CHAPTER-V DESIGN OF BASE ISOLATION BEARING

5.1 Preamble

In this chapter the Base Isolation Bearing: LRB & TFPB are design according to
axial load, biaxial load and Tri-axial load (Cumulative load from fixed base

modal).

5.2 Design of LRB for G+12 Storey RC Structure.

For the analysis & design of LRB, the cumulative load at the base is obtained
from the fixed based design modal in ETABS-2016. This load is categorized into

three groups viz. Axial load, Biaxial load and Uniaxial load.

5.2.1 LRB for Biaxial Load - 1638 KN

Top cover plate

) ‘\7/\
et |
=)

Bottom cover
plate

Figure-33. LRB Schematic

Biaxial Load (W) = 1638 kN.
Time Period (Tp) = 2.5 sec.
Design Shear Strain (ymax) = 50%

= 0.5 kN/m?.
Effective Damping (&efr) =5%

=0.05 For U1,U2,U3.
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Table-1. Damping Coefficient, Bo or Bm

EFFECTIVE DAMPING, 3, OR 8, Bp, OR B,
(PERCENTAGE OF CRITICAL) FACTOR
<2% 0.8
5% 1.0
10% 1.2
20% | )
30% 1.7
40% 1.9
> 50% 2.0
Table-2. Seismic Coefficient Cv
SEISMIC ZONE FACTOR, 2
$0IL PROFILE TYPE 220015 22015 2202 2=03 2=04
$ 0.06 012 016 0.4 032N
35 0.8 015 020 030 040N,
i 0.13 02 03 043 036N,
D 0.18 032 040 0.4 0,640
5 0.6 030 0.64 0.4 0.96N;
§F See Footmote |

Damping Coefficient (Bp)

Seismic Coefficient (Sp)

=1.0 (UBC-97, Vol-2, Pg. No. 414)

= 0.54 (UBC-97, Vol-2, Pg. No. 35)

Table-3. Vulcanized Natural Rubber Compounds

Hardness | Young's Shear Material | Elongation

IRHD+2 Modulus | Modulus | Constant at »
E G k Break |
(MPa) (MPa) Min, %

37 1.35 0.40 0.87 650

40 1.50 0.45 0.85 600 |

45 1.80 0.54 0.80 600

50 2.20 0.64 0.73 500

55 325 0.81 0.64 500

60 4.45 1.06 0.57 400
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Choosing 60 for analysis in critical circumstances

E = 4.45

= 4450 kN/m?
G = 1.06

= 1060 KN/m?
K = 0.57
& = 4

= 400%
foy = 8500 kN/m?
Ca = 7840 KN/m?

Typically 7 to 8.5 Mpa, Consult the manufacturer

Fs = 164640 KN/m?
f, = 274400 KN/m?
(A) LRB - Analysis

i. The effective horizontal stiffness Kef+

K _ W(ZT[)Z
effH g \Tp

Keffn = 1054.69 kN/m Direction U2 & U3

ii. Design displacement (Dp)

g ) % SpTh
41'[2 BD

= 0.33546 m.

Dp = (

iii.  Yield strength Qu

WD T
Qd=4><DD =ZXKeffHXEeffHXDD
= 27.788 kN
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(B)

Yield Stiffness
Ku = 10 Kq
Where, Kg = Post yield stiffness
Ku = Pre yield stiffness
Note- Based on the findings of the trials, the initial elastic stiffness was
calculated to be between 9 and 16 Kd.

_ Q4
Kd = Kefry — Do

= 971.854 KN/m.
Ku =10 Ky

= 9718.54 KN/m.

Post yield stiffness ratio.

Kq4 971854
Ky ~ 9718.54
=0.1 Direction U2 & U3

LRB - Development

Area of lead core (Ap)

Ap -
fpy
=0.00327 m?.
Dia of lead core (dp)
md?
S
4Ap
dp =
= 0.06452 m.

Thickness of rubber layer (t;)
Dp

tr =

Ymax

0.67092 m.

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 59



CHAPTER-V DESIGN OF BASE ISOLATION BEARING

iv.  The Shape factor (S)

E(1+2KkS?

EQ+2kS%) > 400,
G

S =9.09409

For S< 10, Take S=10

v.  Compressive modulus of rubber & steel (Ec)
Ec = E(1+2kS?)
= 511750 KN/m?.

vi.  Effective area of bearing (Ao)

Ao =W / O3
=(0.20893 m?.
vii.  Shear strain's effective area (A1)
6SW < s_b
EcxA; 3
= 0.14404 m2.
viii.  Elastic Stiffness K
A
Ky =K, X 1+12xAp
Ao

= 818.219 kN/m.

ix.  Effective area of individual rubber layer (Asf)

2
_md
Asf -7

=0.51789 m?.
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X.  Diameter of rubber (d)

. _ [
TC

=0.81203 m.

xi.  Effective vertical stiffness (kv)

Ky _ EcXAgt
tr
Kv = 395022 kN/m. Direction Uz

xii.  Reduction factor - Damping (B)
B =2 X cos™! (%)
=2.29.
xiii.  Reduced area (Az)
A, _ d?x(B-sinB)
4
=0.25348 m?,

xiv. LRB - Details

A =0.25348 m?, (Max Area of Ao, Al, & A))
d =0.56811 m
No. of rubber layer (N) =ti/t (where t = 0.0203)

= 33.0491

Say (N) =34.00

xv.  Steel Plate thickness (1s)

2 X W X2t
{5 =
A XFs
{5 =0.00319 > 0.002 m.
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xvi.  Total height of bearing (hp)

hy = N x (ts + 2*0.0025) + tr
hp =0.94929 m.
(C) Input Values in ETABS:
41 Link/Support Directional Properties “
Identification

Property Name B
Direction U1
Type Rubber Isolator
NonLinear No

Linear Properties

Effective Stiffness 355022 |kN/m
Effective Damping 0.05 kN-=s/m

v oK Cancel

Figure-34. LRB Input Values in ETABS for Biaxial Load 1638 KN
Direction Ux
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33 Link/Support Directional Properties ﬂ
Identification
Property Nzame B
Direction uz2
Type Rubber Isolator
NonLinear Yes

Linear Properties
Effective Stiffness 1(7)54769 kN/m

Effective Damping 0.05 kN-=s/m

Shear Deformztion Location
Distance from End-J 0 m

Nonlinear Properties

Stiffness 5718.54 kN/m
Yield Strength 27.75 kN
Post Yield Stiffness Ratio 0.1

i_w _6k__ Cancel

Figure-35. LRB Input Values in ETABS for Biaxial Load 1638 KN
Direction Uz & U3
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5.2.2 LRB for Uniaxial Load - 2487 KN

Top cover plate

Bottom cover

plate
Figure-36. LRB Schematic
Uniaxial Load (W) = 2487 kN.
Time Period (Tp) = 2.5 sec.
Design Shear Strain (Ymax) =50%
= 0.5 KN/m2.
Effective Damping (Eetf) = 5%

=0.05 For U1,U2,U3.

Table-4. Damping Coefficient, Bo or Bm

EFFECTIVE DAMPING, 5, OR 4, 8, OR B,
(PERCENTAGE OF CRITICAL) FACTOR
< 2% 0.8
5% 1.0
10% 1.2
20% 1.5
30% 1.7
_____ 40% 19 )
> 50% 2.0
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Table-5. Seismic Coefficient Cv

SEISMIC ZONE FACTOR, 2
$0IL PROFILE TYPE 2=0075 2=045 2=02 2=03 2=04
54 0.06 012 016 0.4 032N
5 0.8 015 020 030 040N,
& 0.13 02 03 043 036N,
D 0.18 032 040 0.4 0,640
5 0.6 030 0,64 0.4 096N,
S See Footnote |
Damping Coefficient (Bp) =1.0 (UBC-97, Vol-2, Pg. No. 414)
Seismic Coefficient (Sp) = 0.54 (UBC-97, Vol-2, Pg. No. 35)

Table-6. Vulcanized Natural Rubber Compounds

Hardness | Young's Shear Material | Elongation
IRHD+2 Modulus | Modulus | Constant at »
E G k Break |
(MPa) (MPa) Min, %

37 1.35 0.40 0.87 650

40 1.50 0.45 0.85 600

45 1.80 0.54 0.80 600

50 2.20 0.64 0.73 500

55 3.25 0.8] 0.64 500

60 4.45 1.06 0.57 400

Choosing 60 for analysis in critical circumstances

E = 445
= 4450 kN/m?
G = 1.06
= 1060 kN/m?
K = 057
& = 4
= 400%
fy = 8500 kN/m?
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o = 7840 kKN/m?

Typically 7 to 8.5 Mpa, Consult the manufacturer

Fs = 164640 kN/m?
fy = 274400 KN/m?
(A) LRB - Analysis

i.  The effective horizontal stiffness Keftn

W [2m)2
K = —(—)
effH g \Tp
Keffn = 1601.35 kN/m Direction U2 & U3

ii. Design displacement (Dp)

_( 8 SpTp
Do = (41'[2) * 7B,
= 0.33546 m.

iii.  Yield Strength Qu

WD Tt
Qq4 ZW = ZXKeffH X &eery X Dp
— 42.191 kN

iv.  Yield stiffness
Ku = 10 Kg
Where, Ky

Ku

Post yield stiffness,

Pre yield stiffness

Note- Based on the findings of the trials, the initial elastic stiffness was

calculated to be between 9 and 16 Kd.

Kqg =Kefrn — 7—
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= 1475.58 kN/m.

Ku =10 Kq

= 14755.8 KN/m.

v.  Post yield stiffness ratio.

Kq _ 1475.58
Ky 147558
=0.1
(B) LRB - Development

i.  Areaof Lead Core (Ap)
_ Qi

- fpy
=0.00496 m?

Ap

ii.  Diaoflead core (dp)

nd?
A T
_ |4Ap
dp "\
=0.0795 m.

iii.  Thickness of rubber layer (t;)

Dp

tr =

Ymax

=0.67092 m.

iv.  The Shape factor (S)

E(1+2kS?)

> 400,
G

S =9.09409

Direction Uz & U3
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For S< 10, Take S=10

v.  Compressive modulus of rubber & steel (Ec)
Ec = E(1+2kS?)
= 511750 kN/m?

vi.  Effective area of bearing(Ao)

Ao =W / O3
=0.31722 m?,
vii.  Shear strain’s effective area (A1)
6SW < €p
EcXA; 3
=0.21869 m?
viii.  Elastic Stiffness K,
Ky — K, x H1zxAp
Ao

=1242.31 kN/m.

ix.  Effective area of individual rubber layer (Asf)

1td?
A =

=0.78632 m?.

X.  Diameter of rubber (d)

q _ 4Aqf
TC

=1.00059 m.
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Xi.

Xii.

Xiii.

Xiv.

XV.

XVi.

Effective vertical stiffness (kv)

KV — EC XASf
tr
Kv = 599768 KN/m.

Reduction factor - Damping (B)

B =2 X cos™?! (%)

=2.457

Reduced area (A2)
_ d?x(B-sinB)

Az "
= 0.4567 m?

LRB - Details

A = 0.4567 m?

d =0.76255 m

No. of rubber layer (N) =t/t
= 26.8212

Say (N) =27.00

Steel Plate thickness (1s)

Direction Uz

(Max Area of Ao, Al, & Av)

(where t = 0.02501)

2 X W x2t
ts =—
A XFs
ts =0.00331 > 0.002 m.
Total height of bearing (hp)
hp =N x (ts + 2*0.0025) + tr

h = 0.89528 m.
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(C) Input Values in ETABS:
33 Link/Support Directional Properties ﬂ
|dentification
Property Name U
Direction U1
Type Rubber Isolator
NonLinear No

Linear Properties

Effective Stiffness 599768 | kN/m
Effective Damping 0.05 kN-s/m

| 0K Cancel

Figure-37. LRB Input Values in ETABS for Uniaxial Load 2487 KN
Direction U
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(43 Link/Support Directional Properties ﬂ
Identification
Property Name U
Direction u2
Type Rubber Isolator
NonLinear Yes

Linear Properties

Effective Stiffness ‘160135 \ kN/m

Effective Damping 0.05 kN-s/m

Shear Deformation Location
Distance from End-J 0 m

Nonlinear Properties

Stiffness 14755.8 kN/m
Yield Strength 4219 kN
Post Yield Stiffness Ratio 0.1

OK Cancel

Figure-38. LRB Input Values in ETABS for Uniaxial Load 2487 KN
Direction U2 & Us
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5.2.3 LRB for Axial Load - 3920 KN

Top cover plate

Bottom cover

plate
Figure-39. LRB Schematic
Axial Load (W) = 3920 kN.
Time Period (Tp) = 2.5 sec.
Design Shear Strain (ymax) = 50%
= 0.5 kN/m2.
Effective Damping (Eetf) =5%

=0.05 For U1,U2,U3.

Table-7. Damping Coefficient, Bo or Bm

EFFECTIVE DAMPING, 5, OR 4, 8, OR B,
(PERCENTAGE OF CRITICAL) FACTOR
< 2% 0.8
5% 1.0
10% 1.2
20% | )
30% 1.7
40% 1.9 ]
> 50% 2.0
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Table-8. Seismic Coefficient Cv

SEISMIC ZONE FACTOR, 2
$0IL PROFILE TYPE 2=0075 2=045 2=02 2=03 2=04
54 0.06 012 016 0.4 032N
5 0.8 015 020 030 040N,
& 0.13 02 03 043 036N,
D 0.18 032 040 0.4 0,640
5 0.6 030 0,64 0.4 096N,
S See Footnote |
Damping Coefficient (Bp) =1.0 (UBC-97, Vol-2, Pg. No. 414)
Seismic Coefficient (Sp) = 0.54 (UBC-97, Vol-2, Pg. No. 35)

Table-9. Vulcanized Natural Rubber Compounds

Hardness | Young's Shear Material | Elongation
IRHD+2 Modulus | Modulus | Constant at »
E G k Break |
(MPa) (MPa) Min, %

37 1.35 0.40 0.87 650

40 1.50 0.45 0.85 600

45 1.80 0.54 0.80 600

50 2.20 0.64 0.73 500

55 3.25 0.8] 0.64 500

60 4.45 1.06 0.57 400

Choosing 60 for analysis in critical circumstances

E = 445
= 4450 kN/m?
G = 1.06
= 1060 kN/m?
K = 057
& = 4
= 400%
fy = 8500 kN/m?
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s = 7840 KN/m?

Typically 7 to 8.5 Mpa, Consult the manufacturer
Fs
fy

164640 KN/m?

274400 KN/m?

(A) LRB - Analysis

i.  The effective horizontal stiffness Kefn

W [2m)2
effH g \Tp
Keffn = 2524.04 kN/m Direction U2 & U3

ii. Design displacement (Dp)

Dp = (4§2) % SEID

= 0.33546 m.

iii.  Yield Strength Qg

WD TT
Qd:4xDD = ZXKeffHXEeffHXDD
= 66.5012 kN

iv.  Yield Stiffness
Ku = 10 Kg
Wherer, Kq
Ku
Note- Based on the findings of the trials, the initial elastic stiffness was
calculated to be between 9 and 16 Kd.

Post yield stiffness

Pre yield stiffness

Kq =Ketn — =—

=2325.81 kN/m.
Ku =10 Ky
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= 23258.1 KN/m.

v. Post yield stiffness ratio.

Kq4 _ 232581
Ky ~ 23258.1
=0.1

(B) LRB - Development

i.  Areaof Lead Core (Ap)
Ap -
fpy
=0.00782 m>.

ii.  Diaof lead core (dp)

A _ md
P T4
_ 4By
db ==
=0.09981 m.

iii.  Thickness of rubber layer (t;)

Dp

tr =

Ymax

=0.67092 m.

iv.  The Shape factor (S)

2
E(1+(2;kS) > 400,

S =9.09409

For S< 10, Take S=10

Direction U2 & U3
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v.  Compressive modulus of rubber & steel (Ec)
Ec = E (1+2kS?)
= 511750 KN/m?.

vi.  Effective area of bearing(Ao)

Ao =W / O3
=0.5m>?
vii.  Shear strain’s effective area (A1)
6SW < €p
E.XA; 3
=0.3447 m2.
viii.  Elastic Stiffness K;
2XA
Kg =K, X 1t+12xAp
Ao

=1958.13 kN/m.

ix.  Effective area of individual rubber layer (Asf)

1td?
A =0

=1.23939 m?,

X.  Diameter of rubber (d)

q _ 4Aqf
T

=1.2562 m.

xi.  Effective vertical stiffness (kv)

KV _ EcXAgf
tr
Kv = 945352 kN/m. Direction U1
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xii.  Reduction factor - Damping (B)
B =2 X cos~! (%)
=26

xiii.  Reduced area (Az)

_ d?x(B-sin )
B 4
=0.82236 m.

A

xiv. LRB - Details

A = 0.82236 m? (Max Area of Ao, Al, & Az)

d =1.02326 m

No. of rubber layer (N) =t/t (where t = 0.03141)
=21.3636

Say (N) =22.00

Xv.  Steel Plate thickness (s)

2 X W X2t
ts =
A XFs
ts = 0.00364 > 0.002 m.

xvi.  Total height of bearing (hp)
ho = N X (ts + 2*0.0025) + tr
hy =0.86094 m.
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(© Input Values in ETABS:
| 43 Link/Support Directional Properties n
Identification
Property Name A
Direction U1
Type Rubber Isolator
NonLinear No

Linear Properties
Effective Stiffness 5545352 kN/m

Effective Damping 0.05 kN-s/m

OK ‘ Cancel

Figure-40. LRB Input Values in ETABS for Axial Load 3920 KN
Direction U1
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(41 Link/Support Directional Properties n
Identification
Property Name A
Direction U2
Type Rubber Isolator
NonLinear Yes

Linear Properties

Effective Stiffness 12524.04 \ kN/m

Effective Damping 0.05 kN-s/m

Shear Deformation Location
Distance from End-J 0 m

Nonlinear Properties

Stiffness 232581 kN/m
Yield Strength 665 kN
Post Yield Stiffness Ratio 0.1

‘ 0K Cancel

Figure-41. LRB Input Values in ETABS for Axial Load 3920 KN
Direction Uz & Us
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5.3 Design of TFPB for G+12 Storey RC Structure.

For the analysis & design of TFPB, the cumulative load at the base is obtained
from the fixed based design modal in ETABS-2016. This load is categorized into
three groups viz. Axial load, Biaxial load and Uniaxial load.

5.3.1 TFPB for Biaxial Load - 1638 KN

R.. M Ry 1,

m%;

R, 1, R,. My Slide plates

Figure-42. TFPB Schematic

(A) Geometrical, Frictional and Do Computation

a. Geometrical features

R4 = R = 1778 x 2
= 3556 mm.
= 3.556 m.
Rz = Rs = 647 mm
= 0.647 m
h1 = ha = 161 mm
= 0.161 m
h2 = hs = 121 mm
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= 0.121 m
d1 = 566.02 mm
d2 = 81.05 mm
Riefts = R zefis = Ri— h
= 3556 — 161
= 3395 mm.
Roefta = Raeffa = Rz — h2
= 647 — 121
= 526 mm.
d1 X Ryeff
* —_ * —_ —_——
ds = d: = R,
= 540.39 mm
= 540.40 mm.
dy X Raefr
* - * — —2 7~ ‘el
d> = ds = R,
= 65.89 mm
= 65.90 mm.
b. Frictional characteristics Computation
Atl1 &4
p = W/ A
Here W Load = 163.8 tonne or 1638 KN.
A = r?
r = ha + M
= 161 + 161
r = 322 mm
P = 0.000503 ton/mm?,
P = 0.000503 x 1450
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P = 0.73 ksi, 1ksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle U = 0.122 - 0.01P,
u = 0.1147
Adjust for high velocity = M - 0.0333
= 0.1147 -0.0333
= 0.081 (Lower bound)
1 — Friction Cycle M = 1.2 x0.081
= 0.0977
Ha = M1 = 0.081(Lower bound)
Ma = M1 = 0.098 (Upper bound)
At2and 3
P = W/A
Here W Load = 163.8 tonne or 1638 kN,
A = mr?
R = ha + hs
= 121 + 121,
= 242 mm
P = 0.000890 ton/mm?,
P = 0.000890 x 1450
P = 1.29 ksi. lksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle U = 0.122 - 0.01P
= 0.1091
Adjust for high velocity = M - 0.036
= 0.1091 - 0.036
= 0.073 (Lower bound)
1 - Friction Cycle U = 1.2 x0.073
= 0.0877
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M3 0.073 (Lower bound)
M3 0.088 (Upper bound)

force at zero deformation

Mi- (M1 - H2) X Ez_e: (Lower bound)

0.080

Mo- (M1 - H2) X Rgert (Upper bound)
Rieff

0.096

C. Db Computation (Upper bound)

Sd

u

M1
Dy
Dy
Fd
w

T.B.

2Fq

2Fq
2w
2w

0.5074

0.096

0.098

(M2~ M2) * Raeft
0.005250

0.2772

163.8 Ton.

12 Nos. (where T.B. = Total Bearing)
W x T.B. X Fd
163.8 x 12 x 0.2772
544.95

W x T.B.

1965.6 Ton.

Design displacement Dp = 0.07202 m.
Effective stiffness, Qd = H* Zw
= 0.096 * 1965.6
Qi = 188.98 Ton
kp = >Fp/ Dp
= 544.95/0.07202
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Kp = 7566.63 Ton/m.
Kett = kp + Qo / Dp
= 7566.63 +188.98 /0.07202
Kett = 10190.63 Ton/m.
iii.  Effective period, Tesf
Tt = [N(EW)/(Kerr X g))]27
Terf = 0.88103 sec.
iv.  Effective damping, Befr
_ E _ 4pyw(Dp-Dy)
po = 2MKopeXDp2  21KerrXDp2
eff D TReff D
Bt = Bo = 0.1520
v.  Damping reduction coefficient, 8

Vi.

B
B

Dp'

Dp*

0.3
53%)

1.3959

Teff” X Sp|
4an®x B

0.0701 m

X8

(B) ETABS links directional property computation (upper bound)

a. Principal Features

Determine bearing

The isolator had been envisioned as a cylinder with a height of 0.32 metres

and a diameter of 0.305 metres

H
)

0.5m
0.484 m

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 84



CHAPTER-V

DESIGN OF BASE ISOLATION BEARING

Now, Area
A% puw
K = —
off Rieff Dp
Keff = 266.91 Ton/m
Kefth3
I = —
12E
E = 1x10” N/mm?.

Determine bearing mass
= 0.0702 m.

1.15 X Dm-max

= 1.15x 0.0702

= 0.0807 m.

= 2 Dtm

= 2 x 0.0807

= 0.16146 m.

= 0.241 D? - 0.00564 D

= 0.0053721 Tonne
= w/g

= 0.005372/9.81

X Q2

4

7 X 0.4842
4

0.1840 m?

266.91x 0.53
12E

= 2.78035E-07 m*,

= 0.000548 Tonne sec?/m.
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b. Direction (U1)

H = 0.5m

] = 0.484 m

Kesg = AE/L

Kerf = 3679684.643 Ton/m.
from Dp

Kett = 3679684.643 Ton/m.
Befr = 0.1520

c. Direction (U2 - Us)

I. Determination of liner properties.

Ketf = 266.914 ton/m
= 2669.14 KN/m
Befr = 0.1520

h1 = h4 = 0.161m.
ho = hs = 0.121m.

Height for outer surface,

Height for inner surface,

ii. Determination of Non - liner properties.

Roett = 0.526 m.
Dy = (1, = 1) Raerr
= (0.09769 — 0.08771) x 0.526
Dy = 0.00525 m.
Stiffness (Outer Top) - u]; ;N

0.09769 x163.8
0.00525

3047.855 ton/m.

30478.55 KN/m.

Ho W
D

Stiffness (Inner Top) =
y
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Friction Coefficient, Slow

Friction Coefficient, Fast

Rate Parameter

Radius of sliding surface

Rleff

Outer Top

Inner Top Roeff
Stop distance

Outer Top ui*

Inner Top ux*

M1
M2
2 X M1

2 X M2

0.08771 xX163.8
0.00526

2736.448 ton/m.
27364.48 KN/m.
0.098 (Outer Top)
0.088 (Inner Top)
0.195 (Outer Top)
0.175 (Inner Top)

Friction Coeff. Slow

Friction Coeff.Fast
0.098/0.195
0.5

0.0005 sec/mm

3.395 m.

0.526 m.

2Dy +2di*
1.09130 m.
1091.30 mm
2 Dy

0.0105 m.

10.5 mm.
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(© Input Values in ETABS:
(33 Link/Support Directional Properties ﬂ

Identification
Property Name B
Direction Ul
Type Triple Pendulum Isolator
NonLinear Yes

Linear Properties
Effective Stiffness 3679684643  |kN/m
Efective Damping 1.396 kN-s/m

Nonlinear Properties

Stiffness 36796846 43 kN/m
Damping Coefficient 1.356 kN-s/m

' QK Cancel

Figure-43. TFPB Input Values in ETABS for Biaxial Load 1638 KN

Direction Uz
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4 Link/Support Directional Properties n
|dentification
Property Name B Type Triple Pendulum lsolator
Direction {U2; U3 NonLinear Yes
Linear Properties
Effective Stiffness - U2 2669.136 kN/m Effective Stiffness -U3 2669.136 kN/m
Effective Damping - U2 1.396 kN-s/m Effective Damping-U3 1396 kN-s/m

Shear Deformation Location

Distance from End-J-U2 |0 m Distance from End-J-U3 |0 m
Height and Symmetry of Sliding Surfaces

Height for Outer Sufaces  |0.161 \ m Outer Bottom Surface is Symmetric to Outer Top Surface

Height for Inner Sufaces  |0.121 m v

Nonlinear Properties for Directions U2 and U3

Quter Top Quter Bottom Inner Top Inner Bottom
Stiffness 30478.548 27364 48 kN/m
Friction Coefficient, Slow | 0.09769 0.0877
Friction Coefficient, Fast  |0.19538 0.17541
Rate Parameter 0.0005 0.0005 sec/mm
Radius of Sliding Sufface  |3.395 0.526 m
Stop Distance 1091.3 105 mm

[ oK Cancel

Figure-44. TFPB Input Values in ETABS for Biaxial Load 1638 KN
Direction U2 & U3
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5.3.2 TFPB for Uniaxial Load - 2487 KN

d,

R, 1, R, by Slide plates

Fig. 45. TFPB Schematic

(A) Geometrical, Frictional and Do Computation

a. Geometrical features

R4 = R1 = 1778 x 2
= 3556 mm
= 3.556 mtrs.
Rz = Rs = 647 mm
= 0.647 mtrs
h1 = ha = 161 mm
= 0.161 mtrs
h2 = hs = 121 mm
= 0.121 mtrs
ds = 566.02 mm
d2 = 81.05 mm
Rieft = Raeff = Ri — hs
= 3556 — 161
= 3395 mm.
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RZeff

ds*

do*

b. Frictional Characteristics Computation

R3eff -

di* =

d3* =

Q

At1land4
P = W/A
Here W Load =
A = mr?
R = hs + hy
= 161 + 161
r = 322 mm
P = 0.000764  ton/mm?,
P = 0.000764 x 1450
P = 01.11 ksi, 1ksi =
3- Friction Cycle H =

Adjust for high velocity =

1 - Friction Cycle U =

R, — hy
647 — 121

526 mm.

dy X Ryeff
Ry

540.39 mm
540.40 mm.

dy X Raeff
R,

65.89 mm

65.90 mm.

248.7 tonne or 2487 KN

Kilo square inch
1450 ton/mm?

0.122 - 0.01P
0.1109

M - 0.0333

0.1109 - 0.0333
0.078 (Lower bound)
1.2 x0.078

0.0932
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M1 = Ha = 0.078 (Lower bound)

M1 = Ha = 0.093 (Upper bound)

At2and 3

P = W/A

Here W Load = 248.7 ton  or 2487 kN

A = r?

r = h2 + hs

= 121 + 121,
r = 242 mm
P = 0.001352 ton/mm?
= 0.001352 x 1450

P = 1.96 ksi. lksi = Kilo square inch
= 1450 ton/mm?

3- Friction Cycle M = 0.122- 0.01P
= 0.1024

Adjust for high velocity = b - 0.036
= 0.1024 - 0.036
= 0.066 (Lower bound)

1 - Friction Cycle U = 1.2 x 0.066
= 0.0797

M2 = M3 = 0.066 (Lower bound)

M2 = M3 = 0.080 (Upper bound)

I = force at zero deformation

M = Mi- (M1 - H2) X E?—:g (Lower bound)

M = 0.076

H = i - (M1 - H2) X % (Upper bound)

M = 0.091
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c. Db Computation (Upper bound)

Sq
u

M1
Dy
Dy
Fd
W

T.B.

YFq

>F4

2w

2w

= 0.5074

= 0.091

= 0.093

= (H1- M2) * Raeft

= 0.007088

= 0.2772

= 248.7 Ton

= 12 Nos. (Where T.B. = Total Bearing)
= W x T.B.XFq

= 248.7 x 12 x 0.2772
= 827.40

= W x T.B.

= 2984.4 Tonne

Design displacement Dp 0.07202 mtrs.

Effective stiffness, Qd = H*Zw
= 0.091 * 2984.4
Qi = 271.78 Ton
kp = >Fp/Dp
= 827.40/0.07202
Ko = 11488.53 Ton/m.
Kett = ko + Qo /Db
= 11488.53 + 271.78 /0.07202
Kett = 15262.22 Ton/m.
Effective period, Tef
Tett = [N(EW)/(K eif X g))] 2n
Tert = 0.88708 sec.
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iv. Effective damping, Best
_ E _ 4uZW(DD—Dy)
po = 2mKegrxDp2 | 27K 2
effXDp mKefrXDp
Bert = Bp = 0.1419
V. Damping reduction coefficient, p
) Betr )0.3
b - (0.05
B = 1.3675
Vi. DD1
1 _ SpiX Teff”
DD - 4_7_':2>< B g
Dpt = 0.0726 mtrs

(B) ETABS link directional property computation (upper bound)

a. Principal features
. Determine bearing
The isolator had been envisioned as a cylinder with a height of 0.32 metres

and a diameter of 0.305 metres

H = 0.5m
] = 0.484 m
2
Now, C/S Area A = mf
3 T X 0.484%
- 4
A = 0.1840 m?
w pw
K = —
eff Ryeff Dp
Keff = 387.73 Ton/m
I _ Kegrxh3 _ 387.73x 0.53
! - 12E - 12E
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1x107 N/mm?

ii. Determine bearing mass

b. Direction (Uy)

H =
%) =
Kett =
Ker =

from Dp
Keff =

Beff =

0.0702 m.

1.15 X Dm-max
1.15x 0.0702
0.0807 m.

2 Dtm

2 x 0.0807
0.16146 m.
0.241 D? - 0.00564 D
0.0053721 tonne
w/g
0.005372/9.81

0.000548 tonne sec?/m.

0.5m

0.484 m

AE/L
3679684.643 ton/m.

3679684.643 ton/m.

0.1419

4,03884E-07 m*,
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c. Direction (U2 - Us)

I. Determination of liner properties.

Kest = 387.729 ton/m
= 3877.29 KN/m
Bet = 0.1419
Height for outer surface, = h: = hs = 0.161m.
Height for inner surface, = h, = hs3 = 0.121m.

ii. Determination of Non - liner properties.

Roett = 0.526 m.
Dy = (l’ll - l’lz) RZeff
= (0.093155 - 0.079680) x 0.526
Dy = 0.00709 m.
Stiffness (Outer Top) = u];W

0.093155 x248.7
0.00709

= 3268.561 ton/m.

= 32685.61 KN/m.

Ho W
Dy

Stiffness (Inner Top) =

0.079680 x248.7
0.00709

= 2795.747 ton/m.

= 27957.47 KN/m.
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Friction Coefficient, Slow

Friction Coefficient, Fast

Rate Parameter

Radius of sliding surface

Outer Top

Inner Top

Stop distance

outer Top ur*

Inner Top ux*

Rleff

R 2eff

M1

U2

2 X M1

2 X U2

0.093 (Outer Top)

0.080 (Inner Top)

0.186 (Outer Top)

0.159 (Inner Top)

Friction Coeff. Slow
Friction Coeff.Fast

0.093/0.186
0.5

0.0005 sec/mm

3.395 m.

0.526 m.

2 Dy + 2 di*
1.09498 m.
1094.98 mm
2 Dy

0.0142 m.

14.18 mm.
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(© Input Values in ETABS:
(93 Link/Support Directional Properties
Identification
Property Name U
Direction U1
Type Triple Pendulum Isolator
NonLinear Yes
Linear Properties
Effective Stiffness tt357953454§7 ; kN/m
Effective Damping 1.367 kN-s/m

Nonlinear Properties

Stiffness

Damping Coefficient

oK

Figure-46. TFPB Input Values in ETABS for Uniaxial Load 2487 KN

36796846 .43 kN/m
1.367 kN-s/m

Cancel

Direction U1
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(4 Link/Support Directional Properties ﬂ
|dentification
Property Name U Type Triple Pendulum lsolator
Direction U2: U3 NonLinear Yes

Linear Properties
Effective Stiffness - U2 3877.285 kN/m Effective Stiffness -U3 | 3877.285 kN/m
Effective Damping-U2  |1.367 kN-s/m Effective Damping-U3 ~ |1.367 kN-s/m
Shear Defomation Location

Distance from End-J-U2 |0 m Distance from End~J - U3 |0 m

Height and Symmetry of Sliding Sufaces

Height for Outer Suffaces }fb.161

‘ m Quter Bottom Surface is Symmetric to Outer Top Surface

Height for Inner Sufaces  10.121 m v
Nonlinear Properties for Directions U2 and U3
Quter Top Quter Bottom Inner Top Inner Bottom

Stiffness 32685.609 2795747 kN/m
Friction Coefficient, Slow  |0.09315 0.079679
Friction Coefficient, Fast  |0.1863 0.159359
Rate Parameter 0.0005 0.0005 sec/mm
Radius of Sliding Suface  |3.395 0.526 m
Stop Distance 1094.976 14176 mm

oK | Cancel

Figure-47. TFPB Input Values in ETABS for Uniaxial Load 2487 KN
Direction Uz & Us
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5.3.3 TFPB for Axial Load - 3920 KN

R,. 1, Ry, My Slide plates

Figure-48. TFPB Schematic

(A) Geometrical, Frictional and Do Computation

a. Geometrical features

R4 = R1 = 1778 x 2
= 3556 mm
= 3.556 m

Rz = Rs = 647 mm
= 0.647 m

h1 = ha = 161 mm
= 0.161m

h2 = hs = 121 mm
= 0.121 m

ds = 566.02 mm

d2 = 81.05 mm

Rieft = Raeft = Ri— ha
= 3556 — 161
= 3395 mm
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Raeff = R2 — h2

RZeff
= 647 — 121
= 526 mm.

dy X Ryeff
Ry

= 540.39 mm
= 540.40 mm.

dy X Raeff
Ry

= 65.89 mm
65.90 mm.

Q

b. Frictional Characteristics Computation

Atland4
P = W/A
Here W Load = 392.0 tonne or 3920 KN,
A = mr?
r = hs+ hy
= 161 + 161
r = 322 mm
P = 0.001203 ton/mm?
P = 0.001203 x 1450
P = 1.74 ksi, lksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle U = 0.122 - 0.01P
= 0.1046
Adjust for high velocity = M - 0.0333
= 0.1046 - 0.0333
= 0.071 (Lower bound)
1 - Friction Cycle M = 1.2 x 0.071

= 0.0855
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M1 = Ha = 0.071 (Lower bound)

M1 = Ha = 0.086 (Upper bound)

At2and 3

P = W/A

Here W Load = 392.0 tonne or 3920 KN

A = mr?

r = ho + hs

= 121 + 121
= 242 mm

P = 0.002131 ton/mm?,

P = 0.002131 x 1450

P = 3.09 ksi. 1ksi = Kilo square inch
= 1450 ton/mm?

3- Friction Cycle U = 0.122 - 0.01P
= 0.0911

Adjust for high velocity = M - 0.036
= 0.0911 - 0.036
= 0.055 (Lower bound)

1 - Friction Cycle M = 1.2 x 0.055
= 0.0661

M2 = M3 = 0.055 (Lower bound)

M2 = M3 = 0.066 (Upper bound)

I = force at zero deformation

S} = Mi- (M1 - p2) X Ei—:: (Lower bound)

M = 0.069

S = i - (M1 - p2) X % (Upper bound)

M = 0.082
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c. Db Computation (Upper bound)

Sd = 0.5074
M = 0.082
M1 = 0.086
Dy = (M1- M2) * Roett
Dy = 0.010190
Fq = 0.2772
W = 392 Ton
TB. = 12 Nos. (Where T.B. = Total Bearing)
XFg = W x T.B.XFq
= 392 x 12x0.2772
XFg = 1304.15
zw = W x T.B.
wo o= 4704 Ton
. Design displacement, Do = 0.07202 m.
ii. Effective stiffness, Qd = h* Zw
= 0.082 * 2832
Qi = 388.07 Ton
kp = >Fp/Dp
= 1304.15/0.07202
Ko = 18108.18 Ton/m.
Kett = ko + Qo /Dp
= 18108.18 +388.07 /0.07202
Kett = 23496.59 Ton/m.
iii. Effective period, Tef
Tett = [N(EW)/(K et X g)) ] 27
Tert = 0.89759 sec.
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iv. Effective damping, Best
E 4uZW(DD—Dy)
Bo = z ~ 2
2TtK e XDp 2nKesrXDp
Pett = Po = 0.1253
V. Damping reduction Coefficient,
) Betr )0.3
b - (0.05
] = 1.3174
Vi. DD1
1 _ SpiX Teff”
DD - 4_7_':2>< B g
Dpt = 0.0771 m.

(B) ETABS links directional property computation (upper bound)

a. Principal features
i. Determine bearing
The isolator had been envisioned cylinder with a height of 0.32 metres and a

diameter of 0.305 metres

H = 0.5m.
] = 0.484 m
2
Now, Area A = m:z)
3 T X 0.484%
- 4
A = 0.1840 m?
w pw
K = —
eff Ryeff Dp
Keff = 564.50 Ton/m
I _ Kegrxh3 _ 564.50 x 0.53
! - 12E - 12E
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1x107 N/mm?

ii. Determine bearing mass

Dm-max =

D =

D =

b. Direction (Uz)

H =
%) =
Kett =
Kett =
Keft =

from Dp
Keff =

Beff =

0.0702 mtrs.
1.15 X Dm-max
1.15x 0.0702
0.0807 mtrs.

2 Dtm

2 x 0.0807
0.16146 mtrs.
0.241 D? - 0.00564 D
0.0053721 tonne.
w/g
0.005372/9.81

0.000548 tonne sec?/m.

0.5m

0.484 m

AE/L
3679684.643 ton/m.
36796846.43 KN/m.

3679684.64 ton/m.

0.1253

5.88019E-07 m*.

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING

Page 105



CHAPTER-V DESIGN OF BASE ISOLATION BEARING

c. Direction (U2 - Us)
I. Determination of liner properties.

Ket = 564.498 ton/m
= 5644.98 KN/m
Bett = 0.1253
Height for outer surface, = h: = hs = 0.161m
Height for inner surface, = h, = h3 = 0.121m
ii. Determination of Non - liner properties.
Roeft = 0.526 mtrs.
Dy = (1, — 1) Roesr
= (0.08550 - 0.06613) x 0.526
Dy = 0.01091 mtrs.
Stiffness (Outer Top) = u};;N

0.08550 x392
0.01091

= 3289.068 ton/m.

= 32890.68 KN/m.

Hz W

Stiffness (Inner Top) = 5
y

0.06613 X392
0.01091

= 2543.821 ton/m.

= 25438.21 KN/m.

Friction Coefficient, Slow M1 = 0.086 (Outer Top)

= M2 = 0.066 (Inner Top)
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Friction Coefficient, Fast = 2XW = 0.171 (Outer Top)
= 2X M2 = 0.132 (Inner Top)
Friction Coeff. Slow
Rate Parameter = —
Friction Coeff.Fast
= 0.086/0.171
= 0.5
= 0.0005 sec/mm
Radius of sliding surface
Outer Top = R 1eff = 3.395 mtrs.
Inner Top = R 2eff = 0.526 mtrs.
Stop distance
Outer Top ur* = 2Dy +2di*
= 1.10118 mitrs.
= 1101.18 mm
Inner Top uzx* = 2 Dy
= 0.0204 mtrs.
= 20.380 mm.

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 107



CHAPTER-V DESIGN OF BASE ISOLATION BEARING

(©) Input Values in ETABS:

4 Link/Support Directional Properties n
Identification
Property Name A
Direction U1
Type ' Triple Pendulum Isolator
NonLinear Yes

Linear Properties

Effective Stifness 679684643 |kN/m

Effective Damping 1.317 kN-s/m

Nonlinear Properties

Stiffness 36796846 .43 kN/m

Damping Coefficient 1.317 kN-s/m

OK Cancel

Figure-49. TFPB Input Values in ETABS for Axial Load 3920 KN

Direction Uz
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5 Link/Support Directional Properties n
|dentification
Property Name A Type Triple Pendulum Isolator
Direction (U2, U3 NonLinear Yes
Linear Properties
Effective Stiffness - U2 5644.98 kN/m Effective Stiffness -3 564498 kN/m
Effective Damping - U2 1.317 kN-s/m Effective Damping-U3 1317 kN-s/m

Shear Deformation Location

Distance from End-J-U2 |0 m Distance from End-J - U3 |0 m

Height and Symmetry of Sliding Sufaces

Height for Outer Sufaces  |0.161 l m Outer Bottom Surface is Symmetric to Outer Top Surface
Height for Inner Sufaces  |0.121 m v

Nonlinear Properties for Directions U2 and U3

Quter Top Outer Bottom Inner Top Inner Bottom
Stiffness 32850.679 25438.208 kN/m
Friction Coefficient, Slow | 0.0855 0.0661
Friction Coefficient, Fast  |0.171 0.13225
Rate Parameter 0.0005 » 0.0005 » sec/mm
Radius of Sliding Suface |3.395 0.526 m
Stop Distance 1101.18 ‘ 20.38 mm

| oK Cancl

Figure-50. TFPB Input Values in ETABS for Axial Load 3920 KN
Direction U2 & Us
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5.4 Design of LRB for G+22 Storey RC Structure.

For the analysis & design of LRB, the cumulative load at the base is obtained from the
fixed based design modal in ETABS-2016. This load is categorized into three groups
viz. Axial load, Biaxial load and Uniaxial load.

5.4.1 LRB for Biaxial Load - 3342 KN

Top cover plate

) *\/\
‘\—5\
=)

weud Steel

Bottom cover

plate
Figure-51. LRB Schematic
Biaxial Load (W) = 3342 kN.
Time Period (TD) = 2.5 sec.
Design Shear Strain (ymax) = 50%
= 0.5 kN/m?.
Effective Damping (Eeff) =5%

=0.05 For U1,U2,U3.
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Table-10. Damping Coefficient, Bo or Bm

EFFECTIVE DAMPING, 5, OR §,, B, OR B,
(PERCENTAGE OF CRITICAL) FACTOR
<2% 0.8
5% 1.0
10% 1.2
20% 1.5
30% 1.7
40% 1.9
> 50% 2.0

Table-11. Seismic Coefficient Cv

SEISMIC ZONE FACTOR, 2
0L PROFILE TYPE 220075 2045 =02 =03 2204
$ 0.08 012 0.16 0u 032N
3 0.08 013 020 030 040N,
& 0.13 023 03 043 0.36N,
D 0.18 032 040 034 0,640
3 0.6 030 0.64 0.4 0.96N;
5 See Foomote |
Damping Coefficient (Bp) =1.0 (UBC-97, Vol-2, Pg. No. 414)
Seismic Coefficient (Sp) = 0.54 (UBC-97, Vol-2, Pg. No. 35)

Table-12. Vulcanized Natural Rubber Compounds

Hardness | Young's Shear Material | Elongation

IRHD+2 Modulus | Modulus | Constant at »
E G k Break |
(MPa) (MPa) Min, %

37 1.35 0.40 0.87 650

40 1.50 0.45 0.85 600 |

45 1.80 0.54 0.80 600

50 2.20 0.64 0.73 500

55 325 0.81 0.64 500

60 4.45 1.06 0.57 400
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Choosing 60 for analysis in critical circumstances

E = 4.45

= 4450 kN/m?
G = 1.06

= 1060 KN/m?
K = 0.57
& = 4

= 400%
foy = 8500 kN/m?
Ca = 7840 KN/m?

Typically 7 to 8.5 Mpa, Consult the manufacturer
Fs
fy

164640 kKN/m?

274400 KN/m?

(A) LRB - Analysis
i The effective horizontal stiffness Kesn

K _ W(ZT[)Z
effH g \Tp

Keffn =2151.88 kN/m Direction U2 & U3

ii. Design displacement (Dp)

_( 8 SpTp
Dp = (4n2> * 7B,
= 0.33546 m.

iii. Yield Strength Qq

WD TT
Qq :4><DD = ZXKeffHXEeffHXDD
= 56.6957 kN
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iv. Yield Stiffness
Ku = 10 Kq
Where, Ke = Post yield stiffness
Ku = Pre yield stiffness

Note- Based on the findings of the trials, the initial elastic stiffness was

calculated to be between 9 and 16 Kd.

_ Q
Kd = Kefrn — ﬁ

=1982.87 KN/m.
Ku =10Kqy
=19828.7 KN/m.

V. Post yield stiffness ratio.
Kq 198287
Ky ©19828.7
=0.1 Direction Uz & U3

(B) LRB - Development

i. Area of Lead Core (Ap)
Ap = D

=0.00667 m?.

ii. Dia of lead core (dp)

pp =
P =7
_ [4Ap
dp =%
=0.09216 m.

iii. Thickness of rubber layer (t;)
Dp

tr =

Ymax
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=0.67092 m.

iv. The Shape factor (S)

2
BES) g,

S =9.09409

For S< 10, Take S=10

V. Compressive modulus of rubber & steel (Ec)
Ec = E(1+2kS?)
= 511750 kN/m?.

Vi. Effective area of bearing(Ao)
Ao =W / Oa
=0.42628 m?,
Vii. Shear strain’s effective area (Al)
6SW < €p
EcxAq 3
=0.29387 m
viii. Elastic Stiffness Kr
Kq K, X 1+12xAp

Ao
=1669.41 KN/m.

IX. Effective area of individual rubber layer (Asf)
d2
Av =T
= 1.05665 m?,
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Xi.

Xii.

Xiil.

Xiv.

XV.

Diameter of rubber (d)

¢ = [
TC

=1.1599 m.

Effective vertical stiffness (kv)

Ky _ EcXAgt
tr
Kv = 805961 kN/m. Direction Uz

Reduction factor - Damping (B)

B =2 X cos™! (%)
= 2.555
Reduced area (A2)
A, _ d?x(B-sinB)
4
=0.67318 m?
LRB - Details
A =0.67318 m? (Max Area of Ao, Al, & A))
d =0.92581 m
No. of rubber layer (N) = t,/t (where t = 0.029)
=23.1373

Say (N) = 24.00

Steel Plate thickness (1s)

2 X W x2t
{5 =
A XFs
{5 =0.0035 > 0.002 m.
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XVi. Total height of bearing (hp)
ho = N x (ts + 2*0.0025) + tr
hy =0.87486 m.

(C) Input Values in ETABS:

(41 Link/Support Directional Properties ﬂ
Identification
Property Name B
Direction U1
Type Rubber Isolator
NonLinear No

Linear Properties
Effective Stiffness :BDS%1 ;kN/m

Effective Damping 0.05 kN-s/m

\ QK i Cancel

Figure-52. LRB Input Values in ETABS for Biaxial Load 3342 KN
Direction U1
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(8 Link/Support Directional Properties n |
Identification
Property Name B
Direction U2
Type Rubber Isolator |
NonLinear Yes |

Linear Properties

Effective Stiffness irz151 28 jkN/m

Effective Damping 0.05 kN-=s/m

Shear Deformation Location
Distance from End-J 0 m

Nonlinear Properties

Stiffness 15828.7 kN/m
Yield Strength 56.7 kN
Post Yield Stiffness Ratio 0.1

’_O_K_ Cancel

Figure-53. LRB Input Values in ETABS for Biaxial Load 3342 KN
Direction U2 & Us
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5.4.2 LRB for Uniaxial Load - 4627 KN

Top cover plate

Bottom cover

plate
Figure-54. LRB Schematic
Uniaxial Load (W) = 4627 KkN.
Time Period (TD) = 2.5 sec.
Design Shear Strain (ymax) = 50%
= 0.5 kN/m2.
Effective Damping (Eeff) =5%

=0.05 For U1,U2,U3.

Table-13. Damping Coefficient, Bpo or Bm

EFFECTIVE DAMPING, 5, OR 4, 8, OR B,
(PERCENTAGE OF CRITICAL) FACTOR
< 2% 0.8
5% 1.0
10% 1.2
20% ]
30% 1.7
40% o 1.9 )
> 50% 2.0
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Table-14. Seismic Coefficient Cv
SEISMIC ZONE FACTOR, Z

$0IL PROFILE TYPE 2=0075 2=045 2=02 2=03 2=04
S 006 012 016 04 0324
5 0.08 015 020 030 040N
M 0.13 02 03 043 0.36N,
D 0.18 032 040 0.4 0,640
5 ) 030 0.64 0.4 0.96N;
5 See Footnote |

Damping Coefficient (Bp)

Seismic Coefficient (Sp)

=1.0 (UBC-97, Vol-2, Pg. No. 414)

= 0.54 (UBC-97, Vol-2, Pg. No. 35)

Table-15. Vulcanized Natural Rubber Compounds

Hardness | Young's Shear Material | Elongation
IRHD+2 Modulus | Modulus | Constant at »
E G k Break |
(MPa) (MPa) Min, %

37 1.35 0.40 0.87 650

40 1.50 0.45 0.85 600

45 1.80 0.54 0.80 600

50 2.20 0.64 0.73 500

55 3.25 0.8] 0.64 500

60 4.45 1.06 0.57 400

Choosing 60 for analysis in critical circumstances

E

€p =

4.45

4450 KN/m?

1.06

1060 kN/m?

0.57
4

400%
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foy 8500 kN/m?

Oa 7840 KN/m?
Typically 7 to 8.5 Mpa, Consult the manufacturer
Fs = 164640 KN/m?

fy = 274400 KN/m?

(A) LRB - Analysis
i. The effective horizontal stiffness Kesn

2
W /21
Kettn = g(g)

Keffn =2979.27 kN/m Direction U2 & U3

ii. Design displacement (Dp)

_( 8 SpTp
Dp = (4n2) * 7B,
= 0.33546 m.

iii. Yield Strength Qq

Wp i1
Qd:4xDD = 7 % Kefrn X Eefrn X Dp
= 78.4952 kN
iv. Yield Stiffness
Ku = 10 Kqg
Where, Kgq = Post yield stiffness
Ku = Pre yield stiffness

Note- Based on the findings of the trials, the initial elastic stiffness was
calculated to be between 9 and 16 Kd.

— Q
Ki  =Kefg — i

= 2745.28 kKN/m.
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Ku =10Kq4
= 27452.8 KN/m.

V. Post yield stiffness ratio.
Kq 2745.28
Ky 274528
=0.1 Direction U2 & U3

(B) LRB - Development

I. Area of Lead Core (Ap)
Ap = Q

=0.00923 m?

ii. Dia of lead core (dp)

pp =T
P=7
_ 4By
dp ==
=0.10843 m.

iii. Thickness of rubber layer (t;)

D
tr = L

Ymax

=0.67092 m.

iv. The Shape factor (S)

2
E(1+ékS) > 400,

S =9.09409

For S< 10, Take S=10
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V. Compressive modulus of rubber & steel (Ec)
Ec = E(1+2kS?)
=511750 kN/m?.

Vi. Effective area of bearing(Ao)
Ao =W / O3
=0.59018 m?,
vii. Shear strain’s effective area (A1)
6SW < €p
EcXAq 3
= 0.40687 m2.
Viil. Elastic Stiffness K¢
Kd = Kr X 1+1A2:AP

2311.29 KN/m.

IX. Effective area of individual rubber layer (Asf)
d2
Ad =0
= 1.46293 m?,
X. Diameter of rubber (d)
P (V¥
g
=1.36479 m.
Xi. Effective vertical stiffness (kv)
Ky _ EcXAgf
tr
Kv = 1115853 kN/m. Direction U
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Xil. Reduction factor - Damping (B)
B =2 X cos™! (%)
= 2.645
Xiii. Reduced area (A2)
Ao _ d?x(B—sinB)
4
=1.00982 m?
Xiv. LRB - Details
A =1.00982 m? (Max Area of Ao, Al, & Av)
d =1.13391 m
No. of rubber layer (N) = ti/t (where t = 0.03412)
=19.6638
Say (N) =20
XV. Steel Plate thickness (1s)
2 X W x2t
ts = —
A XFs
ts =0.0038 > 0.002 m.
Vi. Total height of bearing (hp)

ho =N X (ts + 2%0.0025) + tr
ho  =0.84689 m.
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(© Input Values in ETABS:
(43 Link/Support Directional Properties ﬂ

Identification
Property Name U
Direction U1
Type Rubber Isolator
NonLinear No

Linear Properties
Effective Stiffness 11115853 }kN/m
Effective Damping 0.05 kN-s/m

OK

Cancel

Figure-55. LRB Input Values in ETABS for Uniaxial Load 4627 KN

Direction Uz
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4 Link/Support Directional Properties n
Identification
Property Name U
Direction U2
Type Rubber Isolator
NonLinear Yes

Linear Properties
Effective Stiffness “2979.27 \ kN/m

Effective Damping 0.05 kN-s/m

Shear Deformation Location
Distance from End-J 0 m

Nonlinear Properties

Stiffness 27452 8 kN/m
Yield Strength 785 kN
Post Yield Stiffness Ratio 0.1

[_OK 7 Cancel

Figure-56. LRB Input Values in ETABS for Uniaxial Load 4627 KN
Direction Uz & Us
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5.4.3 LRB for Axial Load - 6860 KN

Top cover plate

Bottom cover

plate
Figure-57. LRB Schematic
Axial Load (W) = 6860 kN.
Time Period (TD) =2.5sec.
Design Shear Strain (ymax) = 50%
= 0.5 KN/m2.
Effective Damping (Eeff) =5%

=0.05 For U1,U2,U3.

Table-16. Damping Coefficient, Bo or Bm

EFFECTIVE DAMPING, £, OR f,, 8, OR B,
(PERCENTAGE OF CRITICAL) FACTOR
<2% 0.8
5% 1.0
10% 1.2
20% 1.5
30% 1.7
40% 1.9
> 50% 2.0
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Table-17. Seismic Coefficient Cv

SEISMIC ZONE FACTOR, 2
$0IL PROFILE TYPE 2=0075 2=0.15 2=02 2=08 2=04
5 0.06 012 0.16 0u 032N
3 0.08 013 020 030 040N,
M 0.13 023 03 043 0.36N,
D 0.18 032 040 0.4 0.64M
5 0.6 030 0.64 0.4 0.96N;
5 See Footmote |
Damping Coefficient (Bp) =1.0 (UBC-97, Vol-2, Pg. No. 414)
Seismic Coefficient (Sp) = 0.54 (UBC-97, Vol-2, Pg. No. 35)

Table-18. Vulcanized Natural Rubber Compounds

Hardness | Young's Shear Material | Elongation
IRHD+2 Modulus | Modulus | Constant at ‘
E G k Break |
(MPa) (MPa) Min, %

37 1.35 0.40 0.87 650

40 1.50 0.45 0.85 600

45 1.80 0.54 0.80 600

50 2.20 0.64 0.73 500

55 3.25 0.81 0.64 500

60 4.45 1.06 0.57 400

Choosing 60 for analysis in critical circumstances

E = 445
= 4450 kN/m?
G = 1.06
= 1060 kN/m?
K = 057
& = 4
= 400%
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8500 kN/m?

foy

O3 7840 kN/m?

Typically 7 to 8.5 Mpa, Consult the manufacturer

Fs
fy

164640 kKN/m?

274400 KN/m?

(A) LRB - Analysis

I The effective horizontal stiffness Keftn

_ W(Zn)z
g \Tp

Kettn =4417.08 KN/m

Kefru

Design displacement (Dp)

Dp = (45[2) X SEID

= 0.33546 m.

iii. Yield Strength Qq
4 x Dy

=116.377 kN

U
=% Keg X Gefrn X

Qq

Yield Stiffness
Ku 10 Kq
Where, Kg

Ku

Direction U2 & U3

Dp

Post yield stiffness,
Pre yield stiffness

Note- Based on the findings of the trials, the initial elastic stiffness was

calculated to be between 9 and 16 Kd.
Kd

=4070.16 kN/m.
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Ku =10 Kq4
= 40701.6 kKN/m.

V. Post yield stiffness ratio.
K4 _ 4070.16
Ky ~ 40701.6
=0.1 Direction Uz & U3

(B) LRB - Development

. Area of Lead Core (Ap)
Q

fpy
=0.01369 m?.

Ap =

I. Dia of lead core (dp)

pp =
P
I
o N
=0.13203 m.

iii. Thickness of rubber layer (tr)

D
tr = D
Ymax
=0.67092 m.
iv. The Shape factor (S)
E(1+2kS?) > 400,
G
S =9.09409

For S< 10, Take S=10
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V. Compressive modulus of rubber & steel (Ec)
Ec = E(1+2kS?)
=511750 kN/m?.

Vi. Effective area of bearing(Ao)
Ao =W / O3
=0.875 m?.
Vil. Shear strain’s effective area (A1)
6SW < €p
EcXAq 3
= 0.60322 m2.
viil. Elastic Stiffness Ky
Kq = K, x Lrizxae

o

= 3426.73 KN/m.

IX. Effective area of individual rubber layer (Asf)
d2
Ar =TT
=2.16894 m?.
X. Diameter of rubber (d)
¢ = [t
T
=1.6618 m.
XI. Effective vertical stiffness (kv)
KV - ECXASf
tr
Kv = 1654366 kN/m. Direction Ux

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 130



CHAPTER-V DESIGN OF BASE ISOLATION BEARING

Xil.

Xiii.

XiV.

XV.

XVI.

Reduction factor - Damping (B)

B =2 X cos™! (%)
=2.735
Reduced area (A)
Ay _ d?x(B-sinB)
4
=1.61519 m?
LRB - Details
A =1.61519 m? (Max Area of Ao, Al, & A))
d =1.43406 m
No. of rubber layer (N) = t,/t (where t = 0.04154)
=16.1493
Say (N) = 17

Steel Plate thickness (ts)

2 X W x2t
ts = —
A XFs
ts =0.00429 > 0.002 m.

Total height of bearing (hp)
ho = N X (ts + 2*0.0025) + tr
hy =0.8288 m.
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(C) Input Values in ETABS:
(41 Link/Support Directional Properties n

Identification
Property Name A
Direction U1
Type Rubber Isolator
NonLinear No

Linear Properties
Effective Stiffness 11654366 |kN/m
Effective Damping 0.05 kN-s/m

oK

Cancel

Figure-58. LRB Input Values in ETABS for Axial Load 6860 KN

Direction Uz
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(4 Link/Support Directional Properties ﬂ
Identification
Property Name A
Direction U2
Type Rubber Isolator
NonLinear Yes

Linear Properties
Effective Stifness B417.08  [kN/m

Effective Damping 0.05 kN-s/m

Shear Deformation Location
Distance from End-J 0 m

Nonlinear Properties

Stiffness 407016 kN/m
Yield Strength 116.38 kN
Post Yield Stiffness Ratio 0.1

OK Cancel

Figure-59. LRB Input Values in ETABS for Axial Load 6860 KN
Direction U2 & Us
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5.5 Design of TFPB for G+22 Storey RC Structure.

For the analysis & design of TFPB, the cumulative load at the base is obtained from
the fixed based design modal in ETABS-2016. This load is categorized into three
groups viz. Axial load, Biaxial load and Uniaxial load.

5.5.1 TFPB for Biaxial Load - 3342 KN

R, 1,
R n Slider
CZzZ SIS, S . . //";7/7//77,'7,'7/7‘5
7 S Gz
Z N é‘“‘///’/

R, 1, R,. My Slide plates

Figure-60. TFPB Schematic

(A) Geometrical, Frictional and Do Computation

a. Geometrical features

R4 = R = 1778 x 2

= 3556 mm

= 3.556 mtrs.
Rz = Rs = 647 mm

= 0.647 mtrs
h1 = ha = 161 mm

= 0.161 mtrs
h2 = hs = 121 mm

= 0.121 mtrs
ds = 566.02 mm
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d2 = 81.05 mm
Riett = Raeft = Ri— hp
= 3556 — 161
= 3395 mm
Roett = Raeft = R, — hy
= 647 — 121
= 526 mm
d; X Ryefr
* - * — 1~ Melf
ds = d1 = R:
= 540.39 mm
= 540.40 mm
dy X Raeff
* —_ * —_ —_—
d> = ds = R,
= 65.89 mm
= 65.90 mm.
b. Frictional Characteristics Computation
Atland 4
p = W/ A
Here W Load = 334.2 tonne or 3342 KN,
A = r?
r = hs + 1
= 161 + 161
r = 322 mm
P = 0.001026 ton/mm?,
p = 0.001026 x 1450
P = 1.49 ksi, lksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle U = 0.122 - 0.01 P,
= 0.1071

FACULTY OF ENGINEERING, DEPARTMENT OF CIVIL ENGINEERING Page 135



CHAPTER-V DESIGN OF BASE ISOLATION BEARING

Adjust for high velocity = M - 0.0333
= 0.1071 - 0.0333
= 0.074 (Lower bound)

1 - Friction Cycle U = 1.2 x 0.074
= 0.0886
M1 = Ha = 0.074 (Lower bound)
M1 = Ha = 0.089 (Upper bound)
At2and 3
P = W/A
Here W Load = 334.2 tonne or 3342 KN,
A = mr?
r = ho + hs
= 121 + 121
= 242 mm
P = 0.001816 ton/mm?,
P = 0.001816 x 1450
P = 2.63 ksi. lksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle M = 0.122 - 0.01P
= 0.0957
Adjust for high velocity = b - 0.036
= 0.0957 - 0.036
= 0.060 (Lower bound)
1 - Friction Cycle M = 1.2 x 0.060
= 0.0716
Lower bound M2 = M3 = 0.060
Upper bound M2 = M3 = 0.072
M = force at zero deformation
M = M- (M1 - H2) X Raeft (Lower bound)

1eff
u = 0.072
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M = i - (M1 - p2) X Raeff (Upper bound)
Rieff
I} = 0.086
c. Do Computation (Upper bound)
Sd = 0.5074
I} = 0.086
M1 = 0.089
Dy = (M1- H2) * Roefr
Dy = 0.008939
Fd = 0.2772
W = 334.2 Ton
TB. = 12 Nos. (Where T.B. = Total Bearing)
XFg = W x T.B. x Fq
= 334.2 x 12x0.2772
XFg = 1111.86
Sw = W x T.B.
Sw = 4010.4 Ton
I. Design displacement, Do = 0.07202 m.
ii. Effective stiffness, Qd = H* Ew

= 0.086 * 4010.4

Qi = 344.71 Ton
ke = >Fp /Do
= 1111.86/0.07202
ko = 15438.15 Ton/m.
Kett = ko + Qo/Dp
= 15438.15 +344.71/0.07202
Ket = 20224.50 Ton/m.
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Effective period, Tes

Tet = [V(EW)/(K eff X g))] 2n
Tett = 0.89331 sec.
iv. Effective damping, Best
_ E _ 4uZW(DD—Dy)
po = 2mKegrxDp2 21K 2
effXDp nKeffXDp
Pert = Po = 0.1320
V. Damping reduction Coefficient,
) Betr )0.3
p - (0.05
B = 1.3380
Vi DD1
DD a 47? x B X &
Dpt = 0.0752 mtrs

(B)

ETABS links directional property computation (upper bound)

Principal features
. Determine bearing

The isolator had been envisioned cylinder with a height of 0.32 metres and a
diameter of 0.305 metres

H = 0.5m
0] = 0.484 m
2
Now, Area A = m:z)
_ T X 0.4842
- 4
A = 0.1840 m?
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A% puw
K = —
off Rieff Dp
Keff = 497.30 Ton/m
| _ Kegexh3 B 497.30% 0.53
! a 12E a 12E
= 5.18022E-07 m*.
E = 1x10” N/mm?
ii. Determine bearing mass
Dm-max = 00702 m.
D1m = 1.15 X Dm-max
= 1.15 x 0.0702
D = 0.0807 m.
D = 2 Dtm
= 2 x 0.0807
D = 0.16146 m.
w = 0.241 D2-0.00564 D
= 0.0053721 tonne.
= w/g
= 0.005372/9.81
M = 0.000548 tonne sec?/m.
b. Direction (Uy)
H = 0.5m
] = 0.484 m
Keff = AE/L
Kett = 3679684.643 ton/m.
Ket = 36796846.43 KN/m.
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from Dp
Keff = 3679684.64 ton/m.
i = 0.1320

c. Direction (U2 - Us)

I. Determination of liner properties.

Ket = 497.301 ton/m
= 4973.01 KN/m
Bett = 0.1320
Height for outer surface, = hy = hs = 0.161m.
Height for inner surface, = h = hs = 0.121m.
ii. Determination of Non - liner properties.
Roetf = 0.526 mtrs.
Dy = (1, — 1) Roesr
= (0.08859 — 0.07159) x 0.526
Dy = 0.00894 mtrs.
Stiffness (Outer Top) = %

0.08859 x334.2
0.00894

= 3312.041 ton/m.

= 33120.41 KN/m.

Stiffness (Inner Top) =

0.07159 x334.2
0.00894

= 2676.680 ton/m.
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Friction Coefficient, Slow = M1
= uz
Friction Coefficient, Fast = 2x
= 2 X U2

Rate Parameter

Radius of sliding surface

Rleff

Outer Top

Inner Top R 2eff

Stop distance

Outer Top ur*

Inner Top ux*

26766.80 KN/m.

0.089 (Outer Top)

0.072 (Inner Top)

0.177 (Outer Top)

0.143 (Inner Top)

Friction Coeff. Slow

Friction Coeff.Fast

0.089/0.177
0.5

0.0005 sec/mm

3.395 m

0.526 m

2 Dy + 2 di*
1.09868 m
1098.68 mm
2 Dy

0.0179 m

17.878 mm
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(©) Input Values in ETABS:

(41 Link/Support Directional Properties n
Identification
Property Name B
Direction U1
Type Tﬁple Pendulum Isolator
NonLinear Yes

Linear Properties

Effective Stiffness i?‘?ﬁ???f?-f’?’ \ kN/m

Effective Damping 1.338 kN-=s/m

Nonlinear Properties

Stiffness 36796846 .43 kN/m
Damping Coefficient 1.338 kN-=s/m

QK Cancel

Figure-61. TFPB Input Values in ETABS for Biaxial Load 3342 KN

Direction Uz
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4 Link/Support Directional Properties ﬂ
|dentification
Property Name B Type Triple Pendulum Isolator
Direction U2 u3 NonLinear Yes

Linear Properties

Effective Stiffness - U2 4973.014 kN/m Effective Stiffness -U3 4973.014 kN/m
Effective Damping - U2 1.338 kN-s/m Effective Damping -U3 1.338 kN-s/m

Shear Deformation Location

Distance from End-J-U2 |0 m Distance from End-J - U3 |0 m

Height and Symmetry of Sliding Surfaces

Height for Outer Surfaces §D-151 |m Outer Bottom Surface is Symmetric to Outer Top Surface
Height for Inner Surfaces 0.121 m v

Nonlinear Properties for Directions U2 and U3

Outer Top Quter Bottom Inner Top Inner Bottom 7
Stiffness 33120.415 26766.8 kN/m
Friction Coefficient, Slow | 0.088587 0.071593
Friction Coefficient, Fast ~ |0.177175 0.143187
Rate Parameter 0.0005 0.0005 sec/mm
Radius of Siding Suface  |3.395 0526 m
Stop Distance 1098.677 17.877 mm

0K ‘ Cancel

Figure-62. TFPB Input Values in ETABS for Biaxial Load 3342 KN
Direction Uz & U3
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5.5.2 TFPB for Uniaxial Load - 4627 KN

d,

R, 1, R, by Slide plates

Figure-63. TFPB Schematic

(A) Geometrical, Frictional and Do Computation

a. Geometrical features

R4 = R1 = 1778 x 2
= 3556 mm
= 3.556 m

Rz = Rs = 647 mm
= 0.647 m

h1 = ha = 161 mm
= 0.161m

h2 = hs = 121 mm
= 0.121 m

ds = 566.02 mm

d2 = 81.05 mm

Riett = Raeff = Ri—hs
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= 3556 — 161
= 3395 mm
Roett = Raeft = Ro — hy
= 647 — 121
= 526 mm
d4* — dl* — dl X Rleff
Rq
= 540.39 mm
= 540.40 mm.
dy X Raeff
* —_ * —_ —_—
d> = ds = R,
= 65.89 mm
= 65.90 mm.
b. Frictional Characteristics Computation
At surfaces 1 and 4
p = W/ A
Here W Load = 462.7 tonne or 4627 KN,
A = r?
r = hs + 1
= 161 + 161
r = 322 mm
P = 0.001420 ton/mm?,
p = 0.001420 x 1450
P = 02.06 ksi, lksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle M = 0.122 - 0.01P
= 0.1014
Adjust for high velocity = u - 0.0333

= 0.1014 - 0.0333
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0.068 (Lower bound)

1 - Friction Cycle K = 1.2 x 0.068
= 0.0817

M1 = Ha = 0.068 (Lower bound)

M1 = Ha = 0.082 (Upper bound)

At2and 3

P = W/A

Here W Load = 462.7 tonne or 4627 KN,

A = mr?

r = ha + hs

= 121 + 121
= 242 mm

P = 0.002515 ton/mm?

P = 0.002515 x 1450

P = 3.65 ksi. lksi = Kilo square inch
= 1450 ton/mm?

3- Friction Cycle U = 0.122 - 0.01P
= 0.0855

Adjust for high velocity = M - 0.036
= 0.0855 - 0.036
= 0.050 (Lower bound)

1 - Friction Cycle U = 1.2 x 0.050
= 0.0594

M2 = M3 = 0.050 (Lower bound)

M2 = M3 = 0.059 (Upper bound)

VI = force at zero deformation

H = M1 - (M1 - H2) X % (Lower bound)

M = 0.065

H = M1 - (M1 - H2) X ij—:: (Upper bound)
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L= 0078

c. Do Computation (Upper bound)

Sq = 0.5074
I} = 0.078
M1 = 0.082
Dy = (M1- H2) * Roefr
Dy = 0.011721
Fd = 0.2772
W = 462.7 Ton
TB. = 12 Nos. (Where T.B. = Total Bearing)
XFg = W x T.B. x Fq
= 462.7 x 12x0.2772
YF¢ = 1539.36
Xw = W x T.B.
Sw = 5552.4 Ton

0.07202 mtrs.

I. Design displacement, Dp

ii. Effective stiffness, Qq H* Zw

= 0.078 * 5552.4

Qi = 434.59 Ton
ke = >Fp /Do
= 1539.36 / 0.07202
Kp = 21374.12 Ton/m.
Kett = ko + Qb /Db
= 21374.12 + 434.59 / 0.07202
Ket = 27408.45 Ton/m.

iii. Effective period, Teft
Tert = [V(EW)/(K et X 9))] 2n
Tet = 0.90291 sec.
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iv. Effective damping, Besr
B _ E _ 4uZW(DD—Dy)
b B ZT[KeffXDDZ - ZTCKeffXDDZ
Bett = Bo = 0.1174
V. Damping reduction Coefficient,
0.05
B = 1.2917
Vi. DD1
1 _ SpiX Teff”
DD - 4_7_':2>< B g
Dpt = 0.0796 mtrs
(B) ETABS links directional property Computation (upper bound)

a. Principal features

Determine bearing

The isolator had been envisioned cylinder with a height of 0.32 metres and a

diameter of 0.305 metres

H = 0.5 m.
] = 0.484 m,
NOW, Area

w pw
K = —

eff Ryeff Dp

Kett = 639.15 Ton/m

Kegrxh3
I1 = —_—

12E

TIX (2
A =
4
3 T X 0.484%
B 4
A = 0.1840 m?
_ 639.15x 0.53
- 12E

= 6.65781E-07 m*
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E = 1x10” N/mm?

ii. Determine bearing mass

Dm-max = 0.0702 m.
D = 1.15 X Dm-max
= 1.15 x 0.0702
Dmm = 0.0807 m.
D = 2 Dtm
= 2 x 0.0807
D = 0.16146 m.
W = 0.241 D? - 0.00564 D
= 0.0053721 tonne.
= w/g
= 0.005372/9.81
M = 0.000548 tonne sec?/m.

b. Direction (Uy)

H = 0.5m

] = 0.484 m

Keff = AE/L

Kett = 3679684.643 ton/m.
Ketf = 36796846.43 KN/m.
from Dp

Kett = 3679684.64 ton/m.
Pefr = 0.1174
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c. Direction (U2 - Us)

I. Determination of liner properties.

Ket = 639.150 ton/m
= 6391.50 KN/m
Bett = 0.1174
Height for outer surface, = h: = hs = 0.161 mtrs.
Height for inner surface, = h, = hs = 0.121 mtrs.
ii. Determination of Non - liner properties.
Roeft = 0.526 mtrs.
Dy = (1, — 1) Roesr
= (0.08172 — 0.05944) x 0.526
Dy = 0.01172 mtrs.
Stiffness (Outer Top) = u};;N

0.08172 xX462.7
0.01172

= 3226.231 ton/m.

= 32262.31 KN/m.

Ho W
Dy

Stiffness (Inner Top) =

0.05944 x462.7
0.01172

= 2346.573 ton/m.

= 23465.73 KN/m.

Friction Coefficient, Slow M1 = 0.082 (Outer Top)

= MW = 0.059 (Inner Top)
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Friction Coefficient, Fast

Rate Parameter

Radius of sliding surface

Outer Top R 1eff

Inner Top R 2eff

Stop distance

Outer Top ur*

Inner Top ux*

2 X M1

2 X M2

0.163 (Outer Top)

0.119 (Inner Top)

Friction Coeff. Slow

Friction Coeff.Fast

0.082/0.163
0.5

0.0005 sec/mm

3.395 mtrs.

0.526 mtrs.

2 Dy + 2 di*

1.10424 mtrs.
1104.24 mm
2 Dy

0.0234 mtrs.
23.441 mm.
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(©)

Input Values in ETABS:

[ 91 Link/Support Directional Properties
Identification
Property Name U
Direction U1
Type Triple Pendulum Isolator
NonLinear 'Yes
Linear Properties
Effective Stiffness 3679}58464% 7 EkN/m
Effective Damping 1.292 kN-s/m
Nonlinear Properties
Stiffness 36796846 .43 kN/m
Damping Coefficient 1.292 kN-=s/m

——

Cancel

Figure-64. TFPB Input Values in ETABS for Uniaxial Load 4627 KN

Direction Uz
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(43 Link/Support Directional Properties ﬂ
|dentffication
Property Name U Type Triple Pendulum Isolator
Direction U2:u3 NonLinear Yes
Linear Properties
Effective Stiffness - U2 6391.499 kN/m Effective Stiffness -U3 6391.499 kN/m
Effective Damping - U2 1.292 kN-s/m Effective Damping -U3 1.292 kN-s/m

Shear Deformation Location

Distance from End~J-U2 |0 m Distance from End-J - U3 10 m

Height and Symmetry of Sliding Surfaces

Height for Outer Surfaces ‘DLM m Outer Bottom Surface is Symmetric to Outer Top Surface
Height for Inner Sufaces  |0.121 m v
Nonlinear Properties for Directions U2 and U3
Quter Top Outer Bottom Inner Top Inner Bottom
Stiffness 32262.308 23465.73 4 kN/m
Friction Coefficient, Slow  |0.081723 0.05944
Friction Coefficient, Fast | 0.163446 0.11888
Rate Parameter 0.0005 0.0005 sec/mm
Radius of Sliding Surface  |3.395 . 0.526 m
Stop Distance 1104.24 2344 e
| 0K Cancel

Figure-65. TFPB Input Values in ETABS for Uniaxial Load 4627 KN
Direction U2 & Us
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5.5.3 TFPB for Axial Load - 6860 KN

d,

R, 1, R, by Slide plates

Figure-66. TFPB Schematic

(A) Geometrical, Frictional and Do Computation

a. Geometrical features

R4 = R1 = 1778 x 2
= 3556 mm
= 3.556 m

Rz = Rs = 647 mm
= 0.647 m

h1 = ha = 161 mm
= 0.161 m

h2 = hs = 121 mm
= 0.121m

ds = 566.02 mm

d2 = 81.05 mm

Riett = R zeff = Ri—
= 3556 — 161
= 3395 mm
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Raeff = R2 — h2

RZeff
= 647 — 121
= 526 mm

dy X Ryeff
Ry

= 540.39 mm
= 540.40 mm

dy X Raeff
Ry

= 65.89 mm
65.90 mm

Q

b. Frictional Characteristics Computation

Atland4
P = W/ A
Here W Load = 686.0 tonne or 6860 KN
A = mr?
r = hs + hy
= 161 + 161
r = 322 mm
P = 0.002106 ton/mm?,
P = 0.002106 x 1450
P = 3.05 ksi, lksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle U = 0.122 - 0.01 P,
= 0.0915
Adjust for high velocity = M - 0.0333
= 0.0915 - 0.0333
= 0.058 (Lower bound)
1 - Friction Cycle M = 1.2 x 0.058

= 0.0698
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M1 = Ha = 0.058 (Lower bound)
M1 = Ha = 0.070 (Upper bound)
At2and 3
P = W/A
Here W Load = 686.0 tonne or 6860 KN
A = mr?
r = ho + hs
= 121 + 121
= 242 mm
P = 0.003729 ton/mm?,
P = 0.003729 x 1450
P = 5.41 ksi. 1ksi = Kilo square inch
= 1450 ton/mm?
3- Friction Cycle U = 0.122 - 0.01P
= 0.0679
Adjust for high velocity = M - 0.036
= 0.0679 - 0.036
= 0.032 (Lower bound)
1 — Friction Cycle M = 1.2 x 0.032
= 0.0383
M2 = M3 = 0.032 (Lower bound)
M2 = M3 = 0.038 (Upper bound)
I = force at zero deformation
M = M- (M1 - H2) X Raeft (Lower bound)
Rieff
VI = 0.054
H = M1 - (M1 - H2) X % (Upper bound)
M = 0.065
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c. Db Computation (Upper bound)

Sq
u

M1
Dy
Dy
Fd
W

T.B.

YFq

>F4

>w
>w

= 0.5074
= 0.065
= 0.070
= (H1- M2) * Raeft
= 0.016555
= 0.2772
= 686 Ton
= 12 Nos. (Where T.B. = Total Bearing)
= W x T.B. X Fq
= 686 x 12 x0.2772
= 2282.26
= W x T.B.
= 8232 Tonne
Design displacement, Do = 0.07202 m.
Effective stiffness, Qd = H* Zw
= 0.065 * 8232
Qi = 534.41 Ton
kp = >Fp/Dp
= 2282.26 /0.07202
Ko = 31689.31 Ton/m.
Kett = ko + Qo /Db
= 31689.31 +534.41/0.07202
Kett = 39109.67 Ton/m.
Effective period, Tef
Tett = [N(EW)/(K eif X g))] 2n
Tert = 0.92036 sec.
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iv. Effective damping, Best
_ E _ 4uZW(DD—Dy)
o = 2mKerexDp2 27K 2
effXDp nKefrXDp
Bert = Bo = 0.0930
V. Damping reduction Coefficient,
) Betr )0.3
p B (0.05
B = 1.2047
Vi. DD1
1 _ Sp1X Teff’
DD B 4m2 X B X g
Dpt = 0.0887 mtrs

(B) ETABS links directional property computation (upper bound)

a. Principal features
. Determine bearing
The isolator had been envisioned as a cylinder with a height of 0.32 metres and a

diameter of 0.305 metres

H = 0.5 m
] = 0.484 m
2
Now, Area A = m:z)
3 T X 0.484%
- 4
A = 0.1840 m?
w pw
K = —
eff Ryeff Dp
Keff = 820.42 Ton/m
I _ Kegrxh3 _ 820.42% 0.53
! - 12E - 12E

= 8.54609E-07 m*.
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E = 1x10” N/mm?

ii. Determine bearing mass

Dm-max = 0.0702 m.
D = 1.15 X Dm-max
= 1.15x 0.0702
Dmm = 0.0807 m.
D = 2 Dtm
= 2 x 0.0807
D = 0.16146 m.
w = 0.241 D? - 0.00564 D
= 0.0053721 tonne.
= w/g
= 0.005372/9.81
M = 0.000548 tonne sec?/m.

b. Direction (Uy)

H = 05m

0] = 0.484 m

Keff = AE/L

Kett = 3679684.643 ton/m.
Keft = 36796846.43 KN/m.
from Dp

Kett = 3679684.64 ton/m.
i = 0.0930
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c. Direction (U2 - Us)
I. Determination of liner properties.

Ket = 820.425 ton/m
= 8204.25 KN/m
Bett = 0.0930
Height for outer surface, = hy = hs = 0.161 mtrs.
Height for inner surface, = hx= hs = 0.121 mtrs.
ii. Determination of Non - liner properties.
Roetf = 0.526 mtrs.
Dy = (1, — 1) Roesr
= (0.06980 — 0.03832) x 0.526
Dy = 0.01655 mtrs.
Stiffness (Outer Top) = u};;N

0.06980 X 686
0.01655

= 2892.227 ton/m.

= 28922.27 KN/m.

Ho W
Dy

Stiffness (Inner Top) =

0.03832 X 686
0.01655

= 1588.044 ton/m.

= 15880.44 KN/m.

Friction Coefficient, Slow M1 = 0.070 (Outer Top)

= M2 = 0.038 (Inner Top)
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Friction Coefficient, Fast

Rate Parameter

Radius of sliding surface

Outer Top R 1eff

Inner Top R 2eff

Stop distance

Outer Top ur*

Inner Top ux*

2 X M1

2 X M2

0.140 (Outer Top)

0.077 (Inner Top)

Friction Coeff. Slow

Friction Coeff.Fast

0.070/0.140
0.5

0.0005 sec/mm

3.395 mtrs.

0.526 mtrs.

2 Dy + 2 di*
1.11391 mtrs.

1113.91 mm

2 Dy
0.0331 mtrs.

33.109 mm.
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(©) Input Values in ETABS:

(43 Link/Support Directional Properties ﬂ
Identification
Property Name A
Direction U1
Type Tn'ple Pendulum Isolator
NonLinear Yes

Linear Properties

Effective Stifness ift_észssys;:a \ kN/m

Effective Damping 1.205 kN-s/m

Nonlinear Properties

Stiffness 36796846 .43 kN/m
Damping Coefficient 1.205 kN-s/m

QK Cancel

Figure-67. TFPB Input Values in ETABS for Axial Load 6860 KN

Direction U1
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[ vy Link/Support Directional Properties ﬂ
|dentification
Property Name A Type Triple Pendulum Isolator
Direction {U2; U3 NonLinear Yes

Linear Properties

Effective Stiffness - U2 8204.247 kN/m Effective Stiffness -U3 8204 247 kN/m
Effective Damping - U2 1.205 kN-s/m Effective Damping -U3 1.205 kN-s/m

Shear Deformation Location

Distance from End-J-U2 |0 m Distance from End-J- U3 |0 m

Height and Symmetry of Sliding Surfaces

Height for Outer Surfaces "DJS‘ |m Outer Bottom Surface is Symmetric to Outer Top Surface
Height for Inner Sufaces | 0.121 m v

Nonlinear Properties for Directions U2 and U3

Quter Top Quter Bottom Inner Top Inner Bottom
Stiffness 28922.265 15880.44 kN/m
Friction Coefficient, Slow | 0.063795 0.03832
Friction Coefficient, Fast | 0.13959 0.076645
Rate Parameter 0.0005 ' 0.0005 sec/mm
Radius of Sliding Suface  |3.395 0.526 m
Stop Distance 1113.509 ‘ 33.109 mm

{ 0K Cancel

Figure-68. TFPB Input Values in ETABS for Axial Load 6860 KN
Direction U2 & Us
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5.6 Summary

The Base Isolation System's attributes are discussed in this chapter.: 1) Lead Rubber
Bearing (LRB) in Direction Uy viz. Effective stiffness & Effective damping for linear
properties and in Direction U, & Uz viz. Effective stiffness & Effective damping for
linear properties and Stiffness, Yield strength & post yield strength ratio for non-
linear properties. 2) Triple Friction Pendulum Bearing (TFPB) in Direction U; viz.
Effective stiffness & Effective damping for linear properties and in Direction Uz & Uz
viz. Effective stiffness & Effective damping for linear properties and Height of outer
& inner surface, Stiffness, friction coefficient for slow & fast, Rate parameter, Radius
of sliding surface and stop distance for non-linear properties are design according to
axial load, biaxial load and Tri-axial load (Cumulative load from fixed base modal).
Using this link/support properties the design of case(a)-Model-2 & 3 and case(b)-
Model 5-6 are analyzed and the results will be compare with fixed base support in

next chapter.
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