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Let’sstart with a verycommonsituation

Ҧ Introduction of a load perp. to grain in softwood

basedon experience:  useof hardwoodsleeperor saddle

Ҧ strength:  compressionperp. to grain (A. Föppl–1904)

What is the bearingcapacity?  Whichloadshouldbe assumedassafeor allowable?



Herepart of theanswer’s
from A. Föppl(1904)

A.Föpplheadedmorethan 100 yearsagothe «Mechanisch-Technisches Laboratorium» at the TU München.

He was scientistandengineer: the specimensusedcorrespondedto structuralsize



Herepart of theanswer’s
from A. Föppl(1904)

andwherewe are100 years later

char. valuesfor sawnwoodandfor glulam(onlysoftwood!)

A.Föpplheadedmorethan 100 yearsagothe «Mechanisch-Technisches Laboratorium» at the TU München.

He was scientistandengineer: the specimensusedcorrespondedto structuralsize
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- by integratinghardwoodsaddleinto beam (useof hardwoodlamellaelocally)
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too large contactareas(evenwith hardwood)
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Strengthςon shear(parallel to grain)
comparisonsoftwood- hardwood

fromEN’s(glulamonlysoftwood)

Problem: test procedure 3-point / 5-point / type of loadintroduction/ sizeof sheararea



Shearstrength:  test - procedures

Note: 5-point was introducedto avoid

influenceof dryingcraksat beamsend (often in lumber), but

no differencefound (same relationshipfor wet anddry wood!)

Note: higherstrengthvaluesobtained 5-point  than 3-point, due to smallereffectivesheararea



Strengthςon shear(parallel to grain)
comparisonsoftwood- hardwood

fromEN’s(glulamonlysoftwood)

Problem: test procedure 3-point / 5-point / type of loadintroduction/ sizeof sheararea



sheartest on larger sections(glulamspruceandhardwoods)

sheartest on glulambeech120/600

Limited by capacityof testingrig:

2 ∙ V  = 900 kN

with measurementof shearmodulus

sheartest on glulamspruce140 / 1’000
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Howto optimize the classicalglulambeam?
Ҧ usebetter specificpropertiesof timber species

classicalglulambeam

constant, prismatic, rectangularsections

same resistance- bending/ shear–over length

not needed!

from actual fabricationrequirements:

usesame glue-laminatingprocedure



actualpropertiesof hardwoodglulam
bendingstrength fm,k =  48  N/mm2
shearstrength fv,k =    6  N/mm2
compressionstrength fc,90,k =    8  N/mm2

Continuousbeams: Useonly in high stressedzones(e.g. oversupports)

Preferablyash  →  (same lamellathicknessasspruce= 40 mm)
Finger-joint: no problemto achievesoftwooddata (ft,j,k up to 33 N/mm^2)



Hybrid beams(lengthwise) spruce/ash



Case Arosa:  hybrid beams ash / spruce



loadintroductioncolumn/beam →   ash + glued-in rod

shearforce →    ash

free standingcolumn →    glued-in rod



shearforce Ҧ    ŀǎƘ





glulamsoftwood / plywood beech

finger-joint resistancegovernedby softwood

bendingcapacitytakenas лΣу ϊ fm,k,spruce

!



glulamsoftwood / plywood beech

finger-joint resistancegovernedby softwood

bendingcapacitytakenas лΣу ϊ fm,k,spruce

→  important:  highershearcapacity →  e.g. useasframe corner

simple design

onlycontrol of

finger-joint capacity!



Case: bridgeEggiwil(1982) 2-lanes bridge

Portal frame

plywood beech: thickness220 mm

outside veneer: spruce(esthetic)



Case: bridgeEggiwil(1982) 2-lanes bridge

Portal frame

plywood beech: thickness220 mm

outside veneer: spruce(esthetic)

plywoodconfigurationadaptedto

geometryof finger-joint-cutter



Case: bridgeSan Niclà(1993)

staticsystem:



Cross-beam:  verticallyglued-laminatedspruce(without finger-joints)
endsin plywoodbeechfinger-jointed

Dimensions:



Cross-beam: verticallyglued-laminatedspruce+ endsin plywoodbeechfinger-jointed

naturalprotection of plywoodbeechby

encasement

finger-joint plywood/ softwoodglulam

section 400 x 885 mm



compositeelements - softwood +  hardwood

classicalhybrid beam

higherbendingstrength+ stiffness

attention: low shearcapacity



compositeelements - softwood +  hardwood

bridgedecksprestressed for chordof trusses

edgeelement: perp. to grain→ hardwood higherrolling shearstrength

sawn/ glulam/ LVL / plywood neededat nodearea



Sins: Deck plate glulamspruce/ glulambeech ( ≈ 70 m long)



Connections

High performinghybrid elements →        needof performant connections

dowelledconnections

- Most usedin softwood-glulam limited to η≤ 0,65  (due to reductionof section)

- Actual(EYM) design rulesleadto brittle behaviour!

- Need for design rulesspecificfor hardwood (andhigh ductility D = υ)



Dowelledconnection

for ductilebehaviour →  high slendernessof dowel

→  sÕÆÆÉÃÉÅÎÔÄÉÓÔÁÎÃÅÓὥ

no groupeffect! →  independentof n →  Ὧ = ὲ = 1

test with LVL-beech:

distance ὥ ≈  8 d

performance ƳŀȄΦ  Ғ  ол ╝Ⱦ□□ (basedon full section)
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Connections

High performinghybrid elements →        needof performant connections

dowelledconnections

- Most usedin softwood-glulam limited to η≤ 0,65  (due to reductionof section)

- Actual(EYM) design rulesleadto brittle behaviour!

- Need for design rulesspecificfor hardwood (andhigh ductility D = υ)

glued-in rods
Å Technology: same asfor softwoodglulam

Å Criteria:  behaviourisgovernedby the steel(strengthandductility)

all other (brittle) failuremodesareexcluded(Gehri/1996)
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Tests of glued-in rodswith LVL beech

GSA-system glued-in rods

ductilebehaviour no groupeffect !

█◄ȟȟ╫►◊◄◄▫Ғ ╝Ⱦ□□ with optimizedconfiguration
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Connections with hardwood insertsandglued-in rods



EIZ ςFrutigen 2005



Localinsertsof hardwood(glulam/ plywood)

Å Usehigherperformanceof connectors(dowels/ glued-in rods) in hardwood

Å Avoidreduction in softwood members

With glulaminsert:    joint performance =́ 1 (for softwoodmembers)



Neumatt bridgeςtrusssystemςglulamspruce/ ash  



Localinsertsof hardwood(glulam/ plywood)

Å Usehigherperformanceof connectors(dowels/ glued-in rods) in hardwood

Å Avoidreductionin softwoodmembers

With glulaminsert: joint performanceη= 1

With plywood insert:   joint performance =́ 0,8

finger-joint over full section



Typicalsituation in parallel chordtrusses
Ҧ  transfer of diagonal forcesin chord

Connected:      with dowels with glued-in rods



Useςaspossibleςmore appropriatesystems

Ҧ   fishbellygirder

(herefor a footway:
expositionat n’H2009)

Upperchord:     glulamash
Diagonals:          sawnlumberash
Lowerchord:     LVL ash
End nodes:        plywoodbeech

Connections:     diagonalsscrewed
End nodes:  finger-joint/glued-in rods



andremember

August Föppl (1854-1924) :  scientistandengineer

Experiments shouldbe doneunderrealisticconditions

material andsize

Goodluck!


