Softwood- hardwoodhybrid
membersandconnections

Ernst Gehri
Stockholm-19.01.2018



softwood @) hardwood

L e startwith averycommonsituation
bintroduction of aload perp. to grainin softwood

B

Nolense soil

basedon experience useof hardwoodsleeperor saddle

—=

Tl Wi

l

=~

sown—7 2 )

near

5 ()

e

"square® =

|

i
]

hatdwood
e.q. oo\



softwood @) hardwood

L e startwith averycommonsituation
bintroduction of aload perp. to grainin softwood

. basedon experience useof hardwoodsleeperor saddle
) o
b e ——ciregl ;’_,__._ 1
eam e pr ’
sown—/,;/.\\l : '
' J post "hear ’3\(7{ :l \\\ %
square” [ e ——

hatdwood

7 Dteepes ' - — s
Xolense sulj.l L J .

e.q. oo\

Hstrength: compressionperp. to grain (A. Foppl—1904)
Whatisthe bearingcapacity? Whichload shouldbe assumecdassafeor allowable?

- material quality (e.g. function of species)

“ |

round ‘timber - material behaviour (deformation, failure)

-~ geometric conditions (e.g. partial loading)
steeper
~ moisture content

“~— "dense soil ~ effect of time (creep)

e.q Compacted gravet - safety factors

S

Figure 1: Typical questions and factors which may influence the answer
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Higherload introductions
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Strength¢ on shear(parallelto grain)
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Shearstrength: test - procedures

Note: 5point wasintroducedto avoid

influenceof dryingcraksat beamsend @©ften in lumber), but
no differencefound (samerelationshipfor wet and dry wood!)
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Strength¢ on shear(parallelto grain)
comparisorsoftwood- hardwood

from E N (glsilamonly softwood)
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sheartest on largersections(glulamspruceand hardwoods

sheartest on glulambeech120/600
Limitedby capacityof testingrig:
2 -V = 900
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Howto optimizethe classicaflulambeam?
[Husebetter specificproperties of timber species
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Howto optimizethe classicaflulambeam?
[Husebetter specificproperties of timber species

classicagjlulambeam

I3 A3 13

constant prismatic rectangularsections
sameresistance- bending/ shear—overlength

not needed!
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from actualfabricationrequirements

EI - usesamegluelaminatingprocedure

species species

e.q. $pruce ¢.q. ash



actualproperties of hardwood glulam

bendingstrength fm,k = 48 N/mm2
shearstrength fv,k = 6 N/mm2
compressiorstrength fc,90,k = 8 N/mm2
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Case Arosa: hybrideams ash /spruce
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glulamsoftwood/ plywood beech
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glulamsoftwood/ plywood beech

atutam so{lwood,
Pgswwo\ beech

finger-joint resistancegovernedby softwood
bendingcapacitytakenas n  §m,kjspruce

- important. highershearcapacity - aeseggframe corner

it 1 ptywoocd beech




Casebridge Eggiwil(1982) 2-lanesbridge

Portal frame
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Casebridge Eggiwil(1982) 2-lanesbridge

Portal frame

plywood beech thickness220 mm
outsideveneer spruce(esthetiq

plywood configurationadaptedto
geometryof finger-joint-cutter




Casebridge SanNicla(1993)
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Crossbeam: verticallygluedlaminatedspruce(without finger-joints)
endsin plywoodbeechfinger-jointed

Dimensions
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Crossbeam verticallygluedlaminatedspruce+ endsin plywoodbeechfingerjointed

natural protection of plywoodbeechby

encasement

fingerjoint plywood/ softwoodglulam
section 400 x 885 mm




compositeelements - softwood + hardwood

classicahybrid beam
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compositeelements - softwood + hardwood
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Connections

Highperforminghybridelements - needof performantconnections

dowelled connections

- Most usedin softwood-glulam limitedtons 0, 6 % redugtidnofesection
- Actual(EYM) desigrulesleadto brittle behaviour!
- Needfor designrulesspecificfor hardwood (andhighductility D= L)



Dowelledconnection
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Connections

Highperforminghybridelements - needof performantconnections
dowelled connections

- Most usedin softwood-glulam limitedtons 0, 6 % redugtidnofesection
- Actual(EYM) desigrulesleadto brittle behaviour!

- Needfor designrulesspecificfor hardwood (andhighductility D= L)
gluedin rods

A Technology: sameasfor softwoodglulam

A Criteria behaviouris governedby the steel(strengthandductility)

all other (brittle) failure modesare excluded (Gehri/1996)

sprucel20x120- 4 GSA 16 (Gehri 2003/EC5)
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Testsof gluedin rodswith LVLbeech
GSAsystemgluedin rods

ductilebehaviour no groupeffect!
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Connectionswith hardwoodinsertsand glued-in rods
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L ocalinserts of hardwood (glulanm/ plywood)

A Usehigherperformanceof connectors(dowels/ gluedin rods) in hardwood
A Avoidreductionin softwood members

With glulaminsert. joint performance’ =1 (for softwoodmemberg
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Neumatt bridge ¢ truss systemc glulamspruce/ ash
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Localinsertsof hardwood (glulanv plywood)

A Usehigherperformanceof connectors(dowels/ gluedin rods) in hardwood
A Avoidreductionin softwood members

With glulaminsert. joint performancen =1

joink
{inger-{o ink

so“TOOd g hmdM\'\'\on /\-.renq{h % as for so{twoeed
= : = = f—’L

s | — S S
S ) A
i oo |
g o ] PSR Sk
T I 1 § e
- I () : gy = e - —'1’_’
= o ] = | ]
- C () T S
ot X ) 3 A A
e | v 4 ov: G ‘. |

g\;‘o_\( =25 N & kM > 35 Njmw' {L,n,\‘ s 16 Hlwa

sdovish & 15 Nwmm

) -

gu[l capacity o unjointed soflwood gqlubam achieved

With plywood insert: joint performance’ =0,8

finger-joint overfull section

glulam hardwoed
e.q. beech




Typicalsituation in parallelchordtrusses
b transfer of diagonalforcesin chord

Connected  with dowels with gluedin rods

Eransfer by skeek qusset Lransfer by kimber chocd

= addilonal Llocal skress
=> volling shear




Usec aspossible¢ more appropriate systems

[H fishbellygirder

(herefor afootway:.
expositionatn ’ 2809)

Upperchord glulamash
Diagonals:  sawnlumberash
Lowerchord LVL ash
Endnodes plywoodbeech

Connections: diagonalsscrewed
Endnodes fingerjoint/ gluedin rods




andremember

AugustFoppl (18541924) : scientistandengineer
Experimentshouldbe doneunderrealisticconditions
materialandsize

Goodluck!



