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A CORRECTION FACTOR FOR ROCH ' S STABILITY INDEX 

OF SLAB AVALA eRE RELEASE 

/3.)1 R . A. SOMMERFELD, R. M. KING and F. B UDDlNr. 

I Ror. ky Mounta in Forest a nd R a nge Experiment Station ,* Forest Service, U.S . D epartment of 

A,griculture, Fort Coli ins, Colorado 8052 1, U.S.A. ) 

ABSTRACT. Roch (1966) proposed that the ratio of the strength of a bed layer to the load on it could be 
used to predict slab ava lanche release. However, both he and Perla (unpublished) found tha t the mean 
strength was approximately twice the mean stress for snow layers known to have fa iled. A strength- size 
rela tionship is proposed to expla in this di ;crepancy. 

RESUME. Unfacteur de correction pour L'indice de stabiliti de Roch /)our de declenchel1lent des avalanches de plaque. 

Roch ( 1966) avait propose que le rapport entre la res istance d'une couche de neige et la charge a laquelle 
elle etait soumise serve pour la p ,.evision des declench ements d'ava lanches. Cependan t lui-meme et Perla 
(unpublished ) ont trouvc que la resistance moyenne e ta it approximativement le double de la contrainte 
moyenne subie par les couches de neige que I'on sait avoir casse. Une relation en tre la resista nce et la taille 
des gra ins eH proposee pour expliquer ce tte discordance . 

ZUSAMMENFASSUNG. Ein Korrektw:faktor J;ir Rochs Stabili tiitsindex der Ausl6sung van SclmeebreUlawinell. Roch 
(1966) hat vorgeschlagen das Verha ltnis zwischen d er Festigkeit einer Lagerschicht und ihrer Auflast zur 
Vorhersage der Auslosung von Schneebrettlawinen hera nzuziehen . Sowohl er sclbst und Perla (unpublished) 
stellten jedoch fes t. dass dic mittlere Fcstigkcit ctwa doppelt so gross wie die mittlere Spannung fur Schnee
schichten . die a ls Lawinen abgingen, war. Zur E rkla rung dieser Unst imm igkeit wird eine Beziehung 
zwischen d"r Fes tigkeit und d"r Gross" herangezogen. 

R ECENT work by Pe rla (in p ress) a nd Smi th and Cu r tis (in press) indicates that some event occurrin g 

in the region of the b ed surface is n ecessary to produce the crown-region tensil e stress invol ved in snow

slope instabili ty. Their work supports the class of release mechan isms proposed by Roc h ( 1966) and 

Bradley a nd Bowles ( 1967 ), as opposed to those of H aefe li ( 1963) a nd Sommerfeld ( 1969) . Roch ( 1966) 

attempted a quanti tati ve evaluat ion of slab stability with a Cou lomb- Mohr fa ilure c rite rion. H e 

evaluated 35 sla bs that had avalanch ed a nd thus weJ'e kn own to be unstable. His d a ta showed a very 

high scatte r , a nd his mean shear strength a t the bed surface was 2.05 times his mean shear stress. Perla 

(unpublished ) p e rfo rmed simil a r measurements on 23 avalanches, a nd found a mean R och stability 

index of 2.45. 

The la rge scatter is not surprising, but the Roch index wou ld be expected to average close to one. 

Clearly some problem exists with th e ratio of strength to load , sin ce it indi cates a safety factor of more 

than two in slabs kn own to have failed. 

SommerfCld ( 1973 ) pointed out th a t the properti es of snow are inhe rentl y variabl e, and that this 

variation must be taken into account in any evaluation of properties. The effects of significant, random 

variat ions of strength within a mate ria l bod y on th e o bserved strength of the body have b een a nalyzed 

by several workers. T he results are J'evicwed by Epstein ( 1948). A feature common to these analyses 

is that, when the re is significan t variation of strength w ithin the body of a materia l, the m ean strength of 

severa l specimens of the materia l d ep ends on the specimen size. Such an effect is also likely in snow. 

Sommerfeld 's ( 1974) predict ion of a volume effect on tensile strength has received support from recent 

measurements by M cClung (unpublished, p . (4). 

The shear strength of a snow layer varies widely throughout the layer . As the st ress in creases the 

weakes t parts will fail first, but when an extensive layer of snow is under shear stress it is unlikely that 

th e fa ilure of a sm a ll part will lead to catastrophic failure a long the w ho le plane. Rather, the failure of 

one part would throw a n extra load on the rest of the plane. 

This is in con trast to failure under tension, where the failure of a sm a ll part may produce instability 

leading to catastrophic failure of th e w h ole body. In su ch a case, extre m e value statistics (e.g. W eibull , 

1939[a] , Cb] ) a re probably applicab le . Dan iels ( 1945) considered a problem analogous to the plane

failure problem in t h e breaking of a bundle of fibers. If the fibers in a bundle have a sig nificant distri

hution of strengths, the brea king of a few of the weakest fibers will not result in comple te failure; the 
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load will be carried by the rem aining fibers . There is a critical load, however, d epending on the strength 

distribution, above which the whole bundle will fail. D a niels found that failure stress of a bundle of 

fibers is given bv 

d(Sjn) d f f l 
~ - dS) S B(a) d a r ~ () 

where B(a) is the probability density of the breaking stl'ess a of n threads, S is the total load, and s is 

the loa d on each surv iving thread. The theory is fa irly gen eral, since it only assumes a distribution of 

stren g ths in the sample a nd the lack of a Griffith -type instability in the failure mechanism. 

If, in the case of a pla ne under shear stress . we take n to be the number of unit a reas. then Sin b ecom es 

the failure stress of the plane. 

To test the hypothesis that Daniels's theory applies to snow layers under shear stress, it would be 

necessary to have a large number of shear-strength measurem ents taken on the sliding surfaces of several 

avalanches. From such d ata B(a) could be d etermined fo r each case and th e calculated failure stress 

compared with the shear stress. No such d a ta exist at the present time. 

TAB I. E J. RESlll.T OF F ITTlNO NOR MAl. DISTRIBUTIONS TO P ERLA ' S DATA 

Probability Daniels's ( 1945) Daniels's stres> : 

Densil)' range M ean shear stren . ~lfl Standard deviation of a larger X2 failu re stress mean strength 
N m - 2 N m - 2 

0- 100 193 88 0·73 10 3 0·53 
100- 150 48 7 345 0.56 244 0.50 
150- 200 976 78 2 0.27 488 0.50 
200- 250 2079 864 0.56 I 139 0·55 
250- 300 2988 1476 0.80 1574 0·53 
300-350 3983 1 953 0.52 2 101 0 ·53 
3.,)0-400 3 633 I 99S 0.84 1877 0.52 

R. I. Perla (personal communication ) measured shear strengths of many avalanche sliding layers. 

but only took a few samples in each case. A lthough use of such mixed da ta is risky, such an analysis 

might show if the hypothesis has any m erit at a ll. We therefore fitted normal distributions to his data, 

breaking it into seven d ensity ranges. The results are shown in Table 1. As indicated in column 4, the 

fits are very good except for the range 150- 200, which is sti ll acceptable. Apparently the populations 

sampled were similar enou gh to fit the same distribution . Column 5 gives th e stress values (S/n) for 

which Equa tion ( I) is satisfied , and the las t column gives th e ra tio of this stress value to the m ean stress. 

Daniels 's theory predicts tha t, in each density ra nge, snow layers with streng th distributions like those 

found by Perla would fail at 0.50 to 0.55 times the mean strength . The average ra tio is 0.52. Applying 

this ratio as a correction fac tor to Roch 's m ean stability index, we obtain I . I ; with Perla's, we obtain 1.3. 

A possible expl anation for the failure of R och 's (1966) stability index as applied by Roch and by 

Perla (unpublished ) is that the mean shear strength of a layer is a function of its size. Evaluation of 

limited existing data provides some support for such a conclusion, and a lso indicates that Daniels's 

(1945 ) strength theory may be applicable to sla b shear failure. To provid e a n adequate test of the 

hypothesis it would b e n ecessary to collec t e nough tests from several known b ed surfaces (perhaps .')0 to 

100 samples each) to d eterm ine the distribution of strengths in each l av~ r that fa iled . 
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