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Photo.3 In-plane shear failure of URM spandrei beam
(San Francisco, Loma Prieta Earthquake )
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Photo.4 In-piane shear failure of URM pier
(Oakland, Loma Prieta Earthquake)

Photo.5 Flexural failure of slender URM column
(Los Gatos, Loma Prieta Earthquake)
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Photo.8 Parapet failure of 100 front street building Photo.9 Failure of church gable(Watsonville, Loma
(Watsonville, Loma Prieta Earthquake) Prieta Earthquake)
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Photo.12 Combined out-of-plane/ pounding failure
(Santa Cruz, Loma Prieta Earthquake)

Photo. 13 Diaphragm-induced corner damage to
URM pier(Oakland, Loma Prieta Earthquake)

z] 3;—9‘}1;}. o] &l o]_ﬁ-{} 2] 2z ALEl o] off R
e} o) - 2] Aol o)
79 qhuro] ApAl el £ 4te EAMER N0 2 &
N A fkch ey fBEel RE 294
¥ apolel whepzbebo) = HW 2 W(deep beam) A

M 7H 4F 19958

pHeu, 53 23 ol F& g 7w
1ox olaka] 7hulo]e] & \"l»_LH?Q e

- ¢
O] J] *}1 oﬂ ‘1\| LL}] ,(] K,J 51 L] LH {‘1 /} nLo]

Al Al

4.1 FHLtCe| A AlM R 71FE

@a)e] NBCC (National Building Code of
Canada)®ell & R/MEHEHEEWET D (mini-
mum lateral seismic base shear force), V& t}

&b ol it g sk Lk,

V= (%) U : V.=uSIFW (1)
4714 U= 2@l 2lg BYA=(= 0.6)
vo= AR WE AAEY &
1 H)
S = V) ¢toll whE A AGA S
[ = A7FwAs

F = i
W o= L3252 AlMEE

ZH2 F2EL oldR HEFgHELdANSR
A A gkt

NBCCel M= PGA(FA A7 &) PGV
(FH A wrE5)7b 742} 0.08g, 0.10m /s& 2348}
= Aol AdEo e Hak(ah) 2 dstF AA
g ZHomste 23 AMEE F3ta Ut o
Zae N2 21N A8 S SAMNAL,
o) i mAel A, ADEA g o] Al A
7] Mol fzE BE HEO AEAM A e
e AP S A H sk /dok

upcholl M= wsh A E P 1 P2
= CAN3-S304-M Masonry Design for Buildin-

gs'®e) Jp Ao ulgtof ek, o] 71FEe F7IA A}
%?\5} AAE S Qg ot (1) 42338+

77



ol gbA Ao ojE&Eks U

} -
Qb4 d (stability)  H sl E9] o &3 A sl
4

NS el sbal, kg Aol she] vhaagl ¢
MBS 05}'?3 S Aol r), SENA O 2 ALt
Sluh e oo fle] mghgelel g wily
g e Abg-ska ik
M p
(5) + (%) =t (2a)
M P
(?) - (X) < f, (2b)
7
ff\T%lgxwosﬁ (2¢)

$- fi7F d(zero)o] H v Gl &
Har A Ao o]ejE 2o

ARriuhel 232 Szl A Ao
S wkd sl Zoju, vlate

ta zpo] v} Sl

Aieah shel b

42 0l=2 dAAEM L 718

el A b el AREE s Al AT Al v
71 slet

c1E e uksk 2o 2 Building Code Req
uirements for Masonry Structure ACI 530-88
/ASCE 5788%’0]% )i {1 R ek s)( ACI)Q}
ASCE7} #5082 7|dt oz Bolvel v}t &
Holl A ey A}%sch_ At o] 7oA Ay
T MR K%K BT E (earthquake  static-equiv-
alent lateral load)& A€ o7 L Mulso
2 Ab8-5]= ANSI A58.1-82" &2 1 E] Qo] 2t}

A ¢rol F7hAIe] A 28 H AR o] A
At stk Aol ole gl thit shibis
wiEgE s el st Hez ACL 530-88/
ASCE 588 2] 923} 6ol ztz} 7] %% aLlch
Al AHEE TS sl A] g Al ok d 4
ol thEv} (2) 47} 7ide)

ACI 530-88/ASCE 5-88'%" <Al (1) ANSI

78

AB8.1¢l 2 A% 13 39 4ol A A L 10m
RIS Eol 1 ksl ;’:Oﬂ‘* Ay AA e A
B wetal 9o, (2) gEe=de) hfa 1ol

v} vlota] (header) 0»1 QbH Aol Bl 91t ul

Hakal 9o, (3) AAAFF 29] c} #j e o]
TR A A BT ubeg ol A A8
v 32 AL gt E sk Ao

NEHRP Recommended Provisons for the
Development of Seismic Regulations for New
Buildings ™' & v 2zl jol Ahgatvlel A akat hr
For g atHez AAlEM, ACL 530-88/
ASCE 588 7152 oFt 38k 1 ataL 2lch

% NEHRP 9] st st o b Al A el A 7l ik 2] o)
upEal olvd, ANSI A58.1-82 9] A =j«dxt
2 NEHRP o] #7155 A-E9 ¢+
of, wiebdt E g ) 3 NEHRP ) 8/ Mt st
EESYRr 7y, Vi vho 3 gioh

(-4 % ‘Lr,l zl o3

AS
C.= 12— (3b)

A7M A, = f& HUEE BAEPY) 14
Ay = F& At 715 E(EPA)

N
P
FEA T

AFF7

= TE 0] AbstE

He AurE ol EPAY = g9 3-8 A
of vk, EPV = §,/25 4714 S, & AdHEZY
Sroln], AR Holvgl e 5% il
(damping) & 2ty 7729 39 NewmarkE"
o) G S go] el g Aok Akl 2.3
wioll &l wstck ACT 530-88 /ASCE 5-889] & &
542 NEHRP o] gHAldell dtol]l ofsted i 5
A, ol AAPEA 2 o] AAA vhA HE ]S
Hojch,

UBC(Uniform Building Code)™x= %39
e 2 dol A Uiz o] Alggom glup
UBCSY| B/ B B 11, Vi oS3t ok

Z23z2|E35t8 X



ZICW
V o= e
Ru

I o :g-x__rl_ 7‘”),1

W = Lol ;(] 21 ;\}?—5]_51

Ry = 554 A4

Z = vl=e) Mg ol ol ¢ 2] %l
0] /]

Hpxoen o §el Holal AAHQ sER
7F AsEshcbe A E e edu) Y

X2 PREE UBCE 24850 et 4osof
of 3t} o] ﬂv & rhEgjuwo) v v}
gleEy g pakyolo) shy, Al A 4
o] Murylil g gy .
B vlo] nlulo|ub 4| Wl vk Roao] 4 A
Az AL Q- pElal et AR Al 2o Ake

Mol Mirg WE shvl, wEEtEe] AES i

5 -

T

sFo i ®) A& o9y

sl Yu). (AR AEE 33 40 Al &b 9

b IS T o
b o alelgulalo] wisted =z} ASHE 9l
150%& #-&shar duh 4gl 4 47 n*,} & A
A5 0 Ev 1 HBN 0] 10m o} &k2] (ol

whoA s A o g Mastar 9l o, 7 A 7 A ol
| o}, =28 =
A2 g (o], vhe Al Had 9
gt lefof ubEch weba UBCsz Stel ©f
e ok Al Al Ve iy o] fAbaket, o}
A Hpshia A gHA oj vt
ppApub o Al okl A= AEE o
Eif et CL Nl A e A&k
mended Lateral Force Requirements and Com-
off tf §+ 21570l gick

Q¥ Recom-

B ol ve 2 x] Al A
mentary'' ol &= 224 (17

4.3 UCBC(Uniform Code for Building Conser-
vation )

KA Abell oshd sAe] /& Ay

o] kol <larsh AAl APUMLE Vgl st o

H A et 0 g7l e

vhE SIRAAS AR Hge Wb Al

M7 4= 19958

8 A galE A e s skoh o]k AlaL
WAl "ol Al 48 syl glon,
WLl e Al g Hel H gel =]

4 H3hz Rlsk k) o, ol A B

ol iz (Ll A Al LgS ke
sfol A asly B E wAge M s
b ofabael wss noAste]a sk e sl

AR E o] Em BAEE G Y RshE A
btk WA M A8 B 9 g &
A Aol givba) o) @ R o)
el A oF e g i wa) Sk

UCBC(Uniform Code for Building Conser-
vation) = 71 (8] Bl 4 & gisla] EYs
uwm AEAel Y. ol A % ol o
B REE 2
EAa e85
45 ohed ot

1A

4] el Ous 01 G otare wa
2,
1

- \
o?;:
o
~N
-

e
A 5O g (N 1), A .;ﬁ z]
2wt 21 & eda gleh o]tz ABK'ell o) )
3‘]3?:}, AN NS whe Aol ABKO) 4
2 R AE] g el UCBCH| ol 2= ubala} o} &
R S T S S L S =52 B = S
UCBCel 51 g 82 71E
ol Wjxlad zAtell o o g dhd dabE HEE
ahodan, B EE aabe Sloh A AHE vbd

shalvh wgh vt b2 Wg-S gk Aok A

FARA HE

o] Algla} 48k 7iE o] ik (A MRS
w Aue] Yugganel SH, Hol Az
et EaAl W&, Ayl 2 Wl gy 9t
A 3 7h, @i ele] AEE aws &3] 9
W gbutole] W alAdel ok Al B Ry

ZHQ-]— 4]—] I O] ,{.]}—,0” L]L?—] _rz:% e 0] LI

ATDEY A FA A Mol xgolut upepo iz

B oRelgoms el Huvh Alabe s A
& s stel AR, f--:::O] Aol
= R A Wk ghupo] Aol ol o17y-e] ol
'} 2tarel waslolo} s e s o

ol G e M wrEaAl e w3
el WIS o W Eo g @4, 0w npel

1oglu) o] vk A -#miko] Q



hn)
il

g0 484 + ¢ich. 59
o7k Badel Yv A%,
Aagel 2 2o % Aol
AN RYY Y& A4

Agolw AgHrh x4
2 1o} Aol 4 UCBC7H ¥l
glo1t, o] AlgA e BHE
s ol felut wE TR P
S8 Re AP wES o] H s
o) o ohth,

UCBC/ABK®] W ge 234 dgel Wl
AFol tha MZE AGE AT ek A
5ol AAYTH FYF Hol o] 7} Fof
47 a2 dgdnn of o]ge spy et of
ole gt o] HWl Ao EMEIE(rigid)
A olul s, webd 2 ol 7he
Beo] ke sl ojshe] 2

Wt} olel g

k

o (o

2 ot

L e

lo
2
i
£ Jo @ 2o Hu b8

ofy b
Ul
il

o
oo 4
e

&
< Uy i

AR

o
»
T 4y

M

e
f
[
o

i
oS
-

to o
£

o=
i)

[ed
e
et

f

S
L
2

Moo Rioam He
o
fr

N

2 o

> rir 5 o
rlo

U TR A IS
ook 1B

F=g Mgl A&

3
PHE AR EH ot}
Z X 9} vl 2 7)E 0]
A ks xastd, Fx 7)1EA Ao e
o2 O F2ES Bl gk a8y ofd
Sl o] By Eo] B8 HYE A 8=
=3

o] Wi ge] RE Wil HAE 43 =3
A& o] o A@A BrstE 2 HEES UCBC
/ABKe®] 2383 e grjo} Auji} zpg 4042
2 #H2sr7) e, dxA Ae Euole #T
ZA A AEo] Ao A wEt WIEHATL, #H
18 AESo WAoo By v g} 10119

o] ZEEL] A EF Q1A olof g}, 53

4

o
2]

r on oE o

80

e WA e degt b e 3 vhaeel
AR ol 28 7hsg wh, w3 fgdo] T
dECI B WO et dd g8 vy
2] 7k 71 Eel At e dEHHA = A
&2 F gloh dad A YEHR el o)
W oD FagAde Aol EEHAINERE
7t BALEAAM FEsl FEHT o], %

UCBC9 71&ol & g8 37 Aas ek w
& B E M (overburden) ® ® o]l B4 ot Aol
3 Fa9 J¥og A Ak 5o Y ¥
Ae AFL HE ABKO <l poll §e]sts ol
UCBCo| Al 8o}l Blolu}, =dke] tf 4bo] 59}
E}‘(-Ml

E e 308 ATC-22'0%= ATC.14%
ZHE 2AH3 Ao g NEHRP A4 133 o4g
He daog 5o Qo 8 mE Ao ¢
A AEES Wk W ES vk a viE A
o g Hrs 23 9 ES AAsta 9l
th W ATC-229] 2 2] A&l WA ¥ 7H= 3

=z

AA Y gubolut &4 WA, BHE

B

(3o BANIER 318)0) uhH, Bo K Rol
Al ABK wh &l <t7]3kar ok

ATC-149] P2 A, 71E 725 HE4 4
7hell Wl &k @& zpio] FEHATE BE FR V)
Fabgo] & HAe}, HYE Edadl 3
Hel W& Abgsta gl7v, el a7} )
S wyr HEO) YUEESE AFESIA Fo] =

skt}. o] A& UCBCO] &% ode] elojeli, 1
5 olul s fiffol MHAEA oL x50l

& 2 Qo) WA e H oA HK
g AAsE ANUe W E=AY g

= , 7hed ol E
AAratgler. Hoprel kel A Al 7l G
ko)

A avet AT @] e dEshs A4
o 712§ FxP FAC) Bty Anw
H ZAAL AFASE e HIHE WA gl gol

1. UCBCe) o8 2718 554 o) 471

232|885l



Wl o)l z A A] - “oﬂ 7! 8.8} 2 ol 2 o] 11] A]

wdrt, UCBC /ABKe] W& (1] o9} ¢
A}ol [}_, War) 2 ;],,% ,L»(]A]l

Q
N Slatel AN Mg xbEol 4l ghieh S &ol

golsk dol A Bolulelhel 4 AU o),
2olue 2 Aol PR $EHD AL

i E-o]gk 2} alo|}
A zlo] Zetsh A& Wt d gANE R B
7

of ejatw,

m o Ao}

1?} q K ;;L.,,u] *J% Q! 6“
= Aol 2l A 2 4 101 0481 fc,m
o] Azl &l oA xhE 4; i

FREE H slch mhxvre 2
817) 9l st K DH LH%léei-f%!{'.nOI a

=R DA

il
re

I 7

1. Scroll, R, E., and Stratta, J. L., “Reconaissan-
ce Report on the May 2, 1983 Earthquake in
Coalinga, California,” Reconnaissance report
of the Coalinga, Califonia earthquake of May
2, 1983, Earthquake Engrg. Res. Inst., El Cer-
rito, Calif., 1984, pp.1-8.

2. Shah, H. C., Gere, J. M., Krawinkler, H., Roj-
ahn, C., and Zsutty, T. C., “An overview of
damage to the Coalinga commercial district.”
Reconnaissance report of the Coalina, Califor-
nia, earthquake of May 2, 1983, Earthquake
Engrg. Res, Inst. El Cerrito, Calif., 1984, pp.
107-112.

3. Reitherman, R., Cuzner, G. J., Zsutty, T. C.,
and Smith, G. W., “Performance of unreinfor-
ced mascnry buildings,”
port of the Coalina, California, earthquake of
May 2, 1983, Earthquake Engrg. Res. Inst. El
Cerrito, Calif., 1984, pp.113-144.

4. Kariotis, J., “Survey of unreinforced masonry
buildings,” Reconnaissance report of the Coal-
ina, California, earthquake of May 2, 1983,

Reconnaissance re-

o 7 4% 1995.8.

82

10.

11.

12,

13.

14.

5. Reitherman, R.,

. Esteva, L.,

Earthquake Engrg. Res, Inst. Qakland, Calif.,
1984, pp.145-156.

. Adham, S. A., "The Borah Peak, Idaho earth-

quake of October 28, 1983 buildings and school
s,” Earthquake Spectra. 2(1), 1985, pp.
169-182.

“The Borah Peak, Idaho ear-
thquake of October 28, 1983-performance of
unreinforced masonry buildings in Mackay,
Idaho,” Earthquake Spectra, 2(1), 1085, pp.
205-224.

. Swan, S. W., Miller, D. D, and Yanev, P, 1,

STy

ihe Morgan Hill earthquake of April 24,
1984-effects on industnal facilities, buildings,
and other facilities,”
(3), 1985, pp.457 567.
“The Mexico earthquake of Sep-

Earthquake Spectra, 1

lessons, and
Earthquake

tember 19, 1985-consequences,
impact on research and practice,”
Spectra, 4(3), 1985, pp.413-426.

. Hart, G. C., Kariotis, J., and Noland, J. L.,

“Masonry building performance survey,” Ear-
thquake Spectra, 4(1), 1988, pp.181-196.
Deppe, K., “Evaluation of strengthened and
unstrengthened unreinforced masonry buildin-
gs in Los Angeles city,” Earthquake Spectra,
4(1), 1988, pp.157-180.

Moore, T. A., Kobzeff, J. H., Diri, J., and
Arnold, C., *The Whittier Narrows, California
earthquake of October 1,
evaluation of the performance of strengthened
Earthquake

1987-preliminary

unreinforced masonry buildings,”
spectra, 4(1), 1988, pp.197-212.
Muria-via, D., and Meli, R,
avior of masonry structures,”
from the Mexico earthquake-Reducing earth-

“Dynamic beh-
Lessons learned

quake hazards, Earthquake Eng. Res. Inst. El
Cerrito, Calif., 1989, pp.188-191.

Meli, R., “Seismic behavior of masonry buil-
dings,” Lessons learned from the Mexico ear-
thquake-Reducing earthquake hazards, Earth-
quake Eng. Res. Inst. Qakland, Calif., 1989,
181.

Armema earthquake reconnaissance report,
Earthquake Engrg. Res. Ins. El Cerrito,
Calif., 1989,

81



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

82

Mitchell, D., Tinawi, R., and Law, T., “The
1988 Saguenay earthquake-a site visit report,”
Geological Survey of Canada, Open File 1999,
1989.

Loma, Prieta earthquake reconnaissance re-
port: earthquake spectra, supplement to vol-
ume 6, Earthquake Engrg. Res, Inst, El Cerrit-
o, Calif., 1990.

Bruneau, M., “Preliminary report of structur-

al damage from the Loma Prieta (San Francis-

co) earthquake of 1989 and pertinence to Can-
adian structural engineering practice,” Can. J.
Civ. Engrg., 17(2), 1990, pp.198-208.

Cross, W., and Jones, N. P., "Historic buildin-
gs in the county of Santa Cruz and the Loma
Prieta earthquake of 1989,” Proc., 2nd Int,
Conf. on Repairs and Maintenance of Histori-
cal buildings, Computational Mechanics Pub-

lications, Southampton, U.K., 1991, pp.
133-144.
Damage to unreinforced masonry buildings in

the Loma Prieta earthquake of October 17,
1989, Calif. Seismic Safety Comrnission, Sac-
ramento, Calif., 1991.

Kariotis, J., Krakower, M., and Roselund, N,
“The engineers’ view-Loma Prieta: historic
buildings, earthquake damage and seismic
strenthening, California Preservation found.,
QOakland, Calif., 1991.

Freeman, J. R., “Earthquake damage and ear-
thquake insurance,” Mcgraw Hill, New York,
N. Y., 1932.
Tena-Colunga, A.,
unreinforced masonry structures with flexible
diaphragms,” Earthquake Spectra, 8(2), 1992,
pp.305-318.

Elsesser, E., Naaseh, S., Walters, M., Sattar-
y, V., and Whittaker, A, S., “Repair of five
historic buildings damaged by the Loma Priet-
a earthquake,” Proc, Seismic Historic Build-
ing Conf,, Western Chapter, Assoc. for Pres-
ervation Technology, San Francisco, 1991,
4-1, 4-39.

DerKiureghian, A, “Observations from
Armenian earthquake of December 7, 1988,”
Proc., 4th U.S. Nat. Conf. on Earthquake En-

“Seismic evaluation of

25.

26.

27.

28.

29.

30.

31.

32.

3.

35.

36.

37.

gineering, Earthquake Engrg. Res. Inst. El
Cerrito, Calif., 1990.

National Building Code of Canada, Nat. Res.
Council of Canada, Ottawa, Ontario, Canada,
1990.

CAN3-S304-M84, Masonry Design for Buildin-
gs, Can. Standard Assoc., Rexdale, Ontario,
Canada.

Gere, J. M., and Timoshenko, S. P., “Mech-
anics of materials,” Brooks /Cole Engrg. Div.,
Belmont, Calf., 1984.

Building code requirements for masonry struc-
tures (ACI 530-88 /ASCE 5-88), ASCE, New
York, N. Y., 1988.

Minimum design loads for buildings and other
structures, Am. Nat. Standards Inst.
York, N. Y., 1982.

NEHRP Recommended Provisions for Devel-
opment of Regulations for New Buildings-Part
1: Provisions, Build. Seismic Safety Council,
Washington, D. C.

Newmark, N. M., and Hall, W. J., Earthquake
spectra and design, Earthquake engrg. Res.
Inst., El Cerrito, Calif., 1982.

Uniform building code, Int. Conf. of Build. Of-
ficials, Whittier, Calif., 1991.

Poland, C. D., Malley, J. O., “Recommended
modifications to ATC-14,” Nat. center for ear-
thquake engineering research, technical re-
port NCEER-89-0012, State Univ,
York at Buffalo, Buffalo, N. Y., 1989.
Kariotis, J., “Preservation of historic buildin-
gs: coping with mandatory code compliance,”

New

of New

Proc. Seismic Historic Building Conf., West-
ern Chapter Assoc. for Preservation tech-
nology, San Francisco, 12-1, 12-9, 1991.
Recommended lateral force requirements and
commentary, Struct. Engrg. Assoc. of Califon-
1a, Sacramento, Calf., 1990.

Uniform code for building conservation, Int,
Conf. of Build. Officials, Whittier, Calif.,
1991.

Methodology for mitigation of seismic hazards
in existing unreinforced buildings: The meth-
odology,” ABK-TR-08, Agbabian Assoc., El
Segundo, CA., 1984,

232 E 88| K|



38.

41.

Draft commentary to the structural engineers
association of California and Califonia building
officials joint recommended unreinforced mas-
onry building seismic safety provisions, Cal-
ifonia  Seismic Safety Sacra-
mento, Calif., 1990.

Comrnission,

39. Earthquake hazard mitigation of unreinforced

masonry buildings built prior to 1934, Struct.
Engrg. Assoc. of California, Sacramento, Cal-
if, 1981,

. Earthquake hazard mitigation of unreinforced

masonry buildings built prior to 1934-update,
Struct. Engrg. Assoc. of California, Sacra-
mento, Calif., 1983.

Earthquake hazard mitigation of unreinforced
pre-1933 masonry buildings, Struct. Engrg,
Assoc. of California, Sacramento, Calif., 1986.

. Seminar on the new state wide earthquake

hazard reduction code (1991 UCBC appendix
chapter 1), Struct. Engrg. Assoc. of Califor-
nia, Sacramento, Calif.

M 7H A% 1995.8.

43.

44.

46.

Zsutty, T., “Overview-ABK methodology,”
Seminar on the new state wide earthquake
hazard reduction code (1991 UCRBC appendix
chapter 1)}, Struct. Engrg. Assoc. of Califor-
nia, Los Angeles, Calif., 1991.

Priestley, M. J. N., “Seismic behaviour of
unreinforced masonry walls,” Bull. New Zeal-
and Soc. for Earthquake Engrg., 18(2), 1985,
pp. 191-205.

. A Handbook for Seismic Evaluation of Exist-

ing Buildings (Preliminary), Applied tech-
nology council report ATC-22, Appl. Technol.
Council, Redwood City, Calif., 1989.

Seismic Evaluation of Existing Buildings: Sup-
porting Documentation,” Applied technology
council report ATC-22-1, Appl. Technol. Coun-
cil, Redwood City, Calif., 1989.

. Evaluating the seismic resistance of existing

buildings, Applied Technology Council Report
ATC-14, Redwood City, CA., 1987,

83



