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Understanding & Specifying Engineered Structural SWG ASSY® Screws [lihyiiniiiiummmemn

Conditions of use and requirements as reinforcement perpendicular to the grain

External loads on cross connections, notched beams, beams with holes, curved or pitched beams cause
stress perpendicular to the grain. As perpendicular to grain splitting is among the weakest properties of
wood forces in this direction typically challenge the designer.

Whenever the perpendicular to grain stress exceeds the resistance reinforcement is required.

This document provides design proposals and examples on designing perpendicular to grain
reinforcements with full thread screws and does not cover any other potentially required designs of a
structural member.

For tensile reinforcement perpendicular to the grain only SWG ASSY® VG screws with full thread shall
be used. The screws are driven into the member perpendicular to the contact surface at an angle
between screw axis and wood grain of 90°.

The provided design proposals are only applicable to the following timber species:

e Solid timber [softwood or hardwood (species beech or oak)]

¢ Glue-laminated timber

¢ Glued solid timber made of softwood or special hardwood (species beech or oak)

¢ Laminated Veneer Lumber (LVL)
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Understanding & Specifying Engineered Structural SWG ASSY® Screws [lihfniiiibmmmmemn

Notched beam reinforcement

Notched beams experience stress concentrations which may exceed specified capacities of the beam. In these areas a
combination of stresses may require beam reinforcement.

Reinforcement can be applied using self-tapping full thread SWG ASSY® VG screws. It is assumed that a check or split has
already occurred in the corner of the notch and the entire transverse shear force occurring in the lower portion of the beam
is to be transmitted through an axial force component in the screw. In longitudinal direction of the beam only one screw row
shall be taken into account.

Conditions of use rectangular glue-laminated timber member with notch at the tension side at
supports

Geometry b =beam width
h =beam depth
n = notch depth \ < |n
h. =distance from potential crack 5

totheedge 4

Effective thread length ler1 = threaded length below potential crack " ]
le,» = threaded length above potential crack Vi '

Longitudinal shear resistance [1] F, =1, (KpKyKsyKr) [N/mm?]

Maximum shear resistance [1] Viasiies

Existing bearing reaction shear force Vs

Factors [2] a =(h./h)

(k. values for standard o ratios are

= * * (1) — P * (1 —0)3
calculated in table 2) ka 1.3*[3*(1=a) —2%(1—aJ]

Tensile design force [2] to be transmitted | Vig0 = ko * V¢
by the reinforcing SWG ASSY® VG screws

boundary conditions for screw design effective screw length: lett = min {leg,1; lesr,2}

withdrawal resistance [12] minimum penetration depth:  pmin = 4 * D (outside thread diameter) < log

(smaller penetration can not be taken into account for beam reinforcement)

Withdrawal resistance of one SWG
P’ =  min {
ASSY® VG screw (refer to table 1) rw,a erdlD eSS

1 . n . .
Note: considering an effective number of screws neg = n®%as per [13]

withdrawal resistance [kN/20 mm] * l.#

A minimum of 2 screws shall be used whereas only one may be used when minimum penetration depth below and above potential crack is 20*D
(=outer thread screw diameter). Required spacing, end and edge distances as per table 6 to be followed
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Understanding & Specifying Engineered Structural SWG ASSY® Screws [lihfniiiibmmmmemn

Example GL 24f-E 215 x 456 mm (8.5 x 18“), Kp = Ky = Kss = K7 =1, single span over 6 m (19.7’)
Geometry b =215mm (8.5”) | ]n

h =456 mm (18”) ‘ ‘

®

n =100 mm (4”) SWG ASSY® VG 10 x 180

h. =456—100= 356 mm he S z b
Effective thread length le,1 = 100—15 (unthreaded head) = 85 mm

Ieff,Z = Isclrew —n— I‘L'ip (=D) = n ;:1

=180 —100-10=70 —
\'

Longitudinal shear resistance F, =2%*1=2 N/mm2
Maximum shear resistance [1] Ky = (1—100/456)2 =0.61 A; =215 *456 = 98,040 mm?®

Vimax = 0.9 *¥2 *2/3 *¥98,040 *0.61 = 71.7 kN
Existing bearing reaction shear force V=100 kN
Factors [2] o = (356 /456) =0.78

(k, values for standard a ratios are

calculated in table 2) S

Tensile design force [2] to be transmitted | V490 = 0.161 * 100 = 16.1 kN
by the reinforcing SWG ASSY® VG screws

boundary conditions for screw design effective screw length: leg =min {70 ; 85} =70 mm
withdrawal resistance [12]
minimum penetration depth: pmin=4*10=40<70 Y

Withdrawal resistance of one SWG 2.00 kN/20 mm * 70 mm = 7 kN

ASSY® VG screw (refer to table 1) P'wa = min {

19.2 kN

Note: ' considering an effective number of screws neg = n®%as per [13]
A minimum of 2 screws shall be used whereas only one may be used when minimum penetration depth below and above potential crack is 20*D
(=outer thread screw diameter). Required spacing, end and edge distances as per table 6 to be followed
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Perpendicular connection members with reinforcement

Perpendicular to grain reinforcement may be required to reduce the potential of perpendicular to grain splitting. The zone at
risk is in the outer row of fasteners to the edge of the beam.

Reinforcement can be applied using self-tapping full thread SWG ASSY® VG screws.

Outside of the connection only one screw row in longitudinal direction of the beam shall be taken into account.

Conditions of use Perpendicular to grain loaded beam
SWG ASSY® VG
Geometry b =beam width [mm] ‘ 7 e ‘
h =beam depth [mm]
a =distance measured from the center of ~
the upper row of fasteners %
(potential crack) to the loaded edge e h
w = width of connection less the included Pt _;.,;__ |
fastener diameters . eciee
& a
Effective thread length ler1 = threaded length below potential crack| ~— il g A
lew» =threaded length above potential crack
Tensile strength perpendicular to grain [1] | Fy, = fy, (KpKuKsiKr) [N/ mm?] l To
Net tension resistance Tetpmax = O (=0.7) * Fyp, * A, with A,=b*w [mm?’]

Existing vertical connection shear force Te

factors [3] a =(a/h)
(ky, values for standard o ratios are

2 3
calculated in table 3) kip = [1— 3 *a” + 2 *a']

Tensile design force [3] to be transmitted | Ty 00 = kep * T
by the reinforcing SWG ASSY® VG screws

boundary conditions for screw design effective screw length: leg = min {leg1; lesr,2}

withdrawal resistance [12] minimum penetration depth: pmin =4 * D (outside thread diameter) < lo¢

(smaller penetration can not be taken into account for beam reinforcement)

Withdrawal resistance of one SWG ASSY®

withdrawal resistance [kN/20 mm] * lo¢
VG screw (refer to table 1) Prwe = min {

tensile resistance

Note: ' considering an effective number of screws neg; = n®? as per [13]
A minimum of 2 screws shall be used whereas only one may be used when minimum penetration depth below and above potential crack is 20¥D
(=outer thread screw diameter). Required spacing, end and edge distances as per table 6 to be followed
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Example

Geometry

Effective thread length

Tensile strength perpendicular to grain [1]
Net tension resistance

Existing vertical connection shear force

GL 24f-E 130 x 456 mm (5-1/8 x 18“), Kp = Ky = Ks= Ky =1,
spacing between bolts (10 x 130 mm) is Sp= 152 mm (6”),

|

=130 mm (5-1/8”) _‘ SWG ASSY® VG 10 x 380

b
h =456 mm (18”)
a =305mm(12”) . e
w  =3*S,—3*d (= bolt diameter) 5
W, h
lei.1 = 305—16 (unthreaded head) = 289 mm B IROthaaE Bl
B oo oo
lett2 = lscrew — @— lip (£D) = %] @ ee oo
=380—305-10 = 65 mm LA s L
S WS
Fp, =0.83*1 [N/mm’] l To

Totpmax = 0.7 * 0.83 * 55,380 = 32.1 kN with A, = 130 * 426 = 55,380 mm”

T, =45kN

Factors [3]
(ks values for standard o ratios are
calculated in table 3)

Tensile design force [3] to be transmitted
by the reinforcing ASSY® VG screws

boundary conditions for screw design

withdrawal resistance [12]

Withdrawal resistance of one SWG ASSY®
VG screw (refer to table 1)

a =(305/456) = 0.67

kep = 0.255

Trtp,90 =0.255 * 45 =11.5 kN

effective screw length: legg = min {289 ; 65} = 65 mm

minimum penetration depth: pPmin=4 *10=40<65 v

2.00 kN/20 mm * 65 mm = 6.5 kN

P’ =  min {
e 19.2 kN

|

Note:

considering an effective number of screws neg = n®%as per [13]

A minimum of 2 screws shall be used whereas only one may be used when minimum penetration depth below and above potential crack is 20*D

(=outer thread screw diameter). Required spacing, end and edge distances as per table 6 to be followed
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Reinforcing openings and penetrations

Holes greater d = 50 mm (2”) may weaken the effective cross section so that shear and normal stress travel at the hole are

impacted. Resulting forces perpendicular to grain may require reinforcement.

Self-tapping full thread SWG ASSY® VG screws inserted on each side of the hole are a suitable reinforcement method.

L2h I, 2 max {h ; 300 mm} la2h/2 Nro (ry) 2 0.25 *h as<h a<2.5*hy hg 0.3 *h

Note: ' according to [4]

Iv a |z a b a IZ a Iv
(o]
<
Mf Mf
<] < O 8 A
_/\ _/\ Qf Qf\ V
N
| S 2
A % E A ‘
C A c A
SWG ASSY® VG SWG ASSY® VG
° °
|~ N < Y <
Bl IE t\ 2|/
o ( ~ _N = L
_ /
e [ ]z

hru
\
hru

B
B
Note:
A potential crack on the right side of opening
B potential crack on the left side of opening, if Fym, < Fey,r
C additional potential crack to B on the left side of opening, if Fym, > Fyy,r
right side: side of opening or penetration away from bearing area
left side: side of opening or penetration close to bearing area
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Conditions of use beam with penetration in the high shear zone
Geometry b = beam width
h = beam depth
a = length resp. diameter of the hole
Effective thread length Rectangular hole: leg1 = min {hy,; hy} less unthread head part

lesr,2 = remaining threaded length less tip length
(tip length = outer thread diameter)

Circular hole: legt,1 = min {h,,+ 0.15 *hy ; hy+ 0.15 *hg} less unthread part
ler2 = remaining threaded length less tip length

Tensile strength perpendicular to grain [1] | Fy, = fy, (KoKuKsiKr) [N/ mm?]

Design and reduction factors [5] Rectangular hole: |90 =0.5 *(hg + h)
Circular hole: ly00 = 0.353 *hy + 0.5 *h
ky.00 = min{ (450/h)>* ; 1}
Net tension resistance [5] Tetpmax = 0.5 ¥l g0 *b *kego * & (=0.7) *Fyy
External load at section Qs , M
Reduced height [5] Rectangular hole: h,=min {h,; h..}
Circular hole: h, = min {h,, + 0.15 *hq ; h,,+ 0.15 *hy}
Design stress [5] at opening Fve =(Qs*hg) /(4 *h) *[3—(hg” /hY)]

perpendicular-to-grain from shear
Design stress [5] at opening Fum, =0.008 *M;/ h,
perpendicular-to-grain from bending
Resulting design stress [5] at opening Fer =Fyy,r + Fomr
perpendicular-to-grain

Tensile design force [5] to be transmitted Fyr =Fyvr + Fom,r
by the reinforcing SWG ASSY® VG screws

boundary conditions for screw design with- | effective screw length: lett = min {leg,1; lesr,2}

drawal resistance [12] minimum penetration depth:  pmin =4 * D (outside thread diameter) < log

(smaller penetration can not be taken into account for beam reinforcement)

Withdrawal resistance of one SWG ASSY®

withdrawal resistance [kN/20 mm] * lo¢
VG screw (refer to table 1) Pwe = min {

tensile resistance

Note: * Additional reinforcement shall be designed if Fym,r > Fov,r
% considering an effective number of screws neg = n®? as per [13]
Screws to be driven in on each side of opening sufficiently extending into the timber below and above opening.
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Example

Geometry

Effective thread length with circular hole

Tensile strength perpendicular to grain [1]
Design and reduction factors for circular
hole

Net tension resistance [5]

Load at section |

Relative height with circular hole

Design stress [5] at opening
perpendicular-to-grain from shear

Design stress [5] at opening
perpendicular-to-grain from bending

Resulting design stress [5] at opening
perpendicular-to-grain

Single span beam: GL 24f-E 215 x 456 mm (8.5 x 18“), Kp= Ky = Ks;= Ky =1,
hole size: a =200 in the center of the beam depth
screws: SWG ASSY® VG 10 x 280

b =215 mm (8.5”)
d = 456 mm (18”) i ) J ] ] v I
a =hy =200<456 v
hro = h,, = (456— 200)/2 | 5 Ml
=128 mm > 0.25*456 v/
lets  =128+0.15 *200—15 = 143
le2  =280—143—10=127
Fp  =0.83*1[N/mm’]
lso  =0.353 *200 + 0.5 *456 = 298.6 mm
kiso = min{ (450/456)°°; 1} = 0.993

T tpmax = 0.5 *298.6 *215 *0.993 *0.7 *0.83 = 15.9 kN

Q;  =80kN , M =100kNm

h, =128+ 0.15 *200 = 158 mm

Fovr  =(80*200)/ (4 *456) *[3—(200° /456°)] = 24.6 kN
Fumr = 0.008 *(100 *10°) / 158 = 5.1 kN

For =24.6+5.1=29.7kN

Tensile design force [5] to be transmitted
by the reinforcing ASSY® VG screws

boundary conditions for screw design

withdrawal resistance [12]

Withdrawal resistance of one SWG ASSY®
VG screw (refer to table 1)

For =29.7kN

effective screw length: legg = min {143 ; 127} =127 mm

minimum penetration depth: pmin=4*10=40<127 v

2.00 kN/20 mm * 127 mm = 12.7 kN

P’ .o =  min {
' 19.2 kN

! only valid if Fiw, < Foy,
2 considering an effective number of screws neg = n®%as per [13]
Screws to be driven in on each side of opening sufficiently extending into the timber below and above opening
Required spacing, end and edge distances as per table 6 to be followed.

Note:
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Reinforcing pitched tapered beams

In pitched tapered beams radial tension stresses often limit the beam slope to 15° or less. Increased bending stress and
tensile stress perpendicular-to-grain may occur at the apex cross section.
Reinforcement in the apex area may be applied using self-tapping full thread SWG ASSY® VG screws inserted over the beam

depth in the high stressed zone.

Applicable to glue-laminated timber only.

High stress zone

SWG ASSY® VG

hap

High stress

h ap  High stress
zone

lin SWG ASSY® VG

MyTiCon Timber Connectors | #3-8287 124th St. | Surrey BC | V3W 9G2 | Canada | www.my-ti-con.com 10
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Conditions of use Pitched tapered beam with rectangular cross section
Geometry b = beam width
h = beam depth
h,, =beam depth at the apex
fin =inner radius at the apex
r =ri, + 0.5 h,, (radius of curvature at centreline)
o,  =angle of the taper in the centre of the apex
B = enclosed angle in radians
Effective thread length [7] Screws must penetrate the entire beam depth —> l;ew = h
let,1 = half of the screw length less the unthreaded head part [mm]
let, = half of the screw length less 1*D (outer thread diameter) for the tip
length [mm]
Tensile strength perpendicular to grain [1] | Fy, = fip (KoKuKsiKy) [N/m m?]
Factored bending moment resistance [1] M,
based on radial tension strength
Design moment causing tensile stress M o

Factors [6] ke =0.25 — 1.5 *tan a,, +2.6 *tan’ Olap
k; =2.1*tana,,— 4 *tan® Olap
ko = 0.2 *tan a,, + ke *(h,, /1) + k; *(h,, /1)’

Greatest tensile stress [6] perpendicular-to | 6,400 =k * (6 *M, ;) /(b *hapz) [N/mm?]
-grain at the apex due to bending moment

Spacing of fasteners [7] 250 mm < a; < 0.75 *h,,

Tensile design force [7] to be transmitted Fer =0100 *b *ay
by the reinforcing ASSY® VG screws

boundary conditions for screw design with- | effective screw length: leg = min {leg,1; legr,2}

drawal resistance [12] minimum penetration depth:  Pmin = 4 * D (outside thread diameter) < log

(smaller penetration can not be taken into account for beam reinforcement)

Withdrawal resistance of one SWG ASSY®
S
VG screw (refer to table 1) w,a min erdl eSS

Note: ' considering an effective number of screws neg = n°° as per [13]
A minimum of 2 reinforcing screws evenly distributed in the highly stressed apex zone shall be applied.
Required spacing, end and edge distances as per table 6 to be followed.

withdrawal resistance [kN/20 mm] * lo¢

MyTiCon Timber Connectors | #3-8287 124th St. | Surrey BC | V3W 9G2 | Canada | www.my-ti-con.com 11
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Example

Geometry

Effective thread length [7]

Tensile strength perpendicular to grain [1]

Factored bending moment resistance [1]
based on radial tension strength

Design moment causing tensile stress
parallel to the inner curved edge

Pitched double-tapered beam: GL 24f-E 130 x 456 mm (5-1/8 x 18)

b =130 mm (5-1/8”)

h =456 mm (18”)

h,, =813 mm (32”)

lin =2800 mm

r =2800 + 0.5 *813 =3206.5 mm
o =39°

B =51.3° * 1/180°

= h =456 mm —>SWG ASSY® VG Cyl 10x430
=215—15=200 mm
=215—10=205 mm

Iscrew
Ieff,l

Ieff,Z

Fo  =0.83*1N/mm’

A =130 *813 = 105690 mm” Kztp = 0.7 Kx=7.0
M. =0.9*0.83 *(130 *813”/6) *0.7 *7.0  =52.4 kNm
(M. =0.9*0.83 *2/3 *105690 *3206.5 *0.7 =118.1 kNm)
M., =70kNm

Factors [6]

Greatest tensile stress [6] perpendicular-to
-grain at the apex due to bending moment

Spacing of fasteners [7]

Tensile design force [7] to be transmitted
by the reinforcing ASSY® VG screws

boundary conditions for screw design with-
drawal resistance [12]

Withdrawal resistance of one SWG ASSY®
VG screw (refer to table 1)

ke =0.25 — 1.5 *tan 39 + 2.6 *tan?39=0.74
k, =2.1 *tan 39 — 4 *tan’39 = - 0.92
ko = 0.2 *tan 39 + 0.74 *(813 /3206.5) —0.92 *(813 /3206.5)* = 0.29

Greoo  =0.29 * (6 *70 *10°) /(130 *813°) = 1.42 N/mm’

250 mm < 355 (14”) < 600
Fy, =1.42 *130 *355 = 65.5 kN

effective screw length: leg = min {200; 205} =200 mm

minimum penetration depth:  Pmin =4 *10=40< 200 v

2.00 kN/20 mm * 200 mm = 20 kN

Pwa = min { 19.2 kN

Note:

! considering an effective number of screws neg = n®? as per [13]

A minimum of 2 reinforcing screws evenly distributed in the highly stressed apex zone shall be applied.

Required spacing, end and edge distances as per table 6 to be followed.
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Perpendicular-to-grain splitting reinforcement in bolted connections

Bolted connections with multiple bolts per row may fail brittle due to splitting. Design codes reduce the effective number of
bolts by at least 2/3 to reduce brittle failure through splitting.

Splitting perpendicular to grain can efficiently be reinforced using self-tapping full thread SWG ASSY® VG screws driven in
perpendicular to the bolt axis.

The reinforcing screws with full thread shall be inserted behind the bolt (compression side) as close as possible. The
reinforced connection allows to assume all bolts as active and higher connection capacities are achieved.

Conditions of use Bolted connection loaded parallel to grain with reinforcement
Geometry b = beam width :
d = beam depth SWG ASSY® VG | memp lest 2

Sq = spacing between bolts

perpendicular to grain -

e, = minimum bolt edge distance

Effective thread length ler,s = threaded length below lower —] [

potential crack
let» = threaded length above upper
potential crack less 1*D (=outer thread diameter) for the tip length

Connection parameters P, = factored shear resistance of one bolt
ng, = number of shear planes per bolt
Tensile design force [8] Fitoo =ng * 0.3 *P,

perpendicular-to-grain to be transmitted
by the reinforcing ASSY® VG screws

boundary conditions for screw design effective screw length: leg = min {leg,1; ler,2}

withdrawal resistance [12] o . ) .
minimum penetration depth: pmin =4 * D (outside thread diameter) < leg

(smaller penetration can not be taken into account for beam reinforcement)

Withdrawal resistance of one SWG withdrawal resistance [kN/20 mm] * lo¢

-
ASSY® VG screw (refer to table 1) w,a min erdlD eSS

Note: ' considering an effective number of screws neg; = n®° as per [13]
Reinforcing screws arranged adjacent to bolts.
Required spacing, end and edge distances as per table 6 to be followed.

MyTiCon Timber Connectors | #3-8287 124th St. | Surrey BC | V3W 9G2 | Canada | www.my-ti-con.com 13
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Example GL 20f-E 215 x 304 mm (8.5 x 12“) connected to a beam with smallest bolt edge
distance e, = 76 mm (3”) and bolt spacing perpendicular to grain Sq = 76 mm (3”),

KD= KH = K5f= KT =1

Sy b =215mm (8.5”) | SWGASSY® VG 10 x300 |t s | 76 mml
d =304 mm (12”) — 10— 0—1
Sa =76 mm (3”) e Sq |76 mm)
e =76mm(3") —— — e — 0 ]
Sa |76 mm
Effective thread length leta =76 — 15 (unthread part) Qs o °
=61 let1 176 mm
=61 mm |
leta  =300—2*76—76—10 (= tip length)
=62 mm

Connection parameters P, =5.5kN
Ngp =1
Tensile design force [8] per bolt Frtoo =1%*0.3*55=3.3kN

perpendicular-to-grain to be transmitted
by the reinforcing ASSY® VG screws

boundary conditions for screw design effective screw length: leg = min {61 ; 62} =61 mm
withdrawal resistance [12]
minimum penetration depth: pmin=4*10=40<61 Vv
Withdrawal resistance of one SWG 2.00 kN/20 mm * 61 mm = 6.1 kN

ASSY® VG screw (refer to table 1) P'wa = min { 19.2 kN

Note: ' considering an effective number of screws neg; = n°° as per [13]

Reinforcing screws arranged adjacent to bolts.
Required spacing, end and edge distances as per table 6 to be followed.
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Compression reinforcement perpendicular to grain

When bearing loads exceed the compression strength of wood perpendicular to grain compression reinforcement may be
applied using full thread SWG ASSY® VG screws. The screws are to be driven into the timber member perpendicular to grain
top flush with the timber surface and with contact to the bearing plate to distribute the bearing force evenly.

| J [T a l, l1<2h
a |l L22h 1y 4"’41{

pi b pr pir =min{30mm;ly;11/2;a} pi Iy pr
Ief,l Ief,]_
SWG ASSY® VG SWG ASSY® VG
/ /
h
A—A B—B
e e
+— @ ® ® — +— @ o o
b Sa b Sq <
— @ o o —_ — @ ® o —
eL e
| Se | | a Sp
| | |
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Conditions of use End or intermediate beam on discrete support
Geometry b = beam width
h = beam depth
a = distance from compressed area to beam end
lp = bearing length of support
le¢  =threaded length less one outer thread diameter for the tip length
Iy = |length between supports or incoming concentrated load
ng =number of reinforcing screws arranged in a row parallel to grain
Sp = spacing of reinforcing screws in a plane parallel to grain
a = end distance of centre of gravity of threaded part in timber member
e = edge distance of centre of gravity of threaded part in timber member
Strength in compression perpendicular to Foo =& *fep *(Kp Ksep Ky Kp Kzcp)
grain [1]
Factored compressive resistance Q,

perpendicular to grain [1]

Compressive design force Qs
_ cowomow | ¥ 0>Q RENFORGEMENTISREQURED
Effective length of distribution lo¢; [9] Effective bearing length (left, right): p,, =min{30mm;l,;1,/2; a}
lefr =l+pi+pr

Compressive reduction factor for discrete l.<2h I, 22h
supports [9] keso =1.00 keso=1.75  (glulam with I, < 400 mm)

kego = 1.50 (softwood solid sawn)

kg0 = 1.00 (hardwood)

Design resistance [10] perpendicular-to- Reb,90,0 = Keoo *0 *ler1 *Fep
grain of a contact area

boundary conditions for screw design com- | Effective thread penetration length: let

pression resistance [12] minimum penetration depth: Pmin = 4 * D (outside thread diameter)

(smaller penetration can not be taken into account for beam reinforcement)

Compression resistance of one SWG ASSY® withdrawal resistance [kN/20 mm] * l¢ (refer to table 1)

VG screw (refer to table 1 and 4) P’ = min { tensile resistance (refer to table 1)
rw,a -

buckling resistance of the screw (refer to table 4)

Effective contact length in the plane of the = {ler + (ng —1) *S, + min (legr ; a)}

= {2 *legs + (no —1) *Sp}

End supports: let 2

screw tips I, [10] intermediate supports:

Ief,z

Note: ' considering an effective number of screws neg; = n®° as per [13]
Required spacing, end and edge distances as per table 6 to be followed
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Understanding & Specifying Engineered Structural SWG ASSY® Screws

Example

Geometry

Strength in compression perpendicular to
grain [1]

Factored compressive resistance
perpendicular to grain [1]

Compressive design force

M T

MyTiCon Timber Connectors

GL 24f-E 215 x 456 mm (8.5 x 18”) with an end support
potential reinforcement: SWG ASSY® VG CSK 10 x 160 mm

b =215mm (8.5") a I, l,<2h
h =456 mm (18") | iHm
a =81 mm
lp =100 mm
lege =160—10 =150 mm
Iy =750 mm
N =2 r
Sp =76 mm (3”) ‘ SWG ASSY® VG 10 x 160 }
a, =114 mm (4-1/2”)
e =76 mm (3”) prlb pr
Fpo =0.8*7*1.0=5.6N/mm’ |
ef,1
Q, =Kz *lp *b *Fc, = 1.1 *100 *215 *5.6 = 132.4 kN

Qs =220 kN

Effective length of distribution lo¢; [9]

Compressive reduction factor for discrete
supports [9]

Design resistance [10] perpendicular-to-
grain of a contact area
boundary conditions for screw design

withdrawal resistance [12]

Compression resistance of one SWG ASSY®
VG screw (refer to table 1 and 4)

Effective contact length in the plane of the
screw tips I, [10]

Note:

Effective bearing length (left, right): p, = min {30; 100 ; 750/2; 81} =30 mm
p. =min{30;100;750/2} =30 mm

lef1 =100 +30+30=160 mm
750 < 2* 456 =912 mm
kc,90 =1.00

Resod = 1.00 *215 *160 *5.6 = 192.6 kN

Effective thread penetration length: leg =150 mm

minimum penetration depth: Pmin =4 *10=40< 150 vV

End supports: let,2

2.00 [kN/20 mm] * 150 = 15 kN
19.2 kN

(refer to table 1)

Prwo =Min { (refer to table 1)

17.07 kN (refer to table 4)

= {150 + (2—1) *76 + min (150 ; 114)} = 340 mm

1 . n . .
considering an effective number of screws neg = n®%as per [13]

Required spacing, end and edge distances as per table 6 to be followed

MyTiCon Timber Connectors | #3-8287 124th St. | Surrey BC | V3W 9G2 | Canada | www.my-ti-con.com 17



White Paper M C

Understanding & Specifying Engineered Structural SWG ASSY® Screws [lihyiiniiiiummmemn

Mechanically jointed beam

Upgrading existing beams can be achieved through several methods. One cost efficient approach is to utilise the
mechanically jointed beam theory.

High performance SWG ASSY® VG screws have proven to be a simple and easy to apply tool. Strengthening of an existing
timber element is achieved through a mechanical bond of the existing beam and the new lamellas screwed on at the top or
bottom of the beam.

|l D1 > (1] T, Ony
[ v 0,5h -.I
| A ENE [ I ... NP Sy C 1T
e Ty g I [’ | n1 =
| | k [ Tosn, |&
0,5b, R il o _
o g E [ i '.72 » & *82 _________________ ry
2 'y T2 ] b, 0,5h, a, a, | « 72 rh
f‘ A
Ay 1y Ey : 4 T D,i&hs = Z
AN )
" " Oz Oy
Y
b, |
|_I_l v
Ayl Ey - X
: A
|
y -t i
Ayl E, ok
b, |
ud v
Z
Key:
(1) spacing: s, slip modulus: K; load: F4
(2) spacing: s; slip modulus: K load: F;
Picture 1: mechanically jointed beams according to [11]
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Understanding & Specifying Engineered Structural SWG ASSY® Screws

Effective section properties

White Paper

M T

MyTiCon Timber Connectors

GL 24f-E 130 x 456 mm (5-1/8 x 18”) single span beam of 5.5 m (18’) length with
uniform design load of 11.7 kN/m (800 Ibf/ft) adding 3 lamellas of 38 mm (1-1/2")

Example

Geometry

of equal grade

b =130mm=b;=b,

h; =3%*38=114mm

h, =456 mm

A; =b*h;=130*114 = 14,820 mm’
A, =b*h, =130 *456 = 59,280 mm’

¥m =13

Eser = Emea n

Ey, = Emean/Vm =12,800/1.3 =
=9846 N/mm’ =E; = E,

I, =b*h,’/12=16,050,060 mm*

I, =b*h,*/12=1,027,203,840 mm*
s =152.5mm (6”)

D

Dshank

beam width

added member depth

original beam depth

cross section of added member
cross section of original beam
material safety factor

Serviceability modulus of elasticity
Ultimate state design modulus of
elasticity

moment of inertia added member
moment of inertia original beam
spacing between fasteners

Outer thread diameter

Shank diameter

Single span beam: leg = lspan = 5,500 mm

effective span length [11]
[multi-span beam: leg = 0.8 * Igpan

cantilever e =2 * lcantitever ]

Screw arrangements

Version 1:

partial thread SWG ASSY® Screws inserted perpendicular

Version 2:

full thread SWG ASSY® VG Screws inserted at an angle to the grain of a = 45° (one directional)

AL NN

J S LSS

NN N NS S ST

Version 3:

full thread SWG ASSY® VG Screws crossed and inserted at an angle to the grain of o = 45°

NC N

NN/
AW A

VAN
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MyTiCon Timber Connectors

Shear design with partial thread SWG ASSY® Screws !

Bearing reaction

\" =117 *5.5/2=32.2 kN

angle between screw axis & wood grain
SWG ASSY® screw specifications

boundary conditions for screw design lateral
resistance

Slip modulus in shear plane [14]
(P« = 0.84 *SG *10° : characteristic gravity)

Effectivity of added member
eccentricity to inertia [11]  (y3=0)

Effectivity of original beam eccentricity to

inertia [11]

Distance of single member i centre of gravity
to neutral stress axis [11]
(a:=0)

Effective moment of inertia [11]

Lateral resistance [1] of one SWG ASSY® VG
screw

Lateral design force [11] to be transmitted
by one vertical inserted ASSY® screw *
(a = 90°) —> Version 1

o =90°
SWG ASSY® Ecofast 10 x 240 (Dspank = 7.2 mm)

Screw penetration length I, of SWG ASSY® Ecofast 10 x 240:

t1 =114 mm embedment in added member

t; =240—114—10=116 mm penetration in original beam less one diame-
ter for the tip length

l,  =min{t; t} =114 mm pleng
minimum penetration depth:
Pmin =4 * D (outside thread diameter) =4*10=40< 114 v

(smaller penetration can not be taken into account for beam reinforcement)

Keer = Pk>/25 *(Dspank)® = (0.84 *0.49 *10%)™* /25 *7.2°8 = 1620 N/mm
= 2/3 *Keer/ym = 2/3 ¥2107/1.3 = 831 N/mm

Serviceability:
Ultimate state: Ky

Ultimate state design: K1 = Ky =831 N/mm (K3=0)

Vi = 1/(1+10 * Eg* Ag*s/(Ky * 1))
=1/(1+ 1 * 9,846* 14,820*152.5/(831 * 5,500%) = 0.1027

Y2 =1

a; =y *E1*As*(hy + hy)/ [2%(y1*E1*As + 1 *Ey*A; + y3*Es*Ag)]
=0.1027*%9,846*14,820*(114 + 456)]/ [2*(0.1027*9,846*14,820 + 9,846*59,280)]
=7.13mm

a; =(hi+hy)/2—a,=(114 +456)/2— 7.13 =277.87 mm

= (Iy+ v *Aq *a,%) + (I + 1 *A; *a,%) + (I3 + ys *A; *a5?)
= (16,050,060 + 0.1027 *14,820 *277.87 %) + (1,027,203,840 + 1 *59,280 *7.13 ?)
=1,163,784,856 mm*

Ieff

(ED)est = (E1 *I1 + Ey *y1 *Aq *as’) + (E; ¥, + E; *1*A, *a,%) + (E3 *I3 + E3 *y3 *A; *a5?)
= E *Io¢= 11,458,625,690,000 Nmm®

P,y = minimum of shear failure modes (Kp = Ky = Ks¢= Ky =1)
=2.62 kN (mode g with 114 mm penetration)

Vy,1 =V *(E; *y1 *A; *a*s) [ (ED)ess
=32.2 *(9,846 *0.1027 *14,820 *277.87 *152.5) /11,458,625,690,000
=1.78 kN per screw

Vy,s =V *(E; *y3 *A3 *as*s) / (EI)er =0

Prv=2.62kN2V, ;=178 kN v

Note:
follows: Nyeq = 09 Nperm

! To consider fastener interaction the required number of screws per meter as per shear design above should be increased according to [13] as

Required spacing, end and edge distances as per table 6 to be followed
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Shear design with full thread SWG ASSY® VG Screws *

Extern bearing reaction force

\ =117 *5.5/2=32.2kN

angle between screw axis & wood grain
SWG ASSY® screw specifications

boundary conditions for screw design
withdrawal resistance [12]

Slip modulus [15,16]
(ser: serviceability design
U: ultimate design)

Effectivity of added member
eccentricity to inertia [11]  (y3=0)

Effectivity of original beam eccentricity to
inertia [11]

Distance of single member i centre of gravity
to neutral stress axis [11]
(a;=0)

Effective moment of inertia [11]

Withdrawal resistance of one SWG ASSY® VG
screw (refer to table 1)

Tensile design force V,; [11] to be transmitted
by one inclined reinforcing ASSY® VG screw *
(a = 45°) —> Version 2

a =45°
SWG ASSY® VG 8 x 330
penetrated screw length of SWG ASSY® VG Cyl. 8 x330:

=2 *114—15 = 146 mm thread penetration in added member less un-
threaded head

thread penetration in original beam less one

Ieff,l

lr2  =330—\2 *114—8 = 160 mm

diameter for the tip length
Ip =min {lefm; Ieff’z} =146 mm
minimum penetration depth:
Pmin =4 * D (outside thread diameter) =4*8 =32< 146 v
(smaller penetration can not be taken into account for beam reinforcement)

Serviceability: Keer =780 *D%* /(1/les1>" + 1/le2>%) = 780*8°%/(1/146>" + 1/160°) = 4419 N/mm
Ultimate state: Ky =2/3 *Kser/Vm = 2266 N/mm

Slip modulus in shear plane (ultimate state design)

Ki =Ky * cos’a=1185 * (cos 45)* = 1133 N/mm

Vi =1/(1+7 * E* Acts/(Ky * 1))
= 1/(14 1 * 9,846* 14,820%152.5/(1133 * 5,500 %) = 0.1350

V2 =1

a; = [vi*Er*As*(hy + hy)/[2%(v1*Ex* A + 1 *E;*A; + ¥3*Es*As)]
=[0.1350*9,846*14,820*(114 + 456)]/ [2*(0.1350*9,846%14,820 + 9,846*59,280)]
=9.30 mm

a =(hy+h,) /2— a, = (114 + 456)/2— 9.30=275.7 mm

Le = (Ii+yi*As *a?) + (L+ 1 %A, *a,%) + (I + vs *A; *a5?)
=(16,050,060 + 0.1350 *14,820 *275.7 2) +(1,027,203,840 + 1 *59,280 *9.30 2)
=1,200,455,215 mm”*

(ED)ess = (Ey *Li+ Ey *y1 *A; *a,)) + (E2 *I,+ E; *1*A; *a,7) + 0
=E *I.=11,819,682,040,000 Nmm?

withdrawal resistance [1.37 kN/20 mm] * 146 = 10 kN

P’ = min { . .
B tensile resistance: 19.2 kN

Vi1 =V *(Ey *y1*A; *a1*s) / (ED)es
=32.2 *(9,846 *0.1350 *14,820 *275.7 *152.5) /11,819,682,040,000

=2.26 kN per screw

(Vi,3=V,3=0) V,1  =Vy1/ (cosa)=1.78 / cos 45 = 3.19 kN per screw
Prv=10kN 2V, ;=319 kN v/
Tensile design force Vy; [11] to be transmitted | Vi1  =V,,1/ (2 *cos a) =2.26 / (2*cos 45) = 1.60 kN per screw

by one crossed reinforcing ASSY® VG screw *
—> Version 3

Pv=10kN 2V, ;=1.60 kN v

Note:

! To consider fastener interaction the required number of screws per meter as per shear design above should be increased according to [13] as

follows: Nyeq = 05y Ngerm - Required spacing, end and edge distances as per table 6 to be followed
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Design tables for SWG ASSY® VG screws
Table 1:

Factored withdrawal resistance of SWG ASSY® VG screws in kN per 20 mm of thread penetration

Mean oven dry relative density Factored

Screw diameter in mm . ’ 0.44 0.46 K 0.50 (PSL) tensile

a ** =90° resistance in kN

12 1.27 1.83 1.94 2.12 2.40 1.41 24

a ** =45°

12 1.09 1.57 1.66 1.81 2.06 1.21 24

Note: * resistance as per [12]
** a: angle between wood grain and screw axis

Table 2: values of k, for standard beam sizes and connections

he /h 0.0 0.1 0.2 0.3 0.4 0.5 0._6 0._7 0.8 0.9
0.6_ 0.458 0.439 0.420 0.402 0.384 0.366 0.349 0.331 0.314 | 0.297

0.8 0.135 0.123 0.111 0.100 0.089 0.079 0.069 0.060 0.052 0.044

Table 3: values of ky, for standard beam sizes and connections

[ e | oo [ o1 ] oz ]os | oe |05 | o6 [ 07 ]os |09
“ 0.352 0.338 0.323 0.309 0.295 0.282 0.268 0.255 0.242 0.229

“ 0.104 0.095 0.086 0.077 0.069 0.061 0.053 0.046 0.040 0.034
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Design assumptions for SWG ASSY® VG screws as reinforcement

Table 4: buckling resistance * of one screw considering an angle between screw axis to wood grain of a = 90°

Outer thread diameter

specific
gravity mm , kN inch, Ibf mm , kN inch, Ibf mm , kN inch, |bf mm , kN inch, |bf
SG

6 1/4 8 5/16 10 3/8 12 1/2

0.49 6.30 1416 11.42 2566 17.07 3835 25.51 5731

Note: * resistance according to [17] considering an angle between screw axis and wood grain direction of a = 90°

Table 5: timber densities

Visually graded lumber Glue-laminated timber Mean oven dry relative density

I R R R

PSL, LVL, LSL PSL, LVL, LSL 0.5

Table 6: Minimum spacing or distance for SWG ASSY® VG screws

Minimum spacing or distance [12] (D = outside thread diameter)

Sa
Spacing perpendicular to grain

e
. 3D
edge distance

MyTiCon Timber Connectors | #3-8287 124th St. | Surrey BC | V3W 9G2 | Canada | www.my-ti-con.com 23



Understanding & Specifying Engineered Structural SWG ASSY® Screws [lihyiiniiiiummmemn

SWG ASSY® VG Cyl. (full thread)

Table 7: SWG ASSY® VG Cyl screw specifications

Major Leneth Thread L Head | Minor Bit
) -
(1)} & Length ! (1)} (1)} T -
) : 1 ¢
=
- yi
70 63 2 :
e
80 73 ]]ll } \
g i
100 93 ) :
p 12
120 113 AW 31
6 6| 8 | 3.8 w1
140 133 30 B 31
[
160 153 ]1:: i
yi
180 173 v :
200 193 ). i
D 1
e
160 to 300 in | 144 to 284 yi
20 mm in20 mm ]|:= =
increments | increments 9 :
y L
330 314 j”. :
360 344 AW T |2 ). :
8 380 264 8| 10| s e E b1 c
40 a |~ ) B3
B p 18
430 414 @ yi
E i
480 464 = i
s L
530 514 ] i
D -
j 5
580 564 ) i
D 3
g L
140 to 280 in | 125 to 265 ?,. i
20 mm in 20 mm q%} =
increments | increments " =
g i
300 280 q,. }
| o
— l o~
320 to 400 in | 305 to 380 %1{, i
20 mm in 20 mm AW qg }
10 | increments | increments | 10 | 13.4 | 6.2 Minor-g v ,=\
50 . ¥ .
430 415 Major-o | |
480 456
530 506
580 556
and longer | and longer

Note: values listed in the table above are average measurements between upper and lower tolerance boundary
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SWG ASSY® VG CSK (full thread)

Table 8: SWG ASSY® VG CSK screw specifications
Major Length Thread L Head | Minor Bit
@ Length ' ] 1] Lk T
N » 2 ‘
e ] Xs) | 51
T o yi
120 103 3 )" }
140 123 j,:: i
yi
160 143 i
180 163 q:: I:
200 183 AW J }
8 8 148 | s ). i
220 203 40 q:: L
240 223 :lm }
S
260 243 :|1|| }
B
280 263 yi
yi
300 283 yi
1
140 t0 400 | 125 to 385 q,‘: i
in20mm | in20mm )" }
increments | increments j':: f
430 415 )" }
). T
480 465 AW g L= ql: >
10 10 [196| 62 | 312 31
= I
530 512 2 2 2y
580 562 ) j‘l}: v
= yi
650 to 800 | 632 to 782 =2 w1
in50mm | in 50 mm ) LS
increments | increments q:: >
220 205 ]]]: ]
s
380 365 AW v
12 12 |221] 71 yi
480 465 50 qu {
I
600 585 ) 'i
I
Note: values listed in the table above are average measurements between upper and lov ;i q" ]\
tolerance boundary Minor-g ‘Ill ,}\
Major-¢ ] ’
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