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ABSTRACT

The number of old concrete structure which needs to be strengthened has heen increased. The repair and
strengthening methods have to be determined based on the current status of the structure. Consequently the
estimation method for the damage status of the structure has been desperately needed, but no studies have been
tried to use the crack and deflection characteristics to estimate the damage status. In this study, the crack
characteristics depending on load level were measured and analysed. The crack characteristics observed from 11
samples were compared with damage status, and load level, The crack characteristics examined in this study include
crack number, crack length, crack range, crack interval, maximum crack length, crack area, and average crack

length.

The deflections were normalized based on yield deflection, and the relationship between the relative deflection and
the standardized crack characteristics were compared. Among the crack characteristics, crack interval, crack area,
crack range, and maximum crack length, have been showed a close relationship to the relative deflection. Therefore,
if such crack characteristics are evaluated, the maximum load applied to the structure is believed to be estimated. if
additional parameters such as size of specimen, strength of concrete and steel, and steel ratio are studied, the damage

status of structure can be estimated more accurately.

Keywords : reinforced concrete, strengthening repair, deflection, damage estimation, beam test, crack characteristics
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Table 1 Displacement mcasurement according to the load
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Fig. 1 Test setup and shape of a specimen

R ~Crack load Yield load Ultimate load
SUlIeNng | Specimen | Measwred | | | Relativ Meosired Measured Relative
member edsure ative easure i d

displacement displacement displacement .displacement displacement

Non' prestress AINO 0.140 239 0.585 2.374 406
AlS1 0.251 31.1 0.808 1.788 212

Al152-1 0.383 455 0.841 2.383 326

Steel plate Al182-2 0.261 32.1 0.735 1.755 239
Al153-1 0.401 49.3 0.813 2.038 251

A183-2 0.258 285 0.906 2.368 261

AlC1 0.245 354 0.692 1.680 243

A1C2-1 0.162 274 0.590 1.482 251

Carbon fiber | ™ pjca-2 0233 29 0.708 1551 219
Al1C3-1 0.284 472 0.601 1.223 203

A1C3-2 0.216 32.3 0.668 1535 230
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Table 2 Calculated and measured load
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Fig. 2 Load-Displacement of the strengthened
specimen with carbon fiber
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Fig. 3 Load-Displacement of the strengthened
specimen with steel plate

Stiffening Speci Crack load Yield load Ultimate load
member pecimen Therory value | Measured value | Therory value | Measured value | Measured value
Non AINO 1.20 1.2 3.56 358 4.34
prestress
Al1S1 3 8 8.82
Al82-1 44 8.71 9.00
Steel plate AlS2-2 1.72 35 7.96 851 9.17
Al83-1 49 8.69 9.52
AlS3-2 3.2 8.86 9.37
AlC1 2 44 6.30
. AlC2-1 1.2 %3.5 5.31
Carbon fiber ™5 1C2-2 1.2 19 472 452 6.05
AlC3-1 2 #3.79 4.89
AlC3-2 2 4.49 6.08
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Fig. 7 The final crack shape
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Fig. 5 Crack shape at different load (A1C1)
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Table 3 The value of crack characteristic
Loading step Measured value Value of crack characteristic
. . Relative ® . .
: Relative| Displa | ;- D@ 4 ® @ ® He Ic Ac
Specimen|Load| ™ 4 coment| Sace) e | 1 | pe | @ Nt |BOH Rt IMLeH| oD | em) | G/
) - ment - - IMLc (%) |75 -
(%) | (mm) (%) (7R [{em)| tcm) (cm) (74 (%) | (%)
? ® =00 = 30|D = @0
AINO | 43 120 22.5 384 1311421125 19 | 65 | 268 | 625 76 437 9.62 2730
AlST 882 112 179 222 21 12341142 21 | 105 | 936 | 71 84 446 6.76 3164
A1S2-11 90 103 238 283 18 2031132 | 22 9 812 | 66 8 451 133 2977
A1S2-2'1 917 116 176 238 16 [ 145 116 | 22 8 580 | 98 88 36.3 1.25 2102
Al153-11952 109 194 233 18 | 145 | 116 | 19 9 3580 | 58 6 32.2 6.44 1868
AlS3-21937] 105 23.7 261 17 1641107 21 | 85 | 616 |535| 84 36.2 6.29 1938
AlCI | 6.0 136 154 222 20 12221132 | 21 10 | 890 |662| 84 445 6.63 2948
A1C2-11 5.0 142 13.0 220 23 12331136 20 | 115 | 934 | 68 80 40.6 591 2761
AlC2-21 6.0 132 15.1 213 25 |266 137 | 22 | 125 | 106 | 685 42.6 548 2915
AlC3-11 45 118 9.16 152 15 (1485 133 | 18 | 75 | 594 | 665 72 396 8.87 2633
AlC3-21 6.0 133 14.5 216 19 | 183 | 113 | 22 95 | 732 | 565 88 385 5.95 2176
Nc¢ @ Crack number Le : Crack length Rc @ Crack range MLc : Max crack length
Nc¢/L @ Ratio of crack number to beam length L¢/H ¢ Ratio of crack length to beam height
Re/L @ Ratio of crack range to beam length Mc/H : Ratio of max crack to beam height
Hc © Average crack height Ic ¢ Average crack interval Ac : Relative crack area
S4El Ho| HESMN} SAAENS| AHLHA| 809
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Fig. 8 Crack parameters
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Fig. 9 Relationship between relative reflection and
crack characteristic
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