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ABSTRACT

The City ol OQakland, California. |

-rise Sstiee Té ' 144 a subst. | :
REX AT steel frame bulldings with tantial inventory of mid- to

hig '
) [ g ; - 11!1! b ; ol aF = _® .
xterlol walls. Many of these buildings iL[-l[n”” ced brick infill forming th
-_'..:] :;11 Il"'l"[r "'\,{1 i..i . — . X ] “'
d significant damage ¢ :
’ ant damage during the

ober 17, 1989, Loma Prieta E: _
?;;05 and theair desipggliiiq;fdr-Lmlmlkﬂ' These buildings were built ab
2 - similar to buildings hllilt“in (_t t about the
PN ~ities east of the

Rocky Mountains.

The'ground motion felt in downtown Oakland was of faj |
with maximuill peak horizontal ground & e s of fairly short duration
20% £ ravit 71 ¥ -[’l_(. accelerations estimated to range from 10%
to e O Fbu,ld)‘!. . dle _'obﬂervatlmm made on the performance of }t*h(.x int’ill
stee tamt 1 dlﬂg_s 4 llg tl"le earthquake can be of great value 1n ad;lwwin?
ear thquake hazard mitigation issues 1n the eastern half of North Amoricif;‘

Data Ob‘tained from observations and evaluations of brick infill steel
frame buildings are summarized. A generalized case study is ‘give-n o
il1lustrate damage assessment techniques and methods of repair. The City of
Dakland criteria for assessing and repairing earthquake damaged buildings and
criteria for evaluating and upgrading existing undamaged infilled steel frame

buildings 1S reviewed.

INTRODUCTION

tial inventory of mid- to high-rise steel frame

buildings with unreinforced brick infill forming the exterior wallg. Thgﬂe
buildings were generally not designed with earthquake forces in mind; wind
being the governing factor for lateral forces. Not much 1::, kpown on how these
buildings will perform in a major earthquake. They are dlfflc_ult to evaluaie
by conventional analytical procedures hecause of the uncertainty of how the

brick walls interact with the structural steel frames.
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SUILDING DESCRIPTION
. : A E b | Pl 2 L6 & ‘-f "‘:; 4 :‘:‘,tf*fjl fr" lf_: :-: ") e 1
The type of building discussed here is a Al tructure bl
infill exterior walls,

The typical building has a complete thre&*--d'imﬂn:;ional ste
carries the gravity loads. The beams are generally rolle
columns are generally riveted built-up sections. Perimetoy g
typically are offset from the columns' center lines s 2 Web of the
lines up with the outer flange of the columns. ideal
the brick-infilled steel frame 18 sho
connections are primarily designed for

resistant capacity for lateral forces
generally provided by
and the beam seat .

. The moment resi

S, the details of the

Ve two layer f '
is used, s yers of wood sheathing,
concrete firemoofing O?r?t Of the strL}ctural Steel framing may pe encased in
ollow clay ti1a Badtins o Y00 Dartitdons ~AY De plastered stud valls or
above. * Lellings ar

: génera] ] : .
SQuare fete?;rles for offjee gu;‘?g%ig;n hi‘]ight from 6 to 7 Stories for hotels to
Babctren ;. Most of the buildingg hav:Or areas range from 5,000 to 10,000
the Cente £ U= h&ped in Some sha o
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resisting system of an existing brick infili St

The lateral force _
building does not conform to Str'uctural' systems in current codes (eel frﬂma
1988). If the steel frame alone 1S considered to be the structural it UBI":
has deficiencies in ~onnection details, strength, drift, and cgmpat'. S¥Stem .
the brick. 1If the brick 1s considered to act as a shear wall it }bllity ‘;i%t
hecause of lack of continuity and because 1t 1s unreinforced, 18 defici%n};‘
However, if we cm?sider the interaction between the brick j £ 3
steel frame we can-begln to develop a mathematical model that LNnIill and ¢
1ateral force resisting system. There are still some ob will efing o
understanding how the system works. For example, how does t Stac-les to ¢ the
with the steel frame? 1Is there horizontal shear transf he brick interlglll‘i
brick by bond or friction, or 1is the 1 : SLer between b Ace
: column confined enough b €am
fully engaged? What are the vertical reactions at the b s o) the brick t and
How do the window openings affect th eam-column cg -0 be
: the load paths through nectjg
the difference between a brick pi gh the brick? i
. : . 1ck pier that encases *  What
intermediate pier that is : 4 Steel col 13
5 tintoat webeeiid # .not on a column line? Fig. 2 shows JdMN ang 3
2 wa : : y '
with some representative load paths. N elevatjgy, of
o SR Until better data is '
= , available, it appea
il : ’ rs r
:;d:"igpl;rs ?Ct as compression struts thatp fail 1E;S§pable Lo assume that tj
| . Lo or evaluation lagonal tens .
plane through the purposes, we have taken the tON as showy
CUEE piers as an effect g 0L 4 hori
| the J-Oads tran f ive Shear darea It OrIZOntal
L L sfer to the steel fra : 1s then ass
i to resist overturning e aa me and that the steel column iy
ust also be given t 2O Intill fe /
participation of i © the horizontal d e Aysten
they can pl lnterior partitions. If holl laphragms and to pPossib |
£ and plaster '+ 4 eral fOrCes be ’
i f;rt1C1pate in the lateral f partitions, to a 1lesser cause of their
@ diaphragms Oorce resistin éxtent, can
Sk . S . » ’ 8130
Although thg are flexible (e.g 5 System; especially in case
I ese proceduy -» WwWood floorin . S where
. CO?rElatio Ies may a 24 lnStead of C
I 3 ; ns bethen the pPpear crude th ; OI'ICI‘EtE).
E uring the Loma Priets pPerformance observed f::-r they pProvide reasonable
r ea
HE ecords, rthquake and the data obtalescei S Motidings
B a Farth |
IR uake Ex erience
R During th
R steel fy e Loma Priet
ame buyj Y 4 earth
IR Of the studj t1dings were dam qu’?ke a4 substantial
i the g €S covered by th; 4ged in San Francj number of brick infilled
oWntown area of thelg PapPer are primarij S(;)o N T tawins
T St et - < Oakland. Y Dased on data from buildings
s =0 n .
E; peﬂk grOUI’ld g motlon lnStrmn
and dCcele ent loc
& 2l 20% f ratlons ated Clo
e wi Ol gravit °I roughi BEEL Lo the 4
- Ath other recorgie 20 east-y Y 10% of gravity ; OMIToWD axea recordec
o Pings in the Bay 5. roction, .0 & north-south direction
7. ARCA. Respongs = Se values were consistent
Pectra developed from these
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1 hap" 4
T {{fﬁ&d in S 27
; vare fairiy v
recordings ¢he 0.5 to 1 0 perio

t ficat i 11
a .llflcat'l{}n - . e vy s
S city of Oakland adopted an Emerpar,.

Associated with Earthquake Damas
ment Report (DAR) be ¢

the earthquake the
gtructures

| aSe85S
amage ASS : ~ '
t a D : g 3 T O 1ﬁﬂ111de all Ffi;tl:'.r,*r* ’q_.f :

Soon after
for Abatement of Ha
emergency order requil®s = AR 4
eartrgiquake damaged buil i*dlﬂgﬁ.l fj;rres et

acity to resist latera C B s 1k the oraes Juris
of C:p ke 1f the loss of capacity 1S I Tocut
earthquaxe. g .
total seismic upgrade.

zardous
yires tha

the building sustained dyr,:

s . 'n. 1 ; -r- " ——
. cess requires the engineer tO estlirfate the' 1atekalf,,‘_r_,,‘_ Ce resigei.
This proce +o the earthquake. ihlis capacity is .

capacity of the structure prior

;|

fficient calculated as the

be repaired to its for
(i.e., the loss is greater <

il 4 "

. ‘ t base shear CO€ -~ ratio of .
erms of an equivalen ; ing v i i |
ﬁorizontal seismic force to the weight of the b‘-‘11d“:‘g- Ii - :‘: POSt-earthqyat,
seity is at least 90% of the pre-earthquake capacily, the bullding neeq
g 1 ~or condition. However, if the capacity is less tha., ~.’
. _

han 10%) a full seismic upgrade is requ;
The capacity of the building is determined in- a' I:&Tfiﬁnal, Bt
manner, taking into account relative strengths and rigidities of the
materials. This includes materials not conforming to current codes i
apparent that their participation was significant 1in resisting the ¢
caused by the earthquake. The results of the evaluations of both ¢t

earthquake and post-earthquake structure should be consistent with the g;:;f“
earthquake damage. In order to be rational, the values of the strengths of b
elements have to reasonably represent the in-place materials. Ty
guidelines were established to aid engineers. For example, a tm._—ad;fff,:
recommendation of 75 psi was suggested for the shear capacity of i:".sf{::;,:
brick. X i
sample Evaluation
AS a result of studi
udies of several damaged buildi
_ : u - ner

?bservatmns can be made. v 1ldings some general

Each of the studied buildings had some shane
described earlier. Eis
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. r ~ e wWould be
| 7 A—'y T e
be &bout one t __} Sor ’:.-'.’""-f:‘ e s Lale
. e Th < i Uambine
= e - ;h'.--
B '-"'_ﬁ p— -
with t+he smoothed response and
g --.-,_,J:"I"—".-"‘-p-__
| o - e e
ﬁapaClt195 1in terms of r : ~ =
Teer o _‘_Ea‘ A :
i T
- - é BibigT

":3 - base shear coeificient
T = fundamental period of vibration
g = percent of critical damping“# |
g = spectral acceleration = C /0.8 (app ,
A * peak ground acceleration a(accelez:?irir:a;eﬁ
L-;--aj.jt -zez-::c; period of response
= e to S5, value in Fig. 3

spectra) obtained from ratio of S
- OL = vdaiue abdov

This indicates that a peak horizontal ground :
oravity could result in brick strass‘;:ig:g*:_f 1 acceleration of 12 or 2% of
esses of 12 psi; however, it would take a
h an ultimate cracking strength of 75
in the north-south

ground acceleration of 13%Z to 20% to reac]
On the assumption of 10% peak ground accel
direction and 20%Z in th t A s |
in the east-west direction during the Lom '

it appears S s iassad ‘ aring the Loma Prieta earthquake,
pt 1t % =4 o - exPect minor or no damage 1in the north-south
drection and significant cracking in the east-west direction of the building
This agrees with the observations. If the results did not seem reasonable, one
would take a closer look at the assumptions and try again.

-
Q
-
3

psi.

REPAIR AND UPGRADE
ity, Oakland

re—earthquake capac
ly with the

tially comp

than 10% of 1ts p
However, SOmE

be made to substan

1f a building loses more
de (i e., 1986 UBC) .

requires that the entire structure
structural requirements of the current CO
culties of bringing an ex1stling

allowances are made because of the diffi
ent standards. This includes the application of the
11 buildings and

building up to curr
1 UCBC for unreinforced masonry bearing wa
need not exceed

equivalent of the 199
the provision that the total design base shear coefficient I€
that the building official may approve

0.133. The repair ordinance also states ' i
an alternative procedure 1if it can be demonstrated by rational analysis t
1 of safety.

L -

This last provision appear |
imit state procedures for seisml

of performance criteria or 1
existing structures.
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ACCELERATION RESPONSE SPECTRUM
OAKLAND - 25TY STRUCTURE 5%, 20% DAMPING
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