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A Study on the Flexural Capacity of Wooden Member According to the
Reinforcement Ratio of Synthetic Resin
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Abstract

Most of the cultural assets in Korea are wooden structures. Due to the material characteristics of wood, the preservation
of traditional wooden structure is impossible by simple maintenance. Damaged member is replaced with new member or
completely dissolve and restore them. But member has a cultural value, so that it is impossible to arbitrarily replace each

member. Although the preservation treatment method using synthetic resin is emphasized, there is no exact standard for
proper reinforcement ratio. This paper is experimental study for reinforcement ratio of wooden flexural member with
synthetic resins, Reinforced ratio on section area of flexural member. As a result, synthetic resin reinforcement are selected
as experimental variables by proper ratio enhanced flexural capacity of reinforced wooden member than new wooden

member.
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(Table 1) Material properties of wood

List of measurement Result The test method
value
Moisture content (%) 10 KSF 2199 : 2001
Flexural rigidity
) 488 KS F 2208 : 2004
(N/mm?)

Modulus of elasticity in
bending (N/mm?)
Compressive strength
(N/mm?)

Elastic modulus of
compressibility (N/mm?)
Tensile strength
(N/mm?)

4086 KS F 2208 : 2004

344 KS F 2206 : 2004

8600 KS F 2206 : 2004

419 KSF 2207 : 2004

Specific gravity 048 KS F 2198 : 2001

(Table 2) Material properties of synthetic resins

List of t
St measugemen Result The test method
( N, / mm ) value
Flexural rigidity 86 KS M 3015 : 2003

Modulus of elasticity in
bending

Compressive strength ~ 21.7

1489  KS M 3015 : 2003

KS M 3015 : 2003

Hlastic modulus of )00 o\ a5+ o003

compressibility
Tensile strength 37 K5 M 3006 : 2003
Bond strength 0065 KS L 1593 : 1998

(Table 3) Component of synthetic resins

Mixing

Component Names of goods ratio(%)
Modified aliphatic Amine 21

Hardener
Glass bubbles 26
Bispenol A type epoxy 19
Base

Amorphous silica 29
Shock buffer Minspa 25
Buffer Silica 25
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(Table 4) Model of specimen and variable

Applied variable

Mod.el of  Reinforcement ratio Reinforced  Njote
SpeCImen  of tangential direction length

(Ar/Ag) (mm)
RCB - - Non
RCGS 16.67% 800 Std
RCTA1 8.33% 800
RCTA2 25% 800
RCTA3 33.33% 800
CB-B - - Non
CB-S 20% 800 Std
CB-Al 10% 800
CB-A2 30% 800
CB-A3 40% 800
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(Fig. 3) Flexural failure mode of wood

(Table 5) Experiment results of specimens
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Maximum Yield
Maximum Maximum load Maximum  strain of  Yield djs;)elace Ductility ~Initial ~ Plastic region
Mod.el of load displacement bending SYntk}e’ﬂC load ment coefficie  rigidity rigidity Mode of crack
specimen P .. &, moment resm P, 5 nt (K, = 5 ) (& Bax = /)
) o) N e @) ) T
(x10~%) ()
RB-B 34.02 12.28 5.9 - 30.26 10.36 1.24 292 1.52 Oblique tensile
RB-S 38.73 16.52 6.78 2106 34.08 12.18 1.36 2.80 1.07 Simplified tensile
RB-A1 49.08 18.05 8.59 3492 4247 13.67 1.32 311 151 Simplified tensile
RB-A2 33.22 16.39 5.81 2753 29.24 12.46 1.39 2.35 0.83 Local reverse tensile
RB-A3 23.56 11.44 412 2210 21.89 1049 1.09 209 177 Simplified tensile
CB-B 11.72 10.29 2.05 - 11.21 9.83 1.05 114 111 Local reverse tensile
CB-S 15.50 12.34 271 3528 14.27 10.91 113 1.31 0.86 Oblique tensile
CB-Al 15.35 16.53 2.69 4757 14.64 14.05 118 1.04 029 Local reverse tensile
CB-A2 16.31 17.09 2.85 3208 14.94 15.32 112 098 0.77 Oblique tensile
CB-A3 843 13.86 148 2472 7.53 10.86 128 0.69 0.30 Local reverse tensile
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3.3 Fj2eH|
Aol AAwsl Azt ARA ] oS

G ML <Fig 6>7 2o] Ajgmn

OO
RuN

o & FAe 54 A ddFdl g 34
7R &o] 30%S ZIahE ARA

HFERT oA WA BAaN F4 z;

dhe Zlo® yehgth Abdd d Bale S

4@
P

«=Om=(CB Series ====RB Series

1.44
1.32 1.39

1.00
1.0 1.31 072
1.00 114 0.98

0.69

Intensity ratio
o
wn

RB-B(0%)  RB-A1(8.33%) RB-S(16.67%) RB-A2(25%) RB-A3(33.33%)

CB-B(0%) CB-A1(10%) CB-A1(20%} CB-A1(30%) CB-A1(40%)
Reinforcement ratio of specimen (%)

(Fig. 6> Maximum strength ratio of specimen

3.4 AdH|

Agu) AFE BAje] P2 A)e] Wgle) vk 3
Atz Ae] wWele) wlgz veilon, A%
(FRDE 71502 7t ANFAY AAFE vl
@ &S Az Folalgint B Aol 492
sol W AFAE AAulE <Fig, 753 2k

3.0

=—0==CB Serigs ==T==RB Series

Ductility ratio
e
w
i

1.00 i : —0
e —
1.0 -

1.00 1.12 1.08 1.06

RB-B(0%)  RB-A1(8.33%) RB-S(16.67%) RB-A2(25%) RB-A3(33.33%)
CB-B(0%)  CB-AL(10%) CB-A1(20%) CB-A1(30%)  CB-A1(40%)

Reinforcement ratio of specimen (%)

(Fig. 7> Ductility ratio of specimen

<Fig. 7>914 AR B HAE 24 A vz
of o AFA BE wgvgo] 24 4
SA(FRA)S) AAEHRG Hold Ao ekt
om), AZEE B AL 54 QA 9o o
FAFAe] wAHIgo] 40% TR Aol 17
Hlgo] 95% ARAFRA LY Do) #

3.5 24

3.5.1 RB Al¥ AlRA
<Fig. 8> X+= nfe} Zo], RB A€ AlgA1¢]

re

IAZUAZXX_95



o
Fol
rH

27174742 RB-Al A @A77 AFARTY 6%
He Zoz Yelgor RB-A1 AlZAE A|93
BE ARAlE AstEe o2 Uepyth &9 97%
AL RB-A3 Al8A= 9HEAEY 16% 5= A
° 2 UE oM, RB-A3 AlRAIE AQg ZE Al
AA7E AsteE Ao Ve

3.0

Hin

RB-A1 RB-S RB-A2 RB-A3

Stiffness(kN/mm)

M Initial rigidity O Plastic region rigidity

(Fig. 8) Initial and plastic region rigidity of RB-A
specimens

3.5.2 CB AI¥ AlgdA|

<Fig. 9>l ®= uie} o], CB AIE AlFA
3_7]7ML04 ?_E—ZH_H;_E} CB-S /\]@jﬂ{— 15% 61:/\15]
Ao}, CB-Al, CB-A2 ¥ CB-A3 AldAE z+zt
9%, 14%, 39% AstE= A2 Vbl 447
el A% CB-S, CB-Al, CB-A2 & CB-A3 A &4
= QRA R 242 23%, 74%, 30%, 73% A=
AL R Y 29738 BE AIRAI7E A stE]
Aok

v

=

o
5}

o &
<} <}

N
=]

Stiffness{kN/mm)

114 111 104

ogﬂlmhlﬂll

CB-Al CB-S CB-A2 CB-A3

=
o

W Initial rigidity O Plastic region rigidity

(Fig. 9 Initial and plastic region rigidity of CB-A
specimens

Zholl WE FHZ0] Wl 9 Bx9} BAAQ §A

A9 AT BRE 24

15gc,

3.6.1 RB AlZ AlRA

<Fig. 10> RB A€ A|FAS] $HS wsts U
B itk 9%A] A4 RB-B 9% = W

B 3Htel g ol osiA thE AlFA )

T H2A HdE e R AFS, z%u%o 3ol
X3t RB-A A9 ] AlFA|E RB-B Al @A <]
THFHL Rl A8, **?ﬂoi UERt 218
2 Wol PGt BEAZE FE8] HEATS &t
= Zoz sotdrt

Beam Depth(mm)

60

40

20

0

-20

—40

-60
0

10 20 30 40
Load(kN)

(a) Movement of neutral axis with increasing load

Beam Depth(mm)

Beam Depth(mm)

60

RN a BkN
NN ——12kN
N

40 N — 18N

\\, == 24kN

: —e 30kN

20 —= 38N
0
—20
40
—60

—6000 —4000 —2000 0 2000 4000 6000
Strain(x107%)
(b) RB-A1 specimen

60

..... -

40 —==38kN

=+ 12kN

20 = 16kN
0
20
—40

—4000 —2000 0 2000 4000 6000
Strain(x107%)

(c) RB-A2 specimen

96 _M 17 M3z 5692, 2017. 9



10

3N
——6kN
— -9kN

== 12kN

Beam Depth(mm)

4000 6000

Strain(x10%)

(d) RB-A3 specimen
(Fig. 10> Change of neutral axis RB-A specimen

3.6.2 CB-A A& AlEA|

—=—6kN
25
— 9kN

Beam Depth(mm)

-25

=50
—6000

—-4000 —-2000 0

Strain(x10%)

(c) CB-A2 specimen

2000 4000 6000

50

-
—==4kN
—* "6kN

—* "8kN
25

Fig 11> CB AL N¥Ae] $9% wske 4 1,
el otk 9%Al A8A CBBY AvE 43
S AR go] gl AXF oo A e A A\Y
A ks g2 ndgor Agsgon, FU%

o] o] 9X|3IAk. o= BAl AR FEAE e
Ho} AAAEI} O =7] W]y, CB-A Alde (d) CB-A3 specimen
Al BF ZHEL dRA e SHEHT A (Fig. 11) Change of neutral axis CB-A specimen
9X)5HE Ao vehton, 8o et Ao
2 Hol P} BAY} 283 FAASS 5 4 WS
= Ao AlRd).

B ATE 98 2 AAUEe sl BxAzE

~ o B B &g § RAE FAFAY nAH S

i T e use sel A% ARG @ AU 5 5
| AEa gl dal BAsa 2o gie wpEn
L A 9 Ag7Ps e BS99 A9 e
= e pazsh

1) AR o2 sFol i3t gujordy 3 we

: ” " W 1ET Ao F BRI FHFA BAuge
(a) Movement of neutralm;d)((kins) with increasing load A A el digh Ao 9 BAHE

) 2 25% otz RASE Aol AAAN 2 F&A

RSY o A RS Gt e Row Alrdd:

2 . 2) 4F9E P PAlE 24 A U B G
i A5 T BAEge] £95% dSHe o
ofd Aoz Uehton, AlZdd 8 Ra) 94 =

| A A dEFe)] tid A BAEEo] 40%

. o PR Aol HANE] £E4E Aol

w0 om0 e memolg o et & PAFAR B

(b) CB-A1 specimen FAe] A YFEAET gjFEo] 53 A=
stz xe|x| _97



o
Fol
rH

Ul ng o BAHEo] e wA=
HEl ollM HdsHA o8 ol FAe] a4
A

JE FET 5 9E Ao Audd
3) ARV P RAlE T RGNEL 30% o
32 B3T3 ,

e W Ao vehdth

) 3Y% Wz 2 W AAHos wE 934
W% e ARAE FYFA7H BAE A%
o HATE e ROz teton, o) 9 ¥
A9 BARET BAAN FHFA} 5 s
of 23 THATS e Aoz BuEn

B A7E FaN S48 BETiEd 99

9

o o o wE

References

1. Kim, Wang-Jik, Cho, Hyun-Jung, “A study
on the Conservation of Historic Timber
Architecture by Synthetic Resin”, Journal of
Architectural History, Vol.15, No.1, 2006,
pp-43-57

2. Lee, Jong-Kyun, “Experimental Study on the
Flexural Behavior of Deteriorated Wooden
Beams Reinforced with Synthetic Resin”, M.S
Thesis, Yeungnam University, 2011, pp. 136

3. Yu, Tae-Jung, Kim, Byung-Ho, “Reparing

and Methods of Dilapidated
Wooden Buildings, Architectural Institute of
Korea”, Vol.36, No.4, 1992, pp. 46-47

4. Lee, Jong-Kyun, Park, Sung-Moo, “A study

Measures

on the Flexural Capacity of Circular Section
Wood using Synthetic Resins”, Architectural
Institute of Korea, Vol.26, No.8, 2009, pp.
49-50

5. Lee, Seung-Jung, “A Study on Structural

Flexural = Strengthening of Traditional
Wooden Architecture, Graduate School of
Industry”, Chosun University, 2008, pp.
36-37

6. Lee, Hwa-Hyung, Yeo, Hwan-Myeong et al,
Report Wood Physical and Mechanical,

Hyangmunsa, 2008, pp.20, pp293, pp.296

®m Received : August 03, 2017
®m Revised : August 07, 2017
®m Accepted : August 07, 2017

98 _H 174 HMI3T A 693, 2017. 9





