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Abstract

Along with technological developments in the field of civil engineering, various systems are used to reduce the
impact of earthquakes on the structure. One system that has long been developed is a passive prevention system
consisting of seismic isolation. Buildings that use seismic dumper are expected to fail structure when an earthquake
occurs. This study discusses the comparison of internal forces in buildings using base isolation and without base
isolation. The building which is the case study is the Indonesian Heritage Foundation school building in Cimanggis.
The analysis uses the 2016 ETABS program. Earthquake analysis uses the Spectrum Response method. From the
research results, it is known that the building which was installed with an insulator shakes the structure to 1,344
seconds. The vibration period of the structure increased 41% from the vibration period of the structure which still
used a fixed base of 0.796 seconds. Seen from the intersection between floors the maximum direction of X can be
reduced by 15.4% by installing an insulator. The same thing happened to the maximum inter-floor deviation for the
Y direction deviation is muted by 27.75%. Base isolation installation reduces the moment in a column by 36% in the
earthquake X direction and 61% in the earthquake Y direction. For column shear force is reduced by 58% in the
earthquake X direction and 75% in the earthquake Y direction. Base isolation can reduce basic shear force in
buildings by 24.49% in the X direction of the building and 22.24% in the Y direction.

Keywords: Base Isolation, ETABS 2016, Spectrum Response, Earthquake Force.

1. Introduction

The ideas behind the concept of base isolation are very simple, namely how to separate the building base related
to the ground and the structure of the upper structure, so that the movement of the soil is not directly transferred to
the upper structure. The concept of seismic isolation is a significant development in earthquake engineering in the
last 20 years. This system has been widely used by countries that have a high risk of earthquakes such as Japan,
Italy, the United States, Turkey, China, Taiwan, and Indonesia. This system will separate the building or structure
from a relatively small horizontal component between the upper building and the foundation. As a result of the
acceleration of the earthquake that works on the building becomes smaller. The first vibrating range of buildings
only causes lateral deformation in the isolator system, while the upper part will behave as rigid body motion. The
higher vibrational variations that cause deformation in the structure are orthogonal to the first variance and ground
motion so that these vibrational variations do not participate in the structural response, or in other words earthquake
energy is not dissipated to the building structure (Neim and Kelly, 1999 ).

In a strong earthquake, an insulator with relatively small horizontal stiffness will cause the natural period of the
building to be larger, (generally between 2 - 3.5 seconds). In this period the earthquake acceleration was relatively
small, especially in hard ground. Connecting with the insulator will reduce acceleration in building structures.
However, the reverse will cause an increase in displacement in the building. To limit displacement to the acceptable
limits, the isolation system is also equipped with elements capable of diminishing energy. Apart from that, the
isolation system also has the ability to return to its original position after the appearance of a cynical movement.
Whereas in small earthquakes or due to wind the horizontal stiffness of the insulator system must be adequate, so as
not to cause vibrations that cause the discomfort of its inhabitants (Kelly, 2001)

2. Metodholgy

The research method used will use the analysis method in building structure modeling where the plan will use
Base Isolation with reference to applicable regulations such as the Indonesian National Standard (SNI).

This research method uses the case study analysis method. The case study method is in the form of re-planning
with a model made according to the condition of the building. The research method used has stages of input,
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analysis, and output. At the input, stage will be explained about the structure geometry, dimensions, and
specifications of structural elements, the determination of the burden of working with 3-dimensional modeling. The
stages of analysis include structural modeling using the 2016 ETABS software The final stage is the output stage
which discusses the comparison of buildings without Base isolation and buildings with Base isolation.

3. Structure Geomethry

The building that will be planned using the Base isolation system has the following planning data:

a. Building Name : Gedung Indonesia Heritage Foundation
b. Location : St. Mochamad Thohir, Kecamatan Tapos, Depok
c. Building Function : School
d. Jenis Tanah : Medium Soil
e. Jumlah Lantai : 6 Floor
f.  Height between Floor
Basement~Floor 1 : 3,5 meter
Floor 1~Floor 2 : 4.5 meter
Floor 2~Roof Floor : 3.7 meter
g. Total Height : 15.6 meter
h.  Structure System : Base Isolation

i. Material Specification

Concrete Quality used

- Column and Beam : ¢ 30 MPa
- Slab : f°'c 30 MPa

Rebar quality used

- Column Rebar (D16 & D13) : fy 420 MPa

- Beam Rebar (D22, D19 & D16) : fy 420 MPa
Slab Rebar (D10) : fy 420 MPa
j.  Earthquake Load

Ss 0.768 =5 1,193 Spbs 0.61g

Sl 0,295 Ry 1,756 SDl 03779

The design category is determined by value SDS dan SD1 that is type D
- Vibration period , TO = 0.512s dan Ts = 0.512s

k. Design calculation
4. Analysis
A. Design calculation
v" The value of the fundamental period => Ta = 0.6627s & Tmaks = 0.9278s
v Periode The period value of Etabs => Tx = 0.796s & Ty = 0.754 second (OK)
B. Base Shear Factored
Earthquake Load Fx(kN) | Fy(kN) | 85%Static | Yarme> 089
static
Static Ex 36478.4 31006.6 OK
Ey 36478.4 31006.6 OK
Dinamic RSx 33786.4
Rsy 33544.03
C. Story Drift

The type of structure is the SRPMK structure so the deviation between permit floors Aa risk category II then uses
the formula :
Aa =0.010 x hx
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TABLE:

Story

Response

Story Ele(\/na:';lon Location )((m%')r \((m%')r 0.010 x hx

FLOOR 5 19.1 | Top 6.063692 | 5.998939 | ok ok
FLOOR 4 154 | Top 5.296217 5.249467 | ok ok
FLOOR 3 11.7 | Top 4.131247 4.100812 | ok ok
FLOOR 2 8| Top 2.621681 2.605487 | ok ok
FLOOR 1 3.5 | Top 0.68633 0.679103 | ok ok
BASE 0| Top 0 0| ok ok

D. Dimension of base isolation

After analysis of buildings with fixed base, conditions are calculated and meet the requirements. Then the results of
the force analysis in the structure of the building without base isolation data are taken in the form of the largest axial
force of the building column for the purpose of planning the base isolation dimensions suitable for a 6-story
building.

43 ETABS 2016 Utimate 16.2.0 - Fixed base sekolah IHF Final design RD - X
File Edit View Define Draw Select Assign Analyze Display Design Detailing  Options
CVH2a A al» a@Q@@ Q| adriel 5[l §FEED-O -1 mbs 7 o 1E

| 141 Model Explorer - X J,i‘;PlﬁnV\:erASE'Z:B(m] Restraint Reactions  (ENVELOPE) [kN, kN-m]

| Model Display Tables Reports Detaiing

Tools  Help

I-O0-T-O-=-C-£4-[-

| (#45tory Response |

36 40 44 4 52 56
[Fz =696 2053 [Fz=a1857281] [Fz=#1819671] [Fz=41539087] [Fz=39329584] [Fz=33129771]

Loads
Named Output kems
Named Plots

3
Fz=2616.2703]

5 s 39 43 ar 51 55
2= 2643(6A61075.0734) [Fz="5104.2587] [Fz="5033.4577] Fz = 4992.857 Fz= 48317275, Fz=37342171

31 £ 42 % 50
[Fz=a234.8605] Fz=a128.2585] [Fz= 41359681 [Fz= 40074452 [Fz=29765043]

) 37 41 15
[Fz=51206571] Fz=4048.4143] 2= 3997306 [Fz= 39305604

alt

?ih
Plan View - BASE - 2= 0 fm)

X 438912 Y 74676 Z04m)

Source: Data in research, 2020
For the planning of the base isolator dimensions the axial force of the largest column is taken with a value of
5979652.6 N and a total structural weight (Wt) 810822590 N

>> || Units

Internal forces in building structures :
=5979652.6 N

e Maximum Axial force on bearing (W)

e Total weight of structure (Wt) =810822590 N

e Amount of bearing =56 pcs
Specification bearing used :

e  Shear Modulus (G) =0.392 Mpa

e Damping (B) =0.170

e  Asumption period (Td) =1.71sec

e  Max Shear strain (y) =1

e  Acceleration of gravity(g) =9.81 m/s?
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» Horizontal stiffness (Ky)

K = w (271)2
e gx Tp

5979652.6 27 \?
KH = x( )

9.81 1.71
8221177.27 N/m

Ky
» Design Desplacement (Dp)

B, =1.2
Sy = 0.64
D = ixCVDxTD
D™ 42 B,
981 0.64x171
DT 2T 12
D, =0.227m

» determine diameter of the bearing

D,
T, = —
Y
0.227
T=——
T, =0.227m
With the thick rubber you can get a temporary cushion surface area :
KyuxT,
A= ——
G
_ 8221177.27 x 0.227
B 0.3E08
A= 0475m?

So that the bearing diameter is obtained:

4A
= |—
T
4x0.475
= |[——
T
®=0.7785m

Then the bearing surface area is:

Q>
A= T
Q>
A= —
x(0.7785)?
g = x(0.7785)7

4
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A= 0.475m?

With the bearing surface area obtained the new horizontal stiffness value is :

_ GxA
Hb — Tr
o = 0.3E08 x 0.475
Hb = 0.227
Ky, = 8221177.27 N/m

Kutotar = 56 X Ky
Kitoras = 460385927.1 N/m
Determine of frekuensi (w) and Period (T)

, _ Kutotarx g
) _Htotal = I

w
W? = 460385927.1 x 9.81
w
w = 2.36rad/sec
2m
)
2m
"= 236

T = 2.661sec > 1.71 sec
Shape Factor (S;)

Assumed vertical frequency (Fv) = 10 Hz

Then the horizontal frequency:

Fh—1
T

Fh = 03758 Hz
shape Factor (S;)

1 Fv
S = ﬁx 7h

1 10
S = 5% 03758

S = 10.86304091

Determine the modulus of compression (Ec) Sliding modulus with a small strain occurs when y = 20%, where
the bearing properties are :

Go,=1.4Mpa
K = 2000 Mpa
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Then the compression modulus is:

6GS*K

Ec= —
€T 6GST+K

Ec = 662765295.4 N /m 2

Vertical stifness (Kv)

_ EcxA
v = T,
662765295.4 x 0.622
Kv =

0.227
Kv = 1389977291 N/m

Determine thickness of layer

=2
T 48
. 0.7785
" 4x10.863
t = 0.0179
Layer amount (n)
T.
n=—
t
~0.227
"= 00179

n=12.66177351
Then the thickness of the new rubber is:

Trpary =nxt

Trpary = 12.66177351 x 0.0179

Trpary = 0.2268m

Determine dimension of bearing

Bearing height (h)

h=2xtyeq +nt+ ((n—1) X topim
h=2x0.04+0.2268+ ((13 —1) x0.0031
h= 0.295m

shims diameter (@;) are :
= 0 — (2 x teover)

s
@s; = 0.7785 — (2 x 0.005)
s

= 0.7685m
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» Determine value of buckling loads

/- E(&)
~ 4\Rw
. n(0.7685)
T4\ 2
I = 00171 m*

Then the surface area of the shims is :

n(Z)SZ
As =
ST g
7 x (0.7685)32
h 4
As = 0.464 m?

Then the buckling load value of the bearing is :

n |Ecl
Perie = > 3 Go2As

P.. =
it T 0.2268 3

P, = 21682940.13 N

T \]662765295.43(0.0171

x 1400000 x 0.464

The value of the safety factor to prevent buckling is :

Pcrit
SF =
w
_ 21682940.13
~ 5979652.6
SF = 3.626 >3

Determine of rollout displacement

Dpax = 1 KHbP
w

Dpax = 1.184m

From the above calculation we get the dimensions of Base isolator as follows:

Bearing height(h) =0.295m
Bearing Diameter(@) =0.7785m
shims Diamater (@) =0.7685 m
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layer amount(n) =13 Layer
shims amount (ng) =12 Layer
shims thickness (ts) =0.0031m
Rubber thickness (t,) =0.0179 m

cover plate thickness (t,) =0.028 m

Based on the calculation using the design step, obtained property dimensions from the Bridgestone-Seismic isolation
product line-up catalog. So Base isolation suitable for use in IHF school buildings is High damping rubber bearing
type HHO80X4S. The following physical dimensions of HDRB type HH080X4S:

Diameter of bearing(@) =0.800 m
Bearing height =0.422m
Total Weight =121ton

Total Weight =11.9 KN

Shear modulus =0.392 N/mm?
Result

Dimension of Base Isolation

Based on the calculation using the design step, obtained property dimensions from the Bridgestone-Seismic
isolation product line-up catalog. So Base isolation suitable for use in IHF school buildings is High damping
rubber bearing type HH080X4S. The following physical dimensions are HDRB type HH080X4S:

Bearing Height =0.422m

Total Weight =1.21ton
Total Weight =11.9 KN
Shear modulus =0.392 N/mm?

Comparative Analysis

Buildings that have been modeled and are running on Etabs 2016 taking into account earthquake loads.
Furthermore, it will be seen how much the ratio of deviation, internal forces, and base shear that occurs between
building structures with Fixed Base conditions and Isolated Base condition structures due to earthquake forces.

Period of Structural Vibration

Period of Structural Vibration
1,6
1,4
1,2
1
& 08
0,6
0,4
0,2
0
SATUAN Sec
M Fixed Based 0,796
H Isolated Base 1,344
kN
M Fixed Based HIsolated Base

Source: Data in research, 2020
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Displacement

7
6
£ 5
E 4
c
S 3
2
a 2
; I:
0
LANTAI 5 LANTAI 4 LANTAI 3 LANTAI 2 LANTAI 1 BASE
H Fixed Base 6,063692 5,296217 4,131247 2,621681 0,68633 0
H Isolated Base 5,12831 4,868833 4,452788 3,839098 2,74968 1,687012
SATUAN mm
M Fixed Base M Isolated Base

Source: Data in research, 2020

Internal Force in column C1 As -4

MOMENT FORCE

e =

KN.m
M ISOLATED BASE 14,2144

M FIXED BASE 22,268

KOLOM C1 AS I-4 LANTAI 3

M ISOLATED BASE & FIXED BASE

Source: Data in research, 2020
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KN.m = I
0 2 4 6 8 10 12 14 16
KN.m
H ISOLATED BASE 5,6761
i FIXED BASE 13,621
KOLOM C1 AS I-4 LANTAI 3
H ISOLATED BASE & FIXED BASE

Source: Data in research, 2020

d. Internal Force in Beam G-4 2" Floor

MOMENT FORCE

KN.m = I

0 5 10 15 20 25 30 35

KN.m
H ISOLATED BASE 12,4286

M FIXED BASE 30,6164

BEAM AS G-4 LANTAI 2

H ISOLATED BASE @ FIXED BASE

Source: Data in research, 2020
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SHEAR FORCE

. — |

0 2 4 6 8 10 12
kN
M ISOLATED BASE 5,0293
M FIXED BASE 12,2479

BEAM AS G-4 LANTAI 2

H ISOLATED BASE & FIXED BASE

14

Source: Data in research, 2020

Base Shear Force

40000
35000
= 30000
=2 25000
§ 20000
£ 15000
@ 10000
5000
0
1

H Fixed Base 33786,4521

H Isolated Base 25510,0461

SATUAN kN

M Fixed Base HIsolated Base
Source: Data in research, 2020
Conclusion

Based on the purpose of writing this thesis and based on the results of structural analysis obtained using ETABS
2016, the authors can draw the following conclusions :

1.

Based on the calculation results of the isolator design, the dimensions of the HDRB isolator from the
Bridgestone-Seismic isolation product line-up are obtained, namely the HH080X4S type with specifications:

Diameter (@) =0.800 m

Bearing Height =0.422m
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Total Weight =1.21ton
Total Weight =119 KN
Shear modulus = 0.392 N/mm?

The building which was installed with an insulator shakes its structure to 1,344 seconds. The vibration period of
the structure increased 41% from the vibration period of the structure which still used a fixed base of 0.796
seconds.

The maximum inter-floor deviation of X direction can be reduced by 15.4% by installing an insulator. The same
thing happened to the maximum inter-floor deviation for the Y direction deviation is muted by 27.75%.

Installation of base isoalation can reduce the moment in the column by 36% in the X direction earthquake and
61% in the Y direction earthquake. For the reduced shear force of the column by 58% in the X direction
earthquake and 75% in the Y direction earthquake.

Installation of base isoalation can reduce the moment on the beam by 59% in the X-direction earthquake and
52% in the Y direction earthquake. For the column shear force is reduced by 59% in the X-direction earthquake
and 53% in the Y direction earthquake.

The installation of base isolation in the IHF school building can reduce the basic shear force in buildings by
24.49% in the X direction of the building and 22.24% in the Y direction.
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