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Evaluation of the SEAOC/UBC97 Provisions for the Tall
Base-Isolated Structures

F. Rahimzadeh Rofooei and H. Saadatnia
Department of Civill Engineering, Sharif University of Technology,

ABSTRACT-  The base isolation systems are among the passive control devices that have been used over the
last three decades to limit the seismic-induced response of structures. In this regard, the Uniform Building
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Code provisions (UBC) has incorporated a special section for the seismic design of base isolated structures
since its 1991 edition. Due to the importance of the behavior of these structures under seismic loading, and to
evaluate the equivalent static analysis method of UBCY97, a three dimensional, 4-story base-isolated structural
model is selected. Considering 8 different types of the LRB base-isolation systems, the 8 structural models are
designed using the UBC97 provisions for these structures. Extensive nonlinear dynamic time history analyses
are performed for these structural models, using five pairs of earthquake components recorded on the S 5 and
Sp soil profile types according to the UBC97 provisions. In the dynamic analyses, both the base isolation
systems and the superstructure are allowed to behave nonlinearly (bilinear). The results indicate that the
UBCY97 suitably predicts the base shear force for the superstructure, but that it does not provide a good
estimate of the shear force distribution over the height, especially for the heavily damped base isolation
systems. Also, underestimation of elastic force for the higher floors by UBCY97, considered to be the main
reason for the nonlinear behavior of the columns of these floors, revealed in the dynamic time history analyses.
Besides, the corner and the center bearings’ displacement of the base floor predicted by the equivalent static
method of the UBC94 were usually larger than their mean dynamic time history response. This issue has been
appropriately modified in the UBC97. In addition, to provide the required strength capacity for the columns of
the higher floors, an alternative shear force distribution over height for the base isolated structures is proposed.
The results of the nonlinear dynamic analysis performed indicates that there is a closer maich between the
mean response of the structures designed by proposed shear force distribution and those obtained from the

equivalent static method of the UBC97 provisions.
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Properties of Isolation System Analyzed on Stiff Soil Profiles (Sp, Sp)
Parameter in Nonlinear Analysis Design parameters - Equivalent linear Isolation
Properties System Type
Number
Ky/Ky Dy Yield force Fmax/W D (mm) Damping | Period (sec)
(mm) W Ratio (%)
AR AT \Y/V [0 JAR Ve v VO Y
AL L \Y/V ofev FANY AN \0 \/o ¥
*[YAYAA VYV oy JAYe oy g Y/» g
FAVINZN \Y/V o[r0 Y AR \# Y/ N
JeAD Y YV vy AN Q¥ Y Y/+ A
JARARA \Y/V ooy AN At 44 ‘e Y/0 q
+[+ASYAS \Y/V 20 JAR A Yv Y/ Ve
*[A\YAAS \Y/V ey oA e \# ¥/ N

L 5 eded (g MKl "UBC (=1 b (ol UBCYT (sslgnin
6lol o sie « ' MEAN” b g Ol ge b o 5 4 Loyl gad
“FIXED BASE” (45 5 « MBAN+S.D.” jLas il 5l
LS 0l by e 0l Losles 55 5 sloslus, lgde w0y iy
Y 55 5 ! et 53 oS o ol sasolis ISy !
S b Sl B oo 5l edal s s iy s 5lGe o8
2 bt ol s ol il g5 b UBCYT (oolgiy
23l 3 S g UL Olib 5oy olj oSl Slid
Slgatos Slhtuainiio 5l el 0l ey UBCIT (oolginy
Sl 53 el sthen i pd 005 rS“J“;" xS 4 53]
FBUBCYT (salgiiy aaly s e V) 5V o o555 a3l
S e Sl 3 O 357 5 g QLS g 03 Uyl
A olad o pas wly g pSSlib 5, 5l UBCYT
BAO o catlee ot Shls 3! (Sl cl IS, a1
4l b Ole VY o il i 53 s dao 3 \F
|y e ol e ol 1S el b5 Jou 20 31 (oolgndy
25 gt (450 ¥) g5l etuas (YL 5 5 5 53 Ol 5 oo
2o al i sl pa Vo g A g 5T g5l Glgatinn 5o

VPV il oY 5led VAl oG

gLl s of eoF sul B oY

oo st Uyl lgatun L slojlu e A
PGV vy 00t aylean 4315 5,5y i O 5 el
s il gl faly 5 plasil (eodaze  Saliys sleddos
2 e 855wl b 0l ot ST 0 g e by gl
s S i g g 9353 Db B sl G a0
6555 e Sl 45 codls 4z 5 b sl ol s 0 ' D
a3l iy sl Sl il Jodos gl o paly b
Cand 345 03V e L5 AASRY e Sl eslinad b i b
35 95555 wim ¥ il 5l sl UBCIT o 5 ulasl
o slizl Gloj domi )b o 2 Soelins Jow plodl sl
el gl 358 aslizd b gl alol fenly STam 31
6l 4 Sl 5 o Slen rebily a 55 0 53 edls (Sl e
Jolea Sslad 3, 5l dhol gl b vl line Bl
sl 0 4y Ui UBCO7 Jas 5 0 s 5

Slati gl Slab 55 s Gos @5 slaslo s
2 b A, 5 Doles Sl glgds) 5o calibes 3l

o CSJJ:JWCX.‘Ja o) oS oJ)JT(‘\)U(Y) (5%&

VY


https://dor.isc.ac/dor/20.1001.1.2251600.1379.19.2.13.3

[ DOR: 20.1001.1.2251600.1379.19.2.13.3 ]

A3 sles, s Slaseia - Y Jyd>

e s ks ulida 3, 55, 045 b s _
ot 2255 d5l5 el KESMA s,
PGV PGA PGV PGA
VO¥E L )y YV YAl Y «/¥¥AY |IMPERIAL VELLEY V4fe smudi]
AVARY JARAR FAIVY JAYSA
I AARIAR A AT JYPVE O/AVY +/+04y |HOLLYWOOD VAOY S80,8 Y
OF/40 DAL AINOD «/+€¢Y. |STORAGE R.E
V[AYOV £Y/0 JEONY OV «/vwvy  |IMPERIAL VALLEY 1AVe 5z I Y
FA/4 /€40 OA/YS +/040Y |BONDS CORNER
\TAYARY Ya/vs AR\ V4/4A «/¥vof | CASTAIC OLD VAV 3500 B0l \
OY/\¥ CJOvY YP/0f «/yv+$ |RIDGE ROUTE
Y/OVAY \i AR JEVYE YED /100y |KERN COUNTRY V40Y w5 o
£¥/44 JesYY \WV/E0 +/ivay |LICOLN SCHOOL
ISOLATION TYPE 6, Ty, =2.0 sec, b= 0.06 ISOLATION TYPE 3, Ty=1.5 sec, B, =0.07
PR
& .. —4+—=UBC ‘ —+—UBC
N . —~8—MEAN ~B=~MEAN
N = 4= MEANSD. N . = A~ MEAN4SD.
3 T\ T 'SUGGESTION 31 X = SUGGBSTION
; v X FIEDBASE ; . =X- ‘FIXEDBASE
: % - -
\ \
1 ‘ — 1 | ; . x|
X 0.20 025 03¢0 035 0.85 61 0.15 0.2 025 03 035
SHEAR SHEAR
WEIGHT WEIGHT

P Usial e Sl Sl 53 i 505 S =¥ Y3

STORY

ISOLATION TYPE 7, Ty=2.0 sec, fp=10.16
‘ ““ ~ N ~gt—=[BC
\ Y N, . —B—MEAN
* N . « 4= MEAN+SD.
x a X, =X ‘SUGGESTION
\ . *\ =¥ ‘FIXEDBASE
d O\ X
I R
- \
0.05 0.0 0.15 020 0.25 030 035
SHEAR
WEIGHT

Vo Ayl e @lp Ol s g 5558 Olpeii -0 K3

yvy

EOCE P FCRIPIRCT- TN PR CT e S T E

ISOLATION TYPE 4, T=1.5 sec, fp =0.15

i K
‘.\ ~

. —+—UBC
\y\ * N, —B—~MEAN
N ‘< - A~ MEANSD.
.. iR —X- *SUGGESTION
% A e
3 )(\ ‘ X FIXED BASE
el . N
g \ \,
8 : .
N
2} Y . ¥ -
I
1 “
. \
¥ ‘\
1 : i *
005 010 0.15 020 025 030 035
SHEAR
WEIGHT

¥ Uyl s sy SRk 53 2 6 8 Oy -V IS

WY wial oY led (VA Jle ek


https://dor.isc.ac/dor/20.1001.1.2251600.1379.19.2.13.3

[ DOR: 20.1001.1.2251600.1379.19.2.13.3 ]

ISOLATION TYPE 11, Tp=3.0 sec, Pp=0.16
K

4 TR
h%) .. “—UBC
\\ —~B—MEAN
No . - &= MBANISD.
1 K, =X SUGGESTION
: < ==X ‘FIXED BASE
) s \
[ N
w “ .
e — SR
: %
13 \‘
} \
' N
' .
a3 + + ¥
0.05 0.1 [3H] 02 015 03 035
SHEAR
WEIGHT

VW o Byl e sl S 55 i 50 5 Ol -4 JSS

ol gl po 0y Ayl Slgetunn cnl 53 Slib 5 6550
L;‘:.":;:.’G%‘S)w))"m&‘.wlowjigﬁj)‘mo,)ﬁ
bl Ol on S e a1 ol 258 g0 (30 Al
Lsilf_ac.}JJJUBC9l Solgdom Qél_,:_ilc:)’_,_? 4Ss,S
it b Glpatim (gl 23l

L ol gl fuly daylin 45 ) 5b Olos prizeas
Uy GBS e OLEs () B (Y) lels 5o couis 4.1_5]3} saosls
L;:‘;J{J‘IJ:-"SU‘}-"A a.L.f:A.;_gﬁl o)'LugilJb CJ@ L):JJJJA-‘\_L‘J'
b gl ol el el Loslw i 5y 5wl
P B ot DN sl ot s Olien Sl
&l UBCI7 (oolgiion 4l By S0 pmamen Jd Jal =
V0 5 et (sl e b alas sV L ol slaesla
UJﬁ‘o)Lw&unjjjﬂswa/a ‘_SVD 35 3 ey
REUP I PSS B NN WES I PSP o

Olab i Ol yuaS )y o ¥
23 58 Dlib d S i lp elde ol o
PRCHLE O PRSP AYE FAR PP ISP PUET

Olazslo S o SRS 5dd am 95 LB 00 30 05 (bl i
b egmamen ool el ol L ol b & 4 s 3!

)’L;.‘“‘SLSLMM O‘_}-y’ t)j‘j;_}.ﬂ ‘;ﬂj‘a %ﬂ u“i‘ﬁ‘

VPV Wil oY 5yl 1 4 Jlos (Nl

ISOLATION TYPE 8, Ty, =2.0 sec, B, =0.30
4 *ﬁ :.‘ K

~+—UBC
0 ~-MEAN

N

N, - = MEAN+SD

»

X~ ‘SUGGESTION
"\ —- ‘FIXED BASE

.\

E 3

020 025 630 035

A e Byl (s Sl Ol 33 J s 958 Ol -7 JSS

ISOLATION TYPE 9, T, =2.5 sec, fp = 0.10
" b

——UBC
D ~—%—MEAN

N

S . = 4~ MEAN#S.D.

~

X =X SUGGESTION
. \=X= -FIXED BASE
\

N

015 0.2 025 03 035
SHEAR
" WEIGHT

Vo Dyl e @l Ol 55 B S8 Ol -V K3

ISOLATION TYPE 10, Ty, =2.5 sec, B =0.27

S —+—UBC
N ——MBAN
N . - A= MEAN#SD.
' X~ X -SUGGESTION
¥ =¥ ‘FIXEDBASE
\\
.
- — .. \g\ -
\
\\
+ e
015 02 025 03 035
SHEAR
WEIGHT

Vo Byl s Sl Sl 3 f S5 58 S A S

3l abolo olia 51 j2aS UBCIT Babippul bow g5 0 4t o3 5
e Dol leatupm ol Sloy dada b Jes e flow
3 235 5 il By Yo B YO s gtle e pS bls

‘¥


https://dor.isc.ac/dor/20.1001.1.2251600.1379.19.2.13.3

[ DOR: 20.1001.1.2251600.1379.19.2.13.3 ]

23 st Sy Sl e e S ol -f

_ CLEJJ!

8l UBCIT &bl 55 0 o) Jal sy bl a5 L
ol bl lr il led caly S 60 o s0e i
0331 S 523 b lg 5308 S s 3550 &35 020
S 3 elizad o pu5n anbinl oolgiy by Gy 6,0 Olsen
POl 4 03l il 5l 53 58 paze (59

F,=1.5pTV;

bare) JSask i Vg aolen ol o i i ol ) e
Sl c B 5 03lwsy a5 T (W50 slaslo o,
23l 00 s @i 8 e ool 00 5 Y 5] e
Dy el 5 IS 4 olad

Wih; .
Fi=————(V;-F,)  i=l,.n
Z,-zlehj
AL 4 i wFy s 500 silus, Slib sl n
S ledSs oS 4b oles s 53 oo 5LSIYL Uslae 51 alol
'J‘AJLJ“ [T 4.3 ‘JJ‘LOJ' i’rr_;q.)b ‘;L}J:.G (_}S:"t'.'."

oSl @t s b 5, s -V
Bl syl ) aalllan ol g ASS alo
5315 45 65 55l 31 lgladl shites alaly s el G 5
235 5 )50 la el 51 S ciledd a2 5l 8 s
505 Ao i Sms0lis (1 JSC8) e 0 g 4y o
el (glo3lor slgdibe 450y lgr Bl (ol g s las 2 U,
SHgd Olen Gralidl g 357 50 sl o g 0
2 o pat 4 (st 008 s b Olie Rl 5 ey Y5
i 53 4S5 5 5b Oles i w5 B g Slib (sl
Gj_,:ji csbioli 555l UBCIT e odys o (55,0 2
Fheand dn e ol opl 503 SLIVL Olab s 5y 658
qdzuai..uj:»wl,ésj:ufbhﬁuuuh)y&wﬂom
S 255 4oL SNl b gl slgatons 53 o guas-

VO

ooy 4yl plcde s b 0 UBCIT jloes do 5l i o3lus
)lsj)‘L'ng;}Juij)U}»O.L&;)_ﬂﬁfASj‘dJUVQ QLEA.L)J
e O Sl (g 2 SR

‘A_)ﬁy"}"a&dﬂéjw)j -0

H oA orsaar s bl b o i o gas
suly b 55 Gl i wlailiag; Jue 53 o S
5> UBCIT7 5l Blia 5slae b laas S0lKa s 31U fioean
e )l e e 3ol 0l @i (VY) B (Vo) sl
ol 03 el 0l s 5 Al s 35 5 i S
sdal s 3 L B (glaad S 5 390 GlglSe s clals o
5 "CENTER TIME HISTORY" Uy e 5w )b b 5
©lgin slgl$a 55 5 “CORNER TIME HISTORY”
“CORNER UBC” 4 "CENTER UBC” &dua L UBC97
il b oS b S e Ol 5 oo lSs 51 el old jasedoe
e S g Ly 1l 4l 08 i el g s S gz
L dsml leatun 03 (3,50 @l B talidl al ol
42305 (6 by SNl gl s 2 el 5L S Vg
e de 3 g sl gl S0 g sl 4 Jlist g 0 (sl
3 o By (6 5268 OIS

el aly b O s sl prac 5 SRl L
e2ls Jo et 40 058 g0 5 dy Blhail g il 5 il
S350 L Lt 65 cpl 5o (g0 OIS s oS o
053 08 e b gl sleotun 55 a3k azdls 5 oy SV
3 b il i ol b 0l s I UBCYT7
= LUBCIT 5,505 55 s g2e SNzl b sl (slgatons
RO SN PINCI B B P W L e
o 43 05 Sl b g5l Slgatiunns 4 o (520 2550
e O eds by Sl b sl (Slgaton 5o oty s
S5 i)l s b Sl 5l UBCIT 4y by, o 4y b
s e OLES |y (6 oy 255l a3 S OLSG is 5 4zl
bl jeslie b s e, (sleblos gl Ui She o6 5o
UBCY7 &eus 5o Ll 03 ol By oLis UBCY4 s o
Sy g A Oy ab g e o 15 Bl 51 lassl s 4 aS e

VPV il oY & e ()8 Jlu (!


https://dor.isc.ac/dor/20.1001.1.2251600.1379.19.2.13.3

[ DOR: 20.1001.1.2251600.1379.19.2.13.3 ]

250

LIGHTLY DAMPED (6-10%)

[d
>
(=]
!
|

—o6— Center, Time History
—#—Corner, Time History
—6—Center, UBC

=3 Comer;, UBC

DISPLACEMENT (mm)
p— -
3 (7.
> <>

[ 3]

25
PERIOD(sec)

¢S bt 3 b iyt Sletn 1y a0l Bb OIS Hodi -V o JS3

MODERATELY DAMPED (15-16%)

250

|4
>
>

150

100

DISPLACEMENT (mm)

50

s

—o— Ceriter, Time History
—8- Corner, Time History |
—a— Center, UBC
=3 Corner, UBC

L5

2 2.5

PERIOD(sec)

3 35

b g gy b 3 b g5l Sleatis sl ‘i\{.z-:]’a&‘r::rz"‘“ Js

200

HIGHLY DAMPED (26-30%)

150

~o— Center, Time History
=&~ Corner, Time History
~#—Center, UBC
=3 Corner, UBC

100

DISPLACEMENT (mm)

50

15

25

" PERIOD(sec)

U5 e deo p3 b gzl (Slgatnn 1y 4L GBb O Hodd -\ Y S

VPV il oY 6 yled 8V Jle (W

\v#


https://dor.isc.ac/dor/20.1001.1.2251600.1379.19.2.13.3

[ DOR: 20.1001.1.2251600.1379.19.2.13.3 ]

\YY

NONLINEAR COLUMNS (%)

NONLINEAR COLUMNS (%)

100+
90+

100+

NONLINEAR COLUMNS (%)
4]
7
<

LIGHTLY DAMPED (6-10%)

20+ _ A 4th Story
3th Story

10 2nd Story

O 1st Story

1.5 2 25

PERIOD (sec)

‘.S&tﬂwﬁ\id;ﬁﬁ Sl Sy W g 0Dl 8 dp ys - VY SLS

MODERATELY DAMPED (15-16%)

20 - 4th Sto
i Y/ 3th Story i
! 2nd Story
o — 1st Story
1.5 2 3

PERIOD (sec)

fows gia gl e deo 3 b Al g5l Slgatinnns (sl g gt OULS e A L%

HIGHLY DAMPED (26-30%)

ANAN

1st Story

PERIOD (sec)

S by b o b g b Slgatins (slp W g DS as 18 do )3 -V 0SS

VPV il oY 5l )9 Jla (I


https://dor.isc.ac/dor/20.1001.1.2251600.1379.19.2.13.3

[ DOR: 20.1001.1.2251600.1379.19.2.13.3 ]

ol )5l (6 7S Olen 4 aSYL Szl b sl 5N 3]
I L R | Y RCI L LI

ot el (S 235 LB ik 50 S s s Y
@)'J_ryjus.uada Olas Slej dmde )b sleldo C’b
il e 4y e 55 Al gl 2 2S5 5 o

bt G358 UBCIT (oolgitog Slad by 85,5 i35 Y
OLE (=8ls by 59,0 Jlas 53 VL Slid (gl oS sl
ey oo 38l VO B Ll S 5 Ol s e

0351 orstas 3ysly el aib OlKa Leis 5 UBCIT 5,50, —¥
S Byl p enl oS SHgal b A g) (glpatn sl I
olgdn b Aab O i riaeen ool LIS diils
S 45 UBCH4 &4 o |y (6 528 oo UBCYT

azm SLhil o gl 5 w0l 2 oledg 0555 By -0
blss U 5le) Ao ) Gledlos 5l ol s i
sl 005 UBCI7 Laliy

1. drift

1. Sy, L., and Ahmadi. G., "A Comparative Study of
Performance of Various Base Isolation Systems,
Part 1: Earthquake
Engineering and Structural Dynamics, Vol. 18,
pp- 11-32, 1989. -

2. Fan, F., Ahmadi, G, Mostaghel. N. and Tadjbakhsh,
I G., "Performance Analysis of Aseismic Base
Isolation Systems for a Multi-Story Building,” Soil
Dynamics and Earthquake Engineering, Vol. 10,
No.3, 1991.

3. Structural Engineers Association of North California
'(SEAONC), "Tentative Seismic Isolation Design
Requirements,” San Francisco, C. A., 1986.

4. "Uniform Building Code (1991)," International
Congress of Building officials, Whittier, C. A.

5. Lashkari, B, and Kircher, C. A., "Evaluation of
SEAOC/UBC Analysis Procedures Part 1: Stiff

Shear Beam Structures,"

YPVA asdad (¥ 6 led 1A Jle (Tl

(sl a3 Sl S LT (gl UBCIT hans g5 ok 481yl o
OIS d“"’ﬁ_‘; o y3 it . @‘)’W'w‘fJJ'G’:‘"’
M;ww:ubd_,ﬁleaﬁxbwabﬂmbc@w

S S 42 —A

Bobigal Uslen (Slial o) 0 by o il pud o355 ol 50
0o joits g Olab ol 06 ois 5 55 e 55 UBCY7
Sy el 458 F 515 ) 1 3y g0 0 gl slaol b
g 30 53 3150555 Ve ey lojlu dde A sk ol
Sl byl s Jlos Olosan 55k b0 5 J b
Ol s ey B 5 Wlid iy Jols dlol ool ikt
sl B b iy S 9, 0l s Sl ok
435,55l s 355 L g DS kst Loy rieen
DS oM 5 @) e 4 Ol b b o Jrol o
Sl 2 4o UBCIT haus 15 0t slgdy w82 55555 -

4l aj‘ K]
e
Superstructure,” ATC-17-1, pp. 149-160.
6. Constantinou, M. C., Winter, C. W, and

"Evaluation of SEAOC/UBC
Analysis Procedures, Part 2: Flexible Superstruture,”
ATC-17-1, pp. 161-172.

7. Winter, C. W., and Constantinou, M. C., "Evaluation
of Static and Response Analysis Procedures of
SEAOC/UBC for Seismic Isolated Structure,”
NCEER, 1993.

8. "Uniform Building Code (1994)," International
Congress of Building officials, Whittier, C. A.

9. "Uniform Building Code (1997)," International
Congress of Building officials, Whittier, C. A.

10. "ANSYS" A Numerical Analysis Software Prepared
by Swanson Analysis System Inc., Hauston, P.A,
1992.

Theodossiou, D.,

VA


https://dor.isc.ac/dor/20.1001.1.2251600.1379.19.2.13.3
http://www.tcpdf.org

