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Study on Probability Distribution and Size Effect of

Compressive and Tensile Strength of Concrete (II)

Sachio KOIKE and Zennosuke KATO

This study examined the probability distribution and size effect of compressive strength
of three kinds of concrete cylinders and five kinds of concrete prisms and direct tensile strength
of three kinds of concrete prisms by lazy tongs grips method and splitting tensile strength of
three kinds of concrete cylinders, using four kinds of concrete mix proportions each having
different maximum sizes of aggregates (sieve dimensions=10, 15, 20 and 25 mm) as inclusion, and
provided data to simulate occurrence of the probability distribution of concrete strength used.
Direct tensile test technique was used for specimens with enlarged ends to which load was
applied purely by friction using four kinds of lazy tongs grips.

1. The experimental value of strength shows a probability distribution quite close to the
straight line when plotted either on Weibull probability papers or on normal ones.

2 . Compressive strengths of prism and cylinder specimens show the maximum values at
S=10.0 cm, and decreases gradually when size specimens larger in the range where S is larger
than 10 cm.

3. The value of coefficient of variation CV of concrete strength increases greatly with
decrease in S in the range where prism width S is 4.46-7.25 and cylinder diameters S (D) is 7.5-
10.0.

4. The value of CV of prism and cylinder strength increases greatly with decrease in D/
d in the range where D/d is less than 4. The size of model specimen D and size of aggregate d
should be used in the range where D/d is larger than 4-5 in the tests of concrete models.
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. ¢ Prism specimen cylinder specimen prism specimen | Cubic specimen
Kind o W/c| Compressive test Direct tensile test | Compressive test |Spritting tensile test | Test of modulus of rupture | Compressive test
concrete Size (cm) |[No. of spec.| Size (cm) |No. of spec. | Size (em) No. of spec.| Size (m) |No.of spec.| Size (cm) |No. of spec.| Size (cm) [No. of spec.
10Ag. series 4.46% 4.46x13.4 4.46x4.46%13.4 #1.5x15 #1.5%15 10%10%40 10x10%10
15Ag. series 15X 1.55%21 8 7.55x7.25x21.8 | 30 |4l0X20| 25 |gl0x20| 25 5 10
. 160]9.68% 9.68%x29.0, 15
20Ag. series 9.68x9.68x29.0 #15x 30 41530 15X 1553 15x15x15
. 12.45X12.45% 37 4
25Ag, series
15.0 x15.0 x45.0
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Kind of |Size of gravel] Water | Cement | Sand Gravel s/a Design Measured
concrete (mm) | (kg/m) | (kg/m’) | (kg/m®) | (kg/m®) | C/vD) |Air(C/vD)| Slump(em) | Air(°/v1) | Slump(cm)
10Ag.series 10~2.5 230 383 - 659 1015 40 1.0 15 1.25 14.2
15Ag.series 15~5 220 367 708 1004 42 1.0 15 0.66 16.0
20Ag.series| 20~5 210 350 759 996 44 1.0 15 0.75 15.4
25Ag.series 25~5 210 350 739 996 44 1.0 15 1.80 14.3
=—3 {FREMOWEMKEE P
— [Water |, 1
Kind of | Kind of Aggeziite Specific abso;:pt‘ieorn Fineness
it modulus Cross head
concrete | aggregate J gravity |, o @
.| river gravel {10~2.5| 2.65 | 0.99 | 5.57
10Ag.
AESETES | ersnd [1.2~ | 2.58 | 1.56 | 2.75 Load cell
15Ag series river gravel |15~5 | 2.65 | 0.93 | 6.25 Sphencal seat
& river sand (2.5~ 2.58 | 1.56 | 2.95
i ~ .66 0.90 6.57
2Agseries r%ver gravel |20~ 5 2.6
riversand  |2.5~ 2.58 | 1.56 | 2.95 Steel
.| river gravel [20~5 | 2.66 | 0.90 | 7.00
25Ag.series | . . L.
river sand  |2.5~ 2.57 | 1.80 | 2.98 Prism tensile
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Kind of | Notation of | No. of s?)lezcei m?efn Range of Prlsslgexclcg)rtrgpre. Weibull dist. Normal dist. |Log-normal dist.
. . [Width| Depth| S0 57 T°SD [ €V
concrete| specimen |specimen (e | (kg/cmz) (ke/er) (/) (%) | T LNCLN(-P) (Slope | B | ¢ || 6| 1 | 2] @
10-PR-C-4.465 14 4.571] 4.475/235~290 257 | 18.8 7.33]0.914/13.26X- 74.08/13.26[12.26-0.951|25723.3|-0.955/5.55[0.089
10 Ag 10-PR-C-7.245 15 7.399] 7.222/225~284 1 259 | 18.1] 6.99]0.986[14.64X- 81.88]14.64]13.64]-0.974|259(21.7/-0.971|5.22[0.086
series' 10-PR-C-9.675 14 9.731] 9.680{259~294 | 278 110.2| 3.68]0.95827.30X-154.11{27.30[26.30[-0.962|278[12.5/-0.965/5.63/0.045
10-PR-C-12.45 15 12.526(12.437]226~289 | 262 | 17.5| 6.69[0.99515.46X- 86.56(15.46(14.46-0.989]262(20.7/-0.985|5.57/0.08L
10-PR-C-15.00 14 15.129[15.091[ 243~272| 258 | 9.2 3.58[0.977/28.66X-159.68]28.66(27.66]-0.983]258|11.1|-0.9865.550.043
15-PR-C-4.465 15 4.480] 4.610{205~310| 247 | 28.7 [11.64[0.939 8.78X- 48.84| 8.78 7.78[-0.952]247|35.3]-0.966/5.50(0.137
15 Ag 15-PR-C-7.245 15 7.358] 7.227(226~287 | 264 | 17.5]| 6.63]0.984/15.26X- 85.56|15.26]14.26{-0.960/264]21.3]-0.9555.58]0.083
series- 15-PR-C9.675 14 9.761] 9.686/229~291| 262 | 16.1] 6.15[0.97916.41X- 91.85[16.41]15.41]-0.965]262/19.7]-0.962]5.57]0.077
15-PR-C-12.45 15 12.573(12.456) 240~285| 264 | 11.3| 4.30[0.987/24.12X-135.01]24.12]23.12]-0.983]264[13.5]-0.987(5.58[0.051
15-PR-C-15.00 15 [15.090[15.034] 227~265| 241 [10.5] 4.35]0.934/23.00X-126.75]23.00[22.00]-0.963|242]12.8]-0.969(5.49[0 . 052
20-PR-C-4.465 15 4.594] 4.492/182~267 | 213 [22.5]10.55]0.931] 9.64X- 52.13] 9.64] 8.64]-0.955/213]27.5/-0.968]5.36]0.123
20 Ag 20-PR-C-7.245 14 7.364] 7.251{201~264 | 238 | 19.3] 8.10[0.975[12.50X- 68.90]12.50[11.50]-0.976/238]23.2[-0.976]5.47[0.099
Seriesl 20-PR-C-9.675 15 9.760] 9.701/207~272| 248 |16.7| 6.74]0.981/14.95X- 82.91[14.95/13.95-0.969|248]20.2[-0.959]5.51]0.085
20-PR-C-12.45 15 [12.568]12.454|211~268 | 243 | 15.7 | 6.47[0.986/15.93X- 88.01]15.9314.93]-0.984]243[18.7]-0.982]5.49]0.078
20-PR-C-15.00 15  115.130[15.063]192~247 | 216 | 15.4| 7.12]0.95714.38X- 77.75[14.38]13.38]-0.975/216]18.4]-0.981]5.37]0.084
25-PR-C-4.465 15 4.634] 4.522]141~239| 187 |28.2]15.00]0.970] 6.57X- 34.83] 6.57] 5.57/-0.969/188[34.0{-0.960(5.23/0.190
25 Ag 25-PR-C-7.245 14 7.368] 7.252[173~231| 205 |17.3| 8.420.987/12.03X- 64.52]12.03[11.03]-0.983]205/20.7{-0.978]5.32]0.103
series. 25-PR-C-9.675 15 9.762| 9.692]213~257 | 241 [11.8] 4.91]0.983/20.85X-114.85(20.85/19.85[-0.974]241]14.2]-0.970]5.48[0. 060
25-PR-C-12.45 15 12.504/12.458/209~265| 235 | 15.9| 6.77]0.983]15.25X- 83.74 |15.25]14.25[-0.987|235|18.8|-0.987|5.46]0.081
25-PR-C-15.00 15  [15.162]15.012]193~246 | 226 | 14.5] 6.43[0.988/15.92X- 86.77[15.92]14.92]-0.979]226[17.4]-0.973]5.42]0.079
Kind of | Notation of | No. of | 5128 Of [Range of| Cylinder Compr. Weibull dist. Normal dist. |Log-normal dist.
specimen strength
. - Diag [T T80 T SD T OV T TS
concrete| specimen |specimen (em) | Cem) (kg/cn®) (e/ad)| (/)| (%) | * (LN(@-P)[Slope| B | r |p|o| ©r | u| o
10 Ag 10-CY-C- 75 25 7.506]15.130] 229-292 | 257 | 16.4| 6.38[0.947/16.79X- 93.64]16.79]15.79]-0.978/257]18.8]-0.984|5.55/0.072
o0 10-CY-C-10.0 23 [10.002[20.003[ 274~341] 316 [ 18.0] 5.70(0.991/19.04X-110.09{19.04]18.04[-0.990/31720.6]-0.988]5.76/0.066
SETIES "T0CYC150 | 21 [14.984]30.077|266~326] 308 | 15.6 5.05 |0.977/20.63X-118.7520.63(19.63-0.944[308]18.7]-0.937]5.73]0.063
15 Ag 15-CY-C- 75 25 7.528[15.086] 202~295 | 240 |23.5] 9.77]0.95911.12X- 61.4211.12/10.12]-0.981/241(26.9{-0.989(5.48/0.109
series. 15-CY-C-10.0 25 9.994/20.105[251~320 | 283 [19.4 | 6.85]0.964/15.78X- 89.59]15.78|14.78|-0.988/28322.0[-0.991]5.64]0.077
15-CY-C-15.0 24 |14.947]30.077]245~311| 274 [15.7] 5.7310.966{18.85X-106.28]18.85/17.85/-0.983|274/17.9(-0.987]5.61]0.065
20 Ag 20-CY-C- 75 25 7.499]15.080/ 192~279] 235 |21.5] 9.17]0.962/1L.77X- 64.74]11.77[10.77-0.976/235|24.8(-0.980(5.46(0.105
o1 20-CY-C-10.0 25 9.992[20.116] 223~305| 261 |20.5] 7.86(0.976/13.89X- 77.81]13.89]12.89]-0.990/262[23.3{-0.993|5.56]0.089
SCTIES MO0-CY-C15.0 | 24 [14.990[30.104[ 220~283 | 254 | 14.5] 5.720.985|18.95X-105.4218.95(17.95|0.984] 354]16.7]-0.983]5.54]0. 066
25 Ag 25-C¥-C- 75 27 7.504[15.080[183~279 | 229 | 26.8] 11.72]0.971] 9.23X- 50.61] 9.23] 8.23]-0.985(229130.4]-0.985(5.43]0.134
Series‘ 25-CY-C-10.0 29  [10.010[20.118[197~293| 245 [ 23.0] 9.39]0.970/11.70X- 64.84]11.70[10.70[-0.985/24526.0[-0.989]5.50[0.105
25-CY-C-15.0 27 15.03130.135[ 211~282| 263 | 15.3] 5.80]0.95617.56X- 98.35/17.56]16.56/-0.923]263]18.5/-0.905/5.72/0.075
Kind of | Notation of | No. of slsjle:ieim%i Range of P rf{‘rlen?tfﬂe Weibull dist. Normal dist.
. o (Wi [ Depth | ST ST SD OV | Tvemaenls
concrete| specimen |specimen (em) | Cem) (kg/en’) (e/ad)| Ge/a)| (%) | T (LNQ@-P)(Slope| B | r |p¢|o| ©r | 2] o
10 Ag 10-PR-T-4.46 26 4.627] 4.412] 16~26 |20.7|2.46|11.87[0.976] 9.16X-28.23 | 9.16] 8.16/-0.991]20.7/2.78/-0.992[3.02]0.135
series. 10-PR-T-7.25 28 7.368] 7.166] 16~27 [22.42.32]10.36]0.983 10.19X-32.17 [10.19] 9.19]-0.967]22.4]2.68-0.956]3.11]0.127
10-PR-T-9.68 30 9.864] 9.436] 17~25 [20.9/1.75| 8.34[0.969 13.22X-40.68 [13.22[12.22[-0.989]21.0[1.96/-0.993]3.04]0.093
15 Ag 15-PR-T-4.46 28 4.641 4.427] 13~28 120.5/3.5917.52]0.969 6.27X-19.38 | 6.27] 5.27(-0.981]20.5/4.08]-0.989]3.01]0.196
Sel‘ieS. 15-PR-T-7.25 28 7.463] 7.135] 17~28 [21.5]2.78]12.8510.976] 8.42X-26.37 | 8.42] 7.42/-0.988]21.7(3.15[-0.986[3.07]0.148
15-PR-T-9.68 28 9.942/ 9.519] 14~22 |18.5]|1.24 | 6.73]0.96615.61X-46.04 |15.61|14.61]-0.945]18.5[1.47-0.935]2.92]0.083
20 Ag 20-PR-T-4.46 27 4.643] 4.412] 11~26 [17.7]3.63]20.53[0.980] 5.31X-15.67 | 5.31] 4.31]-0.986]17.7|4.12]-0.991]2.860.234
series. 20-PR-T-7.25 29 7.423] 7.156] 15~26 |21.8]2.24]10.3010.974] 10.16X-31.77 [10.16] 9.16]-0.969(21.8[2.58]-0.951]3.08]0.127
20-PR-T-9.68 29 9.926] 9.457] 16~22 |19.3[1.51| 7.84]0.989 14.10X-42.23 |14.10/13.10[-0.995[19.3[1.69]-0.993|2.96/0.089
25 Ag 25-PR-T-4.46 21 4.587] 4.442] 13~28 |18.63.6219.4210.939 5.60X-16.80 | 5.60 4.60/-0.950{18.7|4.33/-0.976]2.91]0.214
series- 25-PR-T-7.25 29 7.479] 7.237] 11~21 |16.52.4715.04[0.993 7.21X-20.64 | 7.21] 6.21]-0.995|16.5/2.77]-0.989]2.79]0.175
25-PR-T-9.68 29 9.912] 9.537] 13~20 [16.7]1.45] 8.72[0.993 12.58X-35.87 |12.58]11.58-0.992]16.7]1.63[-0.987(2.87]0.101
Kind of | Notation of | No. of Size of Range of Cylinder S%mtt' < Weibull dist. Normal dist. |Log-normal dist.
specimen | .. ath strengt
. . (Diag |Length | 082! M | SD | CV
concrete| specimen |specimen (em) | (em) (kg/cr®) (e/ad| (/)| (%) | T LN(-LN(L-P))|Slope| £ r (pgle|l 1t | ¢l o
10 Ag 10-CY-SP-750 25 7.496]15.091] 22~33 [26.3[2.63[10.000.938 10.78X-35.72 [10.78] 9.78[-0.959]26.3|3.08]-0.974]3.26[0.112
series. 10-CY-SP-10.0 25 9.969]20.081] 16~19 [23.6]3.45]14.610.990] 7.34X-23.64 | 7.34] 6.34[-0.992]23.6]3.91]-0.98813.15[0.171
10-CY-SP-15.0 25 15.02730.067] 19~27 [22.8|1.69 7.42]0.958 14.52X-45.87 [14.54{13.52[-0.98022.8[1.94]-0.985/3.12[0.084 °
15 Ag 15-CY-SP-7.50 25 7.505]15.108] 21~30 [25.62.21 | 8.62]0.956 12.42X-40.78 |12.42[11.42/-0.976]25.6|2.55(-0.980]3.24[0.098
Series. 15-CY-SP-10.0 25 10.001120.073] 20~35 [25.714.1216.04]0.936] 6.73X-22.29 | 6.73] 5.73/-0.960]25.84.83]-0.975]3.24/0.179
15-CY-SP-15.0 25 [14.980[30.124] 19~30 | 24.1]2.49[10.32{0.968 10.55X-34.06 [10.55 9.55/-0.983/24.2]2.88(-0.989]3.18/0.116
20 Ag 20-CY-SP-750 25 7.503[15.094] 19~28 [23.6]1.90] 8.05]0.990] 13.46X-43.07 |13.46]12.46]-0.989]23.7]2.16]-0.985]3.16]0.094
Series- 20-CY-SP-10.0 25  [10.000[20.085] 20~32 [25.4|3.11[12.27]0.975 8.82X-28.97 | 8.82 7.82(-0.98825.4/3.54]-0.990/3.23[0.140
20-CY-SP-15.0 25 14.986/30.124] 16~29 |23.6[2.90[12.32[0.995 8.63X-27.71 | 8.63 7.63[-0.989/23.6/3.30[-0.978]3.15[0.148
25 Ag 25-CY-SP-750 25 7.505/15.004] 14~29 123.1[3.4915.13[0.985 6.74X-21.65 | 6.74 5.74/-0.978]23.1]4.01]-0.958]3.13[0.192
series‘ 25-CY-SP-10.0 25 ]10.01520.107) 20~31 | 24.8]3.06|12.33|0.949 8.66X-28.26 | 8.66] 7.66]-0.975(24.8]3.52[-0.980(3.20[0. 140
25-CY-SP-15.0 27  15.017]30.148] 17~26 [22.1]2.15]:9.68]0.989 11.19X-35.11 |11.19[10.19[-0.990]22.1|2.43]-0.987]3.09]0.112
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Main reinforcement Cross section Shear |Bending Beam Stirrup
beam - Span - Scale
. diameter | cross sec. b h d span span length | Dia. |spacing i
seriss 9h(cm) ratio
(mm) | area(en®) | (em) | (em) | (cm) | 3h(cm) | 3h(cm) 12h(em) | (am) | (cm)

BC-1 | 2-46 5.65 0.249 4.47| 8.93| 8.04

26.79 | 26.79 | 80.37|107.16| ¢2.6 | 1.59 0.462

BC-1m1 | 2-D10 9.16 0.662 7.25|14.49| 13.04

43.47 | 43.47 | 130.41|173.88| ¢4.5 | 2.93 0.749

BC-w | 2-D13 12.25 1.179 |12.45| 24.90 | 22.41

74.70 | 74.70 | 224.10 | 298.80 | ¢5.5 | 3.27 1

B & D/d L DBARERT.D/d DfEd 4 L b /&7
LB AN N RERRL, BEDIELDENKE
{TeBbZE®BRLT5B, —F, D/d> 4 0TI,
CY-SP 5tk #f\~C, D/d o#in & & 12, B OfEik
ZEHEINT A EE R TR LTV 5,

M— 8 iwsifEE DE BRI CV L fERAME =S & DB
RaRT, AREHGEAGKO TR ) v & — R E0F
&b bEWCV ofExrd, PRCEgRMETE, S=
4.46cm D25Ag., 20Ag. ¥ X U'15Ag.>~ ) — x T, CY-C
kT, S=7.5cm m25Ag.> ) — X ¢, CV ofEis
0% z#x T\ 5%, —7, 5lRERAMEE, EMREERE X
DL EMANT 4 ~5 %1 EREREBHRI AR LI,
iz, PR-T gt fE Tk, S=4.46cm £tk <, CY-SP
BERG T, S=7.5cm D10Ag. ¥ X '15Ag.> ) — XD
HAENI% H 2 5 CV DER R L, 23K, 10Ag. &
15Ag.> ) — X X h $25Ag. L 20Ag.> ) — XDFHH15%
X DARREIE T TH D, BHEENE TR
TWBH7edic, ZO X5 o BR%RL, BRILHED
HENTIEBD Wb D EE 2 BN B,

K—91CV ¢ D/d & DBfE%RT, PRCI L O®
CY-C itk Ty, D/d> 4 o#EaE < CV 0 fE1x10% %
TES TW3,BITbAREGERA KD = FLER T,
D/d> 4 ol TEM Tk & fRAETER BT, £H)
BRERDHEHKRE e, FRICIFEETH 5, HHTH
EfE> ) v & —DEBR T, S=7.5cm, 25Ag.> ) — &
DERAGEERE, MottAERG-TFhe CV oE,rEE
HREDOZTh L BERLEREZ R Lz, LicdisT, &
Vv —HEREOBE SR WTYh, D/Ad> 4 oEFEsE
THEROEREHTH B EE L BbR 5, PRT #tRk
T, D/d> 4 o@&EiFE T, CV ofEnEBuciEmng 5 -
», D/Ad> 4 ofE A EREELE 2R

—i¢Mic, D/d< 4 oETREEE O E BRI CV
DESZHBITHEML TS Z EREBRIIRL TS, L
Hlienib, ZoHEAD D/d Th 4 1V b O TILHE
H/N& 7 CV DERRTHES H B, B—REEH»S
Tenav s ) — b ERRY, ZREEMADRDE 2V
7 ) — + T, i D/d BRI/ & e Th, KE
EMOBFENEDa v 7 ) — + OBERETHC, —
RPCHEDTLE S EXR LY, D/A»/hEdoT

=x—6 FASHODENEER
yield str. gy | ultimate str. sy | elongation

M[5.65 mm 4,020 ke/er'|4,750 ke/er'| 27.4 %
“ VA| 0.00689 | 15,900 20,200 6.13
*SD[0.0830 mm | 126 ke/ew' | 142 kg/er| 2.48 %
V147 %314 % |29 % 9.05 %
M]|9.18 4,140 6,020 23.6
VA| 0.00537 | 4,400 24,900 2.15
DI0
SD|0.0733 | 66.4 158 1.47
CV] 0.799 1.60 2.63 6.23
M| 12.25 3,779 5,515 24.9
VA|0.0039 1,627 1,237 1.66
D13
SD|0.0627 | 4,034 35 1.29
CV] 0.51 107 0.64 5.17

b, BERETBEATEAHELHDOTERVDEEZ
5h, BLERMETIMETET, SBOBETH 5,

K—101z CV & B OB RT, Kb o S i3k
PEELERNCLI b0 TH B, — BT, FRIEFE
HEL D PP KERCV DEXRLT 5,

K —111%10X 10 X 40cm 3 X 0815X 15X 53cm g ¢F
HRAE O ITIRE OE Foks X 0°Z 0 IFRERE DR
B X BT EEREOEMREEE OfEcuFcb2v 27 ) —
N D BRI & DB A T EFICR T, K—12i1CyFe/
yFe &S, orFi/eyFop & St & O Fi/prFe &S & DB & 7=
o peFe & orFuld, ARERKDOEMREE S X OEESIE
EERRT, owFeloFoplis ) v g — ko EfEHE
B L OEIRGRBE A RT, ThboRikS=7.25cm,
9.68cm ¥ X 0'15.0cm D AR A L ¢=7.5cm, 10.0
cm B I UI5.0cm D> ) v & —#ERE L 2HIH I8 T,
FEEMIZRDICS DTH BDoprFe/eyFe DB, BERE~HE
RRELLBIONT, Wik, 1.0250.85BEIEAT
BB AR L T 50 orFi/eyFsp DB RIEE, BERAfRTL
DRELIEDE, PELRBERERLTED, Lid
TR HDOMEH0.9550.7~0. 81 L TV 5,

3.4 BUEBOREL RCIEH 0RBEED > I 2
vV—>3 v

K—13k L 0'F—51, EFBRBIVr iab—vav

WA L RC Bt v e X 3 iR EOHER L O

STEEART, B—6RERKIVr iav—vavicH
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Kind of | Notation of Prissr;e%cgglpre. Weibull dist. Normal dist. Log-normal dist.
concrete| specimen M |SD | CV . .
e/utlg/ar) (%) | T LN(-LN(1-P)) |Slope| g r ©v| @ r P o
Al 236(14.7/6.2310.943 | 15.42X- 84.76 | 15.42|14.42|-0.908| 237 |18.9|-0.901 |5.46| 0.084
15PR-C-4.465 |B| 236 |14.6] 6.21 [ 1.000 | 20.12X-110.43 20.12[19.12[-0.988] 236 [15.2]-0.981 [5.46| 0.067
Cl236(15.3/6.49[0.977|19.31X-106.05|19.31[18.31]-0.997| 236 [15.2|-0.997 |5.46| 0.067
15 A Al 224113.0/5.79(0.933 | 17.34X- 94.34 | 17.34|16.34|-0.943| 224 |{16.1|-0.953|5.41| 0.070
Ser'eg. 15PR-C-7.245 | B| 224 |12.9| 5.76 |0.993 | 23.65X-117.74 | 23.65 [ 19.07 |-0.981| 224 {13.5|-0.971 [5.41| 0.063
18 Cl224(13.2|5.88(0.976|21.34X-116.04 {21.34{20.34|-0.997| 224 (13.6(-1.000(5.41{ 0.060
Al 210(10.1]4.83]0.978|21.30X-114.37 [21.30[20.30|-0.977| 210 [12.1]-0.978|5.34| 0.058
15-PR-C-9.675 | B | 210 |10.4| 4.95 |1.000| 25.50X-136.91 | 24.50 | 24.50 |-0.984| 210 {10.8|-1.000|5.35| 0.053
C|210(10.5]4.99 [0.988 | 25.54X-137.09 | 25.54 | 24.54|-0.998| 210 [10.7|-0.999|5.35| 0.051
A : measured .
B : simulation (concrete: weibull dist.)
C : simulation (concrete: normal dist.)
F—8 RCHAE ) ORBIMITHEEOEREL ¥ < 2 v — > 5 v EROLE
Kind of Beam Ultg?%t;ean{load Weibull dist. Normal dist. Log-normal dist.
concrete | series (1\t’1) (StD) (Cg) r | LN(LN(-P)) |Slope| A . u B f p B
A |1.17]0.027/ 2.29|0.90 | 40.12X- 6.63 {40.12|39.1 | -0.92 [1.17]0.035| -0.93 | 0.15(0.029
1 B [1.14(0.041{3.57 [ 0.98 | 35.60X- 5.17 {35.60 | 34.6 | -1.00 {1.14{0.042| -1.00 {0.13(0.037
C 1.14/0.041| 3.56 | 1.00 | 35.37X- 5.13|35.37|34.4| -1.00 |1.14/0.042| -1.00 {0.13]0.036
15 A A |3.00]0.053{ 1.78 | 1.00 | 57.71X- 63.77 | 57.71 | 56.7 | -0.99 {3.00{0.066| -1.00 |1.10[0.021
Seriesg. m B [2.87(0.074| 2.59 | 1.00 | 53.60X- 57.05 | 53.60 | 52.6 | -0.99 |2.87(0.071| -1.00 | 1.05|0.025
C |2.87(0.073{2.53 | 0.98 53.70X- 57.19 {53.70 | 52.7 | -1.00 |2.87{0.070| -1.00 | 1.05 |0.024
A [4.86]0.093] 1.91]0.90 | 48.27X- 76.83 | 48.27 | 47.3 | -0.93 |4.86(0.121| -0.94 | 1.58|0.024
)\ B |5.04(0.108] 2.41 | 1.00 | 67.26X-109.36 | 67.26 | 66.3 | -1.00 |5.04[0.100| -1.00 |1.62(0.020
C |5.040.105/2.09 | 0.99 | 68.71X-111.68 | 68.71| 67.7 | -1.00 [5.04/0.097| -1.00 |1.62(0.019
A : measured WNANEFD
B : simulation (concrete : weibull dist. steel bar : normal dist.) 3l —— measured
C : simulation (concrete : normal dist. steel bar : normal dist.) BC-5-N ---‘-(simulatian o
2k i (concrete: normal dis!
: (steel bar ;normal dist.
) P 100266 op 2- 1t K
::;::r' % A wz;nzlofzf-’;giyg-bm :
£ [ EIE . ok 40} -~
] (ST A
15h 3h 3h 3h R ish ’
LE!—O‘Sh 1 9h L | -2 20}
6h 6h
12h -3 — mesured : 104
BM—13 527 ) — h &) ORHK L BRI .
82 84 86 a8 453 477486 504516 531
LN(Pu)
#b=D & L&D D OEx A7, o — measured
FE— 4L CERET > K 4 ¥ HT0%D = Y 7 o e Fonseetogbut dst
N - . (steel bar: nor: ist)
) — b RGBS O ADIE £ 8 L AL R 1 o R
FUBLIERTH D, A BERET, BUEEKZ, = 90 o
DADEDM: T L O SD : EERFEYHATE i ;o /\
RS DTHD, Bikav s ) — BEOHERS o ' A
20 \
HIATABTHERELL DT, CRERFH EIRE st \
3 B ‘h—measuv \‘\ 10f
Lf%ié‘%t?ﬁwﬁﬁ@ﬁﬁ%ﬂ&ﬁ%%fﬁ 5, *=—38 Ofp === "““\rae'n'z’?‘wem:aisu . \
(steel bar: normal dst) L
BER—TERT 27 ) -t ERABFCITAA B D T s o s 53 7 4%
Py(tor
RCXMIZD ORRTREROWE P L > < = v = M—14 R CHHIE D 0% Rl FHIEDTRIE

vaVERTYEERLILLDOTHD, A RERBEROFE

T iab—v g vEROLE
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MERERSTRT, Bilav s ) — VREOHEES %Y 7
1 TG, O hXERSMERBRL T 2V
— Y avETokdnT, Cikavz ) -t L&EHOH
fid, b, FESHERLLTY Iav—vavik
FTo R EFENE LIcbDTH B, BEIOVOC LD
i, EREDIESOEHISBRLTVS, K—1411,
15Ag.> ) — Xk b (a: 2-D13; BC-15-IViz h) o
B PunERIELY S 2av—>a VEREVA T
BERFER L OTEHBERKECHE LI D TH D, R
fif & sHEEE, FHE M T#3.5%, Z8fRiE CV ofE
THI2. 5% DENED LN BT TH b, T OWERSHi %
FEREY I BRELTVWALDEE LB,

4. tyU

avy ) - MRERCKE KEEYRITTHASTELE

BMHNE D2 TEBOMERRZER LR, kD

BN/ ot X N

(1) BEOCHRLSML, BEOETRYRIF A 71
SAG, ERSAR X OHEIERS M LD TL Uik
SRS, MED ETREL 0OAMEERT 256
X, B HEES M A RD DLELD 5,

(2) =2v7 Y — b+ OEMBEES H10cm D & X HAME
RL, S>100HFHE T S DiEn & ITHHE 23R «
ETLTWAA, SIDFRE T, SO EED
CHENABICETL TR Y, LarbBHoRRo
Sfgav sy —bEE, KEIEMBEL5IREEY
L7,

(3) =vz ) —rEEITLTRELCATHRAKTE,
FEAETREE, 5I5RIEE & &g, D/d< 4 0#i T3 A8
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DhHbhB, —7H, FIERERE T, ERERELD
b 4~5%BFEREREBHREER LIS
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d> 4¢3 X5 e T AEROEREOTIE L BH
TR EE, EHRBIS T HRKEL L, Fhric
EER I,

(7) SREEMHLSRDa Y2 ) — TR, BlxERS
D/dxdo=avz)—+Th, EAZALERD, D/

dDKEIeav s ) =+ LPLHERGHETHDD
Rbhatcd, ZofEO D/d % & SRtRIEICHERR
HEATE D0 ES 2, SEIOKEREG TR, HKT
VDT, SHEROMFECHLI,
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