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A Modified Test Method and Formula for
Tensile Fracture Toughness of Putty
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Abstract: Due to the low strength of putty, it is impossible to directly measure its fracture toughness using the standard tensile
fracture test. In order to accurately measure the tensile fracture toughness of low-strength materials such as putty, this study
presents an improved compact tension test method and derives a tensile fracture toughness formula through numerical analysis.
The formula is further refined by accounting for boundary effects, and its accuracy is validated through systematic testing with
varying initial crack lengths. The results demonstrate that,the modified formula enables direct calculation of material fracture
toughness. The stress intensity factor depends on relative boundary conditions rather than absolute boundary effects, with boundary
effects becoming more pronounced with increasing initial crack length. The specimens exhibit pure Mode I fracture, with the

modified formula yielding a stable fracture toughness of approximately 42 kN/m*?

. Experimental validation confirms the accuracy
of both the improved test method and the modified formula, establishing their applicability for measuring fracture toughness in low-

strength materials like putty and contributing to putty material development.
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Fig.3 Principle and physical image of test equipment

2 WIRFETEANIEIE

21 ETFihRMZImE2IEIE

M T2 BN 07 5O Fricas , bnifiErb 45 5 B 2T A SURFEE AT, AT R TR
WX R AT BIE. HIE—AIRZ IS WU SRR N H B JC PRI, b — R K
N 2a W ENEEREE, ME 4R, IHETWR T, & XA AR R . DIREE P GO I S, 2/ B
KRR (x, y)s AR R TR %) DAL R B AR AR &R (9, 0).

T
SRS
T

Pl 4 A ROTERIRR 2 s K

Fig.4 Stress diagram of an infinite plate with cracks
ARSI 15 h

o = K cosg
! 2nr 2

.0 . 30
1+ SIn o sin =~ 3)

K, =0+ ma 4)
Kb, o, AR LA AR R PR AR, KRR T, B KN/ o WEIIRIR ST, a i)
IRBLEECE .

W 2L K AE B AE SR P, HEE T8 ok T B A TR AL, anX(4)Ps . %
BRDRE W 2B 4G S 4 SCRLN ) BLHESCHR . SRMT, IR R 25 i S Prisk i S A0 A AR A 30 L2 1 0 2L
UYL )9 SRR DRI, B IR A SR AT S 8 2 A RN i 2O s, A
BE BRI FEON K BBl . DR A R AR LSS W R P R R AR, AR s B A R A
RISMEAAE, FIALFEIE N T 8OR FI HE 5835 (19 29U S 27 2 A X () BEATIB IE

ST RIS N T K S RECK I a WY REOC R, RS HE SCHEATSR A . X4, e iz
PRl ATy 280 11 7 4 7 (0 = 0) FLEE B AR5 4 r A YT IV 37 03 i LT SEAS . SR, AL
2 XA 5 O 10 0 35 S, USRI RN 3 o3 A i BE A2 2, v LA o 2 M ) s S P P ARG 5 14



806 F15ZE) 46 %

FEATIF . ST YRR T BROGEE I BE TR EOR E B BGT N, 105 5 R AR BCR B T
BBRERL J1 3 AR AT T B NG, BEXF 4 g R R aCRE , PR T 22 oSk 36k A A PR T R A
L, SRRSO I F R AL r AR L g o3, RE T = (4) T AR N B4 7 7 3 3 1

BRI =16cm, b= 14cm, R GV WAL, a9 LA FR T B — 2% KB a 1Y
VIR RLL, I TSR A0 0 SR it o e T SR TR R I S S SRR ), AR AE A 100 kPa, 41 5(a) I
N, REERE a BUEVE Y 0.5~11 em, T 17Fp 00, ZORRIRS N4 7, o RORS U A, A3
R RSE /N 0.5 mm I AR XS S5 RRTRE R R/, ABERURIR RIS JT I B8 0.2 mm. IS 45 H T
W TOLHTE BT R T 1M IR T o, P 3614 T B0 B 48 i L AR E R I B A Ay 7K 1 18 7 A R 3
ATV N ST 5 BE N T K.

€ > Chve: 75%)
+1.455e+02
- — e
+1.085e+02
< +9.619e+01
£ <« — Eadi
g 15agaeiol
T — e
© < > Doy
<€ —_>
/=16 cm
(a) ARRICHA (b) ZEEKEa=2cm
(a) Finite element model (b) Crack length @ =2 cm
S, 511 s, S11
(Avg: 75%) (Avg: 75%)
13550 RS Yo
+3.805e+02 +1.383e+03
138338108 g
13535e 0 17 Gbaer0
st 10k
+1.063e+02 +2.937e+02
+6.716e+01 +1.381e+02
+2.798e+01 -1.741e+01
-1.119e+01 -1.730e+02
(c) MK a=6cm (d) HEEKF a=10cm
(c) Crack length a =6 cm (d) Crack length a =10 cm
K5 A BRITRH R 115
Fig.5 Finite element model and stress field
E S WV NCIE £ =k PPN
Tab.1 Comparison of crack tip stress with different seam height ratios
Seam height ratio a/b Crack depth a/cm Crack tip stress g,/kPa Stress intensityh factor KI/(kN/mm)
0.15 2.0 232.4 36.8
0.22 3.0 3104 49.2
0.30 4.0 403.4 63.9
0.37 5.0 517.7 82.1
0.45 6.0 662.1 105.0
0.53 7.0 855.7 135.6
0.60 8.0 11263 178.6
0.64 8.5 1307.7 207.3
0.73 9.7 1943.8 308.2

0.79 10.5 2629.7 416.9
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Tab.2 Fracture toughness test results
Crack depth Specimen height Coefficient Tensile breaking stress Fracture toughness

a/em B/em Y o/kPa K/kN/m”
3 14 2.83 87.05 42.66
4 14 3.06 68.51 4191
5 14 3.40 55.70 4241
6 14 3.93 42.43 40.82
7 14 4.72 33.61 41.94
8 14 591 24.82 41.47
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