
Physics. - Brittle rupture of plastic material. By F. K. TH. VAN ITERSON. 

(Commu:1icated at the meeting of January 25, 1947.) 

Rupture at sharp incisions. 

All material can rupture in two ways 1): 
1. Through plastic flow, according to the law of MAXWELL amended by 

the author, i.e. with perfect plasticity, flowing and contracting like heated 
glass while the difference between two principal stresses remains equal 
to the yield stress. 

2. With a sudden rupture. according to the law of MARIOTTE
PONCELET, when the greatest strain (extension) reaches the breaking 
strain. Wh at happens wh en the load on our structural part is gradually 
increased depends on which of the criteria is first fulfilled. 

At the free surface of a mild steel beam one of the principal stresses, 
called !!3' is zero. 

When !!2 ' another principal stress, is also zero, the material flows when 
the only principal stress !! is equal to the yie1d stress. If another principal 
stress exists, the greatest strain is even less and the danger of sudden 
rupture is still smaller. Hence we come to the peculiar conclusion, th at a 
break~down in plastie material. for instance in mild steel. will never start 
at the surface. But a brittle rupture, a sudden lacération. may occur in the 
interior of such material at a spot wh ere three~dimensional tension prevails. 

Imagine a hot~rolled steel beam rapidly cooled (fig. 1). It may be that 

Fig. 1. 

the thin rib first solidifies and then the tips of the flanges. These parts 
cool down further while cores at a of the section are still red~hot. Wh en 

1) See chapters 20 and 21 of Traité de Plasticité pour J'Ingénieur; Liège 1944; or 
Plasticiteitsleer, Luik en Deventer 1945. 
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these cores also become solid they fit in under a neglegible tension. Let 
us suppose that the cores are only 100° C hotter than the material further 
oH which is already blue~warm. But then the temperature equalizes. The 
core tends to shrink and with the modulus of elasticity E = 2.000.000 kgfcm2• 

Poissons modulus m = 13
0 

and the coefficient of expansion a = 0.00001. 

the tension in all directions would be 5000 kgfcm 2 • This is not so harmful 
as it looks because the ideal ten sion accordingly to MARIOTTE-PONCELET 

would only be ( 1- ; ) 5000 = 2000 kgfcm 2 • But this high tension in all 

directions makes the mild steel beam liable to brittle fracture. By super~ 
posing a load on the structure there is a chance that the breaking strain 
may be reached before plastic flow sets in. and in fa ct this often happens. 
The au thor has seen sixteen ruptures when the flanges of four beams 
were cut at both ends by the oxy~acetylene torch. as represented in 
figure 2. The rents in the rib starting from the danger spot were due to 
the expansion of the flanges when they were heated. 

! i I·--·_·_·_·_·_·_-t 
I . 

Fig. 2. 

But why does a brittle rupture of ten spread in a plastic material? The 
question is so important in engineering. that it must be amply discussed. 

BrittIe fracture in mild steel indicates tension~stress in every direction. 
We therefore have to infer the occurrence of three~dimensional stress near . 
the ends of cracks. In order to prove the existence of such stresses we start 
from the stress distribution according to the laws of elastic deformation 
and tensions near the bottom of incisions. Since Inglis solved this problem 
by means of elliptic co~ordinates we may refer to literature 2). 

Let figure 3 represent a stretched bar of great length in the direction of 
the X~axis. The grooves at both sides are hyperbolic. according to the 
formula 

y2 Z2_ 

a2 - b2 -1. 

If we consider a section of this bar of length tand suppose the pull to be 

p. then the average tension in the weakened section is p = 2
P 

. 
at 

2) H. NEUBER. Kerbspannungslehre. Berlin 1937. p. 33: Die beiderseitige Aussenkerbe. 
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The radius of curvature in the bottom of the groove is e = b2

• 
a 

Transformed from elliptic co-ordinates to orthogonal co-ordinates the 
principal tensions in the danger section are: 

Oz = (a2 + 2ae-y2) (a2 + ae) p 

(a2 + a e-y2)t ~ (a + e) arc tg Vf + 1" ae ~ 
_ (a2_y2) (a2 + a e) 

~- p 

. (a2 + ae-y2)-} ~ (a + e) arc tg -V; + 1"ae ~ 

-06 a
2 + ae p 

~- , . 
(a2 + a e-y2)i ~ (a + e) arc tg Vf + 1" ae ~ 

This last ten sion ox in the direction of the X-axis is derived from oz 
and Oy assuming that the width wand the breadth t of the bar and the 

lz .. __ .-l.~ .. _ .. 
w 

Fig. 3. 

incision are -50 great that a contraction in the length w of the endangered 

• Oz + 0 10 
sectlon may be neglected. Then ox = Y. Por steel m = -3 . . m 

In figures 4, 5 and 6 the distribution of the three principal stresses is 
shown for half the section of the incised bar having hyperbolic grooves 
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with curvatures at the vertex respectively 

a a a 
e = i' e = 16 and e = 100' 

We see from these figures that three~dimensional tensile~stress occurs in 
grooved bars below the bottom of the notch and that the tensions tend to 
infinity when e decreases. This was to be proved. 

Now we return to the theory of plasticity. 
At the bottom of the groove Oy = 0 and, as in plastic flow two · tensions 

become equal, 0" = O. 

~ .O,~sa MAX: 6z • Z,6SP 

b. 0,5 a MAX, 6y w 0,5 P 

Fig. 4. 

5,t3p 

z 
I 
I 

:. §~-§---§--~---~---~---~---~---=-3::~:: 
_°-r.-°

l 
~----------~----------~ 

~.f! MAX:~Z"S,t3p 

b.o,zSQ MAX,c5y .O,97P 

Figo5. 

y2 z2 
---=1 
a2 b2 
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Cl 

g2 ~z~2--------------------..... 
~-b2=1 '?o,Ola MAX: 6z-ll,76p 

b.o,1 a MAX:6y .l,.o\6 p 

Fig. 6. 

But all three tensions rapidly increase when we enter the material. Por 
cylindrical grooves (figure 7) of curvature ro this increase of tensions takes 

place according to the law at = ao (1 + In :0)' 
r r 

ar =<1oln- and <1x =<1oln-. 
ro ro -_··_--t·· __ ·_-

I 

I 

I --<--=k=!C:..+-_.--r---. 

I 

I 

.. _.---L---.-
Fig. 7. 



F. K. TH. VAN ITERSON: BrittIe rupture of plastic material. 

Fig. 8. 

Although the bridge resisted to heavy traffic and was built of excellent mild 
steel the rupture occurred without any deformation. The texture of the fracture 

shows a brittIe appearance. 
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Ut is double the elastic limit for t' = 2,832 t'o. This is very near the 
bottom of the groove when t'o is smalI. 

The differences in tension are Ut - Uz = uo, and Ut - UX = Uo where 
Uo represents the elastic limit or yield stress. 

The steel flows at the bottom of a rounded noteh, but at · some distance, 
the three~dimensional tensions become 50 large, that the material no longer 
flows but breaks in a brittle manner. For sharp rents this rupture occurs 
very near the end of the rent. Of ten the rupture is explosionlike and 
spreadsfar into the material. 

Figure 8 is a photograph of a rent in a blown-up bridge girder. 


