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Tab.l Mix proportion of cement mortar (kg/m?)

5% B 4 K {3 K

M10 310 1550 280

; M20 400 1550 280

2 3D #TED U Bl M25 465 1550 280

Fig.2 3D printing model
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Tab.3 The crack load and maximum load

ENCE A almm r/mm VST L Y3 A A 27 B {E/N te KA 2T B {E/N
M10-1 20 1.5 M10 1150 1 494
M10-2 20 7.5 M10 1047 1382
M10-3 20 12.5 M10 1 056 1474
M10-4 30 1.5 M10 882 1157
M10-5 30 7.5 M10 754 1239
M10-6 30 12.5 M10 844 1 066
M10-7 40 1.5 M10 593 879
M10-8 40 7.5 M10 658 960
M10-9 40 12.5 M10 658 1100
M20-1 20 1.5 M20 2 884 3081
M20-2 20 7.5 M20 2927 3502
M20-3 20 12.5 M20 2 832 2932
M20-4 30 1.5 M20 2 367 2 868
M20-5 30 7.5 M20 2 493 2 660
M20-6 30 12.5 M20 2 434 2 986
M20-7 40 1.5 M20 1912 2 457
M20-8 40 7.5 M20 1575 2 936
M20-9 40 12.5 M20 1787 3083
M25-1 20 1.5 M25 2993 3230
M25-2 20 7.5 M25 3033 3337
M25-3 20 12.5 M25 3156 3428
M25-4 30 1.5 M25 2 521 2 646
M25-5 30 7.5 M25 2 662 30515
M25-6 30 12.5 M25 2 865 2918
M25-7 40 1.5 M25 2 002 2 645
M25-8 40 7.5 M25 1 662 3021
M25-9 40 12.5 M25 2157 3248

G B 4 R T — S 20 O RE AR P 4 5 M20-7-2 48 M20-7 48 5 1O%H 2 DAEAR , e DLtk s
e, ATRAL .
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Fig.4 Samples of failed specimens
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Fig.5 Maximum load vs the groove root radius
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Tab.4 The initial fracture toughness and critical distance value

R

bR SR B S5 2 K:l/(MPa-mm) I 5 #5 # L/mm
M10 0.15 3.93
M20 0.41 4.75
M25 0.43 4.86
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Tab.5 The prediction values of maximum load and relative error values

G R AT BN Fy /N R AT B LI AH F N HOH 8 22 1%
M10-1 1 467.43 1494 -1.78
M10-2 1356.93 1382 -1.81
M10-3 1 422.40 1474 -3.50
M10-4 1.060.51 1157 -8.34
M10-5 1 189.40 1239 -4.00
M10-6 1.049.93 1 066 -1.51
M10-7 814.88 879 -7.30
M10-8 941.51 960 -1.93
M10-9 1078.35 1100 -1.97

4 e

A 3 PR o FEARIREAR r KA ISR IE 81 L U BURE D R AT — R =
A5 N 2R AN A BRITAEALL , I 0 H i 5 2 PR X S 45 R IEAT o F e, R EAIB T .

1) BEE U BURERR A EAS r OB, e R A B 5 T3

2) WM E R o0 615 o, MR 8w T HEPERORHB A4S AT

ini

3) WM I TR R 1 Ko FH I SR S B K

4) 3 B I3 S B B0 4 52 S 2 0 | B 0 R 1 I I RO B 2 B L M
S) i SR L, (A AT A TS S 1 W0 I K ) — A

6) % M 5 I b kOO LSRR | 2 2k (1) B LA K i R

&% ik

[1] 5kES A, BN, £, 45, AR RS HEBUE X CA 203 01 2 PERE BRI L) ). BRI R 5 TR =4 ,2014(6) : 20-24.

[2] AYATOLLAHI M R, TORABI A R,RAHIMI A S. Brittle fracture assessment of engineering components in the presence of notch-
es:a review|]|. Fatigue & Fracture of Engineering Materials & Structures,2016,39(3) :267-291.

[3] TAYLOR D. The theory of critical distances: A new perspective in fracture mechanics|M]. London: Elsevier,2007 : 1-307.

[4] CASTRO J,CICERO S,SAGASETA C. A criterion for brittle failure of rocks using the theory of critical distances[J]. Rock
Mechanics & Rock Engineering,2016,49(1):1-15.

[5] HU XUTENG, XU JIA,BAO ZHENQIANG,et al. Effect of notch geometry on the fatigue strength and critical distance of TC4 ti-
tanium alloy[J]. Journal of Mechanical Science & Technology,2017,31(10):4727-4737.

[6] CICERO S,MADRAZO V,CARRASCAL I A. Analysis of notch effect in PMMA using the Theory of Critical Distances|J]. Engi-
neering Fracture Mechanics,2012,86:56-72.

[7] LOUKS R,ASKES H,SUSMEL L. A generalised approach to rapid finite element design of notched materials against static load-
ing using the Theory of Critical Distances[J]. Materials & Design,2016,108:769-779.

[8] SUSMEL L,TAYLOR D. On the use of the Theory of Critical Distances to predict static failures in ductile metallic materials con-
taining different geometrical features|J]. Engineering Fracture Mechanics,2008,75(15) :4410-4421.

[9] SUSMEL L,TAYLOR D. The theory of critical distances to predict static strength of notched brittle components subjected to
mixed—-mode loading[J]. Engineering Fracture Mechanics,2008,75(3/4) :534-550.



112 R Z W OKREE AR 2019 4f

[10] MAHER A ,DARWIN D. Mortar constituent of concrete in compression[]J]. ACI Journal, 1982,79:100-109.

[11] HAERI H,SARFARAZI V,SHEMIRANI A et al. On the direct experimental measurement of mortar fracture toughness by a
compression—to—tensile load transformer (CTLT)[J],2018,181:687-712.

[12] XUAERK. W1k 4548 FE A 32 1 PERE M B 5E[D]. K1 . 1 /g K 2%, 2005 :30-37.

[13] SAYED-AHMED E Y,SHRIVE N G. Nonlinear finite—element model of hollow masonry[J]. Journal of Structural Engineering,
1996(6) :683-690.

14] Bevi 8 A SR A W5 BE. JGI/T 70-2009 A S0 3 R Ak i 15090 75 1 n B[S, Ab 5t . v VAL ST Tolk 1 Bt 2009.

15] PRt A, 5K 75 05 . AK VR v SRR PR RD SR RE B T 2L BT 2400 BE T SE [T, 7K A2 41,2008 ,39(1) :41-46.

16] e A BRI [ 5K & R 25 51 2. DL/T 5332-2005 7K TR & 4 W 248050 MU (S). b st . b s Jg it 2006.

17] PELEKIS I,SUSMEL L. The Theory of Critical Distances to assess failure strength of notched plain concrete under static and
dynamic loading[J]. Engineering Failure Analysis,2017,82:378-389.

[18] AYATOLLAHI M R,AKBARDOOST J. Size effects on fracture toughness of quasi-brittle materials—A new approach [J]. Engi-
neering Fracture Mechanics,2012,92:89-100.

[19] Zbk, E 4. F U TB DR 52 () ik 0 5 v BG4t B Rk 4 o fof 5 2 RIT T 280 B8 < B 20 BT [J]. AR 032 ,2009,26(9) : 244-250.

[
[
[
[

Research on Fracture Performance of Mortar Beam Based on
Theory of Critical Distance

Tong Gusheng, Sheng Jiehui

(School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, China)

Abstract:The study of the mechanical properties of engineering materials such as cement paste and cement
mortar has become increasingly important with the needs of engineering applications. In this paper, the three—
point bending beam test for the U—shaped notched beam specimens with three types of strengths, groove depths
and groove root radii were carried out with a new fracture criterion_the theory of critical distance, which consist
of 27 combinations in total. Theoretical parameters were obtained and verified by formula calculation and finite
element simulation, and a new formula for calculating the maximum load of the notched beam was derived. The
observation shows that for the maximum load, the calculated value of the new formula has good precision. The
strength of mortar increases, while the theoretical parameter L value increases.
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