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INTRODUCTION

Pounding Incidents. - St

. : : : ructural : |

of a_dja_cent buildings during earthqizliizglﬂg r;:fers. to the lateral collisions
SepalathﬂS are insutficient ! Oundlﬂg occurs when ’ '

1 43 : CoO accommodate the Tars ‘ building
buildings. Pound}ng damage has been reported Iée e
affecting metropolitan areas of the world P 5 ed Irom most major earthquakes
i e Wtrsa L andfoE caussE tHEA] S ounding of_ adjacent buildings has
that struck Mexico City in 19 apse ol the buildings. The earthquak
: Y 8> has revealed the fact th : AR
in over 40% of 330 collapsed or severely damaged R A R
S8 R e it Ped $6-colianse (Rose %1 aged buildings surveyed, and in 15%
et i the wlvnatioeat seismie hr.;z uedth fand Meli 1986). This earthquake
number of buildings damaged by its eff T do _poundlpg by having the largest
1986) . ect during a single earthquake (Bertero
Loma Prieta Survey. - The writers h
' : : : ave surveyed the damage due to di
in tl;le San Francisco Bay area during the recent 1989 Loma Prietga Earthque}jkoeu.n }EEE
i:.art qt:lake caused pounding between buildings over a wide geographical area
fJ—.‘ﬂC]_l.ldlI'lg the citles of Sa:m Francisco (e.g., Fig. 1), Oakland (Eig. Z), Santa
EII;E;, tind We}tson‘ullle. S}lgn.lflc_ant pounding was observed at sites over 90 km

faﬁeplcenter‘tinna indicating the possible catastrophic damage that may
occur during future earthquakes'having_closer.epicenters. This paper summarizes

the writers’' survey results on pounding (Kasai and Maison 1991).

GENERAL SURVEY FINDINGS

ompiled from data provided Dby:

~ Survey Methodology. -
engineers, government officials and engineers, building owners, and block-by-
The database contalns the input of

block inspections performed by the writers. !
about 90 interested parties and records more than 200 poundlng occurrences

involving more than 500 structures.

Classification of Pounding Damage. - Pounding damage P
as follows: Type-1l, major structural damage, Type-2, fa
building appurtenances creating a life-satety hgzard; Ty_pe-3,
function due to failure of key mechanical, alectrical or fire pro
and Type-4, architectural and/or minor ctructural damage.
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encs.
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nd comments: | b o e in urban are ey
findin 8 2] ri‘.‘p(}rtﬁd Cﬂﬂﬂﬂ argﬂntﬂ Crijz and Uﬂtﬂﬁfl,i l 1".'!,,

pe ity of ” 9 :
(1) T ” majﬂr | Oﬂklﬂﬂd (FIF 2)’ ; | | - A 4 structed JE107T $

' | ’ e g . 11ldings cons Prior o

F involved multi-story Ol 55&},“{313 fon with or wi Lhout

typlcally | of masonry con __ ,
They sre & ""Eﬂﬁelgs.scmg gsystems. Very little consideratiy,
| | o8 7 reclude poundi ng . [

between such buildings to P

th each other. |
contact wi In such buildings, 'rf:latiw:;./

many cases, - fered pounding. | .

(3) Fewer modern tbi":rllﬁdiet;glitfuﬁlawever?, it is noted that _Ti’lﬂy .fﬁﬂ‘-’i"f-:fj'! l’{*fil_rh:;gx
e s aeparaian joints suffered pounding due to sma fﬁf:p;élra}{ ONS

having eXxpai’ of correlation between occurrences ol po J_n‘- ng and gofe

(35 . shexe &8 gt ditions This may be attributed to the more intensge

S s ' gsoll conditions and/or from the

foundation goil & T
‘oY Suc :
reporte located on soft soils

shaking typically f the structures |
poxsibfe settlement and ff’ﬂki"fgaoobserved. They include; severe pounding

were a , _
. Spaatae Po:;‘::;gp?:tes(e.s.. midheight) of columns or walls; pounding
s o | behavior of building; and pounding between the

promoted by t?rsicma g

¢ haring a commo : _ v ale 1ad T+ ,

. gﬁégiﬁiﬁungs gthat suffered Type-1l damagft typically also had Type.)
2 damage (i.e., falling bricks). Modern buildings that pounded usually had
T e§f4 t.':Iaz;mg,e1r and several of them also suffered Type-3 damage. The survey

yp , for damage Types 1 and 4 of 21% and /9%

distributions |
has relative 5 present Type-4 damage cases will become damage

respectively. Many of the on ,
- 4 and/or 3 when a future more severe earthquake affects the

Types -1, <, | |
rzzion. The Type-4 damage cases may be thought of as precursors for the

major pounding damage yet to occur.
DISTRIBUTION OF POUNDING DAMAGE IN SELECTED AREAS

The following summarizes the occurrences of pounding for several specific
areas. Discussion includes the distribution of pounding damage, earthquake
intensity, maximum ground acceleration, soil condition, building density, and
building type as well as height.

San Francisco Financial District and South-of-Market Area. - The writers
conducted a block-by-block survey of this area. Fig. 1 shows the concentrated
study area as specified by the dashed lines, and incidences of pounding are
indicated by solid dots. Multi-story office buildings are the typical structures
in this area. Heights typically range from 2 to over 20 stories. The area has
a mix of older masonry buildings and modern high-rise buildings of concrete and

steel construction.

Modified Mercalli intensity of seven (MM VII) assigned by the United 5tates

Ge '
. :]:a i%aolﬂszl.;rvteyl (USGS). In the north-east corner of the area on a fill area,
Sertme Hotionnla ground acceleration of 0.2g was recorded by the California
i gl stggtrumeﬂt:at:1:}:’1 Program (CSMIP). In the region near the east
At about the cente¥ azt'_eaﬁ 0.09g was recorded, on Franciscan sandstone and shale.
North of Harket? E € study area, 0.17g was recorded, on fill over bay mud.
edge of the area assocf re:t, pounding damage is concentrated near the eastern
This Stes was filledatie W%lth loose s0il fill where liquefaction was reported.
deformations and goi] 1i : g e late 19th century and recorded large ground
of Market, pounding da quelaction in the 1906 San Francisco earthquake. South
of Miss{ ' mage is widespread and somewhat : (1) south
Mission street hetw at concentrated at: (1) so
in the eén 4th and 7th Streets incl led
= e late 19th century which r S Including the area that was fille
2 quefaction during the 1906 San Frecorded large ground deformations and soil
etween lst and 3rd Sessats. uhiot ainciaco earthquake; and, (2) south of Market
. Oakland City Center: The i 8 near the same shore line.
. WA ares. The surves ers also conducted a block-by-block survey of
e oeUrTencas €Y area 1s ghown b s
| "RRNEReNcas of pounding sre shown 1 2 the dashed line in Fig. 2, and
BT o5 Yy solid dots. The area has a variety of
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. In general . the = Om smal]
buildlngh _- q, S P =3 : H-ﬁ >lZes and 1} o " 1 i}
rhose in the oan rrancisco Financig] D elghts of the builds; large multi-story
C = A4 8stories, THE AYTEE owrs ASRLEIOT, et Julldings are smaller than
CypPically range from

“ 0) 1 h" h_ -1 D 1’ 4 .L 3 il . .
- 1g L e JUL L (.1_]_]_’1}:#;; of = : a miwx
101+ ~ndern | ey >= Ol Cconcrete - O0f woode e ;
mOC="rThe area experienced significant ano, St °n, older masonry, and
hl . riod Mercalll intensity of ei;hr# el
ded, on alluvium. 1hﬁ entire n;re
his survey area, which is smalile i Yests on : -
Eaﬁc.igco Financial leﬁtrlﬁ?allc;iilind having less bi%%gf;gmd 501*1' "
. . y S s . ensity than the
OFf éqmage*probab%?ftH??MJse Oylhlgh ground acc ccurrence ogfpaunding
tn‘?t “hat the pounding damage is concentrated this area. Fig. 2 shows
Se | ,blo Avenues. Significant Pounding Ll area on Broadway and

& uoodefltﬂll A - Th : ©lder masonry as well as
- reas. - 2 WLiters :
othe S also performed a block-

.y TR e W gl) >an Francisco Marina Distri
the story Ie> Ldegfélgdi)gel;dﬁ}:%f of wood construction are mlost common ( ' 3y -

_ (2) The Facll. - N Bl a%ea (MM VITTY tn dovintown L t}16~5~, fig. 1)
S - 1i1dings were LTL?ﬁStrLlLted around the turn of the cent nta Jruz,'where most
g s Y tb 7 stories but most are typically up t0f3EHxnﬂiify.M TEE ;etﬁh?z range
B : aged structures are of unreinforced masonry; (3) Watsan{fillgegdointtofn 5;;;&;%]@{

dame ' ' i :
y g111), where the building heights are Cyplcally 2 to 3 stories. Most of these

'aiﬂgs were of masonry construction.

buil ; ' £ ok k
e Poundilng was pres:ent '1n H}any l:_)ulldlngs In these areas (Kasai and Maison
5 1991) . Further investlgatlion 1s being conducted by the writers.

al g o
DL low -Tise

can F

N a densely bu
was present

EXAMPLE CASES

This section presents actual examples of pounding involving major multi-
story buildings. The buildings selected offer information on a variety of
sounding mechanlisms :and consequences. The purpose is to illustrate the various
E\rpes of major poundilng damage caused by the Loma Prieta earthquake 1n order to
~learly inform the engineering community of the significant seismic hazard that

‘ 0ses.

Pcund;{?gs?_on Street, South-of-Market, San Francisco: The building 1is 14 stori:es
and constructed of masonry combined with a §tee1_skeleton (Fig. &). It was built
. 1904. This building experienced pounding with an adjacent massive 5 stﬂr}dr
l f the city block (Fig. 4(a)). Poundling was locate

:1ding which occuples most O '
:Elig;n%th level inp the 10 story building and at the roof 1evetl 1nT111:2818 iiz?}i
Seilding. About 1 to 1.5 inch building SERATRLIAN (18 DEOBER . o aicacEt By

; nding elevation as _
building sut:fered «tructural damage above the pouiers g(Fig. 4s(5)). This case iS
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classified as Type-1 damage. . b iilding consists of an
Broadway Street, Oakland City Center: The 12 f‘,tof}’za s agpenthouse B

. cons s :
11 story reinforced concrete structure L .ilding is a modern 6

: diacent ;
5 ’ 950's FLE. 5(3)) . The adj kin arage
structure added in the 195 ( ggarag,e. A bridge spans from the parki g %id:’gng

= : ' rced concrete parking bridge has a S
a. iiﬁr{eieeﬁ“fé’o the building at the 8th & s %iﬁilzl in'fzt;lees of relat!
connection at the building that provides foit?n in extensive CLe

" 3 movement., Severe pounding O_Ccurrefi reé%zlb)) . Large interlor diag
nd building at the bridge locatlol (flfithe briﬁge elevation

th cracks in the columns abOVEl. a'nd bfe C:ZES. After inspECtionr 4 at least twice
th magnitude of the 1ocal collision Tof rre _

ed least 4.5 inches of relative O. 13 also experi
il during the earthquake. The buil 125 .
et cracking and falling, but whethﬁ; P

| This building is ~lassified as
of | as well.
ynd Franklin Street,
of constructed of reinforce

th = O -7

~r ) =

737




. Ft : #I i E
) £ 8 i r "'i ? {3 SI8AYIgio 1’4
j' al ?155. £ - k # Pl i - §
. " i - i f o r i i il i
y : ! = o g L 5 R Y . .. ; TE:D (10w
: T . Y1 B PELF TN -~ - _ : L }’ : F F d
wWiie Liiel] - &5 A . ' . 1 l 3 j g iilf.}_?l i » ’ ; " ;
. -l " -. = ; i E F ) &F r.":lil !d t‘! F" ] } & "'“' | [ [ | ' ¥ H i
% i L f .f'- r I{-’h 114 & .i' - ’ ’ "r'i' ] i . }"'5! f & :'*f_'.f E'- 4 . .
. S LS8 1 ‘4 : ) t' i 'i! -jr r | & # - .
- l' o :l i , i Wy B 4 ' r i J
. - b ¥y 1!1 211 o8 4 ! ' i ¥ ;f! #1_!;"': g (¥ i FE "."rlr p ’ v
f il of - ’ ’ i il
" TRLE - i i S i i ) !'l;tl- }
' e 4 ; ! I g '-'r-'_‘ " ] ; ¥
-1 L) B B 1.i bt‘ Jj v M | - i k {': i
. p——— ' 4 _ AT ¢S ] T : i £ 1 L) ] % - r i
P i J iy " B ¥ r ’ L -I &
- the boundary of t anopy. This is classl
-a L7 L - g el ﬂ-'j.[].:ii ¥
. eSS rove« -4 .
i * [ ] . - F & ‘: 1 . ¢ 5 &
I: k —i . & & II - . 15 .i'
. ! ] - 5 I 1 *-'.j i % ’ - o
'-..I . f.-i : L 4 !Jf- ' 1 T‘.‘t I . - ;1! i » l;j![ i Irl 4 I'l; { g L i
y i » £ LF & D - 7 . y "' & i s s 58 i é F.
: possi _ Oakland City Centet
e 3 { - i r . . 4 ¥ o i L Fa I F - . ] X " ™ T . { [ ; ; 3 ¥ L L] " g -
e i £ » L A - e TF.;. w 1 2 1 ' |
! s F I r f IR B ' £ .
_._. . L= - -f.'--1-‘1 "[_ if!.i -"" "* ¥ F i 4 3 :
J'--ln. : ] - r .l % £ - . i " ' ) r
o E 1 - C Il L ' ' ! 3 s rYEeen e " q o8 5B ' .
:'H' - :‘ .' - F - . !| -_II T F % i I:.}ifi;‘*ll:"' ;;“ ., # T ]
; b P » ! L e S A A R o o 1 i ! : 4 i - ¥ '
3 | 1 | # i i F ¥ ¥ i Y 4 A _l
Lok a * - s ¥ - ¥ 4 ¥ [ 4 !
'.i . . . . § o ¥ g E i }]r!'-- :"* L i r".,'-; ¥ I J':F-,
et e | 2 ™ 1 1 5 4 i - #
J". ’ * - l i ‘ -} q._ ] 1 IJ ’_ - " | s H' J ¥ ¥ [] i
o ] [] L - : 4 - k # 4 a 2
¢ . ' ) i 111 ' inches wall AT W A !
ey " 'l """:' . -.'r % 4 - : ' *_ i f' e ¥ “A P & =
* : e & L] '
; i & _.'f d n. - L . ,i . g .y W 2 r ‘ T ':.- : [ ~
- F. '- i T . i i'.f l ,| 5 ' =
-'I..i 3 - i EI,F = ' 4 & a " - - i
lOTEwWOTIrK 1 SRl | : :
£ r :
# " t " * # 5
1 [N = » . ¥ " T r r.T. =
= - . ’ v % i@ " I . i I‘ - |‘ : ‘..- _i_'!;I-. ; ?‘ '. § g j i p
f ! i = y B " l--" 4 BT .
-, ! . i s N = B . . ; 1
. . . " - 1 . P rr-l" s T 111 Wi y : I
= ! F 1 L F rF B i * .| 3 1 '] r o] ” ] L Y -
:: » . - . ‘ ¥ g . LA E R . ORI IL] ] F'i"_ La el iy iﬁ’r' 4 )
. - - - . " . . . . ! , & r- i . L ¥ "
5 : = . T " 9 1 rthe alkxing : . .
o [ I
3 2 hich pounded ar the roof fievel o0l * P - e
i e wiia pr 143 . - | "
_!'_' L o [ . " i r':._:-_ 5 " '|I rl " r F'
o 1 : ¥ A § i raocm i 1 _,ale DO LTI E P e Fas , . . e
3 ET A ™ i Y 1 4 » [ | s A s 4 Fp AL 2 p 1N 3 L L _”
L " » & N L - - - s B 4 . .
:..‘ - a _— -l-- Tl . r L] i'l; ¥ R . II!'I- ? r ‘ F-'l g # .
‘I F S 1 j. i = Il-' 'r" £ § e L o4 i | i a i ,* = 5 _i_ ' oy L 4 -
o - ¥ i e i D 1 y L & L5 A)
F - - E e o . = % g ¥ = 3 w kd r !
a i 1 - # s L ] h = X 1 ) o III - r
# - . N - 1 LF&Es & a ¥ | "1- . { r 1 | : |i J * IF,"-I-I"!J 1 ;'Iu l:..‘ . - : F-" - - ¢ . - - . .',’ . . y .
L - & . & ;.__’ y % & A i - i s i ¥ £
[ = il - — - & - -
- TEE & . e ™ % &
' o . - ] - - + L T r‘ - = F] u f ‘ I 1 Y ) I'l qu-+- i -y L 1] i B E £ i A 4 b i d
- iII.-- " - % 9 .: L A ‘ i & r;'ﬂ'_ $ g iR * B, . &k D - s b ?. 5
[ - - gt 0 il 3 4 _}- e "
1 T t e e . i ' Y - j :Ill‘_.qI : L & i P e ¥ p I. é i 4 B ¥ ! I3 -l _! g
s A CT .';ff?f#*f : Ja X Ldllg wr A 4 Il E ] 4 : A AN ¥, . . - .
- . ) — . r L a
. T M # L T p | =
= —r i = 'I'"'.;__ _---. o P i f . - + ¥ t-* ! p i.hJ | ’ ¥ :.' l ,F F 't I'l i L - -; y | ¥ & & 3 i ! i
' i & - J - T 4 } Ij'_ .I,. % N & ik - -
I A ¥
a ] = % 1 y - - ‘ & * i .; 1
" . - # # i) = ; al w I e R w T f i i ¥ i 1 3
S e .-.-rL'-II .l:' hn.‘- : & -'r ;T = & ¥ - F 2 i | & ¥ "l* r ru-rf d r > 1 il 't . ¥ + i
P - ; & 1 . . 1 ‘I‘ - - & # E = - b o rr ¥ L] e ¥ ¥ o L] "i w ¥ i" w oy & W -
:I' ; ! :r J-__ o |-14-.i: . Fj _.-';.. iI- r"‘*—'l" FT +"'J [ T i i . - 3 'r"t & l,.."r-"n 'i £ 5 - * - L 5 & i 4"_ & & 1 » 1 ¥
- : -
T. ’ r i- " L k. ¥ 1‘- H
:| a 5 R = - ¥ - f- F—.:I = A - 1 " @ - 1 nep— I F I' F * F. I & 'F ] r.i' I-' L] I o i.- r‘=|. ? i "_ T LU " F -
%y B L - ’ & “ Fy &3 P4 A Y it L K ' 4 & 3 F . “r | ’ e . =B A AN P .
e i - g E L
S ¥ T - i ] i R & "':'.-"' i | # w 2 & [ =t B o L5 i (| & [ R F ‘ i i r‘ B =t & ‘ ] " t ' ! & * K - F . o
.:' o Ll R - .3 r_': ! £ N | r [ ;I 4 s B J L § b Y a e Y !. 2 Fl ¥y & k- i - i i.'- - 4 ..;, - ¥ 1 = . F i- " J ' i A g P
3 ! ] ! r 9 S 7 - 1 ) E :
: I ™ 9 B ala ‘el a R 2k & s W . |- o - - L ™~ ¥ b S § A= >’ ‘ £~ ) £F P L) » § » -
:!-.| '*r J ‘ *'\-.‘L h_ - *- 'ﬂ N = ; *I_ ’ i ‘- [ ‘lr- 4 o ® F I L i ! i & f f i r S ; & & r . ‘ ! ! | .* ! * ‘ 'r." & ‘ & ] LY r _i 1 P ; B -.'I' - i : .
1 F J ¥ .
,-l-'.. L 'll ’I' : -~ L ;' : - - -F- e * 5 % F = el .
& - e b L A% L air-is 'L~ ¥ ,fl‘ .f ? w () *";;,.‘..“”'Ec._ t
3 - 1
; - . - ...1‘ | * _ i 3 ! . 1 & .
¥ N r i % k [ 3 & " i T AT '-' I F = & i @ r—f L2 = » p & .
r WAeT L e £al LiilJlsare 41 24 rexiaeniLs POOIVAE O a4l i1 11 ADODL S .ial wilai
- ™ . e . - 1" TE YT . ™8 ! ' . 1 ' 5 9
i - ! 1 F ¥ _ ’ e o ¥ ' . 2 - . { 3 i
- 28 e ol st S 4 | . i #"'i*--.i _',.;l'. " ! f,{i L 3DE 4 4 ?.f— -j;__;z;i;.:" 1 L1000 T S "#‘; : e i""‘ al i !r ‘i'ib“ r.‘ * : 2
= - o
.
-‘".r P i = T o= l‘-. i
o d '8 & i o F -F'"'J“,f  oTEE . - o . - 4 - a & - > ' i
. | 4 L . 3 _ 4 \ v ' "y &£ 4 . ¥ .
.- : g ol * o : 753 “EICLe Was no L L LM wiai ’!-ll"i A . L O e | £+ ,
| o s e e e ) 'y . ‘ ‘ i :
: e ¢ - - . & " - - = ¥ 4 i i L)
F l-'"h....-"fu = A AR 1 ,"’ I r.lf‘;f.._: e = c* 2 TT Y ril 3 T s Tal ol £y v R Tl —— . L » -
: o ff ey AXASpuLATL O (S WHACH Tresult AN LATrY
| Fectieornncy 1 a» ' ] f 1 !
i - ""'f.,,' f - e i o i i 4 = P g - 4 - 1 Y 1 . Ld
, % FJ a3 i a3 * <3 e 4 i €3 i ; . -r’"i ]'.,r el 4 o oA i 'S y F 7 i 1' 1 < 13! .t . o - 1
i ; - = 4 [ g . .
o = s P Fal . g o e . . F | . E 1 g 4
& —_ - g T " 1 i " & L g 1 F] -
- - P & R . . r y a * ..m;I I L : & i‘: *F;‘ :*’q 'r'ﬂ L * 5 e :. ‘-"Ifi I: r "r | ¥ E 3 "y d
- - - 4 - Y i i & ] I L i i e sl -
" - - ¥ & -
i - o ® S » s % E
> - % - L ‘ -Lll - » J [ 1 S oe » . - -
" “:I - - I L R -8 48 s * a 2 LAL) W ! F’i:‘ "r: :_l—i i :c",rr_'!";.':‘i ” *- " f.g P4 2 = r-.*: { i P Jr B & . & - 4 " B
F F e Y™ s & 1 “ - -’-' . - . i ol 7 il :rl e =) Ilf—k 4 - - N . "
Fa !"“-'a.-r __1""' ™ i FaE B - =
- .S o 4 _d ' - :—‘; i"' .- Fr' 4 ¥ .-5' .F} . 4 - »
71 - § Ay . ‘ & &3 AT ;f"f-.\.:-rjf;'f}“‘ 501 fi*ri BALPnN : g : :
e - Bl g i 5 i & :
-J. J-ll # - “F“'F [ f * -. i’.' L .' r_..l.* - .‘ | b
' 4 - . . s & i - r a4 LS § T jr g .:f:] r r ; | ‘a‘l’ i I'_ (q T,ﬂ r r‘j . ‘* {'i » 1. ( o S ¥ - t' - ; -
1] J,-J & I-' o - - f_,.i‘ 4 3 . . X x " - I - % i.“_ ; rl P, F } - ‘ ki _: .]- i 1 o ’, 4 ’ ¥ i
j ALLS e Consequently i wWas destroved ar + F R AE e ;
» 4 - . ) - - » N i j - R t . ] i‘ L4 . = # - ¥ vy
.r‘ i "‘_‘ - . r . o I - [} "J "i & i‘ J:!ji lr * rlp.: !‘*-\.-i; 1’:_ i i
e ‘ _ﬂ 1 P ¥ - r‘-.f e ] | [ !
"D fRialivVe motions A considerabl. ¢ . *
; - 2 5 L . & I 1 § ¥ B i
§ = - : - S LE .jm{'j!, it )i w1 ol 1 S | .FR ¥ ¥

rFéer: J. ] :F £a _r‘j . -!’__._1-1 4 T-I Ca - . . " L 4 ¥ ,
. J ... oG Lhe separation distance betw

‘; :""_:a"‘._ :‘f et #p;'_' ‘:: ¥ ::E-ﬂr £ &Tat t_rlri * . " - - i ) E:* " r.t - . 3 . - :
alinzr T‘:’ . r:r !:_.l ;i;1.: iir"} d*‘iu.t'fi}tf:* * fj F _:.-1 C‘. }J1Ji ld i r}g i oy i 1 &f.‘ f_j‘l f f 1 f-’i! T1 s X - 2 _1. . .

T e *_ g 4 & S>Aarn Francisco, « The bui l.dlrij-' 18 8 & at P L s

‘;: i | ;éi{’;—“fﬁ {‘j»"jr - Are: I? ; > - ' - . i mas o . 3 ) . N -4
Ff . =

(e | - was builte in 192 - The b
| , | | 3 oy el 2 i o " | - _ .
g nearly s y g o I oLy reinforced COncrete storage buildis

. -~ ";jr-':;’ f" e . "]lT‘,‘* ‘t . .

e« £ 1 ' 3 : : i N § L - f;fjr :irp. (’ ’ IS e - : ‘ 1‘

il 4 i-di n .l"r.{: f,.- lf.l'.r }'E .. 4 o ' F ] E . .’(1‘*} ) _ I}l"_‘] (;xf ¢ r l S I - i h i = . :. .i ‘.- e i

oy ok ’ : . & L 1 weg L | !' : 10) .fq,'. £ pﬂ I"-F] i i Or T}_ . 9 . . y " | . .

w & -".:f: :i _-"j e ':'11-' i-!?'l"' . g 9 § - . - A L j #f" }j!]l I{i i fif-' '\r?‘ilrr}f.!‘tii -~ # > 1. e % i R

3¢ fhe clear SAng. and the wall sbove ) > pounded at the roof level
-3 s J i Tid P T r ‘_j 4 o & Pap. ; - - ;i' 25D r?;j _er It{.}ii:.‘{i } : 1- }f E e e E £ % : : -_:EE o : _ :. 1._ .Ir..

X ’ i R . . ; 1 _a"" ‘ " " -
poundin by aa . -~ OL dama 5 e ﬁb“‘”ﬂ* the

-y
et
all,
:
il
-
=
e
q
RO
F—.
==
' et
"‘r-u
4
=
-
-
i
3
o,
L 28
e
L e
&
F
4
|
b
-
w
]
[ ]

2 , ' ' i b & 4" 112 Br t[ # . B ' : ; o X
1 !;E Fa - - o a > 4 . g T j‘ . }' ] iy r - L3 »o ' a . L - & : .

" wi® parki HE O tha ses ; atast ’f-’i*?l LC event AS Fig '{h) shovs
falline | . : & *Lieel wera : ot gp ’ “
i' 5 i - A & .r: "FJ- r - "rr ’l F‘, [ 4 ?; . { P F r f:[ﬁ;; l :II i {.‘ 1 "r r- r I-I f.' }ir‘ 'I F i L X ? }1 £ .] N ® 4- "! Fagh BE & B L £
o " . ’ reVb) I B @ ke £ 1 ' ” 4 $ L e L YO FELI ARl N
£ Callssa ‘ oy vere Kiiled Thi’i CARi 1 8 } | | ’ [ '

! o B B 5 { a8 8 E L ¥ & a5 g4t E i1
¥ i . "

?7 /38




111
-"";}JJ{.J ;‘- -

4 .‘i L .1 ' 0 o . -
[The WILLE€IXS are oo 1

references of which are 1; '~ANE anai
1 . " C 1 R ¢ ' : _4-‘1 4 3 : 5
F pounding via correlative g C L0V ytical o
| P Lals L - . Ve - . i = .
jevelop and provide engines. . TPute Ihe obfecrs. ron
{ : £ {}f‘r ) F16%¢ r “‘r i1 'l l 4 ol ey T )
‘.1: r - oy - - ; ¥ d " f'; - - j L o ; _FJ i . .
)ﬂtﬂﬂjjr%ﬂ oz ?jjr]lh and damage - Y1th pr*T-'{" Of act are: to gt . . -
age due to . : ar 'LaCtTlceal | Stual oo il the ¢ - S
the damag -0 poundj ft;.rrl » 8nd to b twosse - SNalyes ; }J'J'”jrilfi;fj'-r L C
y = F.,r_;?,._r_ : }r.-]r__‘;_j] - . . ' ¥ ]-'..Jr_,__:l"iri_r--,h._ "
5,2 LE ;Jr 4 l ' '-';f‘.i}" {Ur s e X A
C VT AVAIE Met J‘ predictinge
-‘rmﬁl..!Jf';'Irm nods of mitig: P
. v - _Jrj_ x :"';;r
¥

The Loma Prieta e:
: ¥ T 4 i - L
é Ift,hqu,j,kf: Fesulted

M el ™ | t ._Fr_,-.r -
= 1[-1

e gf:og,raphlc:al_ Area ™
as . } £ ) 1O -
~-ad8€es8 o - 't - a7,

a wid .
density population aress |
= B (Jf Cltifjﬁj

' _ e L .'-_- i iy -
i - l- ﬂ

high b romot]
» 205 .U JL 1LI1E ! T 1 - .
t;h(r‘ir }:d pr' oy L] fﬂ._l nimal bui) Pl where e
involVve ylder multl-story bui 12 Separatione MaXxlimum 1;
fren have virtuall- Y bulldings of SLiong. Most 4 and usage is <
0 ce s : | 4d 4L iy 1O })I'li“]--dil’t 2 - of lasonr: : )ST lriﬁidrzntr- -:'E w2 ought
IL f;hULl } f.l l’)fj r]rjt“:{l th"j.t t% ”eparﬁitir}ng / rrrJTLEtrxlr_:rirjn '::_1 JL p*’;“ﬂriirﬂ.i
. « : z 'Ne IS, F . S110° I
damglﬁ{: ()f. a minor nature (TYp; ;.‘IL p]"_‘edfﬂni nant s >uch b—lll"il{".%g
e . o, ‘ it b .:-4,) if? : : - arcnitoe 3
damage LYPE=S {Types-1, 2 " 8 1ikely to be nre ectural and/or structu
- F P . : ) that g o )€ prec Structural
._-]f f = (" L‘l I-IP- f'hp » 14 t_ W 11 1 S o ,,llrﬂr}rg T:r,l T'}_'L;.. - . :.['Ei
e Al T 1t 1 *cur during future SRR A
5 g ‘LUIe more severe

EﬂfthQUHkﬂf 5
{hyvtlijﬂﬂfi to mitigate the poundi S 1mperativ
- - _ | = e = - L "::i il - - - "
I lﬁﬂ hHZEﬂ.’d_ 'he | Lhdt rational methods t
1 f"-lf;llutifjﬂ must f 'i"“" 5
MUsSt 1nvolve major

] I ] ( ' I I T - e ci - I F—‘ 'y ‘ k‘ . t- r I
J - - - e gl B d {' ! -t l t I J Et L --"
I l L] - . D

: hlem such that practical engji
: ~figineering remedies c he £
ated.

pro
ACKNOWLEDGEMENTS

This survey 1s a part of :
il prodect (Gtrl’;engnr}ted States National Science Foundati (NS
for this support e v os.h.BCS-Q‘OO?S?‘Q‘). The cogr:izént ;E;OF,: .,uSE;)
. ih-Chi Liu. The S‘Jpgﬁrt is éraie?%liirj

The writers '
also acknowledge the input of the many interested
3 A 9

ngnSOred
ﬂffiCial

scknowledged.
parties 1n providing the informatio |
n regarding actual pounding incidents.

" & < ’ 3 ]
parel, P. Patel, and A. Jagiasi assisted in preparing this paper.

REFERENCES

gertero, V.V. 1986. "Observation of Structural Pounding," Proc. Internat. Conf.

The Mexico Earthquake - 1985, ASCE.
Maison, B.F., and Patel, D.J. 1990. "An Earthquake Analysis For
" Proc. 4th U.S. Nat. conf. Earthq.

Kaﬂf;i, g
Buildings Subjected to a Type of Pounding,
ffects of Pounding

Eng.

Kasai, K., Jeng, V., and Maison, B.F. 1990 . "The Significant E _

Induced Accelerations oOn Building Appurtenances,” Proc. Seism. Deslgn and
Compts. in Bldgs and Indust. Structs.

and Nonstruct.
ATC-29.

esponse For &

Perform. of Equipmt.
of Tech.

Tech. Council Seminar _
of Evaluating R

d Method

Appl.
Kasai, K., and patel, D. 1990. "A Propose £.91-02, I1li Inst
Tvpe of Collision Betweern pacildings” o 111-05-2a v = - |
A . 1991. 'EStructural Pounding Damage, Lomaf E;ﬁ?
t. Engnrs. ASSOC. OF & :

Kasai, K., and Maison, B.F.
ce Report, Chapte

Earthquake.Reconnaissan
Kasai, K. and Malson, 3. F. 1991. "A Study OnE ok o
4 Conf. on A q. ' f Structura

Structures”, Proc. lysis for '
the Analysls of

Maison, B.F., and Kasal, K. 216(4)
J of Struct. Eng., ASCE, . m for
: K. 1988. wGTAM: A Computer P"EE? uy of Calif. :
) For rhe Analy515

Earthquak
1 Poundil’lg ) 3

Maison, B.F., and Kasal

0 N sal,  for Earthq.

Structural Pounding . gatigé({;f 2352 a Computer ProBTaM 17" ¢ calif.

: ' erv. for Eareiy Egiﬁées.and Fffects 1N

Maison, B.F., and Kasal,
of Structural Pounding” - ' -
and Mell, R. 1986 The

Roserlblue th ’ E. )
Mexico City," Comcrete Intet

739




and

ST
Sr

VUL

s
BCIR NN

WESS TrE

Survey Boundary
~ AR S S

JULILL

948
LION

Distribution of pounding damage in San Francisco Financial District
/L_J  —
Ve e
thHIr

South-of-Market area.

1

Fig.




e
™
! X
f @
- m .
LY m 1N\ | §
X [ & AN
_q_... W _r .hi
S | =

L
-

L\

;/J"J'

e

e

Exampli




"‘ l‘illl mim;- I'
auﬂ

.

Fig. 6

* .

L I.l|.L|..-: y
IR TR

L

-

o, |
gt L

Street, Oakland City Center)




