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Abstract

The thermal bridge occurring in a building influences its thermal performance and durability. The domestic typical multi-unit
residential buildings suffer thermal losses resulting from thermal bridges of the balcony slab. To minimize the thermal loss between
inside and outside of the balcony slab, thermal bridge breaker(TBB) systems have been developed and applied in building
construction. Although thermal bridge breaker systems for reinforced concrete(RC) wall-slab joints can improve the thermal
performance of a building, it is necessary to verify the structural performance of TBB systems whether they provide proper
resistance for cyclic loading. In order to investigate the structural characteristics of TBB systems embedded in RC slabs, cyclic tests
of wall-slab joints were performed by applying two reversed cycles at each up to 30 cycles. The test results show that the RC slabs
embedding TBBS systems can present excellent structural performance and the maximum moment capacity, energy dissipation
capacity and ductility of TBBs systems are enhanced compared to those of the typical RC slabs.

Keywords - gyclic load, thermal bridge breaker system, wall-slab joint, multi-unit residential building, reinforced
concrete slab
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Table 1 Material properties of steel

Yield Modulus of

Component strength, | elasticity,
MPa MPa
Longitudinal relr};ff;cement with dia 4694 196 4
Shear, Dowel bar with dia. D6 621.3 201.2
Stainless steel bar with dia. D13 694.0 189.6

Table 2 Material properties of concrete
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Speci e kN " kN M,, kNm | M,,, kNm | 2, kNm 6, % O, %6 6, % B kN
ecimens - m - m , m
’ : Olwmlolmlolomlolom]lolmlolm]™
S-TBBS-H 68.5 71.1 -52.1168.0(-852|84.6|-724|71.9|-09| 1.3 |-53| 44 |-88]| 88 147.8
S-TBBS-E 68.3 71.8 -47.5151.71-89.9|84.3 |-76.4|71.7|-09| 1.0 | 88| 5.3 [-10.6|10.6 173.8
S-RC 64.4 70.9 -61.9]74.1 [-69.3| 75.3|-58.9|64.0|-2.1| 2.2 | 6.2 | 6.2 |-10.6|10.6 153.4

My, Design moment strength, A,° measured moment at first yield, M,
: drift ratio at M,, 8,

moment, @,
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Table 4 Comparison of the ductility ratio

m rE e o)y ot
ol {m
AN o
R

)
[o
o
Q.
r’\I
1o g
Y
Y
)
o o
-1u:

>
o

M2,
ol
=
im
]

4.3 wEA} %

7t AgA e Aol Ariskge Wghe] U FHAE

Fig. 116] YehRQL). 7 A8 Ae daiegxe 4 &
ol #AGe] 8~10 Ao|ZeA] FHYRWUE T3lon,

7} Aol o] Z/H4E FYE L AAF 2 o)

A W37 ool RNEES Al e},

518

=R AT A S

== M28H Hb5=2(2015.10)

) Ductility ratio, u(=D,/D,)
Specimens
S-TBBS-H S-TBBS-E S-RC
Positive(+) 9.4 11.7 5.1
Negative(-) 6.8 11.0 4.9

& 5 WEFZte] A WA Aol23 vl F HA Aol

ol 2T wHERe 2a2g yehiglen dwat

AR E A9let A4 (S-TBBS-H, S-TBBS-E)& ) =

HERRE o]F g RAERLE fAE It So WEdz

(0,) =24 F4% Z=0AE vepdy vk, S-RC AE

Ae A HEAL £ 3o nj Mo|Fuh} A&HAoR
AA27AES YRR

S-RC @ﬁxﬂﬂ 5.0, S-TBBS-H @
S-TBBS-E A#@A7L 11.409 dwstehy 1
Zajae] AXusl 2 Aoz JeRdth Table
A wish 2ol 7 APATE 8~10%9] FAM T
UrERREE Qo] Apolsh wAbeh
FEA S Aol 7]Q1g,

olf= &



22

28 . oms . 7095 . 18

HN

fol

A : : —e—S-TBBS-H
0.9} g ............ ............ ............ S-TBBS-E |

Stiffness, KN/mm

0 5 10 15 20 25 30
Cycle

Fig. 12 Comparison of stiffness degradation of
specimens

180

—6— S-TBBS-H
—4— S-TBBS-E

o
(2]
=

—
[ S
S O

ot
(=4
=

=]
<

Dissipated Energy, kNm
2

=
<

20 L

0 5 10 15 20 25 30
Cycle

Fig. 13 Accumulating energy dissipating capacity of
the specimens

7} Aol s Mol el w2 W97t TAE &
A& Fig. 12014 vlmadte] Jepfide}, zh Alo] &
AL BEx A THlE/MeZte R AgEg e
Zo] A2Ee APA e VTR 0% A
Fzeet Aol

Fig. 10014 & <= gl%o] BE AdA9 7] 4L &
A 7t AFAER 7 SPAERE ] Aol B
ATt o BE A= BY w7t A WA Mol|F
3 dElEte F HR solZelA 3~5% aE S e
wslew Hueks =g o|F 2AAAEE ke sdde &
B o] A8 Astel= AR Ve

N
R |z
o é“ki oYz

q

ox

[¢]

3L
B
ko o
rin
0

L

=]
W AR BYOv| 20 Aol o) FRElE dud Y
Aske s Ui, ol wel daARINE AR F
AAA S-TBBS-H¢t S-TBBS-E+= HEWE Zddl=

O

{=2e}

¢

8§~10 AolEFE A3laes 27] A|EREH 71 T34
Aol 7R AR o] A AskeS JERTh =3
S-RC AgAl= 12 A2/ 27173432] 30%013& Sh
& 4= 9lom S-TBBS-H ¥ S-TBBS-E 4 &A= 18 #o]
7] ol 22 o AL FAE

Fig. 132 &2 AdA 9] 7 & @z b oy
A 2AbgES e Aotk dluR] b Fig. 89 BHIE
-7y A 2} sk RolZe] o] HFAe] WY
2 Ao 74 oA Matere H3H WA goz A
At AEA 9] APz FASH S o), duA
A7} 4kel® A& (S-TBBS-H, S-TBBS-E)+= ¢
SR Q1 Bk dEA UF &¥E & ECC 4
FoN A oA qto] o) ol on] S-RC AEAIE A
FoEAEel vteke YR e wWeke R Auj[gl
Tdo] BAZ o]F AFE 23RN F2 AFETe
SAAAF ARt oA to] ST

Fig. 1394 & & g1=e] 71 27|dAQ1 10 Kol 27k
© B AGA] duR] MFge fARHA JERdo e
o]F2] AIFRl 10 AolZ o] FHElE 7 AFAER oA
absdEd Aolrh wAYEYIt S-TBBS-HeF S-TBBS-E
AdA = AQl e AFE HoAT 25 Ro|F o|FHH=
S-TBBS-E A &A7} 1 £& oluA] &g Bejv) whd,
S-RC A3 v A& B8] HE o] 2 5
HglolA] A mES vrol B FA WeloA] 2] oA

= A B7HEAG

58 B

B Ao duAagxs AGE sune] 12y
< mefeby] et WA-LulE HRo] ga wEsls
AL Axsinh. vluE g8 duxebgAst v Aed

2FaRE SYuE @ AP o) A7 4g 2

1) S-RC AgAE AHY Zygde] aele} s &
& wet gulde] el 3R Ahol At
o AFALR Y8 sy ZAEI £40 %
Fzdon, S-TBBS-H A@A= 1358 duald

=]

Aojgte) Zaz)E o] ueld ¥ WY

Fgo] AaAPH FA £AE R Lelo] ol@
SEale 4% GUE ey doo] AT
SEEELE

of

ShRPMTATEE =22 H28F XM55(2015.10) 519

r



= oloh e NAPA] HEe] g WS
pgo] vepsiet

3) EATINE AP Lelne Ayl Andes
Frkeke Aow vehtor 54, dd dmdey
AT AfYshs 2971 QU AeEaE sy Ay
He] o) olgel AP Hg T NP5
& e Aoz R

4) WEeEe] WE Y ASE vlwd A%, S-RC A
g9 Bt A9 At 7W w27 AgEglen,
ALY} A F Xﬂ” A A
e Ao veith, RE A oA see

FAreA Ueltkey) S-TBBS-E Ad@A)9] oux] 4
Aol vE AgAY vlmate] Mg F AR wE
At

ZAte 2

B oA 201295 ARIEAALE WAG AR A%
M A9 AE o] o) Ase] QRS (A5
10043170).

References

ACI (2005) Acceptance Criteria for Moment Frames
Based on Structural Testing and Commentary, ACI
374.1-05, American Concrete Institute, USA, pp.9.

AIK (2009) Korean Building Code for Structures, KBC
2009, Architectural Institute of Korea, Seoul,
pp.769.

Cho, H.W., Bang, J.W., Han, B.C., Kim, Y.Y. (2011)
Flexural Experiments on Reinforced Concrete Beams
Strengthened with ECC and Strength Rebar, J. Korea
Conc. Inst., 23(4), pp.503~509.

500 stEAATADE S =27 K28 H55(2015.10)

153l e AFEA Bt

Keller, T., Riebel, F., Zhou, A. (2006) Multifunc-
tional Hybrid GFRP/Steel Joint for Concrete Slab
Structures, J. Compos. Constr., 10(6), pp.550~560.

Kim, H.J., Choi, K.S., Shin, D.H. (2014) Experi-
mental Tests of Composite Material used for
Compression Joints in Thermal Bridge Breaker
Systems, J. Eng. & Tech., 6(3), pp.190~193.

Kim, Y.H., Kim, H.J., Lee, HY. (2013) Investi-
gation and Analysis of Patents for the Thermal
Bridge Breaker in Green Buildings, J. Korean
Digit. Archi. & Inter. Assoc., 13(2), pp.35~43.

Koo, B.K. (2011) Improvement of Korean Building
Energy Regulation for Removing Thermal Bridge in
the Apartment Building Envelop, Ph.D. Disserta-
tion, Ewha Womans University, pp.199.

KSA (2003) Tensile Strength Tests of the Steel Rein-
forcement, KS B 0802, Korean Standard Associa-
tion, Seoul.

KSA (2010) Compressive Strength Tests of the Concrete,
KS F 2405, Korean Standard Association, Seoul.
Lee, HY., Kim, HK., Hong, S.J., Baek, Y.G. (2014)
Development and Application of the Thermal Bridge
Breaker for Preventing the Thermal Bridge Effect on
the Apartment Buildings, J. Korean Soc. Living

Environ. Sys., 21(3), pp.453~458.

Lee, H.Y., Kim, Y.M., Choi, H.J., Choi K.S., Kang,
J.S. (2014) Thermal Performance Assessment of the
Heat Bridge—free Fasner, 2014 Summer Conference,
J. Soc. Air-Cond. & Refrig. Eng. Korea, pp.665~666.

Riebel, F., Keller, T. (2009) Structural Behavior of
Multifunctional GFRP Joints for Concrete Structures,
J. Constr.& Build. Mater., 23, pp.1620~1627.

Shin, D.H., Kim, Y.H., Kim, H.J. (2014) An Experi-
mental Stdy on Structural Capacities of Thermal
Bridge Breaker Systems Embedded in Cantilever
Slabs, J. Archi. Inst. Korea, 30(9), pp.31~40.

Wakili, K.G., H., Frank, T. (2007)
Experimental and Numerical Thermal Analysis of a
Balcony Board with Integrated Glass Fiber Reinforced
Polymer GFRP Elements, J. Energy & Build., 39,
pp.76~81.

Simmler,



A

x|
CEERESE
9
Lo

0

'30]:
o
7

3
4
<

ol
=
al

4%
sHA
beg A7) )

4 o
o
=
L

et
oo oo

W0 TN M
2T
0 _—
N
o} B £
N ﬂu
T 2T
Ko =1 o @
ﬂw R
H . o
+ 5%
=
ZI
o
o

=)
=

=
[}

&
4

3]
)

: o =
= oy o WM

A

(2015.10) 521

k=2

H2g8™ A5



