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It is known that the s e r v i c e  life and rel iabi l i ty  of s t ruc tu re s  depends mainly on the r e s i s t ance  of the 
m a t e r i a l  to c r a c k  propagat ion,  pa r t i cu l a r ly  the f r a c t u r e  toughness KIc or K c [1, 2]. 

Along with the development  of a l loys ,  production techniques,  heat  t r ea tmen t ,  and thermoplas t ic  ha rden -  
ing conditions it is n e c e s s a r y  to i nc r ea s e  the f r ac tu re  toughness.  

It is known that iron and si l icon impur i t i e s  fo rm rela t ively  br i t t l e  and insoluble phases  in alloy I916. 
Reducing the quantity of these  br i t t l e  phases  or  comple te ly  el iminating them may lead to an inc rease  of the 
f r a c t u r e  toughness without substant ia l  loss of s t rength p rope r t i e s  [3]. 

We invest igated the effect  of the iron and si l icon concentrat ions on the f r a c t u r e  toughness of extruded 
s t r ips  65 × 200 mm in sect ion of a luminum alloy i)16. Strips with the no rma l  concentra t ions  of iron and s i l i -  
con (~0.5%) and low concentra t ions  (~0.1%) w e r e  t es ted  in the naturalIy (D16T) and ar t i f ic ia l ly  (D16T1) aged 
conditions.  The  f r a c t u r e  toughness (KIc) was tes ted  on samples  for o f f - cen te red  tensi le  tes ts  (OCT) with a 
th ickness  of 65 mm.  The  f r a c t u r e  toughness tes ts  w e r e  conducted by Br i t i sh  s tandards;  all the requi rements  
for  determining Kic of a luminum al loys  w e r e  fulfil led [2]. 

The  mechanica l  p r o p e r t i e s  of the al loys a r e  given in Table  1. Fo r  compar i son ,  p rope r t i e s  a r e  also 
given for extruded s t r ips  of a l loys  AK4-1T1,  V95T1, and a new Amer i can  alloy X2048 intended for  s u p e r -  
sonic a i r c r a f t .  It can be seen  that the s t rength  (cy b and a0.2) and ductility (5) a r e  higher  for  ahoy D16T of high 
puri ty  than for the c o m m e r c i a l  alloy a f t e r  natural  (D16T) and ar t i f ic ia l  (D16T1) aging. 

It is known that approx imate ly  the s a m e  concentra t ion of iron and si i icon (hundredths of one percent)  in 
alloy D16 [cad to format ion  of phases  (A l - F e - S i ) a  and (.A l - F e - S i - M n ) a ,  which like other  iron in termeta l l ic  
compounds a re  a lmos t  insoluble in sol id a luminum and lead to a reduction of ductility and especial ly  the f r a c -  
tu re  toughness [5]. With a low concentra t ion  of iron and si l icon the quantity of iron in termeta t t ic  compounds 
is negiigibIe,  in which case  mos t  of the manganese  is in the form of d i spersed  pa r t i c l e s  of phase  T {All2Mn2Cu) 
and not in the form of ( A I - F e - S i - M n )  a or  AI6(Mn , Fe),  which tower the ductility. Inclusions of manganese  
phase  T have a pos i t ive  effect  on the p rope r t i e s  of alloy D16, the s t rength even increas ing  somewhat  [5, 6]. 

The  f r ac tu r e  toughness of al loys D16T and D16T1 with high puri ty in t e r m s  of i ron and si l icon is con-  
s iderabty  h igher  than that of the s tandard c o m m e r c i a l  alloy. 

The  f r ac tu r e  toughness of a ma te r i a l  de te rmines  the max imum (critical) s ize  of c r a c k s  that the ma te r i a l  
can withstand without f r a c t u r e  at  s t r e s s e s  below the y ie ld  s t rength.  When the appl ied s t r e s s  is equal to the 
y ie ld  s t rength of the ma te r i a l ,  the s ize of the c r i t i ca l  defect ( ac t )  is p ropor t iona l  to (Kic/o0.2) 2. 

It  is poss ib le  to c o m p a r e  al loys by the s ize  of the c r i t i ca l  defect a c r  at any s t r e s s .  Let us a s s u m e  that 
all  m a t e r i a l s  inves t iga ted  have a su r face  c r a c k  of depth (a) that is one-fif th the length at the surface .  With 
tens i le  s t r e s s  the c r i t i ca l  s ize  (cri t ical  depth) is determined by the formula  [7]: 

O 
a c r =  K2/c 1 . 2 1  r.~ -~ ' 

where  Q is a p a r a m e t e r  depending on the geome t ry  of the c r ack  and the ra t io  of cr/or0.2; ~ is the working s t r e s s .  

F igure  1 shows the effect of the purity of the alloy in t e r m s  of iron and s i l icon on the var ia t ion  of the 
breaking  s t r e s s  with the s ize  of the semie l l ip t i ca l  su r face  c r ack  in alloy D16. The resu l t s  for  al loys V95T1, 
AK4-1T1,  and X2048T851 a re  a lso  shown. 
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TABLE 1 

Purity 

La~ C~* 
Sumd~M 
T~ um~ 

• Dam from [4]. 

Alloy 

DIgT 
DI(;TI 
DIgT 
DIS'rt 
X204~TtSI 
V'l~n 

~b ~o,2 

kgf/mm ~- 

52,1 34,6 
50,1 35,1 
54,7 36,6 
51,9 43,1 
43,5 39,2 
58,6 51,5 
45,1 40,3 

13,7 120 
9,1 190 

14,5 148 
9,9 140 
8,4 115 g~ 
7,9 76 

12 
8,1 

16,3 
i0,5 
8,6 
3,4 
3,5 

o.k 

J# 

25 

2o 

15 

~f/mm 2 

5 10 ff act, mm 

Fig. 1. Variation of breaking s t ress  
with size of the cri t ical  defect. 1) 
AK4-1; 2) V95; 3) D16T1; 4) X2048; 
5) DI6T; 6) D16T1, high-purity; 7) 
D16T, high-purity. 

Analysis of the curves indicates that reducing the iron and silicon content of ahoy D16 substantially in- 
creases  the permissible  size of cracks ,  while reduction of the copper content (alloy X2048) leads to an increase 
of fracture toughness in the artificially aged condition. 
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