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Experimental study on mechanical performance of longitudinal cracked wooden
beams retrofitted with bonded steel plates

YANG Yong', LI Hui', BAO Ziyu'?*, XUE Jianyang'

(1. School of Civil Engineering, Xi’an Univ. of Arch. & Tech., Xi'an, 710055, China;
2. Architectural Design Institute of Guangdong, Guangzhou, 510000, China )

Abstract: The longitudinal shrinkage cracks are very common in beams of existing wooden structures building,
and these longitudinal cracks play important roles on the mechanical performance and always lead to failure or
collapse. With comparison of several retrofitted methods studied before, a retrofitted method with bonded steel
plates was introduced to strengthen the wooden beams severely cracked. Based on experimental results of three
bonded steel plates retrofitted wooded beam specimens and one control specimen unretrofitted, the failure pattern
and failure mechanics of retrofitted specimens were studied. Seen from the experimental results, it was denoted
that the steel plates method could effectively postpone and stop the longitudinal cracks, and the bending capacity
as well as the flexure rigidity of the wooden beams were substantial improved, therefore the steel plates method
was suitable for retrofitting the wooden beams that severely cracked and hard to be replaced. Furthermore, based
on the experimental results, the calculation method of bending capacity of retrofitted beams were derived and
proposed.

Key words: cracked wooden beam; bonded steel plates; retrofitted method; mechanical performance; bending
capacity; experimental study
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Fig. 1 Digram of carbon fiber composite board
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Tab.1 Parameter of specimens

ENas W CFRP AR BE B
B
45 J&L i /mm =4 /mm
L1 0 0 0 3.5
GL1 30 1 4 3.5
GL2 30 2 6 3.5
GL3 30 2 8 3.5
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Tab.2 Material parameters of specimens
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Fig.2 Specimen retrofitted with bonded steel plates method
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Fig.3 Layout of strain gauges in specimens

RHUN A T8, RAF AT WA SN T4
SRUEZE R P AT, ELAE 5 N1 4% M 3t B
— NPT RAE, B RE R, A
M REERHEW, FEBETE RN RAE, 2R
R HE, RERARTOE, #fmE FFE,
RIUN W B A PER RS i IR B R BSRIE SR
Y BIIBIMER, HILE 4.

(c) ZJEXHIMREJE A GL2)
4 LBV RIRE
Fig .4 Typical failure pattern of specimens
3 ARG EAR AN B TR A BRI 25 PR UL,
ikt LT AL, T ARG w2 3R N ARt
HEA NG RE rh ORI A L F, AE R AT
AR REEVIE L, AR REE L R, I
BB, AR TR 32 R X
AR R SR AT EL, IR AR BB ES A B
A B A, EOR TR S 1 R
GL2 WA BB ILIE 4.
2.2 EHRE
Bl 5 Ak g Bl %3 il B — 5 b B B ath
%, HIE S W] DA A AR 5 1 BERIAR PR 1o 3
FABER, JFHFITRI P NEKIAEL, X
FRURE S SRAR 0 [ J B 2R A, 2 BK A 2 J [X 4
R R BRI, B SRR v 28 o0 1 8 () e 4



174 WO #OR B R (ARRAR)

548 %

BN CFRP & AR BIAE FIAR RE 4238 % 4%, H
AR BN AR EE . NABSRTUR
i, RAFREAES R FEBE CFRP Z &AM+ CFRP
J2 B R AR S L B B i %, GL1. GL2.
GL3 M BRATE b L1 43 B3 90%, 110%Ai1 161%.

3 EEAWSE
Tab.3 Major test results
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Fig.5 Load- deflection curves of specimens
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Tab.4 Normal service load

N L1 GL1 GL2 GL3
/KN 126 250 260 317

3 ABEENTELE
3.1 FHEBE

FE1 6 J2 0 11 54 350 K 398 R B4 e T 7 A8 43
. BIEIGHTAL, I R H R L g s
RN AT EAA A IR R, WA AR
ROMRE, AhH2 5 X i KRR, A
SR RIS WA ] R RS 3D e 55

5000

4000 - —— 0.2P

2000 - —a— 0.4P
—— (.6P

2000 - e 08P
—— 1.0P

1000

200 . 200
= L
2000 |
000 |
4000 L
GLI{ A5 2E
() GL1 1 B8 431
4000 ——0.2P
3000 | —=— 0.4P
—a— (0.6P
2000 - —— 0.8P
1000 —— LOF
Z 00 200
=
2000 |-
-3000 |-
~a000 L
GL2{lll 5 F2 38
(b) GL2 i .38 43+
5000
——0.2P
4000 - —=— 0.4P
3000 | ——0.6P
—=— (.3P
2000 | —— 1.0P
. 1000 |
=200 100 200
1000 |
2000 |
3000 |
-4000 L
GL3{ll S22
(c) GL3 1 A8 44

6 BENES

Fig.6 Distribution of section strain
3.2 HAMEE
L E N B RIS BCR TRR IS R, AL
WHEET T ILMBUE :
(1) ARSI P32 AR AF 6 -~F- 80 B 5
(2) AHEPLS7 - RE7AE 5% 72 R F Bachtel FllNorris



552

R, BUOARAESZHOA L sitt:, 32PN, H
SEHLAN R T A S P AR 46, AR 32 e XA R s B
2 L T AR A 3.3 4% 5
(3) BREFHYEARJE L BIEATE 5
(4) BREFYEAR A RLR ) S5 T BREF YA HL N R 5
FCRME AR A SRR, BT YA B2 ) - A8 5 R R
LAY 5
(5) HbE A K R 2 R P B AR SR PSR . 544
R g - A it £ L P 7
W sk 2 ABE, AT DA A3 0 Ao 300 48 v AR R
5 T e IR R A A T AR R R e 1 (1
8), FHAR A L B -0 A% A S S AT K B AR ) A
AR, B
: {Efs;ﬁ@;@,ﬁ
ol =
v er<e;<3.3¢g)
or=E,e;,0<6,<¢&)
or=E,6.,0<e.<¢;
: {Ese;,os £5< 83

Os = y Y T< u
S ei<eg< g

y u
& &

(b) CFRP i ) - R (c) $AHABL A -
7 MRN - AR s
Fig.7 Stress-strain curve of materials
3.3 BERPRERE M,
3.3.1 Jidh—: P

. Y2 Ty
Sl | ;
< dé Tp
& =
%
buby br)

(a) FHMEAR VS5 (7% —)

Y5, S RSB BRI A L SZ J) HAE A R o 175
LOgt/2 i
= ) %(2‘ = Tg—t opt/2
g - 5| < B
Sl AL -
< = !
bu(by~ br) apb,

(b) SR IR HECT =)

(o) JE M

1/ 2 %/2 S%z f ;)” y
~ ) f :
4% |
= & ]
S eww | EF
My
~ 3 T
2 F
SN enlep ep) |tLTE T

73
a
g 7

bu(bys br)
(d) AR U5 M R R SR

%/ 2 y

2
~ o |
[y Yy }
.QUQ’ fm ]
O €3
S ovww ] O[S
y M,
< ™ . I § Vo T.F
I i
< B E’%(SF‘ €p)

Oy
<
R 7
bu(by br)
(e) YHMEAR MV (2R BER)
8 BEZTRMENTEEE
Fig.8 Calculation diagram of bending capacities
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Tab.5 Yield bending moment calculation values
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GL-1 159 277 165.2
GL-2 175 304 164.9
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Tab.6 Comparison of ultimate bending moment calculation
value and experimental value
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