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1. Modal Participation Factor. The modal 2. FEffective Mass Coefficient oim. The effective

participation factor “';legf calculated for each mass coefficient will be calculated for each
mode using equation 8-20; mode using equation 8-21:
[N i
> (widin) /8 | N ’
PP, = |12 (8-20) Z[Wtﬁm” g
E{{wlﬁys Om = T4 =1 = ) (unit- less) (8-21)
- b= - i!.E (wilhim)/ g
where: [Ew i=1 m
PFm = Modal participation factor for

mode m

wifg = Mass assigned to level i

pim = Amplitude of mode m at level 1

N = Level N, the level which is
uppermost in the main portion of
the structure
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Lafayette School in Seattle after the 1949 earthquake. The gable fell because of lack of




This unanchored gable collapsed at the Castle Rock
High School in the 1949 earthquake. The building is
of un-reinforced masonry construction. A student
was killed by falling bricks. (Photo from A. E. Miller
Collection, University of Washington Archives)




Glass windows broke on three sides of this ten-story building in Tacoma during the 1965
Seattle-Tacoma earthquake. (Photo by B. J. Morrill, from Steinbrugge and Cloud, 1965)




Egypt, Gulf of Agaba (1995):
Nonstructural damage to the Helnan
Hotel lobby in Nuweiba.



A coIIapseﬂ_garapet waII and crushed canopy-in downtown Olympia, 1949
" Nearthquake. (Photo by Roger Easton, by permission Marie Cameron)-




An un-reinforced brick chimney in Kelso
damaged during the 1949 Olympia
earthquake. This chimney twisted on a

mortar joint. (Photo from Edwards,
1951)




Fallen light fixtures in the aisle of
an Olympia schoolroom; these
were shaken loose during the 1965
Seattle-Tacoma earthquake. (Photo
by Del Ogden, Daily Olympian)




-

Library shelves overturned as a result of the 1949 Olympia earthquake. (Photo by
permission of the Seattle Times Co.)




Kobe (1995) Steel buﬂdmgs in the Nagata Ward. While the frames appear to be in good shape,
the cladding was shaken off the building, posing a severe life-safety hazard









Location Description
San Fernando, California

Structure Name
Underwood & Sons

Photographer/Artist
unknown

Earthquake
San Fernando, California
earthquake, Feb. 9, 1971

Magnitude
6.5

Damage to equipment and
supplies at Underwood & Sons,
12418 Gladstone.
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Interlocking arrangement for seismic stability

Zig-zag layaul




Seismic bracing of non-structural partitions
and room dividers

O/ b 516" diameter lag boit
—-aftached to céiling structure

Anigle brace 1 1727 x 1 1427 x 1/8°
" al § on cenles

N

El.'lj":I maximLm

N

N _"“‘"-5:15* diameter ol

516" dlameter botlor
hraa (3} #12 sheet melal
- orwood screws

17 T Partal height partion




Bracing of cantilevered marquee or sign

- Top strd rather
than chain can
~ prevent "saismi;

Heavy marquee,

Tl

'Htﬁ’rpmuﬁng
essenlial ——

| Connections directly
tus#ml::!_ure-

.

Cantilever back-u
~ capabiity




Seismic snubbers and spring mount for
mechanical equipment

‘Sufficient gaps o allow -
- SOHNGS to Isoldte mofor -
/- vibration under normal use

- Meoprene "bumper” pads

\ P steel"Z” or other typical
snubbers on gach of the four

sides to prevent upward or .-
lateral eanthguake motion.

Ancherbolts &
Spring mount .




Anchor bolt and chassis system for
mechanical equipment
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Weld or bolt - R
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Afach eatirady by stugiure
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S . Efasur: t:-:cyc:le
- strap restraint

. . Spring and wire
- reslraint
S A l:snhE[gaEfn
and cabine
. ‘ //j" wall sacurely
S

F'Iace heaviast

NN\~ of e hazarovs
_ Db]Eﬂl'E low and in
. cabinet

enclosed

eQ:la“.tilab::hlng door
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174 * diameter
screw aye

Chain restraint
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Top penneclions (o
Lnils dogether todorm -
m: e stabile shape. |

Twnﬁ] ' " dizeneior Bolts ~ ]
ar #19 wooo sorews per Ul

2% {min] ok sud
or sirucluead wember. -

| o Lzicting drawers:
Uss eoniinucus erglewith - | - 11
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anchors ' flor o

Do ol usa ingle holts.




| ‘Bicycle” of "Bungea”™
> elastic cord




Combined widih

Connecilons no more
than 4" apart

Boll back- mhaﬂkih;wgh
“frame &t corners with- 14"
tichs and oversize. washars

1 kenglh or widk
i [ss Than wo-
thirds the heigh

fhe unid may overturn
in an earthquake




Altachment to wall option — " TqBHb a4
_r________,_.--"" . !'.. ] -éj

Stasl Eﬂﬂlﬂ? ~ Boft angle to wall
| 0 Vs two {2] angles and
— o a rimum of b (2) 174
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Trreaded washes or it ghisd
"™ fathe uncersda of the equipment.

over holes ang bolts ars ‘hreaded .
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\\ Glueg-on hreaded mounking
also possible .
Rubbetr "doorknot™ bumpers -

\

(L)



* Hook connected 1o wal slud. Clase hook with =
- phers alier hanging object,




- Bent wira supgorting srms
- ean be fashioned 1o
heid onto smail sculpiges

"Baran hag" containing sand or
shot Lo lower the conter o
graml'y'

L

¥ Monodilamen fishéng Tine guy fines
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For blects under 1000 b, -

For heavier equipment,
sewk an architect's of.
BNGiNEsr s aavice,

Mirmium 172" wide ¥ 3° am‘:_:iedmént :
expansion anchars at each comer.
Torque lest 1a 30 fool- paunds. -




Good focation for flashlight

Quick-release. strap o

[ ~—~——Cabinet bofted ta
i Sstruclure of wal

Latch on door {Must not be
/. lockable, or else glazing must
- be easily broken for access)




Potied plant or ather heavy, high object

Guard rail alemnative _
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Large paiches (4 x D 5g. in.) o
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Discontinuity in Capacity
E-

igure 5-13: Long section, Olive View Hospital.
MNote that the shear walls stop at the third ﬂmr

s B

Figure 5-14: Cross seclion, Olive View hospital, g
showing the secondfloor plaza and the

discontinuous shear wall. i

i i.h-_-‘m_#i

.——ﬂ—-q-' e I = R

2F plaza

Figure 5-15: Olive View hospital, San il
Fernando earthquake, 1971, showing
the extreme deformation of the columns
above the plaza level.




Vertical Stiffness Irregularity
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Criteria for strengthening by external plating

A No drastic Increase in structural
member dimensions

A Minimal works to existing load-
baaring structure

A Short contract times

a Economic method
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Quality testing, example of Sika CFRP strips

FRP BRI-TEN
£5Smm , A, = 2. &mmT
vy = 65 %

T=20°"C

Presir. Wire & Srmm

Sample after loading with failure load for = .67 GPE 7
1]

AFRF ARAPREE
2 &6/20mm, Ac= 52 mm<
"- = a4 .r‘

m GFRP Polystal
B TSmm, A_=44.2 mm?2

'J;'k'rul"" G]:’F!’hc in GPa
|
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kg kg
_F. =4000
cm 2 ’ .

£ =200

6.00 6.00
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m=—"-=1.0

5.60
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M~ =0.045x1050x5.60° =1480kg —m /m
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003 5l el Sl JIs gt
ly el ol sl @Bl 18l pe e 0 p SElS VO @ mpe e SPlS Y I b e
O, :1.25x600=750kg /m*

0, :1.50x750=1125kg /m*
O, =1875kg /m*

93 & JIJ Uﬂl Lf"IJ‘Ia ] 00D J]J “"""3-99" Lfl)'f 633’93 d&....:: )I oalanw! COP eIy 5‘393 )l._a Lfl)'f J]J c._....a'LQSI pis & d::-y l.:

g se pwl Suwd 5 (gelS Jho o9,




Jbgd}YFﬁqﬁJ&j'o}Mfgd;muM:dﬂ

M .. =350fon —m (sl Jao zlu jl edlaial L) s o waylg b
6.00
F, =1440kg /cm’ |—| €0 T‘
— 5 — 3
§ =3.50x10" /1440 = 243cm Tl I
IPE220:S =252cm* = = r =

R

6.00
5.60
!

:
|
I
I
!
|




(5 po e ygat) 1 Fwd g, 1 &

235 Jlosl (£3Ys8 Sy ey 05 )b plad 250 123

2.8x0.75=2.1 ton/m

e T et T
2.94 ton i—aeo——{ j 2.94 ton

= 5,60
2.8
M., :2.94x2.8—2.94><7:4.116ton—m
4.116x10°
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f, =400MPa, f. =20MPa

fyd =0.85x400 =340 MPa
7., =0.6x20=12MPa

M 6
) 450x10 5730 mm

A = =
©fald—112) 340(560-75)
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M 450%10°
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= 2453mm*

© fuld—al2) " 340(650—41/2)
USEA®30, 4. = 4x707 = 2828 > 2453 mm*

(1];4*0.2;\/Z)<p 2828 Cogg Jo 600

pmj_u — max T < pmax 0. ﬁ
400 % 560 ' f, 600+ f,

p.. =max(0.0035,0.0028) < p = 0.012 < p__ = 0.0153
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V. =230-121=109KN
A,V _109x10°

vV 5

s fd 340x560

572

13 gul oxlas] D10 Cgels 31 31

A =785x2=15Tmm"

5§ = ﬂ =274.5mm
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= 1 . |
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