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ABSTRACT

Although there are strong needs for evaluating statistical characteristics of strengthened reinforced
concrete beams under flexure, many researches have been performed mostly on the mechanical
properties and failure mechanisms. Different material properties and resulting reinforcing effect
could alter the probabilistic values of the strengthened beams. Existing equations suggested for
predicting flexural strengthened reinforced concrete beam with CFRP and steel plate are selected
and best-fitting one is used in evaluating probability of failure based on Monte-Carlo method.
Influential factors are statistically examined and approximate strength reduction factors are
suggested. It was found that the factor is more sensitively influenced by predictive equations as
well as characteristics and amounts of strengthening materials.
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] Nominal {Mean and standard| Nominal {Mean and standard
Variable value A| deviation for A | value A| deviation for B Distribution  |Comment
(1 2 3) 4 Y] (6) )]
p= b+0.00254 # = b+0.00254
b (m) 0.25 o= 0003658 0.5 o= 0.003658 Normal both
# = h-0.00305 # = h-0.00305
h () 125 b o = 0.00635 20 b ¢ = 0.00635 Normal both
p = d-0.0047 p = d-0.0047
d (m) 08 h o= 00127 095 h 5 = 00127 Normal both
Steel area fracion o4 0.005 - 0.015 - Deterministic both
CFRP area fraction o 0.005 - 0.015 - Deterministic CFRP
Steel date area fraction pg,| 0.005 - 0.01 - Deterministic Steel
p =242 u= 346 .
Coxrete [, (VP 20.7 o= 436 345 o = 519 Normal both
it . © = 0.0002 ¢ = 0.001
tial bottom strain &, 0.0002 o = 0.00005 0.001 o= 0.00025 Normal both
p= 312 ©= 466
Steel strength f, (MPa) 276 5 = 362 414 o= 456 Beta both
Steel plate strngth fj, p =312 u= 466
(MPa) 276 o= 362 414 o= 456 Beta Steel
. . . u= 0.00433 u= 0.01%4
CFRP strain at fallue €. | 0.00311 b= 115 0.0113 b= 456 Extreme type I} CFRP
Strengthened length / m)| 8 h - 16 h - Deterministic both
E; =200 GPa
E. = 283 GPa for &g = 000311, and E, = 158 GPa for & = 0.0113
! =2 6m
Subscript sp and cf mean steel pate and CFRP sheet, respectively.
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Mean Standard deviation (00)% Distribution Comment
Dead Load 1.05 wy 0.125 w, 0.1 Normal w,: nominal value
Live Load 1.2 w, 03 wy 025 Extreme type | w; nominal value
¥ 3D ¥ g5 £AN =4
@ s LID=0.5 LID=1 LID=15 EE
Pp B Pr B Pr B Pg B
0.7 | 0000012 | 3782 | 0000084 | 3687 | 0.000008 | 3616 | 0.000035 | 3695
075 | 0000041 | 3524 | 0000004 | 3453 | 0.000861 | 3327 | 0000202 | 3435
Venezianol_ 08 | 0000080 | 3265 | 0000641 | 3148 | 0001199 | 3058 | 0000607 | 3.157
085 | 0000479 | 2967 | 0001148 | 2883 | 0.002811 | 2.811 | 0001479 | 2.887
-CFRP "9 0000586 | 2730 | 0003473 | 2638 | 0.005508 | 2526 | 0.003189 | 2.631
095 | 0001486 | 2481 | 0006465 | 2.395 | 0.009908 | 2.321 | 0005953 | 2.399
1 0002457 | 2245 | 0009789 | 2136 | 0017242 | 2074 | 0009829 | 2.152
07 | 0000342 | 3122 | 0000691 | 3035 | 0.000871 | 3074 | 0.000635 | 3077
075 | 0000268 | 2956 | 0001355 | 2.835 | 0.001969 | 2811 | 0001197 | 2.867
pameps |08 | 0000877 | 2715 | 0001983 | 2708 | 0003184 | 2616 | 0002005 | 2678
085 | 0001359 | 2513 | 0004529 | 2452 | 0.005721 | 2402 | 0.003870 | 2.456
“CFRP 09 | 0002885 | 2286 | 0007516 | 2237 | 0015568 | 2200 | 0008656 | 2.241
095 | 0005709 | 2088 | 0016656 | 199 | 0019713 | 1990 | 0014026 | 2.025
1 0010688 | 1.879 | 0023049 | 1811 | 0032197 | 1770 | 0.021978 | 1.820
07 | 0000113 | 5353 | 0000086 | 5140 | 0.000340 | 4856 | 0.000180 | 5116
075 | 0000141 | 4998 | 0000508 | 4657 | 0000445 | 4528 | 0000365 | 4.728
wasre |08 | 000313 | 4581 | 0001023 | 4265 | 0001008 | 4079 | 0000781 | 4308
085 | 0000385 | 4203 | 0002045 | 3893 | 0.002205 | 3.725 | 0.001545 | 3.940
~STEEL ™= ST 0001160 | 3763 | 0002945 | 3534 | 0003236 | 3462 | 0002447 | 3586
095 | 0002166 | 3438 | 0003771 | 3222 | 0007000 | 3.049 | 0.004313 | 3.236
1 0002949 | 3.188 | 0006854 | 2910 | 0010822 | 2.740 | 0.006875 | 2946
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