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:Design Examples diaaat 44 -8

:HDRB walidl) e Jallas siva pyanai -1-8

As a design example consider a small building similar to the EOC building
of Los Angeles County and the Caltrans San Diego Center. We take the site
to be zone 4 with S¢ soil type and assume that the site 18 not less than 15
km (9.32 miles) from a known active fault. Using the 1997 UBC Appendix
Chapter 16 requirements [55], the parameters associated with the location are
Z=04,85=Sc, Np =1, and M,, = 1.25. The structural system can be taken
as a reinforced-concrete shear wall building, which allows a Ry, of 2.0. The
building has a regular plan with three rows of columns 10 m (33 ft) apart and
spaced at 10 m (33 ft) each, as shown in Fig. 8.1
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Fig. 8.1 Plan for design example.
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The bearing loads are as follows:

Four at 50 tons = 200 tons (441 kips)
Eight at 100 tons = 800 tons (1765 kips)
Three at 200 tons = 600 tons (1324 kips)

1600 tons (3530 Kkips)

The selection strategy for the bearings is to use one bearing size (to save the
cost of an extra mold) and use two different high-damping compounds, which
will be denoted A (soft) and B (hard):

Ga=0.4MPa (58 psi) and B4 — 0.08
Gy = 1.0 MPa (145 psi) and Bz =0.15

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar
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We will begin with the assumption of a target period of 2.5 sec and a target
maximum shear strain of 1.5. We will try to use 12 type A and 3 type B bear-
ings. It should be noted that it would be possible to use only a single bearing
design for this project since the building is small, but the design using two types
1s given to illustrate the procedure.

8.1.1 Bearing Stiffnesses

Type A. Twelve at 100 tons (221 kips): Type B. Three at 200 tons (442 kips):
A _ 2T : B 2 27 ’
K% =100 1000 kg x | — Ky = 200X 1000 kg x | ——
2.5 2.5

= 0.632 MN/m (3.61 kips/in.)
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8.1.2 First Estimate of Design Displacement Dj

g Cyplp

D=
p 4’?['2 BD

With vy = 1.5, take ¢, = 200 mm (7.9 in.). Thus

Assume composite damping of 10%; thus K% = Gad = 0.632 MN/m
ty
— 1. ; A-16C |
Bp =12 (from Table A-16C) . 0.632 MN/m
| gives A= x 0.2 m
Cyp = 0.56 (from Table 16-R) 0.4 MN/m?
9.81)(0.56)(2.5 . - 0. 2
p= OBDOS0ES) 09 1 (114 in) 0-316:m
(4m<)(1.2)
TABLE 16-R—SEISMIC COEFFICIENT C,
SEISMIC ZONE FACTOR, Z
SOIL PROFILE TYPE Z2=10.075 Z=0.15 Z2=0.2 Z2=10.3 Z2=04
Sa 0.06 0.12 0.16 0.24 0.32N,
Sg 0.08 0.15 0.20 0.30 0.40N,
Sc 0.13 0.25 0.32 0.45 0.56N,
So 0.18 0.32 0.40 0.54 0.64N,
S5 0.26 0.50 0.64 0.84 0.96N,
Sr See Footnote 1
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Therefore
Then

® = 0.634 m (25 in.)
p" = 3.54 MPa (513 psi)

Take p? = 7.08 MPa (1027 psi)
® - 600 mm (24 in.)  A=0.283m’

8.1.3 Actual Bearing Stiffness

0.4 % 0.283 o

K% = 5300 0.566 MN/m (3.23 kips/in.)
1.0 % 0.283

b= o0 = 1415 MN/m (8.08 kips/in.)

8.1.4 Composite Stiffness

Ky =12x0.566+3% 1.415 = 11.04 MN/m (63.1 kips/in.)
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Therefore

(Actual frequency)? = (11.04 x 10° N/m)

= 6.90 sec™?
wy = 2.62 rad/sec

T =2.39 sec

]

1600 x 103 kg

TABLE A-16-C—DAMPING COEFFICIENTS, Bp AND By,

EFFECTIVE DAMPING, Bp or By
(percentage of critical)1.2 Bp or By FACTOR

=2 0.8

5 1.0

10 1.2

20 1.5

30 1.7

40 1.9

= 50 2.0

0.7
Bp=12+—x03=122
10

8.1.5 Composite Damping
Recall that

8- Wp
ZTTKHDE

Therefore

8- Wp 2nKpD* By + ZWK;DEBE
27K pD? 27K pD?
K3Ba+K;Bs

- Ko
G- 12X 0.566x 0.08+3x1.1415x0.15

11.04
= 0.107
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Using this period and damping factor, the design displacement Dy becomes

9.81 (0.56)2.39

Dy = :
DT 4g2 1.22
= 0.272 m (10.7 1in.)

8.1.6 Allowance for Torsion y
The code formula is
ool 12e [ o

o — + — -

! Y b2 +d? H

d e

and e is 0.05 times the long direction, as shown in Fig. 8.2, so that
Dr=027211+ 20(1-2}2 ~ 0.272(1 + 0.24) ' =

r== 400+ 1600 | ' - , -

Fig. 8.2 Dimensions for torsion formula.

=0.338 m (13.3 in.)
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TABLE 4.2

Code Minimum Values When Dynamic Analysis Is Used

Parameter

Drp

Dt

Vi

V regular
V irregular
Drift

Static Response Spectra Time History
Drp 2 1.10Dp 0.90Drp 0.90D7p
Drar =2 110Dy 0.80D 0.80D7 s
Ve = kp maxDPp =(.90V, =0.90V
V= kD,mafoJXRI >0.80V, =>().60V
Vi=kp maxPp/R; 1.0V 2(0.8Vg
0.010/Ry 0.015/R; 0.020/R;

8.1.7 Elastic Base Shear from Code

Vs =

11.04 x 0.272
2
= 1.50 MN
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8.1.8 Bearing Detail

Select vertical frequency fy = 10 Hz; then 652 = f/f 7 means

L fy 110

T o 1239

10

To calculate the vertical frequency and the buckling load for the bearing, it is
necessary to have the small strain shear modulus for each rubber, for example,
at v = 20%. These compounds will have

Gy, =07MPa  Gi,=14MPa
and an assumed K = 2000 MPa for both. Thus

 6GSK
- 6GS?+K

"
o
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g4 0GS’K
¢ 6GAST+K

~6(0.7)(100)2000
T 420+ 2000

= 347 MN/m?

2 8.4 x 100 x 2000
© 2840

= 592 MN/m?

(12 % 347 + 3 x 592)(0.283)
0.200

= 8405 MN/m

Composite Ky =

wi = 5253 rad/sec

fv=11.5Hz
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Therefore, any § in the range 9-10 is adequate:

$ i 600
I = = = 15 mm

5= a0 4S ~ 40

nt =200 mm n=13.33 layers
Take n = 12; then ¢t = 16.7 mm, and

- 600
C4016.7)

fv=15(11.5)=10.4 Hz

This allows us to complete the design of the bearing, as shown in Fig. 8.3. The
end plates are 25 mm thick, and the shims are 2 mm each. The total height is

h=50+200+11x2 =272 mm
The shims will have a diameter ¢,

¢s = 590 mm

giving 5 min COVer
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A % 25 mm
16.7 mm

=
= _ 2 mm
o —
-

F 25 mm
v L

mm m f
k s t

Fig, 8.3 Detail design of isolator (metric).
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8.1.10 Caiculation of MCE Displacement Dy,

The code also requires recalculating the period and damping at the MCE level.
Both compounds show an increase in stiffness at around 200% shear strain. The
modulus of the softer compound is around 0.48 MPa, and the stiffer compound
js around 1.20 MPa. The damping in the softer compound is still around 8%,
but that for the harder compound has dropped to 12.5%. Using these values,
the MCE composite stiffness becomes

0.48 x 0.283
K = = 0.679 MN/m (3.88 kips/in.
T 0.200 0.679 /m ( ips/in.)
1.2 x 0.283
B = = . MN .58 k' /1 .
Ky 0.200 1.678 /m (9 ips/in.)

Ky = 13.24 MN/m (75.6 kips/in.)
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and the composite damping 1s

12 x 0.67 . 1. A2
g- 2 x 0.6 QXOUIS:;;X 698 X 0.125 _ 979,

giving a damping reduction factor B of 1.19. The period for this stiffness is T
= 2.18 sec. The resulting value of Dy 1s

981 (0.70)
472  1.19

Dy (2.18) = 0.318 m (12.5 in.)

and with the earlier allowance for torsion, the final result for Dy, is

- 0.322
™= 0272

X 0.318 = 0.377 m (14.8 in.)
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A final check is global overturning: We assume that the unreduced shear
force KD is applied to the center of mass of the building in the short direc-
tion, as shown in Fig. 8.6. Assume the center of mass is 5 m (16 ft) above the
isolation system,; then the overturning moment is 5Ky D. This is resisted by two
rows of five bearings 10 m (33 ft) from the center so that the addition loads £
(plus and minus) are

. 274
. 11.04x 0

|
x 5 MN/m |
5x20m i
. ‘ KyD
= 0.15 MN (33.7 kips)
|
This is well under the smallest downward load on the corner columns, indicating f 10 m
that the bearings will not be subjected to upward (tensile) forces. ’
|
|
‘ bm
o KiD
E 10 m ! 10 m E
5 bearings 5 bearings 5 bearings

Fig. 8.6 Overturning analysis.
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The design of a lead-plug bearing system that provides the same period and
global damping at the design displacement obtained for the high-damping rub-
ber system is a straightforward procedure. When designing for sites with mod-
erate seismicity, it is easy to develop a damping factor of around 15% of critical
viscous damping, and if we use this level as a target value, the design displace-
ment at a period of 2.5 sec becomes

The required stiffness to provide a period of 2.5 sec is
~ 9.81 (0.56)(2.5) I

N

472 1.35 Ky = 1600 x 1000 x ( T;i )
5

=0.258 m (10 in.)

Dp

= 10.1 MN/m (57.7 Kips/in.)
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The global energy dissipated per cycle is

Wp = 27K et D* X Befr
= 27(10.1)(0.285)%(0.15)
= 0.634 MN m (5613 kips in.)

The relationship of these quantities to the two lead-plug bearing parameters Q

and X, 1s
Keg =K, + %
and Wp =4Q(D — Dy)
where Dy = K, ?Kg
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and as an approximate rule of thumb, we take K| = 10K5.
If we neglect Dy, we have a first approximation for Q:

Wo
4D

0.634 MN m
4(0.258)

Q=

=0.614 MN (137 kips)

It follows that

K’E:Kﬁf'_ g
D
0.614
=10.1 - ———
0.258

= 7.72 MN/m (44.1 kips/in.)
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Correcting the first estimate of Q for D, gives

H_ 0.614
Y 9(7.72)

= 0.009 m (0.35 in.)
so a recalculation gives

0.634
- =" —0.637 MN (143 ki
¢ 40249) (143 K0p9)

The yield level of lead is around 10 MPa (1500 psi), so that the area of lead
plug needed is

Apb = 0.0637 m* (99 in.%)
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The total rubber stiffness K, needed is given by

Q
K,=Ky- =
H DD
63
10 2637
0.258

= 7.64 MN/m (43.6 kips/in.)

and if all bearings are the same, this means a stiffness of 0.5 MN/m (2.9
kips/in.) for each bearing.

Lead-plug bearings are usually made from a low-damping, high-strength rub-
ber with a modulus at 100% shear strain that might vary from 0.4 to 0.7 MPa
(60—-100 psi1). Selecting the total rubber thickness as 0.258 m (10 in.) and using
the lowest modulus value, the required area per bearing is 0.322 m?
which is close to a 600-mm- (24-in.-) diameter bearing. The final design would
be a bearing with 20 layers of 12 mm (0.5 in.) each, a diameter of 600 mm
(24 in.) in a compound with 0.4-MPa (60-psi) modulus.
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The stiffness of the plain elastomeric bearings 1s given by

~(0.4)(0.283)

K,
0.240

=0.472 MN/m

and the total Q for the system 1s 0.684 MN. Therefore, at a displacement of
0.258 m, the stiffness Kggr 18 given as

0.637
Keir = 15% 0472 + — = 9.
i X + 0558 9.55 MN/m
and Wp = 4(0.637)(0.258 — 0.009) = 0.634 MN m

giving 3 = 16%. With the total stiffness and DBE displacement of 0.258 m
(10 in.), the reduced base shear becomes

9.5 % 0.258
R

hr

V, - 1.23 MN
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When we compute the MCE displacements, the code requires recalculating
the period and damping at the larger displacements. This is, of course, an iter-
ative process, and we begin by assuming that the MCE displacement is around
M times the DBE displacement. The My, is given in UBC-97, Table A-16-D,
and for ZN, = 0.40 is 1.25. When computing the MCE displacement (at the
center of mass), Dy 1S given as

- (RMTZ)CV@TV@__

D,
v B

where Cy s is given in UBC-97, Table A-16-9, for S¢ soil type as 1.4 My ZN,,

that is, in this case 0.7.
To compute the period Ty, we return to the formula for the effective stiffness

of the lead-plug system, namely,
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TABLE A-16-D—MAXIMUM CAPABLE EARTHQUAKE RESPONSE COEFFICIENT, My,

DESIGN BASIS EARTHQUAKE
SHAKING INTENSITY, 2N,

MAXIMUM CAPABLE EARTHQUAKE

RESPONSE COEFFICIENT, My

0.075 2.67
0.15 2.0

0.20 1.75
0.30 1.50
0.40 1.25
= 0.50 1.20

TABLE A-16-G—SEISMIC COEFFICIENT, Cypy'

SOIL PROEILE MAXIMUM CAPABLE EARTHQUAKE SHAKING INTENSITY MyZN,

TYPE MyZN, = 0.075 MyZN, = 0.15 MyZN, = 0.20 MuZN, = 0.30 MuZN, = 0.40
Sa 0.06 0.12 0.16 0.24 0.8 M\;ZN,
SB 0.08 0.15 0.20 0.30 1.0MyZN,
Sc 0.13 0.25 0.32 0.45 1.4MyZN,
Sp 0.18 0.32 0.40 0.54 1.6 M\iZN,
SE 0.26 0.50 0.64 0.84 2.4MyZN,
Sk See Footnote 2
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chf = Kr : g %

where K, = 7.08 MN/m (40.4 kips/in.) and Q = 0.637 MN (154 kips). With

Dys assumed as 1.25 Dp = 0.323 m (12.7 in.), we have
Ketr = 9.2 MN/m (52.5 kips/in.)
The total energy dissipated per cycle, Wp, is 4Q(Dy — Dy), and

Q

r

D, = = 0.011

Wp =0.795 MN m (7558 kips in.)

Wp
27K effDi,,

and Beft = -13%
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This means that B = 1.29 and the new period Ty, is given by

27
Ty = = 2.62 sec
" V92/16
leading to
 (8/47)(0.7)(2.62)

Dy

= 0.353m (13.6 in.)
1.29

To correct the first guess, recalculate Kqg at 0.345 m (13.6 in.); this is

Keg = 7.08 + 2037 _8.88 MN/m (51.7 kips/in.)

0.353
giving
T =2.67 sec Beti = 12.5%

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar

_52-



These numbers are close enough to the first guess for the displacement to be
taken as 0.353 m. To estimate the additional displacement due to torsion in
the lead-plug case, it 1s probably enough to use the code default formula since
the displacements are relatively modest. Once done, we have from the earlier
calculation

Dr = D(1 +0.24)
leading to

Drp=0.320m (12.6 in.)
Dry = 0.438 m (16.9 in.)

These will be used to establish the prototype test program.
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Consider a small building with a plan dimension of 40 x 20 m (131 X 63.5
ft). The total weight of the structure is estimated at 1600 tons (3550 kips). The
lateral-load resisting system consists of reinforced-concrete shear walls, and
the building is regular in both the plan and the elevation. The actual distance
between the center of mass and the center of rigidity of each floor 1s 1.0 m

(39.4 in.).

The project site is located as seismic zone 4 with an Sy soil profile and it
is located about 1.5 km (0.93 miles) away from an active fault capable of pro-
ducing 7.9 magnitude events with an average seismic slip rate, SR, larger than
5 mm (0.2 in.). The fixed-base period of the building is 0.70 sec. The isola-
tion system should provide effective isolated periods of Tp = 2.4 and Ty =
2.7 sec, respectively, and a damping of 15% critical. A margin of £10% vari-
ation 1in stiffness from the mean stiffness values of the isolators is considered
acceptable.
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Use the step-by-step procedure detailed in Section (4.11.1) to determine the
minimum design displacements, minimum lateral forces, and maximum permit-
ted interstory drift ratios according to the UBC-97 requirements.

SOLUTION

Step 1. From Fig. 4.1 (UBC-97, Table 16-1), Z = 0.40.
Step 2. Site soil profile category is given as Sg.

Step 3. From Section 4.4.3 (UBC-97, Table 16-U) for M > 7.0 and SR > 5
mm (0.2 1n.), the seismic source type is A.

Step 4. Step 4: From Fig. 4.3 (UBC-97, Tables 16-S) for seismic source type
A and closest distance of less than 2 km (1.25 miles), N, = 1.5. Similarly,
from Fig. 4.4 (UBC-97, Table 16-T), N, = 2.0.

Step 5. ZN, = (0.4)(2.0) = 0.80. From Fig. 4.5 (UBC-97, Table A-16-D) for
ZN, 20.50, My = 1.20.
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TABLE 16-U—SEISMIC SOURCE TYPE!

SEISMIC SEISMIC SOURCE DEFINITIONZ
SOURCE TYPE SEISMIC SOURCE DESCRIPTION Maximum Moment Magnitude, M Slip Rate, SR (mml/year)
A Faults that are capable of producing large magnitude events and that M=17.0 SR=5
have a high rate of seismic activity
B All faults other than Types A and C M=7.0 SR<5
M< 170 SR > 2
M= 6.5 SR < 2
C Faults that are not capable of producing large magnitude earthquakes M<6.5 SR<?2
and that have a relatively low rate of seismic activity
TABLE 16-S—NEAR-SOURCE FACTOR N1
CLOSEST DISTANCE TO KNOWN SEISMIC SOURCEZ2:3
SEISMIC SOURCE TYPE = 2km 5km = 10 km
A 1.5 1.2 1.0
B 1.3 1.0 1.0
C 1.0 1.0 1.0
TABLE 16-T—NEAR-SOURCE FACTOR N,/
CLOSEST DISTANCE TO KNOWN SEISMIC SOURCEZ2:3
SEISMIC SOURCE TYPE = 2km 5 km 10 km = 15km
A 2.0 1.6 1.2 1.0
B 1.6 1.2 1.0 1.0
C 1.0 1.0 1.0 1.0
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TABLE A-16-D—MAXIMUM CAPABLE EARTHQUAKE RESPONSE COEFFICIENT, My

DESIGN BASIS EARTHQUAKE MAXIMUM CAPABLE EARTHQUAKE
SHAKING INTENSITY, ZN, RESPONSE COEFFICIENT, My

0.075 2.67
0.15 2.0

0.20 1.75
0.30 1.50
0.40 1.25
= 0.50 1.20

Step 6. For Z = 0.4 and soil type Si from Fig. 4.6 (UBC-97, Table 16-R), Cy
= Cyp = 0.96N, = 0.96(2.0) = 1.92. Similarly, from Fig. 4.7 (UBC-97, Table
16-Q), and 16-Q), C4 = Cyp = 0.36N, = 0.36(1.5) = 0.54,

Step 7. My ZN, = (1.20)(0.40)(2.0) = 0.96 > 0.40 and M, ZN, = (1.20)(0.40)(1.5)
= 0.72 > 0.40. From Fig. 4.8 (UBC-97, Table A-16-G), Cyy = 2.4MyZN,
= 2.4(0.96) = 2.30. Similarly, from Fig. 4.9 (UBC-97, Table A-16-F), Cyas
= 0.9MyZN, = 0.9(0.72) = 0.65.
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TABLE 16-R—SEISMIC COEFFICIENT C,

SEISMIC ZONE FACTOR, Z

SOIL PROFILE TYPE Z2=10.075 Z=0.15 Z2=0.2 Z2=10.3 Z2=04
Sa 0.06 0.12 0.16 0.24 0.32N,
Ss 0.08 0.15 0.20 0.30 0.40N;
Sc 0.13 0.25 0.32 0.45 0.56N;
Sb 0.18 0.32 0.40 0.54 0.64N;
SE 0.26 0.50 0.64 0.84 0.96N;,
Sr See Footnote 1

TABLE 16-Q—SEISMIC COEFFICIENT C,

SEISMIC ZONE FACTOR, Z

SOIL PROFILE TYPE Z=0.075 Z=0.15 Z=0.2 Z=0.3 Z=04
Sa 0.06 0.12 0.16 0.24 0.32N;
Sp 0.08 0.15 0.20 0.30 0.40N;
Sc 0.09 0.18 0.24 0.33 0.40N;
Sb 0.12 0.22 0.28 0.36 0.44N,
Se 0.19 0.30 0.34 0.36 0.36N;
Sr See Footnote 1
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TABLE A-16-G—SEISMIC COEFFICIENT, Cypy'

SOIL PROEILE MAXIMUM CAPABLE EARTHQUAKE SHAKING INTENSITY MyZN,
TYPE MyZN, = 0.075 My2ZN, = 0.15 My2ZN, = 0.20 MyZN, = 0.30 MuZN, = 0.40
SaA 0.06 0.12 0.16 0.24 0.8 M\;ZN,
Sp 0.08 0.15 0.20 0.30 1.0MyZN,
Sc 0.13 0.25 0.32 0.45 1.4 My ZN,
Sp 0.18 0.32 0.40 0.54 1.6 M\ ZN,
SE 0.26 0.50 0.64 0.84 2.4MyiZN,
Sk See Footnote 2
TABLE A-16-F—SEISMIC COEFFICIENT, Cay’
SOIL PROEILE MAXIMUM CAPABLE EARTHQUAKE SHAKING INTENSITY MyZN,
TYPE MyZN, = 0.075 MyZN; = 0.15 MyZN, = 0.2 MyZN, = 0.3 MyZN, = 0.4
SA 0.06 0.12 0.16 0.24 0.8 MyZN,
SB 0.08 0.15 0.20 0.30 1.0 MysZN,
Sc 0.09 0.18 0.24 0.33 1.0MysZN,
Sp 0.12 0.22 0.28 0.36 1.1 MyiZN,
SE 0.19 0.30 0.34 0.36 0.9MyZN,
Sk See Footnote 2
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Step 8. For reinforced-concrete shear wall system from Table 4.1 (UBC-97,
Table A-16-E), R, = 2.0.

Step 9. For preliminary design purposes, 15% damping is assumed. Therefore,
from Fig. 4.10 (UBC-97, Table A-16-C), Bp = By = 1.35.

Step 10. T and T, arc given as 2.4 and 2.7 sec, respectively.

Step 11. From Egs. (4.7) and (4.8)

/
Tr=2m
b V K D, min&
/
/ 1600(1000) _ ..
2.40 =27 4 | — Kp min = L1117 tons/m (63 kips/in.
’\I KIJ,min(g-Sl) 1), min f ( p/ )
I
1600(1000
270 =27,/ 999 Kar min = 882 tons/m (50 kips/in.)

/ =
’w KM, min(g-gl)
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TABLE A-16-E—STRUCTURAL SYSTEMS ABOVE THE ISOLATION INTERFACE!

HEIGHT LIMIT FOR
SEISMIC ZONES 3 AND 4
BASIC STRUCTURAL SYSTEM2 LATERAL-FORCE-RESISTING SYSTEM DESCRIPTION R x 304.8 for mm
1. Bearing wall system 1. Light-framed walls with shear panels
a. Wood structural panel walls for structures three stories or less 2.0 65
b. All other light-framed walls 2.0 65
2. Shear walls
a. Concrete 2.0 160
b. Masonry 2.0 160
3. Light steel-framed bearing walls with tension-only bracing 1.6 65
4. Braced frames where bracing carries gravity load
a. Steel 1.6 160
b. Concrete3 1.6 —
c. Heavy timber 1.6 65
2. Building frame system 1. Steel eccentrically braced frame (EBF) 2.0 240
2. Light-framed walls with shear panels
a. Wood structural panel walls for structures three stories or less 2.0 65
b. All other light-framed walls 2.0 65
3. Shear walls
a. Concrete 2.0 240
b. Masonry 2.0 160
4. Ordinary braced frames
a. Steel 1.6 160
b. Concrete? 1.6 —
c. Heavy timber 1.6 65
5. Special concentrically braced frames
a. Steel 2.0 240

(Continued)

Seismic Rehabilitation of Reinforced Concrete and Steel Structures - Dr. Eng. Dalia Najjar -61-



Since we assumed a +10% variation about the mean stiffness values,

(1117)
0.90

K max = (1.10) ((?L‘f[)) = 1078 tons/m (61 kips/in.)

KD max = (1.10) = 1365 tons/m (77 kips/in.)

Step 12. From Egs. (4.2) and (4.3)

(g/471)CypTp  (9.81/477)(1.92)(2.4)

Dn = -
b Bp 1.35

=0.85 m (33.5 in.)

) - / 2 K 7
_ (@/4HCvmTy _ (981/475H23002.7) 4m (45.0 in.)

D
M By 1.35
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Now, let us calculate total displacements including torsion. The additional acci-
dental eccentricity required by the code is 5% of the plan dimension perpen-
dicular to loading. Therefore,

e = (0.05)(40.0)+1.0=3.0m (118 1n.)
In Egs. (4.9) and (4.10), the value of the multiplier in both formulas is

12¢ 12(3.0)

* = 1+(1.
'Y s +(1.0) 407 + 202

= 1.018

Hence

Drp = 1.018(0.85)=0.87 m (34 in.) Dry = 1.018(1.14) = 1.16 m (46 in.)
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c.m K, oD
il
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Now let us examine the minimum design displacements permitted for
dynamic analysis [Egs. (4.14) and (4.15)}:

D = Do - 08 ~0.82m (32.1 in.)
N1T+(T/Tp)? A 1+(0.70/2.40)2
, D, .14 |
D, i = 1.10 m (43.5 in.)

NV T/TE A1+ (0.70/2.70)2

Step 13. The minimum base shear strength at or below the isolation interface
from Eq. (4.11) is

Vb = K,r'lmafo} = 1365(085) — 1160 tons (2580 l(ipS) = 73% of total Wﬂigh[

and for design of the system and elements above the isolation interface from
Eq. (4.12),

Kp maxD 1365(0.85 . : .
- ”’R D _ 2(0 ) 580 tons (1290 kips) = 36% of total weight
f -

Vs
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:Conclusion 4ailall -9

LGN Jabyall (389 dabalaall diliaad) aasiuls TaclE Jg jaal) Lanall ety Jalas 2

SISO 33y palladll Gl o o GEallly A gaailad sl Aiblad) sledl ey laal
Zhlall iloell LSS (ailiadl) af Ja) & dayall 028 iy daiially dxboadll GIGE)N 8 (e dolial
ealiall 87 e 2o WU galindl o Jolall siaall gl Ciupes DA (e ity Lpalial) Clinapll (o

o3l galindl g S

sl aas & Baaly dleaS daxd Ally deadiuil) lalaal sileal) 28 Loy @l JS il alad avaan
Jiall allail LK) ailadl)l ad Jaa) dlsjall 38 & 25 Cus QGacls Jojaddl Lanadl ) 208030 233050
Aeadiudl) Glaapll ea Load Patterns Jaesd z3leiS ellyg J<S

2235l Jial aUad dmnidng ¢ pugpaal) Liall sl «(adsall) dibaiall dasls (389 dsnlial) Qa3 dasyla loal

IS ad alagls dlaiall Sl 2l 2 )liag 5elf 2 Gay Annlial) JulaSl) 43 Ak olasiuly (S Jsped Lot e
sl e Anadac) N cgaclall Jadl) (g8 camlall cule Ll amlal culaly) sl eV EY) o

g giauun el J3all
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