL, = 2—-—-———-—-(\/5 - Fy) FL, = w;-———-(vs -~ Fy) + Fy

2. (it 2. (vt

i=1

Gaya lateral statik ekwivalen Gaya lateral ekwivalen hasil analisis dinamik :

164971.153 114573.436 . N
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285038.635 163191.309
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.- Building Structure

Frame and Shear Walls v ;
Lateral Load Resisting System : 1 Floor Slab System
T— e Gravily Load Resisting System

Sample Lateral Load Resistance
Systems

+ Bearing wall system
— Light frames with shear panels
- 1 oad bearing shear walls
« Fully Braced System (FBS)
— Shear Walls (SW)
— Diagonal Bracing (DB)
« Moment Resisting Frames (MRF)
— Special Moment-Resisting Frames (SMRF})
- Concrete Intermediate Moment-Resisting Frame {IMRF)
— Ordinary Moment-Resisting Frame (OMRF)
+ Dual Systems (DS}
— Shear Walls + Frames (SWF)
- Ordinary Braced Frame {(OBF)
— Special Braced Frame (SBF)




Moment Resisting Frame

* The Load is transferred
by shear in columns,
that produces moment
in columns and in
beams

» The Beam-Column
connection is crucial for
the system to work

* The moments and shear
from later loads must
be added to those from
gravity ioads

* The lateral loads is
primarily resisted by
the shear in the walis,
in turn producing
bending moment

+ The openings in wali
become areas of high
stress concentration
and need to be handled
carefully

+ Partial loads is resisted
by the frames

* Traditionally 75/25
distribution haws been
used




Shear Wall - Frame

* The Walis are part of
the frame and act
together with the
frame members

* The lateral loads is
primarily resisted by
the shear in the walls,
in turn producing
bending moment.

* Partial loads is
resisted by the frame
members in moment
and shear

Braced Frame

* The lateral loads is
primarily resisted by
the Axial Force in the
braces, columns and
beams in the braced
zone,

* The frame away from
the braced zone does
not have significant
moments

* Bracing does not have
to be provided in every
bay, but should be
provided in every story




Tubular Structure Tubular Structure

* Diagonal Braces are
added to the basic
tubular structure

* This modification of the

Tubular System
reduces

shear lag between
opposite faces




General Considerations of
Earthquake Resistant Design

The main goal of earthquake-resistant design is to attain a structure with sufficient
strength and ductility to assure life safety, i.e., to prevent collapse under the most
intense earthquake expected at a site during the life of a structure.

In most structures that are subjected to moderate-to-strong earthquakes, economical
earthquake-resistant design is achieved by aflowing yielding to take place in some
structural members. It is typically impractical as well as uneconomical to design a
structure to respand in the elastic range to maximum expected earthguake-induced
inertia forces. However, for certain types of structures such as nuclear containment
buildings, yieiding in the structure cannot be tolerated, and the design needs to be
elastic.

ln general, most earthquake code provisions impiicitly require that structures be able
to resist minor earthguakes without any damage, moderate earthquakes with
negligible structural damage and some non-structural damage, and major
earthquakes with possibly some structurat and non-structural damage. As noted
above, structures must respond to strong ground motion without coilapse.

Designing structures for the effects of
earthquakes generally includes the following:

* Selecting and laying out a lateral-force-resisting (LFR) system this is
appropriate to the anticipated level of ground shaking. This includes
providing & continuous and redundant load path that ensures that a
structure acts as an integral unit when responding to ground motion.

» Determining code-prescribed forces and deformations generated by the
round motion, and distributing the forces to the various elements of
the LFR system. Site characteristics, occupancy, configuration,
structural system, and structure height are all considered when
determining these forces.

+ Proportioning and detailing the structural members and joints for the
combined effects of gravity and lateral (including wind) loads so that
adequate vertical and lateral strength and stiffness are achieved to
satisfy the structural performance and acceptable deformation levels
prescribed in the governing building code.




Table 1. Seismic Risk Terminology

Code,Standard, or
resource document

LowiOrginary
(21.23.2y2321.2

Woderale { Intermediate
(21.2.4.3)/23.2.13

High/Special
(21.23.4)7232.1.4

1BC 2000, 2003;NFPA SDC A B spC e SDCD.E.F
5000

{2003)ASCE 07-98, 7-02;

NEHRP 1997,2000

BOCA (1993,1996,1999); | SPC A, B SPCC SPCD,E

Slandard Building Code
(1994,1997,19399); ASCE
7-93, 7-95, NEHRP (1991,
1594)

Uniform Building Code
(1991, 1984, 1987}

Seismic Zone 0,1

Seismic Zene 2A28

Seismic Zone 3.4

SNI 1726-2002

Seismic Zone 1,2

Seismic Zone 3,4

Seismic Zone 5,6

Nole:
SBC = Seismic Design Calegory

SPC = Seismic Perpormance category

Table 2. Sections of Chapter 23 to Be Satisfied*

Component Resisting Earthquake
Effect

Moderate / Intermediale
(Chapler 23.2.1.3)

High / Speciat
(Chapter 23.2.1.4)

Frame members

Chapter 23.10

Chapler 23.2 ; 23.3 ;23.4;23.5

Struciural Walls and coupling beams | -None Chapter 23.2 . 236
Structural Diaphregms and Trusses -Mone Chapter 23.2;23.7
Foundalions -None Chapler 23.2 : 23.8
Frame members nol proportioned to -Nene ”C.r.)amer 2'3"3 1238

resist forces induced by earthquake
mations

Plain Concrele

Chapler 24 4

Chapter 24 4 ; 24.10.1

“In addition to requirements of Chapter $-20




Design Criteria Table
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1. Flexural Members of Special Moment Frames

General Requirements

Special moment frames are required in regions of high
setsmic risk or for structures assigned to high seismic
performance or design categories. Flexural members of
special moment frames must satisfy the provisions of
23.3. The general requirements of 23.3.1.1 through
23.3.1.4, which are summarized in Fig. 1, have been
guided by experimental evidence and observations of
reinforced concrete frames that have performed well in
the past.

Table 3 - General Requirements

‘Width < width of supporting member (measured on a
-plane perpendicular to the lengitudinal axis of the
flexural member) + distances on each side of the
supporting member not exceeding three-fourths of
the depth of the flexural member. ' :
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T s+ 150

Section A-A

Figure 1 - General Reguirements

Table 4 - Flexural Requirements

Mmlmum reinforcement shall notbciess lhan R

at any section, top and bottom, uniess prowsmns of l() 5. 3 are
satisfied.

The reinforcement ratio p shall not exceed 0.025.

At least two bars must be provzded contmuously at hoth top and
bottom of section. .

Positive moment strength at joint face = 1/2 negatwe moment
strength provided at that face of the joint,

Neither the negative nor the positive moment strength at any section
along the member lenpth shaii be less than 1/4 the maximum .
moment strength provided at the face of either joint, -




I{I‘mm RIS .
[ maks. = 0.025

Min 2 batang menerus

3
i
:

.

Mr':. | o l\fi‘,: i I “h‘{"lrll.j -f'..‘]n'j ."’é

M, atau M, - (maks. v, pada kedua muka kolom 14

Figure 2 - Flexural Requirements

Table 5 - Splice Requirements

B[ sccuNo | FigNo |

Lap splices of flexural reinforcement are permitted only
if hoop or spiral reinforcement is provided over the lap
length. Hoop and spiral reinforcement spacing shall not
exceed )

* /4

» 100 mn

-Lap splices are not to be used:

¢ Within joints,

e Within a distance of 2k from the face of the joint.

e At locations where analysis indicates flexural yielding
caused by inelastic lateral displucements of the frame.

Mechanical splices shait conform to 23.2.6 and welded
splices shall conform to 23.2.7.1. _ '
: ‘ |




L.ap splice confined and located

2 2h : L
outside polentiat hinge area

s

Hoop or spiral -
reinforcement

|

I

did

140 mm

AT
=

Sg

Figure 3 - Lap Splice Requirements

Table 6 - Transverse Reinforcement Requirements

Secl No. | Fig. Neo.

Heops are required in the {ellowing regions of frame members:

« Over a length equai 1o 2h from the face of the supporting member loward rnidspan st both ends of the
fiexural member. 23331
+» Over fengths equal to 2h on both sides of a seclion where flexural yielging may ocour in connection with
inslastic laterat displacements of the frame.

Whete boops s required, the spacing shall not exceed:

- di4

« B x diameter of smallest jongitudina? bar 23332

+ 24 x diameter of hoop bars

+ 300 mm,

The first hoop shall be located no more than 150 mm from the face of the suppoiting member, 4
Whera hoops are required, iongitudinal bars on the perimeter shall have laleral suppon conforming to 23333
7.10.53.

Whete hoops a6 nol required, stimups with seismic hooks at both ends shall be spaced al a dislance notl 23334
more than &2 throughout the length of the member.

Stirrups of ties required {e resist shear shall be hoops over fengths of membersin 23.3.3, 23.4 4, and 23335
2352,
Hoops in flexural members shalt be permitied to be made up of 2 pieces of 23336

reirforcement a stimup having seismic hooks atl both ends and closed by a wrosstie. Conseculive

crossties engaging the same longitudinal bar shall have their 90-degree hooks at apposite sides of the
Tlaxural mernber. {f the longitudina! bars secured by the trossties ana corfined by a stab on only one side 5
of the flexural frame member, the 80-degree hooks of the crossties shall ba placed on thal sige

Transverse reinforeament must also be proportioned 1o resist the design shear forces. 2334 4
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Figure 4 - Transverse Reinforcement Requirements
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Figure 5 - Hoop Reinforcement




2. Special Moment Frame Members
Subjected to Bending and Axial Load

General Requirements

* Special moment frame members subjected to bending and
axial load must satisfy the provisions of 23.4. These
requirements are for frame members in regions of high
seismic risk or for structures assigned to high seismic
performance or design categories. The geometric constraints
In 23.4.1, which are summarized in Table 7 and Fig. 6, follow
from previous practice.

* Note that any frame members in the structure that do not
:szatisfy 23.3.1 are to be proportioned and detailed according to
3.4.

Table 7 - General Requirements

Sect. No. Fig. No.

Faclored axial compressive force > A £, /10 2341

Shortest cross-sectionat dimension measured on a straight 23.4.1.%
line passing through the geometric centroid = 300 mm

Ratio of the shortest cross-sectional dimension to the 23.4.1.2
perpendicular dimension 2 0.4
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Figure & - General Requirements

Table 8 - Minimum Flexural Strength of Columns

Sect. No.

Fig. No.

The flexurat sttengths of columns shall satisfy the following:

I Mcz (6/5) ¥ Mg (231}
where
£ Mc = sum of moments at the faces of the joint, comesponding to
the nominal flexural strength of the columns framing into that joint.
Column flexural strength shall be calculated for the factored axial
force, consistent with the direction of the {ateral forces considered,
resulting in the lowest flexural strength.
¥ Mg = sum of moments at the faces of the joint, cosresponding to
the nominat flexural strength of the girders framing into that joint. In
T-beam construction, slab reinforcement within an effective slab
width defined in 8.10 shail contribute to flextral strength.

23422

If Eq. (23-1) is not satisfied, the lateral strength and stifiness of the
columns shall not be considered when determining the strength
and stifiness of the structure , and the columns shail conform to
23.8, Also, the columns must have transverse reinforcement over
their full height as specified in 23.4.4.1 through 23.4.4.3.

23.4.2.14

23423




Table 9 - Longitudinal Reinforcement Requirements

Sect. No. Fig. No.

The reinforcement ratio p shali not be less than ¢.01 and

shall net exceed 0.06

23.4.31

Mechanical splices shall conform o 23.2.6 and welded
splices shall conform to 23.2.7. 1. Lap splices are permitied
within the center half of the member length, must be only
tension tap splices, and shall be enclosed within transverse
reinforcement conforming to 23.4.4.2 and 23.4.4.3

23432
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Figure 7 - Longitudinal Reinforcement Requirements

Table 10 - Transverse Reinforcement Requirements (1)

erse reinfarcement reguirements dis d in the Talawing seven iter
wead unly be provided over 4 leagth f38
from eachjoins face and o hoth sides of any seerion where
Aexural yickding is likely 0 oceur, FThe fength sha:l not be less fhan:
® Depth of member at joint Tave or af section where fiexucat yiekding is likely to oteur
s Clgur spanrt
s S e,
Ratie ol spitel o vircular bovp reinforcement p. shal? not be Tess than that given by:

0.45 ;) A (252 and (106 PR R RIEH]
A, S .
Tutal cross-sectionad ares of reciangular hoop refnforcement tor continement A, shalf
101 b lexs than that given by the tollowing two equatinng:
Ay 03¢ P Lo 408 - 1] (233 23440089

Ay e 0 BOsh r {234y

e reinforcenment shiadl be provided by cither single or everfapping boops,
Crossties of the same bar size and spacing as the hoaps are peemitted, with ¢ach end of
the crosstic engaging a peripheral fongitudinal reinforcing bar. Consecutive crosstics
shall be aliernated end for end along (ke longitudinal reinforcement,

£qs. (23-3) and (10.6) necd nol be satisfied if the design strength of the member core

satisfies \hie réquiroment ol tke design loading con ns, including the vartkgiaks
-efficrs.

ghmi
N the provided &
Concrete caver on the additional reinforecment < §00 mm. -




Table 10 - Transverse Reinforcement Requirements (2}

Transverse reinforcoment shalt be spaced at distances not execeding:
« Minimum inember dimension:d .
& 6 x Jonpitudinal bar dismeter
LA
0 3504,

3
Crosstics or legs of overlapping hoops shall net be spaced more than 350 mm. on
cenier in e direction pependicalar to the kngitudinal asés of the struciural member.
Vertical bars shatl mot be Earther than 130 min, chear from s luterally supported bar,
Where transverse reinforcement as required in 23.4.4.1-23.4.4.3 is no longer
requited, the reminder of the cobuing shatl contain spirl or hoop reinforcement
spaced at distances not Lo exceed:
* & x fongitudinal bar diameter
s {30 mm,
Transverse reinforcement must also be proportioned to resist the design shear fores,
Columns supporting reactions from discontinued stiff members, such as walls, shall
have transverse reinforcement as specificd in 23.4.4.1-23.4.4.3 over their fuall heighe,
il the factored anial compressive force related to earthquake effecis > 4,43
trangverse reinforcement shatl extend into the discontinued member for ut feast the
development length of the largest fongitudinal reinforcement in the column in
sccordance with 23,54, - R . A

where 100 mm £ 5, = O
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Figure 8 - Transverse Reinforcement Requirements - Rectangular Hoop Relnforcement
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3. Joints of Special Moment Frames

General Requirements

+ The overall inieirity of special moment frames, which are required in regions of
high seismic rigk or for structures assigned to high seismic performance or desi?n
calegories, is dependent on the behavior of bearm-column joints. Degradation o
joints can result in large lateral deformations, which can cause excessive damage
orgv}sn f?§1lure‘ The general requirements of 23.5.1 are summarized in Table 11
and Fig. 11,

« Since the development of inelastic rotations at the faces of the joints is associated
with strains in the flexural reinforcement si?niﬁcantiy greater than the yield strain,
joint shear forces generated by the flexural reinforcement are calculated based on
a stress in the reinforcement equal to 1.25fy (23.5.1.1).

+ Slippage of longitudinal reinforcement in a bearm column joint can lead to an
increase in the joint rotation. Longitudinal bars must be continued throufgh the joint
or must be properly developed for tension and compression in the confined
colume core (23.5.1.3). The minimum column size requirements of 23.5.1.4
reduce the possibility of failure from loss of bond, considering load reversals
beyond the yield point of the steel that are anticipated during a major earthquake.

Beam-Column Joint Analysis




Column Shear Force V,,

Transverse Reinforcement

+ Transverse reinforcement in a beam-column joint is required to adequately confine the concrete
to ensure its ductile behaviour and to allow it to maintain tts vertical loadcarrying capacity even
afler possible spalling of the outer shell. The transverse reinforcement requirements of 23.5.2
for ;oints of special moment frames are summarized in Table 12. Minimum confinement

reintorcement equal {0 the amount specified in 23.4.4 for potential hin?ing reglons in columns

must be frovided within a joind, unfess the joint is confined by structural members per 23.5.2.2.

Figure 11 illustrates the requirements when less than four members frame into a beam-column

joint.

« Fifty percent of the confining reinforcement required by 23.4.4 may be used when members
frame into all four sides of a joint, provided the width of the member is at least three-fourths the
corresponding column width. This reduction in the amoun! of transverse reinforcement
recognizes the beneficial effect ﬁgrovided by these members in resisting burstin% 2pressures that
can be generated within a joint. The requirements of 23.5.2,2 are shown in Fig. 1Z.

+ Seclion 23.5.2.3 conlains provisions for joinis where the beam width is greater than the
corresponding column width. Beam reinforcement that is not confined by column reinfercement
shalt be confined by transverse reinforcement per 23.4 .4, unless a beam framing into the joint
provides confinement (see Fig. 13).

+ The minimum amount of transverse reinforcement for all of the cases noted above must be
provided through the joint regardless of the magnitude of the calculated shear force in the joint.




Table 11 - General Requirements

Sect. No. Fig. No.
Forces in longitudinal beam reinforcement at the face of the joint shall be 23511 .
determined assuming thal ihe stress in the Rexural tensite reinforcement is equal
o 1.25fy.
Strength of joint shall be governed by the appropriate strenglh reduclion faclors in 23512 -
9.3
Beam longitudinal reinforcement terminated in 2 column shall be extended 1o the 23513
far face of the confined column core and anchored
- In tension according to 23.5.4
« In compressicn acecording 1o Chapter 12 11
Where longitudinat beam reinforcement extends through a beam-column joint, 23514

cofumn dimensicn paratlet 1o the beam reinforcement shail not be tess than
« 20 x diameler of the largest longiudinal bar for normal weight concrete
« 26 x diameter of the largest fongitudinal bar for lightweight concrate
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Figure 11 -General Requirements and Transverse Reinforcement
Requirements for Joints not Confined by Structural Members




Table 12 - Transverse Reinforcement Requirements

Secl. No. { Fig. No.

Transverse hoop reinforcement required for column ends per 23.4.4 shal 235621 |11
be provided within a joint, unless structurat members cenfine the joint as
specified in 23.5.2.2.

Where members frame infe all four sides of a joint and each member 23522 [1z2
width is at least 3/4 the column width, the transverse reinforcement with
in the depth of the shallowest member may be reduced to 112 of the
amount required by 23.4.4.1. The spacing of the transverse
reinforcement required in 23.4.4.2(b) shall not exceed 150 mm at these
locations.

Transverse reinforcement per 23.4 .4 shal! be provided through the joint 23523 113
to confine longitudinal beam reinforcement outside the column core if a
beam framing into the joint does not provide such confinement.
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Figure 12 -Transverse Reinforcement Requirements for Joints Confined
by Structural Members
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Figure 13 -Transverse Reinforcement Requirements for Longitudinal
Beam Reinforcement Cutside a Confined Column Core
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Special Reinforced Concrete Structural
Walls and Coupling Beams

Scope

The provisions of 23.6 apply to special reinforced
concrete structural walls and coupling beams that are
part of the earthquake force-resisting system. These
provisions are required in regions of high seismic risk

or for structures assigned to high seismic performance
and design categories.

Shear Wall-Frame Interaction
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Figure 15 - Web Reinforcement Requirements
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Figure 16 - Boundary Element Requirements per 23.6.6.2
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Figure 17 - Boundary Element Requirements per 23.6.6.3
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Figure 18 - Reinforcement Details for Boundary Element
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Foundations
Scope

Requirements for foundations supporting structures in
regions of high seismic risk or for structures assigned
to high seismic performance or design categories are
contained in 23.8. Provisions for piles, caissons, and
slabs on grade supplement other design and
construction criteria in SN 03-2847-2002.

Longitudinal reinforcement to
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Figure 21 - Requirements for Footings, Foundation Mats, and Pile Caps
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Intermediate Moment Frames

General Requirements

+ Provisions for intermediate moment frames, which
are required in regions of moderate seismic risk or
for structures assigned to intermediate (moderate)
sei’zse’m%c performance or design categories, are given
in23.10.

» Two options are provided in 23.10.3 to determine the
design shear strength of beams, columns, and two-
way slabs, both of which reduce the likelihood of
shear failure during an earthquake.

Beams
The requirements of 23.10.4 for beams of intermediate moment frames are
summarised in, Fig. 24, and Fig. 25.
The main purpose of these requirements is to provide beams with a threshold level
' of toughness

Columns
Fig. 26 contain the detailing requirements of 23.10.5 for columns of intermediate
moment frames. Similar o the requirements for beams, these provisions provide
colurming with a threshold level of toughness.

Two-way Slabs without Beams
Two-way slabs without beams are acceptable lateral-force resisting systems in regions
of low or moderate seismic risk, or for structures assigned io low or intermediate
seismic performance or design categories. They are not permitted to be part of the
lateral-force-resisting system in regions of high seismic risk, or for structures assigned
to high seismic performance or design categories. Figure27 illustrates the detailing
requirements of 23.10.6.1 through 23.10.6.3 at support locations. The moment Ms is
that portion of the faclored stab moment that is balanced by the supporting members at
a joint for a given load combination that includes earthquake effects. it is not
necessarily equal {o the total design moment at a suppot.
Detailing requirements for column strips and middle strips are contained in Figs. 28 and
29, respectively.




Pain = e /4ty 2 1.4/, unless 105 3is satisfied

Pmax = 0.75p,
Sect. 7.13

o M

// n_f/

N\
]

i,

=
//
/ e

s

S + 5 Ml:i{ls M;‘J > Mr_]rls'——/\/“

n

My or My 2 (max. M, at either joint)/5

Note: ransverse reinfercement not shown for clarity

Figure 24 - Flexural Requirements for Beams
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Figure 26 - Transverse Reinforcement Requirements for Columns
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Figure 27 - Reinforcement Details at Supports of Two-way Slabs without Beams
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Figure 28 -Reinforcement Details in Two-way Slabs without Beams: Column Strip
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