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2.3 FUBREOESICLIWBEEMREOEBESS
AR TRASSICEVESIE, IO XS KuliSHTET ¢ 2 EEsiEfs . %
T, 2V Y~ OMENTHEREEERLC, ROLIBEELIT», $8b5, Savs -
M A% OWNRIGESTHERE SIGE U, MUNRIREE S S E S « ofvNBRIY, ATHIZS U
ERAE o KBS h3 b0 EEINE, BEROEDBRREA IR
A=a+x
THEEND, COLITEDRBOMAEBALT, 2 v 7 Y — b ofFHBT OSMBAE « 23R
THTo
£, FIREMEE LT, BAMOMBRERE L oM Ky id, BRBIE o/ WKk » T
fELBWETTHEL, LA LENL, HEREFig 1DOL5IT, a/W=05DEE&D Ky OFEH I
Ky =589 L1880 L, a/W=0108&Icid Kuo=5L1 &40, IHRAHEEMHLTFET 5,
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Maximum load and effective fracture toughness versus a/W relation for concrete :
Calculated curve is the theoretical curve of Py based on Ky=>56.0kg « con ™2
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OFE/MEEZRDTAH S &, Fig 120% 5 SHE%E 5,

FERE LT, Kuw B Kyw KELBEET 50} 2=33 (nm) OBTHY, REHVTa/W=01 0
A OBIBINIEEABIET 5 &, Kyw=601 &0, Kyn &BEHL A, -7, FUasion
BEYATNE, vy - OREEARAE OWEREEOME L EEE L B,

4 VU U~ POEHICKLSWREERROGELMEERREDHE

a vy )= O BHEHAREEMR O BEN OISR, Ao TASTM ONHE O3 A BRI
EREREEICHEIL L ol sRReE | & &b, BEEOSOMRBICE A [y b AL MIC & 3 TR
Wl b s, b >OMMRCE, ThThERSEMPH M, O vy — iR THMY
ELTHHshAZE, QBBEEEL LTy )~ OFERBEAz 0T ERHTES L, @R
By OERS BN ESTH B 2 &, BREBHThEREDOHPEATRNCH S, ST TEHPRAY »
FAD PR & B R AU R B L B O h BB o WO RS 2 I A T,

4.1 FEmicLomBERtEBonE
411 BB ok &k
FER I & B SRS 0 2B o Bk, Fig 18Rtz Y o F ADPRT, ok
AR 2R =20cm, B t=2R/8, =4 v bEZa=4cem, 2 v M 2c=1mm & HEBIEE L, &
nEEBiz, AU o P AL EE--EE, B-UEO®R ) o P PREEN B/ERIL, %09 PAD
PIBGASR A & DR R S I Uik,

412 HERR o8k
SRERFT OFERLE, Table 3R T v o ) — F ORAT LI, HFEORSHICEE U o gathle, i
BT v )~ b+ LT3 OME 0 EY, JhERAOEBRN BN FMCREBTH BIAA
Ko TETHOREMFORB, NEE20cm O TARFTEDIH: (BE 767Tcm) UL, Th
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Fig. 13 rhie ) » b AD FIBGEIER I OIWAR & T Bk

Shape of diametral compression test specimen and its loading manner

ZHIEOBER GRE Lem) 2RO 280 TH B, 58, 2 v b A PR OsUEZHER I
Fig. 30 &37BRE Imm OXF L A8 ) » PR @A) %, §iRdERoduciBA - BIEL 7o

a7 Y- OFTEABE TR 24 B, o 20 (20°0) TRAELOBREL, €0k
ERE & ekep (20°C) CBAE Lz, %, BHEREOMEN R ~T 28 okt Lo OO CrEB L oall
FOREIE 4T3 T, ZORH T EOHNERI Table 4 1R L7,

4.1.3 FEHEBOTE

FEMIC & 2 BUEIERER O Fik i, Fig. 1I3I10RGHRZ Y v b AD M OfLIC, Photo 1 DX 37
BHEREL AN T A HETH 5, TOM, WEHEMBAY » OB S % Table 4 DL DI,
0°=B=90°TE LS ¥, ThEZNOBERELAET L L0, 75 » 7 RENE S EEHP%LE
TR L 7o RT3 18— P 2t/min) WD, RBRF PR T 5 $ TEL, BENEs
WM OB AR EZ R U, H LRI Photo LR 7 & 2 5 I RS (B KAR200 0

, BB 255t TH B,

A L4 e A NEUEORI BV ORA

YU~ b0 5y s BRI, BV ORI - RNE - NESORBAZU L LN
AONB0T, WEVC D& SEER L, HEMBIR & Pa2 i L, EHLEHD
TR & & OKIEE IS, MIEH A8 Table 5 1WRS 2 B, MBS Table 6 IWiRd S B TH 5, %7z, 8
MMERE T v 2 U~ P B Table 7 0 2 B OB AEHL, Yv—rvaryy - SOREEE
Bl i, BB, AV PEEERLVFS Y Fe2 v F2ERLL,

feal = > 7 Y — b+ (& Table 8 I0RT 10 /AT, il - BIEMORE, S oER, ROV o ERE
BHFC R - T LT, 758, Table 8T, B I Ry, KEXZEEHE®R= 20—, fib
W7 v—rvavyy)—1rThsb,



Table 3.

e 2 v ORI O TRE S E
Properties and mix proportions of cement concrete materials investigated

A Y M EEEOERE S FHEMOoEE EERE RS vF Ty Ty
7 ¥ Mix Proportions for Each Types of Concrete Materials Properties of Aggregates 7o —{f] g
Series - . Alr Slump Breathing
VUL Ay K R HUE# R KrE HEM EEife Content | [Flow Value] Ratio
Cement Water Fine Agg. |Coarse Agg. Steel Fiber | Fine Agg. |Coarse Agg.l Steel Fiber (%) (cm) (%)
AV RN
Cement mortar
I 1.0 0.52 2.5 - a - 18 (21.2)
A VR e I AR I N
Plain concrete
i 1.0 .52 2.5 3.5 — a C — 2.4 8.1 6.0
il 1.0 (.52 2.5 3.5 a D — 2.6 5.5
w 1.0 0.60 2.1 2.1 — b B — 3.7 8.0
A\ 1.8 (.60 2.1 2.1 — b A — 3.5 7.5
¥ 1.0 0.60 3.0 2.7 a B — 3.5 18.0 13.8
Vi 1.0 (.60 3.0 3.0 — a E . — 3.6 16.0 8.8
Vi 1.0 (.60 3.0 3.0 — a A - 4.5 18.0 11.3
SRS 2 )~
Iron steel fiber reinforced concretes
X 1.0 0.60 3.0 3.0 0.26 a E ISF-25 4.7 3.0
X 1.0 0.60 3.0 3.0 0.268 a E ISF-32 5.3 5.5

Note: {FEREHOBERORBIISR, Th¥a Table 5~TE2BEDT &,
Alphabetical symbols of aggregate classes are represented in Table 5 to 7.

I's
\

(T PESHALCRM OB — ( £ A 07 602 T WS
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Table 4. 3+ A v + LIk BRI BB %L

Numbu‘ for every series of cement concrete epemmens investigated

A v Mii SN FEC L BBRE Ry v P A D FEERRE O XY A B°) ﬁz )
{Ltk %% | Number | Number Artificial Slit Inclination Angles of Circular %BZ&QWH‘
Series of of of Concrete Specimens B°) Non slit
Cement Batches |Specimens Specimens
Concrete 0 15 30 45 60 75 90

I 2 50 3 0 8 8 8 0 8 9

-1 2 48 9 0 7 6 7 0 7 12
-2 2 48 11 0 7 7 7 0 7 9

-3 2 44 9 0 7 7 7 0 7 7

m 2 33 9 4] 5 5 6 0 0 8

w 1 25 5 0 4 3 4 0 4 5

A 1 25 5 0 4 3 4 0 4 5

Vi 2 50 7 5 6 6 6 5 6 9

Vi 3 2 50 7 5 6 6 6 5 6 9

i L2 50 7 5 6 6 6 5 6 9

X ! 1 25 6 0 4 3 4 0 3 5

x 1 25 5 0 4 3 4 0 4 5
it

20 473 i 89 15 68 63 69 15 62 92

Total |

Note : K OB, Oihd 2094cm®Th 5,
The capacity of each specimen is 2 094 cm®

Table 5. {1 H L 81 E M ORI TRIREE

Weight percentage for size ranges of fine aggregates investigated

g 7 4 RE R |FMfE b W
Fine Weight Percentage for Each Size Range (% FM Specific  Materials
Aggregate Value Gravity
Classes | 8.0mm 2.5mm 1.2mm 0.6mm 0.3mm 0.15mm 6. 10mm )]
a 0 13 33 59 90 100 2.95 2.61 N
i River Sand
b 0 0 0 0 0 0 0 2.62  HRHERD
Standard Sand

4.2 ICTHERFREOELR S BENSEORE
1SR Y P AD P, X T TR
BEE, Pl oduD A BEoqul &3 A BEBEEZ (a, p) E AT,

. Ki=c, (@=B, p=a)*{ra )
cHREN D, N0 O a/R=07 F TIHENEE AN E T—H3 505, WY » b FIHROER IR
FETY HHAIE, WEEITE - TR RS,

""" =P/zRt ©
FRAES B DT, f=0°0F X TD /R IH L TR EMIHET 5 &, WIGUSIHARE F (&
""" =1,/ (Pya/z IR D -

AAAAA =0°0 & &) OSSR

B
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Table 6. BRI U RHLEM ORE SR E
Weight percentage for size ranges of coarse aggregates investigated

MM 7 VA BB (%) FM il L M
Coarse Weight Percentage for Each Size Range (%) M Specific Properties
Aggregate Value Gravity
Classes | 25mm  20mm  15mm  10mm  Smm ()
A 0 50 80 90 100 7.40 2.66 | JHENR]
River Gravel
B 0 44 78 89 100 7.34 2.66 | JHEH]
River Gravel
C 0 21 50 82 100 7.03 2.66 | JHEF
River Gravel
D 0 0 35 65 100 6.65 2.86 | Bt
Crushed Coarse Agg.
E 0 0 30 60 100 6.60 2.66 | JUEMH]
River Gravel

Table 7. A8 U 2o SEHE D Bk &=tk

Standard and size of iron steel fiber (ISF)

SARHE DR B (mm) & (mm) By (mm)

} W ik
Type of ISF  Thickness (mm) Width (mm) Length (mm) Quality Manufacturing
Process
ISF-25 0.25 0.50 25 B e
| Normal Steel | 7ABCUITIE
- - - e Sheet Cutting
1SF-32 0.50 0.50 32 WA Method

Galvanizing

A HAGAER AR MR E PEGARAER BOARER
Series SSS&E; gg Thickness Weight E’ﬁgtlﬁ; Fracture Load Tg{if}tlggz "
R (cm) t (cm) W (cm) 7 (g/cm®) Pr (kg) Ky (kg/cm™®
i 10.08 6.56 4 566 2.23 4120 52.7
i 10.08 6.87 4946 2.39 4510 56.5
bl 10.08 6.68 4964 2.39 4 340 54.5
v 10.10 6.59 4799 2.29 4315 54.8
v 10.086 6.57 4 800 2.31 4184 53.5
Vi 10.06 6.60 4 861 2.34 4007 51.0
Vi 10.08 6.63 4846 2.80 3560 45.1
il 10.09 6.60 4822 2.29 3940 50.1
X 10.05 5.56 4932 2.37 4 490 57.6
X 10.07 6.55 4 869 2.34 4410 56.7
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THREN, Thid-—E F=10) &4 5, 1.20
L LIRS, OMKTSIHAERF R 118 F
10, AMOBIREHEZBEL TV ADT, Bk 116 F
W F=10 17 2 B0 2 MRT 5HENS 5, m!
chizonTi, KD OFEESE a/R & OBIE .
%, Fig, 14 RS AT B, FHb B, Fig 142 s |
BB, FREa/ROMMEE ks s, MEVOT
a/R=04 1B T, FIER E 108
F=10+15(a/R)* 19 1.06F
TEHETABETEUTE BT &85, 104k
ARBAER U BB O R, a/R=02Th Lok
BOC, TR ML T, BEAEP)
kS B BBIPE () & AR (P 1 M0 0z 03 o
BRKIETHEREER (K %, /R
PP R w Tl RCESHEARREOLE
Variation of non-dimensional stress intensity
THET B &L, factor

5 aviUu—b0UTy IRE - ERERICET IWELFNRE

5.1 73w 00RE - EEEEICHYT RN

g Yy AL 3y Y - PRI, Fig. 13 20 Photo | O & 5 B BEL AR L, MBI
BEr s s, 7350 0RE  GEREVHERSNG, JOBRE, #E a2y ) - rouvdho
RN bR OIS S P oORBEDT, TITERFIIO2 v 27y — bEFlIcE D, F0H%EL s
5y 7 OFRE - ERHERCOWT, STOREISNREANZ 5,

T, Fig BIRTRHERY » P AD 3 vy U - FRERE @=30°084) i, Fig 13/RU
Photo 1 @ & 3 WERTELENT 2L, ¥ Fig 60&5K, A F O, S LT 2RO S
5y o BRAEL, TNTNROKHOHECHET - ZBL, WIhbHESEHET-Bdkds, o
HeA VR 50" NI BL LT 5, 20RE SMEE LTS L, AERFig 1T X5 T,
LTl EAEEOMIRE, CMAD 7 5 5 78 2RIICREL, TR ZTREREAIO & 5 IR oA
MU %, OIS w0k 2RV 590" EEET LT B, CORF-VERED L, SER2K
75y FPBEI LIRY 7w 7 EEET HERENEN, TORM, —BELLTW LIRS 5 24,
----- BEO S BIC Fig BOL S L TFOMEAZ CHREL, —Hiwa vy - ROBKRBNNICE S,
INHPRR Y v bAD 27 Y - FARICHGEOREEE TH D, COL5H7 5y s ORE - (B
WEEERORT & Fig. 190K 3THE, CCT, 7597 ORIKI Iy, QR2IRY T v 7,
@ FEMRBWIED 2 5 » 72X NEIRL TV S, LBLEMS, #2Y »y PHRESEHAD L,
AUy PADFEETS, 2V MERAB LXK -T 3 v s ORE - 3 - BB REL 0T, R
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I 2 vy ) — &I LD, BORLE R
Yo FPAODMBEBRFICOWT, 73957 0O%R
He - LR RS L IR OB &, Photo 2~9 1R
L,

9, 07
FTOFNOT 9 7 b, FIHOEIICRY » bk
nie SFAE L, F 0% G IZENH & R omR e
& o TR, oL HRE, M
#5 R, KER, =®% VBIE 772 U UBiESE,
HEASEEAMRIC D SN TED, ZoMic
DWW T VI — P ORI O
DEZOND,

Rz, Bz=T5° T, Photo TRUS ML NI,
239 2 IBEAERAY v PRI 5
Bo TOHEFR, R o b EMEEMN D
W6é%@f,;m%”xvjb%mmh6%u

60" OB, Photo 2~6 1oi)

Photo 1. Xy o b A0 v o Y — FHioHE
PRI H S B BATIRL

il Loading manner for the diametral compression

test of circular concrete specimen with an

artificial slit

&N

ThOEWEINA, THIR2VTE, RY vk

Fig. 15 75 v 7 REFORY v PAD v Fig. 16 AU w PAD a2y — vl 1Ry
7 -+ R (B=30° oA 3w 7 ORE - LA @=30° DA

Circular concrete specimen before crack The first crack occurrence and propagation
occurrence (In case of 2==30") (In case of §=30°)



91— BARETIATIIRE 3135

Fig. 17 2Y v PADa v U - +HEES 2R Fig 18 BEBHFEBOXY v bADa Y7 Y — b
7y 7 OFLE - ZIEHT (=30 DHE) FIBGEER R (8=30° O08é

The second crack occurrence and propagation  Circular concrete specimen after failure

(In case of 8=30°)

Fig. 19 av 2y — GBI IcE 1 52 5 » 7 DR - ERBREBER 7 - Y
(B=30°0A)

Typical stages of crack occurrence and propagation in circular concrete specimen

with artificial slit (In case of 8=30°)
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Photo2. 2Y v FPADZ Y Y — DY 3 Photo 8, XYy rAbBav s ) —rHDs 5 v

7 SRS LR (B=0" O U FEHRERE & R (B=15° OB
Crack propagation and fracture phenomenon Crack propagation and {racture phenomenon
of circular cement concrete specimen with an of circular cement concrete specimen with an
artificial slit (In case of §=0°%) artificial slit (in case of 8=15%)

Photo4 AU v PADa¥2Y—+MBEOZ Sy Photod RUYw PADI VI Y= DS

oy
7 RS SRR (B=30° DA f/ SRR & R (B=45" 0 Be)
Crack propagation and fracture phenomenon Crack propagation and fracture phenomenon
of circular cement concrete specimen with an of circular cement concrete specimen with an
artificial slit (In case of F=30°) artificial slit (In case of 8=45%)

W nlgen o /ha LT, 2oMBco> W THBRR T 556806 5,

Fro, XY o b PIEAMERIERAE AR 28w, 00 OF BRISHARERCIS » TRIET 2
DT, BERWICE7 5y 7 WPIROROEE Y, SERO R —EEICRE - BT 3139 TH B,
ULin LA S, BMFEIE Photo 9 IKRT XIS, 3V 2 U=+ 25y 7 BIROTLE BT CllikEd 2
BasEv, hid, 2y o Y- OWBENSASEES ST 2T E 2 o0 5, BET B,
27U - b OK S RMEEEEME OMERERIC, HEROBRARRN R AT 2 BA0RRART
bOTHY, ThEWETEIEELT, 377 U~ Ok REEMEICH 5B o fah
BHERsES,
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Photo 6. XU v PADaIV I )~ EKEOY 5
7 RS & B (B=60° DA
Crack propagation and fracture phenomenon Crack propagation and fracture phenomenon
of circular cement concrete specimen with an of circular cement concrete specimen with an
artificial slit (In case of 8==60°)

Photo8 23w bADaV I ) —EEDY S5y Photod, |RY v rav 2y~ HEOY 5 w2

7 SRR SRR (B=90° DA ek g & TR
Crack propagation and fracture phenomenon Crack propagation and fracture phenomenon
of circular cement concrete specimen with an of circular cement concrete specimen without
artificial slit (In case of §=90%) an artificial slit

5.2 RUw MEMBEY S I OREFEICHET 185

— i, MERPCBTET AR Y v MRS OSRETEAHLVY S JOREME (O 3, XY v MEI
BY DS “BRKEFRBAE & - TEFERSERD Sh 3 (Brown and SRAWLEY, 1967 ; IrwiN, 1958),
OBAESEISIEC L hi, Fig 1 o' F 1 &%~ FIOBNIEAGRE K /Ky 14,

Ki/Ky=|1—3cosh|/sind o0

DEIRT T 7REROOBEBELTEENS, COREH-T, a/R=020D&ED2 1) v MR
MBIt B 0 OBBHHRAR DL ORD, chEo vy - ORFII, O, W, VI, IERUWOHE
BRifi & & iz Fig. 20 B UF 21 7R L 7ze



WA E LTOY L5 vy ) ~ I OB FIRE D — 97 —

S LT, 30°<B<Cl, BRI OB AERANV, VIDa v 2 ) — b A 6 ORI
S, BB B K K @ BHIRS D D h NS A F30° 8 B2 TR OEA I, 6 BMEE 00K
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ML D PR OETF2HR 20T, MEE S SIRAEHEZ>VWTHE SR T 2488 EH
B

BB, B OB, 73y 2 IRIBEAERY v bR R & Rk B B S i,

6 BEAMIVIU - FORBRECET SHENFEMERN

FABOHMIC & AEBMEBORIZEE LT, 79925802y )~ rOLS A v ML
RS, BEEEINT VR AERE AR S DI VT, DIT T OB R 2 A 5,
6.1 AV MELEOBELRIZTIAY o FOEE

RNy b RS B AR O RCABTE Py i

7 Bl A g g fodic, A O BHICHT

6/\/’ B6FMMDa Yy )~ D Py fli% Fig. 2212

ﬁ< s SR, 158, Fig 221043, 2 o bR D
{
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& A Yy~ DM EICRET AL, XY
| Py s ) — b DI LI AR o Mok
60
8 BIRE TR, B 1 TEE/IMEN 54% B
| o =45° 00 & %), FoREA 60% (B==0°, 90°D &
\ O 511
Oﬂ(?maxiict o %), Pl?ﬁﬁ%llv‘?:%ﬂféi 66% @“450)1
30F BEb JANE YT B o .
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- FH) .
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78% (B=0°, 75°, 90°), BHIVITIZ 0% (B~
0
30 5 60 BT 90 0°, 15),.76% (B=60°, 90°), ZHVITZ 66%
(B=45°), T6% (B=15") &4 5, Thi2BET
Fig 20 2 Y v MERMAIKT 57 7 v 7 b , , \
00 MU L KB GRIT, I, BiE, a/R=02 DHRAY » b5z ¥ 7Y =}
W %) DI I KE T B, I LT

Theoretical curve and experimental results of . ;
. . . ) . SHE & - DR LR 4~60% T
crack growing angle ¢ for slit inclination angle DR ERE <, € DMEE T 54~60% ¢

A (In case of Series I,H,H) B0, 6FFOa YT Y — b OBMEILTELE
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Theoretical curve and experimental results of crack growing angle & for slit

inclination angle £ (In case of Series VI VI, Vi)

FEY B & 54A~80% L1 B,

6.2 EXvFEEEORECRETEHORE

IV - OFIBREICEELRETERE LR, e ke v b TEH OB AL
T - HBEM OB LR | %L ohb, CCTR, Ficksd oy ) — b ORISR OE R
oW, FECEROBBARET 270, Table 3IARLAL I0RIIO 2 v 7 Y — b ok 2RBROFR
B - BT, Table 8 R L,

9, WHEMOMEI L BBEIZ->WTIE, KeA Y REHEVMOBENEL VRN, VIE RS
YV, ED T v Y — b ORI K 2 BT A &, WERGEEBEHO vy ) — + OFH Kl
R AEEN S bR E,

wic, MEBMOMEI L 2BBCo>0TE, Kex v i, BHOBERESL, SRAMEMESEL
WEAL, BOoarysy— 0Kkt 2 s, NREROa Y2 Y~ rOHBERAERD D v
Y= bk D Ky 05 IR B HEEY St

e, HEMOBKNROBEBIH>VTE, Kex v i, BHoEERAL, SHEEMENZA
FRGLOVWRIIVE Y, 21, O, BELERET 2 S, R v A 60% 0 & & RNV >FH)
WV, ket v P2 52% O & & BRAL >HEHM >HF1 £750, WEROBA S, B OSKKRS
KEWEE, 202790 KelHiZE L BHERN S bibR B,

8, KeA v FHOEEICoWTE, MOKEMELZDEE LI v, —icidke s v
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FEHLE2% Doz - b OlBS, 2Dk g)Pf(ton)
b()% &y I} """ [‘rt@jfli'f{vﬁﬂj;;%(f& e 7

BEIEH S b D, O R5 1 A FF VI
TTER LSRR O & o B K
OEE L, WFER S E DR C S
~T% DEBHESEE L bDTHD,
B o 5 - 24D T/NE b, - 0
T, coelonkiEhg, kH LT
LD TH LI EEMF LIV, %
I

L FF @ x5 v

O %% W B 2y v

6.3 v FELGOBREICRETHE
HWHoge
Sk o v o U -+ (SFRO) i
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Effect of Crack Propagation Behaviour on Mechanical Properties of
Concrete Check Dams (1)
—Fracture Mechanics Approach to the Sirength of Cracked

Dam Conerete Materials—
Suvama, Masanori®V

Summary

Every vyear in Japan, many check dams are built almost entirely of cement concrete
materials. Concrete can be classified as a brittle material containing many inherent flaws
such as air voids and microcracks. Due to such heterogeneous characteristics, the failure of
concrete is a complex process involving fracturing due to cracking. Consequently, it is
necessary that the strength of concrete should be discussed not only from the standpoints of
a noncracked body, but also from that of a cracked body. At present, it is widely recognized
that fracture mechanics is the most useful approach for evaluating the mechanical properties
of cracked materials. M. F. KapLan was the first to apply fracture mechanics concepts {o
cement concrete materials, But since that work, there have been few examples of the
application of fracture mechanics to the analysis of strength of cement concrete materials.

In the present paper, the applicability of fracture mechanics to cement concrete materials
for torrent control dams is discussed. We make use of a fracture mechanics parameter such
as fracture toughness (K), instead of a nominal stress, as a standard for deciding the fracture
strength of cement concrete materials containing flaws. By the use of such a parameter, the
strength of a simply shaped specimen can be successfully used to predict the strength of
actual complex full-sized structures.

Referring to the “Method of Test for Plane-Strain Fracture Toughness of Metallic
Materials” specified by the ASTM Committee in the United States of America, which has not
been applied in past investigations of a heterogeneous brittle materials, we carried out the
fracture toughness tests on single-edge notched cement concrete beams by concentrated
flexural loading at the midspan. From the experimental data, we found that the stress
intensity factor (Ky) at the fracture is approximately constant in spite of the remarkable
differences of crack length and size in the specimens. As a result, this factor (Ky) is an
excellent practical parameter for evaluating the strength of cracked materials as compared
with the ordinary ultimate (or final fracture) load, even for cement concrete materials.

It is well-known that the fracture strength is affected significantly by the size of
specimen. In this study, we investigated whether the effects of the size of the specimen
upon the fracture strength can be explained or not from the viewpoint of fracture mechanics.
From the test results, it can be seen that the calculated curve agrees well with the
experimental results. Thus, it is concluded that the breaking strength including the size
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effect can be predicted by using the maximum (or critical) fracture toughness (Kw).

Similarly, it seems generally possible to analyze the strengih of materials by means of a
stress intensity factor, evenn when the materials are heterogeneous such as cement concrete
materials. Under some circumstances, the fracture toughness values for such brilttle materi-
als may be determined by diametral compression tests. In previous works, the effects of the
specimen size and crack length on the fracture toughness were investigated for such materi-
als. In this paper, we treat cement concrete materials as brittle materials containing many
defects. We introduce the concept of the modified equivalent crack and iry to evaluate the
strength of cracked bodies by using this concept as one of the methods for evaluating the
strength of materials. We conclude that it seems possible (o use the actual crack lengths as
the equivalent crack length for calculating the fracture toughness of materials when the size
of specimens and crack length are sufficiently large.

The stress intensity factor for an internal radial crack in a disk subjected to a pair of
countered point loads on its circumference have been analyzed and the values of the stress
intensity factor of the first mode (K} in dimensionless form are given. We plotted the values
of the dimensionless stress intensity factor against /R, where B is the half diameter of the
specimen, and ¢ is the half length of the through-thickness center slit, and found an
agreeable formula approximated these values with great accuracy. From all of the results of
the previous and present tlests, we deduce that it seems to be an effective method for
evaluating the strength of materials by linear fracture mechanics, when the region arcund a
crack-tip is comparatively homogeneous. However, a small change in Ky was found as the
dimensions of the specimens and the crack length varied. Considering the special character-
istics of such kinds of materials, we assumed the cement concrete materials to be a continum
body containing many small defects. Even in the case of such materials, the stress intensity
factor at the fracture is assumed as a material constant for evaluating the strength of
cracked bodies, regardless of specimen sizes and crack lengths.





