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ABSTRACT

A Study on the Seismic Strengthening System Using Multi
Steel Tube Unit

Lee Sun Ju

Advisor : Prof. Cho Chang-Geun, Ph.D.
Depar tment of Architectural Engineering,
Graduate School of Chosun University

In this study, A seismic strengthening system using multi steel tube unit
was developed. This system applied the stiffness and strength enhancement
method, which 1is an effective seismic reinforcement technique for the
existing non-seismic buildings of middle and low-rise buildings. It was
intended to compensate for the shortcomings of the existing seismic
strengthening systems. It is designed to improve constructability through
factory production and to allow for variability.

In order to adopt an effective layout and bonding method with the
existing structure, multi steel tube unit experiments were conducted. It was
divided into two classifications according to the layout and two
classifications according to the bonding method with the existing structure.
As a result, the joining method using a square steel tube was more effective
than the joining method using an steel plate at the point of lowering
rigidity or maximum bearing capacity. In the joint method using steel plates,
force transmission to the seismic reinforcement system was not performed wel |
due to the destruction and separation of the welds at the corners.

In order to verify whether effective seismic design and seismic

strengthening are possible, a quasi-dynamic experiment was conducted on a

Collection @ chosun



specimen with non-seismic details of a two-story scale reinforced with a
multi steel tube unit seismic strengthening system. After that, the results
were compared through structural analysis. As a result, the specimen
strengthened with the multi steel tube unit seismic strengthening system
improved the stiffness and shear strength by 2.1-4.4 times and 2.1-2.8 times,
respectively, compared to the specimen with non-seismic details. In addition,
it was confirmed that the analysis results were more conservative than the
experimental results. Therefore, it is judged that effective seismic design
and seismic strengthening by applying the multi steel tube unit seismic
strengthening system is possible.

The purpose of this study was to prove the effective reinforcing effect
of the seismic strengthening system for multi steel tube unit. Therefore,
seismic performance evaluation was performed through a nonlinear static
analysis of a frame model with a scale of five stories above the ground. As a
result, the initial stiffness, strength, and ductility of the strengthened
model were all increased, and the load resistance performance was improved.In
addition, the effective reinforcement effect was demonstrated in accordance

with the seismic performance standards.
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[H 3.3] Jt= &A

Step Cycle Displacement(mm) Deformation Angle(rad)
1 + 2.9 0.001
2 + 7.38 0.0025
3 + 14.75 0.005
4 + 22.13 0.0075
5 + 29.5 0.01
6 ] T 44.25 0.015
/ + 59 0.02
8 + 88.5 0.03
9 + 118 0.04
10 + 147.5 0.05
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[E 3.4] &8ME =024, ots, B

. Kin Vchycle A 16c¢ycle Vu A u

Specimens
(kN/mm) (kN) (mm) (kN) (mm)
Case 1 Tube 28.42 477 .1 35.84 477 1 35.84
Case 2 Tube 16.04 490.2 42 .64 490.2 42 .64
Case 1 Plate 28.11 291.8 43.52 357.1 58.51
Case 2 Plate 20.54 310.8 43.98 386.3 58.77
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(e) Bstep

[0& 3.14] Al&X Case 1_Tube IbD| A
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(e) 5step
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(c) 6step (d) 6step

(e) 7step (f) 7step
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[H 4.5] Jt=& &A

Step Cycle Displacement(mm) Deformation Angle(rad)
1 + 5.7 0.001
2 + 8.55 0.0015
3 + 1.4 0.002
4 + 19.95 0.0035
S + 28.5 0.005
6 ’ + 42.75 0.0075
/ + 57 0.01
8 + 79.8 0.014
9 + 99.75 0.0175
10 + 125.4 0.022

* = 2,850+ 2,850 = 5,700mm

150

100

50

VA‘_AJ.““AhﬂhAAAAAA
M

Top displacement (mm)
=]

-100

_1 5[] L L L L L
0 5 10 15 20 25 30

Loading cycle

[0 4.15] J1" 24
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. I<m Vy A y V“ A u
Specimens

(KN/mm) (kN) (mm) (kN) (mm)
NR-1 10.81 228.2 42.20 275.5 68.56
TR-1 22.76 545.5 42.97 767.3 79.33
TR-2 24 .64 481.5 42 .56 632.8 78.17
TR-3 48.34 659.3 42.34 729.8 57.10
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[O& 4.22] &ot=-28el 2H NR-1, TR-32 Hlu
[H 4.7] &M NR-10l CHEH AEME =024, o5, H
. I<in Vy Ay Vu Au
Specimens
Kin(e) Vye© /By V) /B
TR-1 2.1 2.39 1.02 2.79 1.16
TR-2 2.28 2.1 1.01 2.30 1.14
TR-3 4.47 2.89 1.00 2.65 0.83
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(c) 3step

[0 4.26] &AM TR-1 Mt &)
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(h) 5step

(g) 5step
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(k) 6step
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(o) 8step (p) 8step

[0 4.26] &AM TR-1 Mt &)

_71_

Collection @ chosun



[0 4.26] A& TR-1 Lt 4t

_72_

(“)Collection @ chosun



02
0z
o

oI
i
el
ne
o
T
%

Joono
(@]
<
o
D
—
s
>
1l

I
ol
o
=
A
ol

&Y

|E WEEZAIAECZ B2&E A&M TR-2
ZAABCZ 22 A TR-22 a0 W
UCH =II2E2 6eycle(Ra=0.15%)0IA JIS GtE
2A0I201 XIAZIRUCH. 18cycle(Ra=0.15%) A=
22 X Sotote JIs2 oftFZ HEEUALH
EE B2 2gZ20 HE0l 0Lt) HHSE
Ra=1.4%)0I2RHH= OS5 28 2 |UES 2
2AoIACH. 0= =ZZ0l X SItotod RO
UWEH =2 = 15 25 JIs2 tUE 48 &
R-12t Hi==otAXIg, AEHM TR-12 22 HE
g2 8X Rs&t £ IS MmIF LMoHACH

“Collection @ chosun

_73_



(c) 3step
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(h) 5step

(g) 5step
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(k) 6step
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(0) 7step
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(c) 3step
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(g) 5step
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HILWA & ME 2= AEH NR-12 BIUWA AME 2= AEH NR-12 =01
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9.7kN/mm MOIEIACH. ZITHGIES AIE (22cycle)IASl 242 3.3kN/mm O, =ICH
ot= 0l 25cycleiMel 2H2 2.0kN/mmZ2 A & 40% 2ASHALCH. 28 L 15
o A4 KMote =JI1aZ 2 O0|&NtAl= HI=xotXIgt #Z ZM 0l 150 28 2
Ct 2ot SACHUCH. 133 282 24&X0l= =UUHE &Z MK HEH
o2 AHR/CE. ZIULHE ANEBUHAL 1532 242 2.7kN/mm0I0H, 252 2482 3.1

Ot
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Analysis Experiment
Specimens
I<in Vu A u I<ill Vll A u
(KN/mm) (kN) (mm) | (KN/mm) (kN) (mm)
NR-1 9.40 230.8 75 10.81 275.5 68.56
TR-1 28.30 706.5 80 22.76 767.3 79.33
TR-2 29.40 588.0 73 24.64 632.8 78.17
TR-3 43.70 703.2 58 48.34 729.8 57.10
- 92 -

Collection @ chosun




800

?DO | = _NR-1_EXpt

——MNR-1_Anal
600

500
400

300 +

Applied load (kN)

200 - s s

100 ~ -

0 20 40 60 80 100 120 140
Displacement (mm)

(a) A& H NR-1

800

700 . - ==-TR-1_Expt

——TR-1_Anal
600 - L7

500 + 2
400 /

300 + g

Applied load (kN)

200 4 /7

100 ~

0 20 40 60 80 100 120 140
Displacement (mm)

(b) A& TR-1

[O& 4.35] oA Zotet &8 Z0 Hlw JDeHE(AHS)

o

Collection @ chosun



800

700 | - ==TR-2_Expt

S ——TR-2_Anal
600 - - !
500 A 5
400 A ’

300 ~ ’

Applied load (kN)

200 - /

100 -

0 20 40 60 80 100 120 140
Displacement (mm)

(c) &&XHl TR-2

800

700 4 e ---TR-3_Expt

s z ——TR-3_Anal
500 G
400 5

300 ~

Applied load (kN)

200 A

100+

0 r .

0 20 40 60 80 100 120 140
Displacement (mm)

(d) &8 HM TR-3

[0 4.35] oA Z0tet &8 Z0 HlW =

_94_

Collection @ chosun



K

AJ

e]

ok

o)
ol
o

ol
Jo

agHz OIF0H/]2H,

342

=

[—

g0 T

=<

al

)
=2
A

280 0l

0

KIo
H

ok
X0
nO0

=
7}
g
jild

o

o0

3
=

ok

KJ

oL

1}
o0

]

bl
Ho
n0
H

KJ

0

d
<

oI
o
S

KA

il

140

ol
al

H

0

o
F

tI1

00

1N
=)
Bl

o)
A0

ok

2O 2 Hlw

]

U]
=
Al

60
<A
Rr
(HO

Ok

o
w0

<+

=
Gl
ol
il
iy

-

nl

=

_

0J
KJ

io-

0

’

™

246l 25cycle(R

%o

)

+AH
(=]

g
=

0.15%)0A =J12Z0l

4cycle(Ra=

o
ju—

1) & &x NR-1

1.4

1= 9.4%

o,

I 24cycle(Ra

gl0l 210l
ZHH Ol A

g 22.76 kN/mm0l 12

A2

[

[y

H

A
(=]

!

=]
=2

A

}.

0.15%)0M =J12€0

6eycle(Ra

o

[—

275.5kNOICF.
FALCH.

A
2) A& TR-1

2
21019

=

%A A

AgH NR-12

5l 5-2

|
=)

EAHOE LA=TH

ICHLH= 2 767.3

Z

a4

=

b

I NR-12CH =D

X

20

i
H
g
Al

0l

D
i

=]
S

| CH LA

ottlet =

SItAIZ &gt

o

= 2.116H

o

2t M

o

S
=

A
=

KNOI 4,

J

o

BVESATN

Jto

=
S

2 24.3%

24
tCE.

| =D

9|
0.8%

_95_

9]

St

=

Collection @ chosun



0.15%) HIAUA =DI

6eycle(Ra

—

—

3) TR-2

J— —_ Y - ) H_l_
|.r . RS E of T O o
o= T oo a & U pEgPsenn T oW os B
SN E S oS om o a%ﬂm%wz|% ol g 23
1EI%HJE __OT%ﬂmMUko_:_oLG. R
oo = | S — 3B H © § 7 _ = =
=g 0l K = o = o . - = Ol < < —
fos w0 [ L KT o = F = =
= % oa LD L 1 T x M U
Lot WL N 33 cg o<~z M o
J 3 = X% o = — X[ oF o= R
S W - = B 5 © L K = I -V g K
>3 a - md SR S R L S, _wAD ol N v _
= I = o 3 5 A PIREAVS T s A A 08 S ol
1S M2 e 2 o T 35 83 < o= R’
ol Vo — wEE X o = o< =
e F _7=_ i - M U ._|_| HD
i ol 0 E Z 5 ~ — o) =, W =) ol Ml <4 ~0 .AH ol
= — B =< o oW R A oMo Al S
A g = ol I oy <6 1A n0 ™ o )
G R g s . & = — M
=2 32 S Ko =) ki w53 _ e Ml = == o v 010
~ Kio < |_.= 5 g W_._ R W Zo 7y Al zr
== = f mn 3 = : o —_
o A ic o = N = Koo B I ) m_u_ 100 ﬂu, o |
oW oo & omom RIA 3 W X K0 A& o 5 Moz 0
ol TJ N | 3 = [ISSY B Ko MF K4 o0
o _ O 2 - T S 0l d W D - o N = [+ <]
— 3 YO & = e S gy 1 N, =
T2 8~ Ao %%IU%%A;H Mo~ o &
HE 0 1 Kl 2o o 33 2 " 0 n s e =N n0
no 0l ovoRw =2 - = 8 . o K o ol 0 1
O M 5 -~ 1o TS Ko wowa e -
= I S R TR S R of | =
ok - M 3 LB Ko o 0 H YRR =m0l | L~ [ =
A . o W ® w0 J W s
B Sm 28 B ok X & L
ol o S min - d = 00 55 0 = o7 K4 = i S 5l )
W gr [ & M o &m+m|M+ < = 20 g OF
160 o2 g £ < =) ° 5 5 38 3 o 20 oT # -
B S a =D WG W Moar oz Moo = I -
— o S m o = PR K L R o W g T g A
0] o 1 i 110 s |rO ™~ _.=_=._ o — . o F o N
T TR T HWOS oy 2 g, wm
n VWL 8" o B o oy Lo
A =R g L A R A e O W oKe
‘S <HSwal Ipzmesisii — oo
N =AM ZTWo s — ©
° <

_96_

20! Jts

Collection @ chosun



Ol

ral=

F

20

H1Z o

Rl

.y

1B S 2t

HALRUA A e

=}
[

3.2m) =0|

tod 16m(S12

¢}

o
F

2 Lt

&

o
Ll
o

ol
Kd
A
ol

K0
To)

-

0

J
K

i

20l

2] et

He 22 242 [O" 5.1~
412 20l

g 5.3

2

3%
0
o

3+

JF

Al

00
70

oL

3

[

Bl

ol
0

K|0
0

ol
~

ol
=<

I =
=0

’

SH

FEFSL

L

5.1]0i

stllee [&
=

CH

o

cil
5.2]101 LIEFAUCE.

St
S

= L —i

I
e

[

f,/= 300 MPa

2=

ots

t

A

H

Hr

(b) TR-1

(a) NR-1

(d) TR-3

(c) TR-2

_97_

(“)Collection @ chosun



6m

6m

6m

am

6m

5m

Sm

Sm

=
=)

o) Tz
[18 5.3] 5
- 98 -

(“)Collection @ chosun



6m

6m

6m

6m

6m

L

We

UG

we

e

P s P T

e

e

(c) TR-3

(b) TR-2

(a) TR-1

_99_

“Collection @ chosun



O

il

0

K1
Rl

K0
Te}

2l

K g U 0 o U %0 m U0
Il o 3 Rl o 3 Rl < 3 Rl
™ "ok — AT T
- ;8 KO — —~ KO — KO — —~
- L= ol = o) L= ol
m U oy = O an — 0 o =
n0 = n0 = n0 =
H = o
= .
_x_o( (ep]
H =
N A 0
N0 iy A
_._Ar_._.\nw < 3 ao_._.__%%
ol & S 8 DRSS,
= N Kt
) v v
()
Ll S
o o
3 2
S) S)
m £ Al o H Al o
_._;_m EN- N H N
E - Al © - - Al © -
H A — N o — O
5 w008 & § 2 c —— & § 2
w S = = S o = .=
o O + O O +
| = o w»w | = o »
300mm
_ S
) 8 &
m — R
1 £ < =
£ £ L &
I — : 2 4
N £ g
o O
= T
- - o @
fass fass a a
= — — =

] —
| &
o oo
x_.o [aN] [N}
o)
ol
ar m
M1 | o
zl | oo | KI
= 5| 3
o
E
— =
) Zlg | o
R | o | w
2| w o
O ol
T _% ol B
2 | O
=2
1%
R e | <
F | | KO | = KO | 0
ow | TR | 5|3 xmz %
Y/ kIR

- 100 -

Collection @ chosun



0
1o
70

>d
i0J

ofn

8

HI2Z Hl

-

nl

o)

Bl

Klo
0

Rl

o
1o
o
10!

<+
ul

70
Jo
X0
Kl

o)

10

X

RO

Jio

= A

MIDAS GEN

FCE.

110

bl

=
=

{Hl 2t ZIHE A

Ok

T

bb

Y

KIO

H
i

o)
0

R0
1o
70
oK
d
Ar

Jo
£

IS
Rr
RO

750
&

nd

o
Jio

Rl

B
10
7

ol
K0

E

ol
Rl
Ar

=]
d
Ar
1o
0

1o

Ho
ol

[ 5.3

5.6]01 LIEtRI2O,

Rl

.

n0
N
K

ol

e}
E

ol
&l
Ar

Jio

Z LIERCH 4

of ez

t1 <

[[e]

00

Jjo
X0
00
=
K0

o

o

B3

o
o
ol

U

Rl

0

Ju

LGP

t=0l

e}

i TR-101 Jt& &N

ot =

imi

al

ol
all

O

A0
H

-

M

s

ol
o

R0
1o
0

o)

[

0

KA
Rl

K0
O

2l

(=)
TT
Tet

16.53

19.83

19.12

19.66

k=]
Deff

0.9668

0.8877

0.8916

0.8882

&
(kN)

4,107

4,245

4,275

4,244

(mm)

72.82

63.22

63.94

63.14

R0
Jo

S. (9)
0.0568

0.0488

0.0497

0.0490

£

Sg (mm)

0.2447

0.2494

0.2514

0.2500

Specimens

NR-1

TR-1

TR-2

TR-3

- 101 -

Collection @ chosun



Capacity Spectrum vs. Demand Spectrum
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Capacity Spectrum vs. Demand Spectrum Capacity Spectrum vs. Demand Spectrum
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