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 STSM 

•  State of the art in GiR 

•  Comparison of design rules 

•  Online survey 

•  Laboratory tests (GiR in LVL) 
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 Glued in rods 

Three materials: 
•  Main body - Timber  (hardwood, softwood, glulam, CLT, LVL) 
•  Rod – steel or FRP 
•  Adhesive – PUR, PRF, EPX 
 

 1 
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d = diameter of rod 
l = anchorage length 
dh = diameter of hole 
e = glue line thickness 
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 Design philosophy 

Stress in tension Stress in shear 

One rod multiple rods 

Parameter for design : 
x,y,z 

Parameter for design : 
y,z 

Parameter for design : 
x,z 

Parallel to grain Perp. to grain Parallel to grain Perp. to grain 

α α 

Stress in bending 
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 Design philosophy – failure modes 

Steel-adhesive zone, 
yielding of the rod 

Wood-adhesive zone a) bond failure, b) cohesive 
failure in the wood near to the bond line  

Group shear failure Splitting failure of the wood Tensile failure - wood 
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 Design rules - history 
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 Riberholt, 1988. 
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Rax,k = fw1 × ρc × d × lg!

fw1= glue strength factor (for EPX, PRF = 37, for PUR= 46 N/mm2 )!
fws= glue strength factor (for EPX, PRF = 520, for PUR= 650 N/mm2 )!
ρc = characteristic density [kg/m3]!
lg = anchorage length [mm]!
d = smaller diameter between the rod and the hole !

Rax,k = fws × ρc × d × lg0,5!

 lg < 200mm!

 lg ≥ 200mm!



GIROD 

COST FP1004 – Enhance mechanical properties of timber, 
engineered wood products and timber structures 

Pf = τf × π × d × l × (tanhω/ω)!

τf = local shear strength of the bond layer!
l = anchorage length!
d = diameter of the bond surface 
!
!
!
!
!
!
!
!



EN 1995-2 (2003) 
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Rax,k = π × dequ × la × fax,k  × (tanhω)/ω!

la= anchorage length [mm] 
!
dequ = equivalent diameter = min (dhole, 1.25d) [mm], d=dnom for threaded rods 
and d=1,1×dnom for deformed reinforcing bars 
 
fax,k = 5,5 N/mm2 

       
!
!
!

lmin=max(0,4d2, 8d)  

la/d < 18 



 DIN 1052:2008-12 (2008) 
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Rax,d = π × d x lad × fk1,d!

 lad ≤ 250 mm: fk1,k = 4,0 [N/mm²] 
250 mm < lad ≤ 500 mm: fk1,k = 5,25 - 0,005 x lad [N/mm²] 
500 mm < lad ≤ 10000 mm: fk1,k = 3,5 - 0,015 x lad [N/mm²] 
!
fk1,d = design value of bond line strength 
lad = anchorage length [mm] 
!

6mm ≤ d ≤ 30 mm! lad,min=max{0,5 x d²;10 x d} 



 Pull – out strength ??? 
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Rax = π × d × l × fv!

d! dh!
dequ=min (dh,1.25d)  
!

1.15d < dh < 1.4d 

6mm ≤ d ≤ 30 mm!



 Pull – out strength ??? 
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Rax = π × d × l × fv!

l! lef=l*1,5d!
lef=l*3cm!

lmin=max(0,4d2, 8d)  lad,min=max{0,5 x d²;10 x d} 5d < l < 20d 

la/d < 18 



 Pull – out strength ??? 
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Rax = π × d × l × fv!

fv,k = 1,2 × 10-3× (dequ)-0.2 × ρk
1.5  

τf × (tanhω/ω) 



Comparison of design rules 
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Comparison of design rules 
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Comparison of design rules 
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Online survey 
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•  Objective: to gather overall knowledge and interest in glued-in rods 

Three parts:  
•  use of glued-in rods in practice (15 questions),  
•  regulations and standards (8),  
•  extent of scientific research on the subject (7). 



Online survey 
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Online survey 
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Key problems, Stepinac et al., CIB (2013) 
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KEY PROBLEMS: 
1. Unified EC5 design rules do not exist 
2. Design rules were underestimating the load bearing capacity of the 
connection 
3. Ductility should be treated as a key issue (e.g. ductility should be 
assigned to the steel rod and not to the adhesive) 
4. There was no reliable rule for multiple rods (e.g. brittleness could lead 
to progressive failure in multiple rod connections) 
5 .Lack of understanding on duration of load, the interaction between 
axial load and transverse load, and the influence of grain angle 
6. Non user-friendly formulae. 
 



Present situation and problems with 
standardization 
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•  Timber – glulam, softwood, LVL?? 
•  Rods – steel, FRP 
•  Adhesive – PUR, EPX, PRF 
•  Slenderness ratio 
•  Rod to grain angle 
•  Loading conditions 
•  Multiple rods 
•  Spacings and distances 
•  Service classes  
•  Durability and longterm behaviour 
•  Production method 
•  On site bonding or factory production 



Laboratory tests 
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F/2 F/2 

F 

       pull - compression 



COST FP1004 – Enhance mechanical properties of timber, 
engineered wood products and timber structures 

Results – failure modes 
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Thank you for your attention! 


