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8- Seismic Conceptual Design of Buildings - Basic principles for engineers,
architects, building owners, and authorities - Hugo Bachmann




ANYVEYE

An earthquake is the motion

or trembling of the ground
produced by sudden
displacement of rock in the
Earth's crust. Earthquakes
result from crustal strain,
volcanism, landslides, and
collapse of caverns.

Photo Credit:
National Geophysical Data Center




VY)Y FYS

Northridge, California Earthquake
January 17, 1994
Magnitude 6.7

Photo Credit: J. Dewey,
U.S. Geological Survey

Loma Prieta earthquake,
October 17, 1989
Oakland, California
Magnitude: 6.9

Photo Credit: H.G. Wilshire,
U.S. Geological Survey
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Santa Monica Freeway
Northridge earthquake,

January 17, 1994
Magnitude 6.7

Photo credit: M. Celebi,
U.S. Geological Survey

Izmit (Kocaeli) earthquake, August 17, 1999
[zmit, Turkey
Magnitude 7.4 Photo Credit: National

Geophysical Data Center
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Wrong:

«Serial-design»

1. Architect: Conceptual design 1. Structura for gravity loads
of structure and non-structural 2. Non-structural elements
elements 3. Structura for seismic action

2. Engineer: Cakulations...

Building owner

Architect Civil Engineer

. . Much better and more economical:
The architect and engineer collaborate Parallell-design»

from the outset!
» The architect and engineer + General purpose structure

collaborate and non-structural elements

Even the cleverest calculations and detailed design cannot
compensate for errors and defects in the conceptual
seismic design of the structural and non-structural elements!

— (Close collaboration between architect and
civil engineer from the earliest planning stage!
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Internationally harmonized standards:

1SO 3010

International Building Code (IBC)
Uniform Building Code (UBC)
Eurocode 8

National standards:

SIA 261 (Switzerland)
IS 1893 (India)

DIN 4149 (Germany)
PS 92 (France)

Follow the seismic provisions of the codes!
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The costs of earthquake resistance depends on:

« planning approach
« applied method

No significant additional costs thanks
to modern methods!
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4. floor

3. floor

2.floor

1. floor e
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1. basement

2. basement
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Avoid soft-storey ground floors!
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Avoid asymmetrical horizontal bracing!
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Discontinuities in
stiffness and resistance

cause problems!
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Reinforced
concrete frame

Avoid mixed
systems of
columns and
structural
masonry walls!
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Avoid «bracing» of frames
with masonry infills!
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Structural
Masonry concrete wall

Stiffen masonry buildings with reinforced
concrete structural walls!
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Reinforce structural
masonry walls to
resist horizontal actions!

Minimum reinforcement
Edge reinforcement
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In skeleton

structures,
separate
non-structural
masonry walls
by joints!
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<My —» shear faikre!

Avoid short columns!
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Avoid partially infilled frames!
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Design diagonal
steel bracing carefully!
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Design steel
structures to

be ductile!
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Roof Displacement, A

a8 5T (ATC306) 1S ol (65,1505 (5551 o crazmil 055 JoosS b R b 3590 55 Jlons 4an &ls s
b s s b e 55 s sl Gles S 2 b s 93 sl 6l galgi ATC o5 gl Jol 0 b
2 eIl ds B e Ny o B 4l pwigs $ sl b oyl D s S ke 0l 0
el b s Gl e 5l B 1k J al b sl el b (SGkl ) 4 A p S

el sy 4R Sl S5 gl 4 olg sl

Al 51 S5l g byl 4 by e ol fub 4y ) b ailone S, gl Osal iy 45 2D ol
oo b ol g (b5 05 AR Jlasl s 4 VIAY J s oS gl Al 55 (69 ABL o s sk
35wyl 33T a3 K slansle gl p s ib (s,
Uy o (Byme

Olgy Gl JS8 5 Cunglin KL 5550 5 3 1) a3l (ploniyl b 3 Shas 45 Gl (g p 05l Y1) p2
Al s o5l 5 558 Ceglie e 51 a5l L 3500 Caaglie (s e 4ol (oloni) b Al g s o5l
e pen 4 bl GRS 05l 5 3550 Caslin o ik 5 03 o Alons G 2l SIS
2 b o3ls OLER L Ygano 5 558 00 GBI 5 28l o 0T g sl (il 5 Flidind o181 puams o
ol sl O il (5 pdy K b b 5l 4550 LT p fege 4 )l Koy e Julse 4 o 5 0
L bl cmaglin 5 o)l g ) Slasiie b glas go oS jlia () e sLae5 2) lae 15 o)l
g0 5S35 Lanly 45 O O g S5 a3 B8 Jolse ST les!




ANYVEYE

YA

538 o0 JSE 15 s ol amys dm Slapian JB) o 2
3 gpn ols OLERY b Yame 5 ool (g3l3T 2y S (slapims wilie OF Ul Connd

w3 gt 03> DS Ry Ly 5 5,8 s 1t 5o 1y (53151 4o L Wt 2 geates ol 8 Lt ol £33 Soad
Szt uais sl LS pl&n 4 aly B GEAIS (51548 (Bl Y Sloms 1 b bgs p e Sed
S Jlasl @i (b 558 4 05le o

3ol s der slapicn (R) S o o

e R AL L L e
i e Bl ) 5 gn adys K5 s 45 45,800
Vi A Jios ol s ahl) S L Ol 1 ojle S s
[ / o3l DS (5 )l A (5955 > g3 Jis 1l ys s S

ST by

oA osls HLEA, Ly B4 5l d OWKe uid 5V,
pLKin g3 ojlw (b LBy (55 S 43 au
ol g A8l il OF 50wl 5 e 3SLe a3l
1 A RSV G am ol (R 8 ) s 4

b o

i
]
!
N S Sk G S e I
1
1
!
I
I

|
1 ]
1
i

1 1

1 |

L I
ARG

SRR 615 iy inia (-l

Ry s S ST 5 ial s —E- V0T
ol i W AT s 4 slojla gLl sl s pdy S o

ol &::.-“ 4.1|.: U“'J‘-’

R e S ek (-¥)

L2

==
Vy
3 ol md il 45 5 0 00 0daLiR, dxjipuulswya,y,nurb_al Sllas 4 4> 5 L

03 gles JaJ‘(erandaetall, 1994) “\":'L!t!' njLn by_ﬁJ(dﬁioJﬁ)l‘ J,Eé‘qy &5):‘.".‘1;}“:;5,"01#'&:"35

T ko (b Glaojle gl 5 ool sy 35 405 (b s 4 o il ol s b

ol Vit ol el (San b sy (K5 s 558 alS 48

EERS ﬂ'.‘.\.eslia 4l oo —0-Ye-¥

A s e slonl 5 olg 005 gyl L B 0jlu 005 slr gl A Sl ejl o a0 Cnglis

2345 g0 odoll Conglan LN (V) ojlu Bl

vy (r-)

Ro=-2
s Vs




ANYVEYE

L‘ Olginol doly e 5 - A Aol LS > g JA‘,.G

iz el 25y Sl s s b W5 gl 53 ojle glasl js A5 glay 5 (S 5l) sdone m58 0
ile 53 g pdy JKS
(b 53 ek pasuia lade 5l eslital 5,90 pllas SV o glist
cilisee Sluebl ul b 3975 e 4 LT caslin 5 slasl (o1 b (55 o S0
st blis 03 Y s ®
ol sbasl sl p laab ol 5L 250 slal Bl o
o5le (Sl O i 5 sl 5o S5 ki 4 b o Sl (gl 05V (e 5 glie ®
Sl (Gl o3l YL Db o 85 ablis 03 518 4 ol 45) o5le glasl ol ol gy 0y 5
Il 03,8 Folu
ol £ 2550 Slae b o3l s 4, S 4 SOl o311 s S S e
Golers Ol Jla5 alai ¢
5o ol az s
& o5le b SO 1o
w2b gladde 5o 2 g 5o Olabl
HS Shh et
S syl ol o e (S o3l Bl Canglie WiLST g ¢ S OIS e Kos Dl

3515 Kiaws h 0,0 OF 4 | o 55 45 iltes Jol g8 4 o b 4w 5 plUS

Rs = Op X Oy X Qg

(t-Y)

¥ Elastic response forse &

b ceglas Bl oyl Oy

& cll..mc‘_.n_,ﬂ.au'l.bl P Oy

—Material Overstrength &
¥
1 Sysiem Oversieengih

o Conglis Bl pnt Qg

|
Iy
I
e |
2 |
%ﬂ :ii 3 L e dlone (g, TV 4T
2 ! . & . A
L Silgs g, & Sy SIS
i1

cgall amm o eS8y Ly o3 e NS L5, (LT JS02 55

i ]

o ools OLE (B glanl 5wl B fovie Dopp0 4
FTIIIE FRP RS- S U Y W P N RO
e jaseis add JT oyl s

Inadequate
Stren

Y CaR 5
2 Lateral Displacement (Drifty

(o-»)f.l:u‘“ C - —_
Croglis aslisl i )s g slayishly ]
(Osteraas & Krawinkler, 1990) l

H
¥ " o
T T= —

e ¥ 1 T == s

ojlw JT oyl § ¢ Byin () (4-V)) b » {¥d e &

o5, 1551 (5311 gy (s




VYY)V EYS

F Elastic response force
"—‘ Design Oversirength
| — Material Overstrength
| — System Oversirength
S) |
=2 | i
= F | i 5
= R4 fooee-Seiiei n
S | £
= 3 = £
= &
- F, l Y 2 2 2
- TR, z 3
1 : = =
Fe/R Deuay foice
1= ;
AR H
=| = i
gvj_-: ;
g2« 8.R COeR 8,

Lateral Displacement (Drift)

|

. — —

el k s Jleasl é_.l.:

—

0 n

¥

e glls A

O———-Rllcr | - RC, - R&wl'——-—-ﬁ
%
ik

3

- rc,l-—

a. a, 5 Aas
- va,~]

..,;,[-C,A,;

A



ANYVEYE

Yy

S8, o o dnwlome —V-Y 4 Y

Gt Pl Gl (i S b Sl il b sl (B il 51 0500 (b sbal el Gk
1S 3,8 a5 o0 onlal (R, b 4 s oloni)l L, el ol dloes L
R Ve (0-Y)

v
et T P HU L5 I 35 5 b Slasi, 43 4 s 45 ol Laosle b coaslis

LRFD (AISC LG oyl s Cosslie Jl ol SACH Gl ol 43 5 01t o3 a6l ol js olg L G55, - )
Oyl YArs SSEAOC 305 slaasli oul 5o Slome 5L 35, — ¥
(0-Y) akayl; 140 15 g aloma 1)V, LV ke 35 51 (S o i 43 0185 (o0 VU (255 95 45 a6l ol by

V PO p5 Bl 4 Ol e )
e

R (G )
REE 'r:“ v-Y)

13 hyly, 5o a8

s ST e s LS, a2 Ry

Slome A S e 5l e Ru

b ol ot o ol () 35> 53 o ol i el o (YD Sloes (5 oo |, 4y oS

o Coatosts g [l 15 s ol iR UBCOT
=t 5 O
Ry = Vi Ve x5 Ry X< R, A1)

’ SEVEIL v, Sl a-Y)

o iz w5 Glele gl @ dano sl o LS LSS o 515 L wlia plexs Lo 93 (05 40
(VAAS K 550). el a..;.p)fa)'u): ok g oyl




ANYVEYE

Yy

Nif

151! >

S < Sd dolbbg° VYO s OB L Lo sl yglayl 51, sl o3l sl ylges g b ygim 4o
by oolax!

Use transverse
reinforcement
with 135° hooks
and spaced
ats<5din

. [EIE: structural walls
and columns!

—-u-——-u-—




VY)Y FYS

Y¥

No openings or
recesses in plastic zones!

™ prohibited!

In addition:
secure against lateral buckling

Secure connections in
prefabricated buildings!
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