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DETERMINING MODE I AND MODE II CONTRIBUTIONS
IN END NOTCHED BEAMS

John Hermanson, Lawrence Soltis, Douglas Rammer

1. INTRODUCTION

The safe and efficient use of wood members in construction requires rational
design criteria. One type of construction member often used is a beam with a sharp
cornered end notch at the bearing area. In the United States, this end notch is
limited to ten per cent of the beam depth for glue-laminated beams and to twenty
five per cent of the beam depth for solid sawn timber beams. The notch length is
limited to one third of the span length [1]. Since the effect of notches was not well
understood these requirements are to limit the notch location to lower stress areas.
Because of the unknown effect of end notches, the design calculations have been
empirically based upon the net shear area[2].

It is recognized this design concept is incorrect as it is not related to the stress
concentration and fracture stresses inherent in a notched beam. Our objective is to
develop design criteria for notched wood beams based on mixed mode fracture
analysis for an orthotropic material. This abstract gives observations from
preliminary test results of beams with mixed mode failure phenomena.

2. EXPERIMENTAL PROCEDURE

Preliminary tests were conducted to determine a data base corresponding to a
mixed mode analysis procedure. Three notch depths of 10, 25 and 50 per cent of
the specimen depth were tested. The 10 and 25 per cent depths correspond to the
maximum allowed at a support for glue laminated and solid sawn beams,
respectively. The 50 per cent depth corresponds to work of other researchers
[3,4,5,6].

Three notch lengths were tested. The first was equal to the width of support
which is a common case in construction. The second was equal to the specimen
depth which is the distance where beam loads need not be considered for shear
design. The third was equal to one third of the span length which is the maximum
length allowed in current design.

The specimens were 25.4mm wide and 44.5mm deep. It was assumed these
dimensions are a large enough size compared to the localized plastic zone at the
crack tip such that linear elastic fracture mechanics is applicable.

Two center to center bearing lengths of specimens, 222mm and 623mm, were
tested. The first length equals five times the specimen depth which corresponds to
the span used in ASTM D198 for shear of short deep members. The second equals
fourteen times the specimen depth which corresponds to the span used in ASTM
D143 for bending of long slender members.

A total of 360 three point bending tests were conducted which consisted of
twenty replications of nine notch geometries and two spans. Specimens were
loaded to failure with loads recorded as the fracture propagated from the notch
through each of three metallic paint stripes.
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3. OBSERVATIONS

Predicting a mixed mode fracture failure based on a single mode test method
and properties is controversial [5,7]. We are currently analyzing the data to
determine if a mixed mode test method is feasible and thus only general
observations are currently available.

Of the 360 total tests we had 180 fracture failures and 180 bending failures.
We observed no fracture failures in either test span or for any notch length when the
notch depth was 10 per cent of the specimen depth. This appears to validate
current design criteria limit for glue laminated beams.

The longer span was observed to have fewer fracture failures and faster crack
growth than the shorter span.

Failures where mode I predominated were more dependent on notch depth
than notch length. Failures where mode II predominated were more dependent on
notch length than notch depth.

4.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

BIBLIOGRAPHICAL REFERENCES

AF&PA, National Design Specification for Wood Construction, American Forest
and Paper Association, Washington DC, 1998.
Scholten, J.A., Rounding Notches Makes Stronger Jolsts, American
Lumberman, 54, p 46, 1935.
Leicester, R.H. & Poynter,W.G., On the Design Strength of Notched Beams,
Proceedings of the 19th Forest Products Research Conference,
Commonwealth Scientific and Industrial Research Organization, Melbourne,
Australia, 1979.
Gustafsson,P.J., A Study of Strength of Notched Beams, Paper CIB-W18a/21-
10-1, International Council for Building Research Studies and Documentation,
Vancouver BC, Canada, 1988.
Smith)., Chui,Y.H., & Hu,L.J., Reliability Analysis for Critical Reaction Forces
of Lumber with an End Notch, Canadian Journal of Civil Engineering, 23,202-
210,1996.
Foliente,G.C. & McLain,T.e., Strength of End-Notched Wood Beams: A Critical
Fillet Hoop Stress Approach, Wood and Fiber Science, 24(2), 168-180, 1992.
Smlth,l. & Springer.G., Consideration of Gustafsson’s Proposed Eurocode 5
Failure Criterion for Notched Timber Beams, Canadian Journal of Civil
Engineering, 20, 1030-1036, 1993.



Cet ouvrage est une publication des Presses Polytechniques et universitaires
romandes, Ie catalogue des publications peut être obtenu par courrier à
I’adresse suivante, EPFL - Centre Midi, CH- 1015 Lausanne, par E-Mail à
ppur@epfl.ch, par téléphone au (0)21 693 40 27.

Vous pouvez consulter notre catalogue général sur notre serveur:
Please consult our general catalog on the Web: http://ppur.epfl.ch

ISBN 2-88074-387-7
© 1998, 1st édition
Presses polytechniques et universitaires romandes,
CH - 1015 Lausanne

Tous droits réservés. All rights reserved
Reproduction, méme partielle, sous quelque forme
ou sul quelque support que ce soit, interdite sans l' accord écrit de l’ éditeur.



W C T E ' 9 8

S W I S S FEDERAL
INSTITUTE  OF T E C H N O L O G Y
L A U S A N N E - S W I T Z E R L A N D

5th WORLD CONFERENCE ON TIMBER ENGINEERING

August 17-20,1998

Montreux, Switzerland

P R O C E E D I N G S
Volume 2

Edited by J. Natterer and J.-L. Sandoz

Presses polytechniques et universitaires romandes


