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Abstract   

The load carrying capacity of dowel type joint in Cross Laminated Timber (CLT) 
was derived based on the Johansen’s yield model. The steel plate inserted drift pin 
joint with CLT (5 layered; thickness of laminae were same in one CLT, all of 
laminae were orthogonally arranged) was chosen as the specimen. Stiffness and 
nonlinear load – deformation relationships were calculated by numerical analysis 
using Rigid Body Spring Model (RBSM). Estimation showed the good agreement 
with the tensile test results on the joints. 

1 Introduction 

    Cross Laminated Timber (CLT) is especially expected in Japan as a new mate-
rial for the structural wall panel and/or floor which might promote the usage of lo-
cal low grade Japanese cedar. 
We chose the dowel type joint as the connectors to fix wall legs because it has 
high stiffness and strength and ductility. 
    For the drift pin joint in solid timber or glulam the criteria for the yield load de-
pends on the Johansen’s Yield Model and stiffness depends on the beam on elastic 
foundation theory. In this paper, load carrying capacity is derived based on Johan-
sen’s theory and stiffness were estimated by the numerical analysis with Rigid 
Body Spring Model (RBSM) based on the Winkler’s foundation model[1, 2]. 
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2 Load Carrying Capacity 

Assumption 

    Load carrying capacity by Johansen’s Yield Model for the six layers CLT was 
reported by Uibel et al [3]. Here, newly 5 layers CLT was picked up. Model con-
sists of steel plate, drift pin, and CLT (5 layered; thickness of laminae were same 
in one CLT, all of laminae were orthogonally arranged). It was assumed that the 
perfectly plastic relationships for the materials could be held good to decide the 
load carrying capacity (py). Fig.2 shows the possible yielding models for deriving 
py. To derive the tensile performance of drift pin joint of CLT, equilibrium of the 
loads is drawn such as shown in Fig.2. 
    Load carrying capacity was derived using the diameter (d), length (l) and bend-
ing strength (F) of drift pin and density (ρ) of timber. In practice, the diameter of 
drift pin is the region of 10 - 20mm. Therefore in such region, load carrying ca-
pacity will be decided by Mode2.2 deformation in dFig.2. 

 

 
Fig. 1 Concept of joint and defenition of material properties. 

 
Load carrying capacity (py) of the CLT dowel type joint with slotted in steel 

plate should be estimated by following equation. 
 
py =C ⋅Fe ⋅d ⋅ l         (1) 
 

where, 
C: coefficient depends on joint configuration and failure mode shown in Fig.2 
Fe: basic bearing strength of timber (surface layer) (N/mm2) 
d: diameter of fastener (mm) 
l:  effective length of fastener in CLT panel 

l     :   timber width (mm)�

d    :   diameter (mm) 

Material properties 
Fe    :   embedment strength 
          parallel to the grain 
          (N/mm2) 
F    :   strength of drift pin 
          (N/mm2) 
γ     :   =F/Fe P�

Steel Plate 

CLT 
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Coefficient C 

  Coefficient C should be determined from the minimum value of following equa-
tion; 
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where, 
γ : ratio of basic material strength of fastener and that of basic bearing strength of 
main member (F/Fe) 
F : basic material strength of fastener (N/mm2) 
Fe : bearing strength of timber (surface layer) (N/mm2) 
 
Equation(2) stands on the following assumptions of equation(3); 

 

 
      (3) 

 
where, 
t1 : thickness of first layer (surface layer) (mm)  
t2 : thickness of second layer (middle inner layer) (mm) 
t3 : thickness of third layer (central layer) (mm) 
f1 : bearing strength of first layer (surface layer) (N/mm2) 
f2 : bearing strength of second layer (middle inner layer) (N/mm2) 
f3 : bearing strength of third layer (central layer) (N/mm2)

 
 
The assumption of equation(3) indicates (a) the thickness of each layer is same (b) 
bearing strength of perpendicular to the grain layer is the half of that of parallel to 
the grain layer. From this assumption, Mode 2.1 of Fig.2 cannot stand. 

t1 = t2 = 2t3 = t =
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Fig.2 Possible yielding models based on equilibrium of the loads. 

Figure for Load Carrying Capacity 

Fig.3 shows the relationship between load carrying capacity divided by square of 
diameter of fastener (py/d2) and ratio of length and diameter of fastener (l/d), 
which were shown in Eq.1.  
 

 
Fig. 3 Relationships (Py/d2-l/d) for the Load Carrying Capacity (py). 
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3 Determination of Load-Deflection Curve of Dowel – Type 
Joints 

Analysis 

  It is important for structural design to determine the load (P) – deformation (δ) 
curve of CLT dowel type joint to obtain the stiffness, yield load and the other 
characteristic values.   
  The stiffness of dowel type joints is usually determined by the theory of the beam 
on elastic foundation, in which an assumption of homogeneous material is used to 
derive the equation. Here, we dared to determine not only the stiffness but also the 
shape of curve by simulating the situation of beam on nonlinear multi-layered 
foundation as shown in Fig.4. This model called RBSM (Rigid Body Spring Mod-
el) developed by Kawai [6] and applied to bolted joint and drift pin joint in glulam 
by Tsujino, et al. [7]. 

In comparison with past usual 2D FEM model with Winklear’s foundation 
model, each element is replaced by rigid body and normal, shear, and rotation 
spring at both nodal points(shown in Fig.4). The foundation consists of normal 
spring is also replaced by combination of normal and rotation springs. 
    The behavior of the dowel itself is assumed as a nonlinear. The stress (σ) – 
strain (ε) relationship of the dowel is expressed with three springs as in Fig.4 and 
they are expressed in Eq.4 according to Kawai [6] and Tsujino [7].  

 

kn =
2EA
l1 + l2

, ks =
2EA

l1 + l2( ) 1+µ( )
, km =

2EI
l1 + l2     (4) 

 

My =
σ I
d         (5) 

 
km2 =αkm , km3 = βkm       (6) 
 
 where;  
E = 205000 N/mm2 (modulus of elasticity of steel beam) 
A = πd2 / 4 mm2 (cross section area of steal beam) 
l1 = length of the element of the model 1 (mm) 
l2 = length of the element of the model 2 (mm) 
µ = 0.3 (Poisson’s ratio of steel) 
d = diameter of steel beam (mm) 
α = km2 / km =0.035,  β = kn3 / km = 0.02 
km, km2, km3 = initial, second and third rotational stiffness (Nmm/rad) 
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kn = initial normal stiffness (N/mm) 
ks = initial shear stiffness (N/mm)  
σ = 580 N/mm2 (proportional limit strength of steel beam) 
σ2 = 750 N/mm2 (strength of steel beam) 
 

here, σ, σ2, α and β are obtained by three point bending test of fasteners as shown 
in the sub-figure in Fig.4.  

Timbers that are oriented in parallel and perpendicular to the grain direction are 
also assumed as a tri-linear Winkler – type foundation that generates restoring 
stress in response to the deflection of the beam. Them bearing stress (σ) – em-
bedment (δ) relationship is obtained by embedment tests for parallel and perpen-
dicular to the grain direction. The spring constants of model expressed in equation 
(8), according to Tsujino [7] 

For 0˚ direction layers; 

Kh = k0li , Kr =
k0li

3

12       (7) 
 

For 90˚ direction layers; 

Kh = k90li , Kr =
k90li

3

12       (8) 
 

  where; 
li = length of element (mm) 
k0 = 35.23 N/mm3 (Initial embedment stiffness) 
k90 = 11.46 N/mm3 (Initial embedment stiffness) 

The other values indicated in Fig.4 are as follows; 
α0 = 0.48 = k0’ / k0  
α90 = 0.61 = k90’ / k90 
β0 = 0.01 = k0” / k0 
β90 = 0.05 = k90” / k0 

σl0 = 20.88 N/mm2 (Proportional limit embedment strength) 
σl90 = 9.1 N/mm2 (Proportional limit embedment strength) 
σy0 = 28.04 N/mm2 (Yield embedment strength) 
σy90 = 12.40 N/mm2 (Yield limit embedment strength) 
 
For the θ˚ direction loading, we used the Hankinson’s equation to obtain kθ, 

αθ, βθ, σlθ, σyθθ,  kθ+90, αθ+90, βθ+90, σlθ+90, and, σyθ+90. 
 

    Static load increment analysis was performed to get the stiffness and P-δ curve 
with RBSM. Number of rigid beam element is 38. The software SNAP LE Ver.6 
was used for the analysis. To perform this analysis on the software, we dared to 
use improved model (Fig.5(c)). 
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Fig.4 Numerical Analysis Model (RBSM) for the half of the drift pin joint. 

 
Fig.5 Comparing between FEM model and RBSM model. 
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Experiment 

Test Specimen and Materials 

Fig.6 shows the specimens and apparatus for tensile test of joint. Five layered 
Japanese cedar CLT (thickness of lamina (t) = 30mm, air-dried specific density 
(ρ) = 0.43, moisture contents (M.C.) = 13%, all surface of lamina were glued by 
AIP. ) were used as specimens. The parameters were the angle of the grain direc-
tion of outer layer with respect to the loading direction 0˚, 45˚, and 90˚. The spec-
imen consists of CLT, steel plate (thickness ts = 9mm), and drift pin (diameter (d) 
= 16mm). The thickness of slit in CLT was 11mm, then end and edge distances of 
joints were 7d respectively. Loading protocol used was monotonic and cyclic, and, 
tensile load and relative displacement between steel plate and CLT were meas-
ured. The detail of test was same as reference [5]. 

 

          
Fig.6 Sampling of specimens and apparatus of tensile test for CLT - drift pin joint. 

Results and Discussion 

 Comparisons between calculated characteristics and experimentally derived ones 

    Fig.7 shows the example of deformation that obtained by analysis. Analysis 
were performed for half of the figure and copied with turn over. Fig.8 shows Load 
(P) – deformation (δ) curve. Left side figures show calculated results and the right 
side are experimental ones. 
    Deformations (a) and (b) were Mode2.2 in Fig.3. We can say that the theoretical 
model estimated deformation curve and P-δ curves suitably ash shown in Fig.7 
and Fig.8. 
 

      
                             (a) Analysis                                            (b) Experiment 
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Fig.7 Example of deformation that obtained by analysis and experiment. (Five layered 
CLT, diameter of drift pin = 16mm, thickness of layers = 30mm)  

 
                   (a) Analysis                           (b)Mean curves of experiments 

Fig.8 Example of P-δ  curves that obtained by analysis and experiment.  

Fig.9 shows the comparisons between calculated load carrying capacities (py) , ini-
tial stiffness (k) and experimental values. From these figures, it can be seen that 
there is satisfactory, agreement between calculated stiffness (k) and experimental 
ones. While in the case of yielding prediction, some sorts of discrepancy, were ob-
served between calculated load carrying capacity (py) and experimental ones.  

The differences according to loading angles of in-plane characteristics are not 
so much. Especially, the yield load shows almost same values in both calculation 
and experimental data. 
 

    
(a) Initial Stiffnes (k)                            (b) Yield Load (Py) 

Fig.9 Comparison in characteristics between analysis and experiment. 
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4 Conclusion 

    Load carrying capacity of drift-pined joint in CLT is derived using the diameter 
(d), length (l) and bending strength (F) of drift pin and density (ρ) of timber as the 
parameters for prediction. 
    Load – deformation curves were determined by the numerical analysis by RBS- 
Model using a commercial computer software. Calculation showed the good 
agreement with test results.  

The differences of mechanical performances according to loading angles of in-
plane characteristics are not so much. Especially, the yield load shows almost 
same values in both calculation and experimental data. This indicates that CLT 
drift-pin joint has very weal orthotropic strength property. 
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