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Task  Initial testing of VMG Technics Angle Brackets  

In this report, the mechanical properties of VMG Technics Angle Bracket connections 
are verified using calculations according to Eurocodes 3 and 5. The initial testing by 
calculations is performed according to the requirements descripted in EAD 130186-00-
0603 “Three Dimensional Nailing Plates”. The geometry and dimensions of two (2) 
Angle Bracket connectors are ensured from sample connectors and material 
certificates delivered to Eurofins Expert Services Oy (Eurofins) by the client. The 
design rules of the Angle Bracket connections are derived in this research report.  

Scope The analysis is limited to relate connections where the force act on the plane of flange 
A of the connector in the middle of flange and the connector is fixed by anchor nails or 
screws to sawn timber, glued laminated timber (glulam), LVL (Laminated Veneer 
Lumber) or to CLT (Cross laminated Timber). For non-symmetric connectors, flange A 
means the bigger flange, when B is the smaller flange (for unclear cases see 
Appendix 1). This analysis does not relate the fixing of the connector to the end grain 
of timber member or to the edgeface of LVL. 

The flange B of the Angle Bracket may be connected also to other applicable rigid 
material such as concrete or steel (support side material). In this case, the Angle 
Bracket shall be fixed with CE-marked bolts, threaded bars, anchor bolts or concrete 
screws with diameter 8 or 10 mm through the 8,5 or 11 mm holes to the rigid material. 
The concrete screws shall have been ETA assessed in accordance with EAD 330232-
00-0601 or EAD 330499-01-0601.  

Steel material  According to the clarification of the client, the VMG Technics Angle Brackets are 
manufactured from pre-galvanised steel plate of grade DX51D+Z275 according to the 
standard EN 10346:2015 with minimum yield strength ReL or Rp02 of 250 N/mm2 and 
minimum tensile strength Rm of 330 N/mm2 with tolerances according to EN 
10143:2006. The connectors may be manufactured also from pre-galvanised steel 
strips of the grade S250GD+Z275 according to EN 10346.  

The client delivered material certificates for steel thicknesses of 2,0 mm and 2,5 mm  
from steel grades DX51D+Z275. The required yield and tensile strengths are 
confirmed from material certificates for both steel thicknesses. The comparison of the 
mechanical properties presented in the manufacture’s inspection certificates with the 
requirements of corresponding steel grade S250GD+Z275 (EN 10346) are presented 
in Table 1. The tested values presented in the material certificates fulfil the strength 
and elongation requirements of the corresponding steel grade S250GD+Z275 (EN 
10346). The material certificates are presented in Appendix 2.  
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The yield strength of grade S250GD, ReH or Rp02, is at least 250 N/mm2, the tension 
strength, Rm, at least 330 N/mm2 and the elongation A80 is at least 19 %. These values 
are used in calculations of VMG Technics Angle Bracket connectors. The material 
thicknesses with allowed tolerances (EN 10143) are 2,00 + 0,15 mm and 2,50 + 0,17 

mm. 

Table 1.  Tested steel properties DX51D+Z275 and the requirements given in 
standard EN 10346:2015.  

Manufacture's inspection certificates  Rp02 / ReH Rm A80mm zinc 

Steel grade DX51D+Z275 
 

N/mm2 N/mm2 % g/m2 

 thickness  = 2,0 mm 295 387 33  

 thickness  = 2,5 mm 311,0 382,1 31,8  

Requirements for minimum values   
    

  Steel grade DX51D+Z275 - 270 22 275* 

  Steel grade S250GD+Z275 250 330 19 275* 

* for mean value 
     

Angle Brackets  The article numbers and nominal dimensions of the Angle Brackets are presented in 
Table 2. The geometry and dimensions of the Angle Brackets are presented in 
Appendix 1. The tolerance of the length of the flange is + 2,0 mm. For the other main 
dimensions of the connectors, the tolerance is + 1,0 mm. The tolerance of the 
diameter of fastener holes is + 0,4 mm and the tolerance for spacings and placements 
of holes is + 1,0 mm. 

  The client delivered to Eurofins three samples from each type and size of the Angle 
Brackets. Eurofins checked with measurements all the connectors and stated that the 
samples corresponded with the drawings presented in Appendix 1 within the allowed 
tolerances. 

Fasteners The angle brackets are fixed by anchor nails or screws according to EN 14592 (see 
Figure 1). The diameter of the anchor nails d = 4,0 mm and the profiled length is at 
least 24 mm. The diameter of the smooth part of the anchor screws d = 4,5…5,0 mm 

and the inner diameter of the threaded part ds  3,0 mm. The length of the threaded 
part of the screws shall be at least 6d. Timber parts are not pre-bored for the nails or 
screws that shall be perpendicular to the grain of the timber.  

 

Figure 1.  Fasteners: a) anchor nail and b) anchor screw. 

a) 

b) 
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Lateral load-carrying capacity of fastener 

According to the Eurocode 5 /1/, the characteristic load-carrying capacity for nails and 
screws in single shear connections per fastener should be taken as the minimum 
value found from the following expressions: 

- for a thin steel (t < d):   
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- for a thick steel plate (t > d): 
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In equations (1) and (2), the penetration length of fastener in timber t1 = L – t, where L 
is the length of fastener and t is the thickness of steel plate, d is the nominal diameter 
of nail or the effective diameter of screw = 1,1di, when di  is the inner diameter of 
threaded part of screw, My,k is the characteristic yield moment of the fastener 
determined according to standards EN 14952 and EN 409 and Fax,k is the 
characteristic withdrawal capacity of the fastener calculated by equation (5) or (6) and 
limited at maximum to 1/3 with nails and to 1/2 with screws from the load-carrying 
capacity Fv,Rk. The characteristic embedding strength fh,k is calculated as follows:  

  3,0
kkh, 082,0 −= df               N/mm2 (3) 

where   k is the characteristic density of timber. 

For connectors of thickness 0,5d < t < d, a linear interpolation is used between 
equations (1) and (2): 
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where t is the nominal steel thickness of the connector and Fv,Rk (1) is the load-
carrying capacity according to equation (1) and Fv,Rk(2) is the capacity according to 
equation (2). 

According to tests results published by Ehlbeck and Görlacher /2/ the equation (2) 
may be used also for thinner steel plates provided, that the thickness of steel plate is 
at least 2 mm and the anchor nail of diameter 4,0 mm has a cone head with minimum 
conical part length of 4 mm and the minimum cone diameter of 5,2 mm at the head of 
nail (see also the STEP lecture C13 presented by Gehri in /3/). 

Axial withdrawal capacity of the fastener 

According to Eurocode 5 /1/ the axial withdrawal capacity of an anchor nail is 
calculated from expression: 

ktens,penkax,Rkax, ftdfF =  (5) 
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where fax,k is the withdrawal parameter determined according to standards EN 14592 
and EN 1382 for the actual timber material, ftens,k is the experimentally determined 
tensile resistance of the fastener together with a steel plate and tpen is the penetration 
depth of the profiled part of the nail in timber (> 6d). If the penetration depth for an 
anchor nail is less than tpen < 8d = 32 mm, the resistance according to Eq. (5) is 
reduced by (tpen/8mm – 3). 

According to Eurocode 5 /1/ the axial withdrawal capacity of a group of anchor screws 
is calculated from expression: 
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where n is the number of screws in tension in the connection, d is the outer diameter 
of the screw, lef on the length of the threaded part of the screw, fax,k is the withdrawal 
parameter determined according to standards EN 14592 and EN 1382 perpendicular 

to the grain with timber density of a, k is the characteristic density of the timber in the 
actual connection and  ftens,k is the tension capacity of the screw determined according 
to EN 14592. 

Combined laterally and axially loaded fasteners 

When an anchor nail or screw is subjected to a combination of axial load Fa,d and 
lateral load  Fv,d, the following design criteria of Eurocode 5 /1/ should be satisfied: 
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where Fax,Rd is the axial design capacity of the fastener and Fv,Rd is the design value 
for the lateral load-carrying capacity of the fastener. 

Shear capacity of Angle Bracket connection  

In this report, the shear capacity of Angle Bracket connection means connection 
resistance against a force acting parallel to the direction of the bent edge of the Angle 
Bracket. Respectively, in this report the tension and compression capacity mean the 
connection resistance against force acting perpendicular to the flange B of the 
connector. 

In following, the distribution of fastener forces are analysed in flange B when the shear 
force of the connector Fx acting at the bent edge of the Angle Bracket (see Figure 2). 
Then the eccentricity moment for the fastener group of flange B:  M = Fx e, where e is 
the distance from the bent edge to the centroid of the fastener group.     
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Figure 2. Symbols used in analysis of shear force loaded flange B; in this example 
number of fasteners nB = 6. 

When the yield capacity of fasteners is taken into account, the fasteners forces of 
flange B may be solved from the equations (8) - (10): 

- for fastener i, the shear force component parallel to the connection force Fx 
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- for fastener i, the shear force component perpendicular to the connection force Fx 
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- and the resultant force for fastener i 
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where nB is the number of fasteners in flange B, ri is the distance of fastener i from the 
centroid of the fastener group, xi is the distance of fastener i from the centroid of the 
fastener group parallel to the width direction of the connector and yi is the distance of 
fastener i from the centroid of the fastener group parallel to the length direction of the 
connector (see Figure 2). 

By substitution of equations (8) and (9) and M = Fxe to the equation (10), it may be 
derived the following solution for the resultant force qi  
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The dependence between the shear force of the connector and fastener force may be 
presented as follows  

Fx = ki qi (12) 
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The shear force capacity of the fastener group is reached, when the fastener force of 
the most loaded fastener corresponds the lateral load-carrying capacity of the 
fastener:  

max(q1, q2, ..., qnB) = qm = Fv,Rk (14) 

Then by substitution to the equation (12) the characteristic shear force capacity for the 
fasteners of flange B may be solved from 

RB,x,k = kmFv,Rk (15) 

where km = min(k1, k2, ..., knB) (16) 

when the value of factor ki is calculated for each fastener by equation (13).  

The values of km factors calculated by equations (13) and (16) are presented in Table 
2, when the fasteners are placed in the flange B to all holes of 5 mm diameter.  

Table 2.  Article numbers of the VMG Technics Angle Bracket connectors, nominal 
dimensions, number of fasteners in flange B, eccentricity of fastener group 

e, the sum of moment arms of the fastener group ri and values for factor km.  

 Art. No. Size (mm) Grade nB e (mm) ri (mm) km 

 VMGT-7055AB 70x70x55x2,0 DX51D 6 35,8 150,9 2,612 

 VMGT-9065RAB 90x90x65x2,5 DX51D 10 47,6 295,2 3,970 

 

Tension capacity of Angle Bracket connection 

In following the load-carrying capacity of an Angle Bracket connection is analysed, 
when the connection force Fz,t is tension and acting perpendicular the plane of flange 
B. Then the tension capacity of the connection is as minimum from the lateral load-
carrying capacity of fasteners of flange A or from the combination of bending capacity 
and fasteners axial withdrawal capacity at the flange B.  

Unreinforced Angle Brackets 

In following, the tension capacity of flange B is analysed for connectors where the bent 
edge has not been reinforced by any additional folds. In tension, the unreinforced 
Angle Bracket yields first from the bent edge and otherwise the connector may be 
assumed to be almost rigid. A situation corresponding this assumption is presented in 
Figure 3.  

In the situation of Figure 3 the equilibrium of forces may be presented as  

Fz,t = Fn,1 + Fn,2 - Fc (17) 

where  Fn,1 is the withdrawal capacity of fasteners in row 1, 
 Fn,2 is the withdrawal capacity of fasteners in row 2 and 
     Fc  is contact force between timber member and the flange B of connector. 

The bending moments acting on the bent edge may be solved from the forces acting 
on the flange B as follows 
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M0 = Fn,1 d1 + Fn,2 d2 - Fc(LB - c/3) (18) 

where the distances d1, d2, LB and c are according to Figure 3.  

 

Figure 3.  Behaviour of a tension loaded flange of Angle Bracket when the connector 
yields at the place of the bent edge and two of first fastener rows are 
tensioned. 

The contact between the flange B and the timber member can start after the tension 
loaded fasteners. Then the length of compression area c < LB - d2. By substation  

c = LB - d2 to the equation (18) it may be solved the theoretical maximum value for the 

contact force: 
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The characteristic value for the fully plastic yield moment capacity of the bent edge 
may be calculated from 
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where B is the width of the Angle Bracket, td is the design thickness for the steel plate 
and fy is the yield strength of the steel plate. For the VMG Technics Angle Brackets, 
the following values are used: fy = 250 N/mm2 and td = 1,81 mm for nominal thickness 
of 2,0 mm and td = 2,29 mm for nominal thickness of 2,5 mm.  

When the expression (20) is substituted to the equation (19) and furthermore to 
equation (17), the solution for the tension capacity may be derived to form 
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where the withdrawal capacities Fn,1 = n1Fax,Rk and Fn,2 = n2Fax,Rk, when n1 is the 

number of fasteners in the nearest row from the bent edge, n2 respectively the number 

of fasteners in the following row and Fax,Rk is the withdrawal capacity of a single 
fastener (see equations 5 and 6). 

The capacity calculated by equation (21) is valid, when the flange B yields from the 
bent edge and the plastic yield moment is not reached in any other place of the 
connector. In addition of the calculation of the tension capacity according to the 
equation (21), also the situations where another yield point is reached or no yielding is 
occurring shall be checked. 

The possible other yield point placements are the locations of fasteners rows 1 and 2, 
where the flange is weakened by the holes. The bending moment acting at the 
location of the first fastener row may be calculated from expression 

 M1 = Fz,t d1 - M0 (22) 

when M0 is the bending moment acting on the bent edge and Fz,t and d1 are 
corresponding the notations presented in Figure 3. 

At the location of the first fastener row, the fully plastic moment capacity 
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where Bnet,1 is the net width of the flange decreased by the holes at the location of the 
first fastener row. 

When the flange yields both at the bent edge and at the location of the first fastener 
row, the tension capacity of the Angle Bracket may be solved from equation (22) with 
the substitutions of the moment capacities according to expressions (20) and (23): 
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When the fasteners of the first row are in tension, the bending moment acting at the 
location of the second fastener row may be calculated from the expression  

  M2 = Fz,t d2 - M0 - Fn,1(d2 - d1)   (25) 

where the symbols are according to the Figure 3. 

At the location of the second fastener row, the fully plastic moment capacity 

 y

2

d2net,

p2,
4

f
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where Bnet,2 is the net width of the flange decreased by the holes at the location of the 
second fastener row. 

When the flange yields both from the bent edge and from the location of the second 
fastener row, the tension capacity of the Angle Bracket may be solved from equation 
(25) with the substitutions of the moment capacities according to expressions (20) and 
(26):   
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where the withdrawal capacity of the first fastener row Fn,1 = n1Fax,Rk. 

If more than two fastener rows should be tension loaded before the yielding of the 
bent edge is possible, the solution according to equation (21) is not valid. If the 
situation is not analysed more exactly, this possibility may be taken into account by 
limiting the tension capacity of the Angle Bracket to at maximum to correspond the 
withdrawal capacity of the fastener rows 1 and 2: 

 RB,z,t,k = Fn,1 + Fn,2 (28) 

The tension capacity of the Angle Bracket is then as the minimum of the expressions 
(21), (24), (27) and (28). If all the fasteners of flange B are only in two rows, it is 
possible that the distance between the second row and the end of the flange is so 
small, that the compression strength of timber is reached in the situation presented in 
Figure 3. Then the compression stress of timber shall fulfil the following condition: 

 kc,90,90c,
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c
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where  kc,90  is the increasing factor of compression strength perpendicular to the 
grain, for local compression value kc,90 =  3,0 may be used (see eq. 40);  

  fc,90,k is the compression strength of timber perpendicular to the grain.  

If this condition is not valid or it is not checked, values Fn,2 = 0 and d2 = d1 are 
substituted to the equation (21)  and equation (27) is not needed to check (it is 
assumed that in the bending of the flange only the fasteners of the first row are loaded 
by tension).  

In Appendix 3 calculated tension capacities of the unreinforced Angle Brackets are 
presented for anchor nails 4x50, when the withdrawal parameter of nail fax,k = 6,0 
N/mm2 and the length of profiled part of nail is 34 mm. 

Reinforced Angle Brackets 

For the angle brackets reinforced by a fold from the bent edge, the most critical 
bending moment of the flange B appears at location of the end of the reinforcing fold. 
When the flange is rigid on the area of the reinforcing fold, all fasteners of this area 
are tension loaded. After the end of the reinforcing fold, the flange acts like the flange 
of an unreinforced Angle Bracket.   

In the situation of Figure 4, the Angle Brackets yields in the end point of the reinforcing 
fold and the first fastener row after the reinforcing fold is also tension loaded.  

From the force equilibrium of the Figure 4, the following expression may be presented 

 Fz,t = Fa,i + Fn,1 - Fc (30) 

where Fa,i  is the sum of the axial withdrawal capacities of fasteners located on the 

reinforced area, 
  Fn,1  is the axial withdrawal capacity of fasteners located at the first row after 

the end of reinforcing fold and 
  Fc   is the resultant force of the compression stresses of timber affecting on 

the end of the flange. 
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The following expression may be presented to the moment affecting in the point of the 
end of the reinforcing fold 

 M0 = Fn,1d1 - Fc(LB – a - c/3) (31) 

where the dimensions and distances d1, LB, a and c are according to Figure 4.  

 

Figure 4. Behaviour of a reinforced flange of tension loaded Angle Bracket when the 
connector yields at the point of the end of reinforcing fold and after that one 
row of fastener is loaded by tension. 

In the situation of Figure 4, the compression contact between the flange B and the 
timber member can start only after the tension loaded fasteners. The length of the 
compressed area c < LB - a - d1. By substitution of c = LB - a - d1 to the equation (31), 
the solution for the upper limit of the contact force may be presented as  
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By the substitution of yield moment capacity according to equation (20) to the 
expression (30), the tension capacity of the Angle Bracket may be presented as  
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where the axial withdrawal capacities of fasteners Fa,i = naFax,Rk and Fn,1 = n1Fax,Rk, 

when na is the number of fasteners at the reinforced area of the flange and n1 is the 
number of the fasters in the first row after the end of the reinforced area and Fax,Rk is 
the axial withdrawal capacity of the fastener (see equations 5 and 6). 

The tension capacity of equation (33) is valid when the flange B yields only at the 
location of the end of reinforcing fold. In addition of the equation (33), it shall be 
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checked also a situation, where also another yield point develops or where no yield 
point develops when only one fastener row is in tension after the end on reinforcing 
fold. 

The possible other yield point locates at the placement of the first fastener row after 
the reinforcement, where the fastener holes weaken the flange. At that point the 
bending moment of the flange may be calculated as 

 M1 = Fz,t (a + d1) - M0 - (Fa,i (a + d1 - ai)) (34) 

when M0 is the bending moment affecting at the bent edge of the flange, Fa,i is the 
axial withdrawal capacity of the fastener row i located on the reinforced area and  Fz,t, 
a, ai and d1 are according to the notations used in Figure 4. 

When there are yielding points both in the end of the reinforcement and in the location 
of the first hole row after that, the tension capacity of the Angle Bracket connection 
may be solved from the equation (34) by substitution of the bending moments 
presented according to equations (20) and (22): 

  ( )
( )

1

i1ia,

net,1

1

y

2

d

kt,z,B,

)(

)(4 da

adaF
BB

da

ft
R

+

−+
++

+
=  (35) 

where Bnet,1 is the net width of the flange at the point of the first hole row after 
reinforcement. 

The solution of the equation (33) is not valid, if the tension force needed for the 
developing of the full plastic yield moment causes tension for more than one fastener 
row. If this situation is not analysed more exactly, this possibility may be taken into 
account by limiting the tension capacity of the Angle Bracket to at maximum to 
correspond the sum of withdrawal capacities of the fastener located on the reinforced 
area and in the first row after that: 

 RB,z,t,k = Fa,i + Fn,1 (36) 

The tension capacity of the Angle Bracket is then as the minimum of the expressions 
(33) and combination of (35) and (36), where the combination is taken as maximum of 
the expressions (35) and (36). If all the fasteners of the unreinforced area of flange B 
are situated only in one row, it is possible that the distance between this fastener row 
and the end of the flange is so small, that the compression strength of timber is 
reached in the situation presented in Figure 4. If this situation is not analysed more 
exactly, this possibility may be taken into account by using value n1 = 0 in the 
equations of the tension capacity (it is assumed that the fasteners of the unreinforced 
area are not taken any tension). 

In Appendix 3, calculated tension capacities of the reinforced Angle Brackets are 
presented for anchor nails 4x50, when the withdrawal parameter of nail fax,k = 6,0 
N/mm2 and the length of profiled part of nail is 34 mm. 

Compression capacity of Angle Bracket connection 

In following, the load-carrying capacity of an Angle Bracket is analysed when the 
connection force Fz,c is compression and acting perpendicular the plane of flange B, 
see Figure 5. Then the compression capacity of the connection is as minimum from 
the lateral load-carrying capacity of fasteners of flange A or from the combination of 
bending capacity of flange B and compression capacity of the timber member.  
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Figure 5.  Behaviour of compression loaded Angle Bracket connection. 

Unreinforced Angle Brackets 

When the fasteners are placed to the hole row nearest by the end of the flange B, the 
flange acts like a slender dowel type fastener in shear connection between a thick 
steel plate and a timber member. Then the ultimate capacity of the connection is 
reached, when the flange have two plastic yielding points and the compression 
strength of the timber member is achieved between the yielding points as presented in 
Figure 5. According to the Johansen’s yield theory, the solution for the connection 
capacity RB,z,c,k = Fz,c and for the distance between the yielding points b1 (see e.g. 
STEP1 lecture C3 /3/):  

 BfMR = cpkc,z,B, 2  (37) 

 
Bf

M
b


=

c

p

1 2   (38) 

where Mp is the plastic yield moment capacity of the flange, fc is the local compression 
capacity of timber and B is the width of the flange. 

Due to the holes of the Angle Bracket, the plastic yield moment resistance, Mp, is 
calculated for the net width of the flange  

 y

2

dnet
p

4
f

tB
M 


=  (39) 

where Bnet is the minimum of the net width of the flange (determined for the placement 
where the sum of hole dimensions is greatest, see Table 3). 

The local compression capacity perpendicular to the grain 

 fc = kc,90 fc,90,k  (40) 

Fz,c 

b1 

fc 

Mp 

Mp 

Flange B 

Flange A 
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where fc,90,k is the compression strength of wood perpendicular to the grain and kc,90 is 
the increasing factor for local compression. For the analysed Angle Brackets the value 
kc,90 = 3,0 may be used as it is given in EN 1995-1-1 for the bearing capacity of 
washers. 

By the substitutions according to expressions (39) and (40), the equation (37) may be 
presented as 

 kc,90,ynetdkc,z,B, 3 ffBBtR =  (41) 

In Table 3 the calculated characteristic values RB,z,c,k are presented for the compression 
capacities of the unreinforced Angle Bracket connections, when for the compression 
strength of wood, the value of strength class C24 has been used  fc,90,k = 2,5 N/mm2.  

Table 3. Characteristic compression capacities for unreinforced Angle Brackets 
used with sawn timber in strength class C24. For compression capacities 
with other strength classes, the characteristic resistance RB,z,c,k  should be 

multiplied by the factor 5,2/,90, kcf , where fc,90,k is the characteristic 

compression strength perpendicular of the actual timber grade [N/mm2].   

Art. No. Size (mm) 
td 

(mm) 
B 

(mm) 
Bnet 

(mm) 
Mp  

(Nmm) 
b1  

(mm) 
RB,z,c,k 
(kN) 

VMGT-7055AB 70x70x55x2,0 1,81 55 37 7576 8,6 3,54 

  

Reinforced Angle Brackets 

For the Angle Brackets reinforced by a fold from the bent edge, the first plastic yield 
hinge appears to the location of the end of the reinforcing fold. After the end of the 
reinforcing fold, the flange acts like the flange of an unreinforced Angle Bracket. The 
second yielding point appears to the distance of b1 calculated according to equation 
(38) from the end of the reinforcing fold (cf. Figure 5). If there are no fasteners at the 
unreinforced area behind the distance b1 calculated by equation (38), there are no 
second yield point and only the compression capacity of reinforced area may be 
utilized.  

For the reinforced Angle Brackets, the compression capacity calculated according to 
equation (41) is increased by the local compression capacity of timber of the 
reinforced area of the flange:  

 kc,90,ynetdc,90efkB,c,z, 33 ffBBtfBaR +=             (42) 

where a is the length of the reinforcing fold, Bef is the width of the flange reduced by 
the width of the reinforcing fold (see Table 4) and the other symbols are defined in 
context of equation (41). 

In Table 4, the calculated characteristic values RB,z,c,k are presented for the 
compression capacities of the reinforced Angle Bracket connections, when for the 
compression strength of wood, the value of strength class C24 has been used  fc,90,k = 
2,5 N/mm2. 
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Table 4. Characteristic compression capacities for reinforced Angle Brackets used 
with sawn timber in strength class C24. For compression capacities with 
lower strength classes, the characteristic resistance RB,z,c,k  should be 

reduced by the factor 5,2/,90, kcf , where fc,90,k is the characteristic 

compression strength perpendicular of the actual timber grade [N/mm2]. 

Art. No. 
  

Size  td  B  a Bef Bnet Mp b1 RB,z,c,k  

(mm) (mm) (mm) (mm) (mm) (mm) (Nmm) (mm) (kN) 

VMGT-9065RAB 90x90x65x2,5 2,29 65 48 46 45 14749 11,0 21,9 

   
 

Summary on the load carrying capacity of the Angle Bracket connections 

The design capacity Rd of the Angle Bracket connection  

 
M

k
modd



R
kR =  (43) 

where kmod is the modification factor according to EN 1995-1-1 taking into account the 

effect of the duration of the load and moisture content for timber, M is the partial factor 
for the resistance of connections according to the relevant National annex of 
EN 1995-1-1 and Rk is the characteristic resistance of the Angle Bracket connection. 

When the connection made by the Angle Bracket is loaded by force acting at the plane 
of flange A in the middle of the flange, it shall be checked that the conditions 
according to equations (44) to (46) are fulfilled 

 Fd < RA,d (44) 

  Fx,d < RB,x,d (45) 

  





ncompressio in

tension in

dc,z,B,

dt,z,B,

dz,
R

R
F   (46) 

where Fx,d is the component in the direction of the bent edge of the Angle Bracket from 
the connection force Fd and Fz,d is the component perpendicular to Fx,d from the 
connection force Fd. 

In addition, when the joint is loaded in tension, the following interaction equation shall 
be fulfilled: 
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 (47) 

Characteristic resistance  

  RA,k = nAFA,v,Rk  (48)  

where nA is number of fasteners at flange A. FA,v,Rk is the characteristic lateral load-
carrying capacity of the fastener in the timber part against flange A according to 
EN 1995-1-1, see equations (1) and (2). 

 

Characteristic resistance 
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  RB,x,k = kmFB,v,Rk  (49) 

where FB,v,Rk is the characteristic lateral load-carrying capacity of the fastener in the 
timber part against flange B, according to EN 1995-1-1, and the factor km depends on 
the placement of the fasteners. Values of km are given in Table 2 for cases, where 
fasteners are used in all 5 mm holes of the connector. 

Characteristic tension resistance for Angular Brackets without reinforcements 
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     (50) 

Where d1  distance between the bent edge and the hole row nearest to it in flange 
B (i = 1),  

d2  distance between the bent edge and the hole row second nearest to it 
in flange B (i = 2), 

B the width of the Angle Bracket, 
td is the thickness of the Angle Bracket to be used in calculations (= the 

minimum thickness minus the thickness of the zinc coating), 
fy yield strength of the steel of the Angle Bracket, 
LB the length of flange B from the middle of the bent edge, 
Bnet,i the net width of the Angle Bracket at hole row i and 

  Fn,i = niFax,Rk  (51) 

when ni is the number of fasteners at row i and Fax,Rk is the characteristic withdrawal 
resistance of the fastener in the timber member against flange B, see equations (5) 
and (6). 

If there are fasteners only in one or two rows at flange B, in expression (50) equation 
(a) is inserted by Fn,2 = 0 and d2 = d1 and equation (c) needs not to be checked.  

Characteristic tension resistance for a reinforced Angle Bracket 
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Where  d1  distance between the end of the reinforcement fold and the hole row 
nearest to it in flange B (i = 1),  

a is the length of the reinforcement fold in flange B, 
aj is distance between bent edge and the fastener row j, 
B the width of the Angle Bracket at the end of the reinforcement fold, 
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td is the thickness of the Angle Bracket to be used in calculations (= the 
minimum thickness minus the thickness of the zinc coating), 

fy yield strength of the steel of the Angle Bracket, 
LB the length of flange B from the middle of the bent edge, 
Bnet,i the net width of the Angle Bracket at hole row i, 

Fn,1 = n1Fax,Rk  (53) 

 Fa,j = njFax,Rk  (54) 

when n1 is the number of fasteners in the row nearest to the end of the reinforcement 
fold (i), nj is the number of fasteners at row j in the part of flange B with the 
reinforcement and Fax,Rk is the characteristic withdrawal resistance of the fastener in 
the timber member against flange B, see equations (5) and (6). 

If the flange B of the Angle Bracket only has one row of fasteners on the part without 
reinforcement, Fn,1 = 0 is inserted in equation (52). 

For a stiffened connector that have no fasteners on the reinforcement area, the 
tension capacity may be calculated as maximum of expressions (52) and (50). Then in 
expression (50), the flange length LB is taken as distance between the end of the 
reinforcement and the end of the flange.    

Characteristic compression resistance for Angle Brackets without reinforcement  

kc,90,ynetdkc,z,B, 3 ffBBtR =  (55) 

where td, B and fy are defined as for equation (50) and Bnet is the smallest net width of 
the flange B and fc,90,k is the characteristic compression strength perpendicular to the 
timber member against flange B.  

Characteristic compression resistance for Angle Brackets with reinforcements  

 kc,90,ynetdk,90c,efkB,c,z, 33 ffBBtfBaR +=         (56) 

where a is the length of the reinforcement fold from the bent edge of the Angle 
Bracket, Bef is the width of the Angle Bracket minus the width of the reinforcement and 
the other symbols as for equation (55). 

For a timber-to-concrete Angle Bracket connection, the resistance of the 
corresponding timber-to-timber connection may be used, provided that the lateral load 
carrying capacity and axial tension capacity of the fastener group of flange B in 
concrete are greater or equal than the capacities of the fastener group of flange B in 
timber member.   

Structural requirements 

▪ The placement of the fasteners used in Angle Brackets shall fulfil the 
requirements presented in EN 1995-1-1 for nails without pre-drilling: fastener 
spacings parallel and perpendicular to the grain and the edge and end distances. 
The minimum spacings given in Table 8.2 of EN 1995-1-1, a1 and a2, may be 
multiply by the factor 0,7 (connections with steel plates).  

▪ If the Angle Brackets are used on both sides of a beam, the fasteners coming 
from the sides may overlap in the beam, when the point of the fastener is at least  
4d from the surface of the opposing side, where d is the nominal diameter of the 
fastener.  

▪ It is not possible to fill all holes by fasteners in all configurations and loading 
combinations of the angular brackets. In partial fixing, the fasteners shall always 
be placed in the row nearest to the end of the flange and as near as possible to 
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the bent edge of the angular bracket. In addition, the fasteners shall be positioned 
as symmetrically as possible.     

▪ All fasteners in one flange of the Angle Bracket shall be of equal type and size. 
The different flanges may be fixed with fasteners of different type or size. 

▪ In service class 2, the nails or screws shall have an electroplated zinc coating 
according to EN ISO 2081 at least of type and thickness Fe/Zn 12c, or they shall 

be hot dip zinc coated according to EN ISO 1461, thickness at least 39 m. 

▪ The VMG Technics Angle Brackets are not suitable for service class 3 
applications.  

▪ The VMG Technics Angle Brackets shall not be used without adequate protection 
for connections where resistance to fire is required. 

 

 

 Espoo, 24th June 2025 

   
Ari Kevarinmäki   

Leading Expert, D.Sc. (Tech.)  
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Tension resistances RB,z,t,k for unreinforced Angle Brackets with anchor nails 4x50, fax,k = 6 N/mm2 and tpen = 34 mm  

 

Art. No. Size (mm) 
LB M0 d1 n1 Bnet,1 Fn,1 d2 n2 Bnet,2 Fn,2 Fz,t,k (a) Fz,t,k (b) Fz,t,k (c) Fz,t,k (d) RB,z,t,k 

(mm) (Nmm) (mm)   (mm) (N) (mm)   (mm) (N) (N) (N) (N) (N) (kN) 

VMGT-7055AB 70x70x55x2,0 69 11262 13 2 37 1632 34,5 2 45 1632 2112 1449 1611 3264 1,45 

 

 
Tension resistances RB,z,t,k for reinforced Angle Brackets with anchor nails 4x50, fax,k = 6 N/mm2 and  tpen = 34 mm 

 
Tension resistances according to equation (52): 

Art. No. Size (mm) 
LB a M0 a1 na1 Fa,1 a2 na2 Fa,2 d1 n1 Bnet,1 Fn,1 Fz,t,k (a) Fz,t,k (b) Fz,t,k (c) RB,z,t,k 

(mm) (mm) (Nmm) (mm)   (N) (mm)   (N) (mm)   (mm) (N) (N) (N) (N) (kN) 

VMGT-9065RAB 90x90x65x2,0 88,75 48 21304 12,75 2 1632 30,75 2 1632 0,25 2 55 1632 5663 2608 4896 4,90 
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