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Flexural Strengthening Characteristic of Sleeper Member Traditional Wooden Architecture
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Abstract

This study investigates experimentally flexural behavior and CFB(Carbon Fiber Bar) reinforcing effects of timber
sleeper in traditional storied tower house. As a test result, standard sleepers without CFB(Carbon Fiber Bar) reinforcement
show flexural cracks at the bottom member at the beginning of loading stage and leads to fracture. However, reinforced
specimens with CFB show initial shrinkage at the upper part of specimen by compression, instead of flexural cracks at
the bottom, and finally show compressive failure or fracture after failure of CFB and it proves that reinforcing effects by
CFB are exerted from early loading. Reinforced specimens showed higher strength in yield strength by 6% ~ 38%, and
ultimate strength by 8% ~ 17%, than those of standard specimens. Reinforced specimen is considered that specimen with
flexural reinforcement using CFB can expect flexural deflection control effect. Reinforced specimen shows higher ductile
coefficient increase of average 141% compared than standard specimens and it proves that higher structural ductile

behavior can be expected in reinforced specimens.
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(b) Elevation

(a) Displacement of Sleeper

Fig. 1 Displacement of Sleeper in Gangsunru
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(a) Reinforcement of Column (b) Increase Section of Sleeper

Fig. 2 Method of Displacement Control in Sleeper
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Table 1 Wood Material Test Result

Table 6 Configuration of Sleeper Specimens

T AEAE | AR | T | AR | A | s @A | B2 | AEA H]3L
5 (MPa) (MPa) (MPa) (MPa) (MPa) (%) i} (mm) | bxdXl, mm) | FF | @A 5
AU | 2052 | 2373 | 4058 508 [10.0x10°| 14.66 SI-N Fu7} 2 71FA3A 1
ST1-C2A 4x10%2,800 | 2
Table 2 Allowable Stress of Structural Member SI1-C2B 15X6x2,800 2 CFB 271
300 F—
Ly (OEEREE 94 das el | g5s Type T |1 "CEC | xpyq | 2X7>280 | 2
- (MPa) | MPa) | (MPa) | (MPa) | (MPa) (%) S1-C3A 4x10%2,800 | 2
g 15%| 75 | 50 | 75 | 05 |100x10° 15% S1-C3B 15X6x2,800 | 2 CFB 37}
257 | 45 | 35 6.0 05 |9.0x10° | °lat S1-C3C 25X7%2,800 | 2
SI-N R} 2 R
Table 3 Physical Properties of Carbon Fiber Bar SII-C2A 4x10x%2,800 2
o o 219 AR e A1 SI—-C2B 15%6%2,800 2 CFB 271
%ﬂ%_ = = = = 300
xdxl, MP MP SI— 5
‘ (bxd X1, mm) (MPa) (MPa) Typelt L SI=C2C | o | 26X7>2800 | 2
e AZ | 4x10%2,800 SI-C3A 4x10%2,800 | 2
Gt B& | 15%6x%2,800 2,429 1.53x10° SI-C3B 15X6%2,800 2 CFB 37}
B ca | 25%x7%2,800 ST—-C3C 95xTx2,800 | 2

Table 4 Physical Properties of Speciality Epoxy CFB

. RARE | AHFBE | R | AEARAUE
o (MP2) (MPa) (MPa) (MPa)
CE-33 45 106 64.6 0.43
Table 5 Property of Speciality Epoxy CFB
o A= = | TPPRY AR 38
e @eery| | e | i) | @
+ A 120 1.01
CE-33P| %3} 40 0.97 8 40 48
=& 70 0.99
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Fig. 3 Elevation of Sleeper Specimen
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Fig. 4 Details of Sleeper Specimens
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Fig. 5 Loading on the test Specimen

(b) After Destruction

(a) Before Destruction

Fig. 6 Testing of flexural Sleeper
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Table 7 Result of Sleeper Bending Test

B gRAE | 9 S0 | oy | 249
ek Lz Sy Sz Su A 74

MP) | (mm | OMPa) | (mm) | (#w | (Wmm)

SI-NI1 1.60 20.17 1.98 30.91 1.53 2.55

ST-C2A 2.20 34.66 2.67 64.22 | 2.24 0.69

S1-C2B 2.24 25.63 2.67 54.24 | 250 1.04

S1-C2C 1.85 23.53 2.30 4853 | 219 1.20

ST1-C3A 2.02 26.55 2.71 68.42 | 2.21 1.43

S1-C3B 1.95 23.06 2.48 61.15 | 2.50 1.10

S1-C3C 2.31 24.14 3.09 58.79 | 2.29 1.36

SI-NI1 1.74 17.58 2.36 34.78 | 198 3.26

SI-C2A 1.50 16.00 1.96 4550 | 2.68 1.57

SII-C2B 1.64 25.34 2.24 63.21 | 246 1.67

SII-C2C 2.29 23.62 2.93 55.87 | 243 1.85

SH-C3A 2.02 21.89 2.69 61.46 | 2.78 1.56

SII-C3B 1.89 21.54 2.48 50.35 | 2.50 1.88

SII-C3C 1.81 23.30 2.36 50.55 | 242 1.85
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(a) Doubly—reinforced Sleeper
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(b) Triply—reinforced Sleeper

Fig. 7 Stress—Deflection Curve of Type | Specimens
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(b) Triply—reinforced Sleeper

Fig. 8 Stress—Deflection Curve of Typell Specimens
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Table 8 Compared with Sleeper Theoretical Analysis

A %
Sl (&) (gwu) R/ ;7;1641]1
SI-N1 142.4 233.2 0.61 1.00
ST1-C2A 165.8 233.2 0.71 1.16
S1-C2B 176.0 233.2 0.75 1.24
S1-C2C 153.8 233.2 0.66 1.08
ST1-C3A 176.7 233.2 0.76 1.24
S1-C3B 183.1 233.2 0.79 1.29
ST1-C3C 200.6 233.2 0.86 1.41
SII-N1 212.3 364.4 0.58 1.00
SI-C2A 229.4 364.4 0.63 1.08
SI-C2B 206.5 364.4 0.57 0.97
SI-C2C 240.4 364.4 0.66 1.13
SI-C3A 247.2 364.4 0.68 1.16
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