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Fracture Criteron of Mortar under Multiaxial Stresses

Akira Kurumaba®, Mizuki Imaizum™*, Sennosuke Sato*,

Kimio Fukuzawa**

*

and Tatsuya Numao***

ABSTRACT —Since concrete or mortar is usually used under compressive stress predominant state, we
emphasizingly study on the mechanical and fracture mechanics properties, such as uniaxial compressive
strength, diametral compressive strength and mode 1 and mode 1 fracture toughnesses of three kinds of

mortar under compressive stresses.

compressive stresses is given from the fracture mechanics approach.
emissions (AE) from these specimens are recorded at different stress level up to the final fractures.

Then a new fracture criteron under multiaxial stresses of tensile and

During the fracture tests, acoustic
Initial

signals of AE are corresponded to the cracking initiation and are used as a verification to the fracture

criteron proposed.
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S [1] Mode | fracture criterion
. (Maximum tensite stress theory)
N 2] Ki=Kic

[2] Mode Il fracture criterion
Tnax=To+( (01+03)
To=(Kie/Kic)O't

[3] Sharing fracture criterion
(Maximum sharing stress theory)
Tmax=T¢

Fig. 1

Macroscopic fracture criteria under
multiaxial stress state.
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Fig. 2 Shapes, dimensions and placing directions

of specimens.
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Table I  Propotions of specimens of mortar.
¥ater Maximum Persentage Quantity of materisl per unit volume
cement  size of of air
ratio aggregate content Water Cement Aggregate  Admixture
Mortar ¥/C Guax 0O % ¥ kgf/m® C kgf/m® S kef/w® > kgf/m®
Plain 0.60 5 2+1 238 397 1583 -
Plain 0.25 5 2*1 210 840 1278 -
High strength 0.25 5 2+1 210 756 1278 84.0
. 3. 2 EEBHE
3. RRIA 3.2 1 ERRER
3. 1 HEEHLUREBRE FEMRBREIDAAR TR ERTTE RS LT & EES

Table 1 FAPRICAGRE €/ 2 VOB AT
BRT, TU—VEALZAMIEBRBELINT VAV
bO(ALE A v FED, AR E B R X OWKAE (FE
F#=A5 41500 2AVWCEEI K, EHREELZ
MEFER ST TR CERLETEN T v 2
5000) & FAVGTHEWE LT, COEMMEBVICEBRE
EAZAMEEY P Y AA PR MRS EICAERL, E
MEENERT DY,

KRB TFTAREH 4 2 BTHEL, 20£3CTH
428 HARPEEE Lo, ERcfLc,

Fig.2 @AM B cRBAOFIR, Sk LD
AAaFEERT, Zhb5ORBAGGEREETH
5, BERMRBRA OFRDAY v MIERICY] R
X0.3mm, E4smmor=—1v— & H42HT
HOTIERL LTe, BIE b FEME O Bt b OB R
FARERBA Oh Ry B ERCIERR A — Y v
=y — VI VBV EEMAEBE L,

P
|
| |

2b

@

(b) Fracture toughness
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Fig. 3 Testings for disk specimens.
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Photo. 1  Typical fractures of mortar in
strength testings.
50mm

(a) Mode |

(b) Mode |i

Photo. 2 Typical fractures of mortar in

fracture toughness testings.



Photo. 3 Typical fracture of mortar in

internal pressure testing.
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Table I Experimental results of mechanical and fracture properties of mortar.

Water Compressive Diametral Mode 1 Mode 11

cement Young's compressive  fracture fracture

ratio  modulus strength toughness  toughness

Mortar W/C E GPa av. Oue MPa  Kic MPan*? Kizc MPa.m'/®

Plain 0.60 21.8 30.7 2.89 0.455 0.712
Plain 0.25 34.0 75.8 5.96 0.746 1.08
High strength 0.25 34.8 82.8 1.67 0.906 1.21
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Fig. 5 Comparison of stress—strain plots of
mortar in compressive testing. 4o L
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Fig. 7 Experimental results of fracture strengths Fig. 8 Experimental results of fracture strengths
and fracture criteria of plain mortar and fracture criteria of high strength
(W,/C=0.25) under multiaxial stresses. mortar (W, C=0.25) under multiaxial.

stresses.



134 KPR LA Em  B38%E  (1990)

4 -2 HREREERK

Fig6 1xW,/C=0.600F L —vEALZALDE[ED
— EfBIG Tk A B EERNE RT, KPoH
Hi, RWERBIZ L - THE LRSI T OBE
F—2ThHbH, 2T, —HEMREELETEPLE
ARBRIC L > TEB ORI EDERBALRE =P 1 H
WEEOLHELEL, AP, AD, E—FIRBICIOD
BB E D, — 3 RAMEDO SBEYHEEL T
MR35 E, —SMBAIRE— F 1 BEEOLM,
EHEPAZE— FIMEEOLERTRT, TORKT
S R E T HEE e REBE L D FETREL R
D, ARV EEL T ALK, REMKCES D
Bricwv, Zhit, E—FI1Ee—F I OBEHKEED
Ko/ KiNBHPLKEEOMHEL1~1.3'" X b b
KEWIDTHD, AV » PINTOREICREETS
LbDEEZLNRD,

Maximum load 241 kN

10r 18
) L
o 8 h 6 ‘<
> Total energy o
Y5 i \ 4 X
X 6 =
> L Total event 14 &
5 count =
S 4F %
: L 123
a |8
2 .
= Initiation of & ) 40
fracture 3] Amplitude
i L
00 B0 00 10 200
Load (kN)
i 1 ] i 1 ]
0 1 2 3 4
Loading time (min)
Fig. 9 AE signals of plain mortar (W,”C=0.60) in

compressive testing.
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Fig. 10 AE signals of plain mortar (W, /C=0.60) in
diametral compressive testing.
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Fig. 11 AE signals of plain mortal (W,/C=0.60) in
mode 1 fracture toughness testing.
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Fig. 12 AE signals of plain mortal (W, /C=0.60) in
mode [I fracture toughness tesitng.
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