Timber Frame Construction

Introduction
—  Whatis timber?
—  Failure modes
History of timber frame construction
Forms of timber frame construction

Design and Detailing

— Live and dead loads ’ PR
g “wind |
W Rb?)‘l"(fbhstructlon Diaphragm action

Floor construction - Diaphragm action

Wall panel design

Racking design - Blockwork shielding, holding down,
sliding

Cladding - Blockwork, timber, movement ties to studs
Connections and wall ties - High pressure at corners
Nail schedules

Non load bearing partitions
Openings
Check list

Construction Problems
— Nailing and tie details
—  Large window openings
—  Storey height panels in large gables / at staircases
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Post War Swedish House Circa 1948
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Advantages of
Timber Frame Construction |

Sustainable construction
Speed of construction

Dry envelope so finishing
trades can start earlier

With production of
engineered lumber
smaller sections of wood
can be used in
manufacture of sections

Structural Engineers Registration Ltd
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Timber Floor Cassette
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qable
/— panel
intermediate
floor

2-storey single storey
height panels height panels
BALLOON FRAME PLATFORM FRAME

Timber Frame Construction Methods






Project Job Ref Project Job Ref
AF. Cruden Associates Example 2 Storey House CAD AF. Cruden Associates Example 2 Storey House CAQD
Consulting Enginedrs Section Shest noJrev. Consulting Enginedrs Section Shest noJrev.
24 Bank Street, Inverness [V1 1Q0 Typical Dead Loads 1 24 Bank Street, Inverness [V1 1Q0 Snow Load 1
Lok 01445 719200 Fax: 01465 719201 Calc. by Date Chk'd by Date Appd by Drate Lol 01445 719200 Fax: 01465 719201 Calc. by Date Chk'd by Date Appd by Date
NW 19/04/2011 NW 19/04/201
DEAD LOAD CONSTRUCTION SNOW LOADING TO BS6399:PART 3:1988
TEDDS calculation version 1.0.01

Slate Roof

- Site location

Material Thickness ¥ Weight Location of site Inverness

(mm]) (kN/m?) (kN/m2) Site altitude A=75m

Slate 20 28 0.560 )

Softwood Sarking 50 5 0.100 Calculate site snow load

Plasterboard 125 0,113 From BS6399:Part 3: 1988 - Figure 1. Basic snow load on the ground

Glass wool 200 0.1 0.020 Basic snow load S = 0.80 kN/m?

Totals 252.5 0.793 Sar= 0.1 55+ (0.09 kN/m2) = 0.17 kN/m2

Site snow load S0 = Sp + Sar > (A - (100 m))/ 100 m = 0.76 kN/m?
st Floor BS6300-Pan3 1888 CI.6.2
Material Thickness Y Weight
(mmy) (KN/m*) (kN/m?)

Chipboard 22 8 0.176 \ i

Softwood Floor Joists 200 5 0.150 & ,

Glass wool 200 0.1 0.020

Plasterboard 125 9 0113

Totals 434.5 0.459 M‘” ! o — M

¥ )

Uniform loading Asymmetric loading

Roof geometry

Roof type Pitched
Distance on plan from gutter to ridge b =5.000 m
Angle of pitch of roof o =135.0deg

Calculate uniform snow load
From BS6399:Part 3: 1988 - Figure 3. Snow load shape coefficients for pitched roofs
Snow load shape coefiicient w1 = 0.8 x [[60 deg - «) / 30 deg] = 0.67

Uniform roof snow load Sg1 = g x Sp= 0.51 KN/m=

Calculate asymmetric snow load

From BS6399:Part 3: 1988 - Figure 3. Snow load shape coefficients for pitched roofs
Snow load shape coefficient w =1.2 = [(60 deg - ) / 30 deg] = 1.00
Asymmetric roof snow load Sa1 = 1 ¥ So= 0.76 KN/m2

Snow sliding down roof
Maximum uniform snow load on roof
Force from sliding snow load

So_max = 0.76 kN/m?
Fs = Sa_max = b = sinfa) = 2,17 kN/m

BS8300:Fart3: 1988 CI1.5

BSE300:.Fart3:1088 C1.5

BSE300:Partd: 1088 C1E

Structural Engineers Registration Ltd




- N Praoject Job Ref. N R Project Job Ref
A.F. Cruden Associates Example 2 Storey House CAD A.F. Cruden Associates Example 2 Storey House CAD
Consulting Engineers Section Shest norew. Consulfing Engineers Section Shest norev.
24 Bank Street, Inverness TV1 1010 Wind Loading 1 24 Bank Street, Inverness [V1 100 Wind Loading 2
Tek: 014635 719200 Fax: 01463 719201 Cale. by Date Chk'd by Date Appd by Cate Tek: 014635 719200 Fax: 01463 719201 Cale. by Date Chk'd by Date Appd by Date
NW 19/04/2011 NW 19/04/2011
Effective wind speed Ve=43.5mis Dynamic pressure gs = 1.160 kN/m=
WIND LOADING (BS6399) -
. . _ Dynamic pressure - roof
TEDDS calculation version 3.0.04
Referance height He = 8301 mm
Fetch factor (Table 22) S:=1.075 Turbulence factor (Table 22)  S:i=0.178
Fetch adjust factor (T.23) Te=0.803 Turbulence adjust factor (T.23) Ti=1.544
Gust peak factor g:=3.44 Terrain and building factor Sp = 1.68
< Effective wind speed Ve=43.5mls Crynamic pressure gs = 1.160 kN/im*
8 5
- 2 Size effect factors
Diag dim for gablewall 35 =13.0m Exte size effect factor Cazg = 0.941
Diag dim for side wall A=z =20.6'm Exte size effect factor Caes = 0.912
X ! | ! Diag dim for roof ax=209m Exte size effect factor aer = 0,911
! zpm;. ! ! E;CT:En ! Volume for int size effect Vi=04md Diag dim for int size effect  a=5.0m
Internal size effect factor Ca =1.000
Building data Pressures and forces
Type of roof Duopitch Met pressure D = Qs * Cpe x Caz - Qs x Cpi % Cal
Length of building L =20000 mm Width of building W =10000 mm Met force Fu=px A
Pitch of roof og = 35.0 deg )
Reference height H, = 8301 mm Roof loadcase 1 - Wind 0, cp 0.20, -Cpe
X i i Ext pressure Dynamic = . Met
Dynamic classification Zone coefficient, pressure, gs _?;?:r_gz:l él_ze Pressur, ,:\N?:{z- Net force,
Building type factor (table 1) Ky =10.5 Dynamic augmentation factor (1.6.1) C.=0.01 Coe (kMN/mZ) S e p (kN/m?) P ) Fu (kM)
Site wind speed A (-ve) -0.33 1.16 0.911 -0.58 33.65 -19.65
Location Inverness Basic wind speed Vo =241 mis B (-ve) -033 1.16 0.911 058 5.30 402
Site altitude As=T5m Upwind dist from sea to site  dsea =2 km C (-ve) 0132 116 0.911 037 2154 2040
Direction factor Sa=1.00 Seasonal factor S:=1.00 = (ve) 073 15 D911 o 1.6 -
E {-ve) -0. . . -1. . 5
Probability factor S =1.00 Critical gap hetween buidlings g = 5000 mm . 3387
Topography not significant F (-ve) -0.43 1.16 0.5911 -0.69 6.89 -4.75
Altitude factor S;=1.08 Site wind speed Vs =25.9mis G (-ve) -0.43 1.16 0.5911 -0.69 21.54 -56.24
Terrain category Town Total vertical net force Fuw = -122.00 kN Total horizontal net force Fun = 23.40 KN
Ave height of surround builds Hy = 5000 mm Distance to nearest building  X; = 35000 mm Walls loadcase 1 - Wind 0, cp 0.20, -Cps
Displ height {cl.1.7.3.3) Ha=0mm -
Ext pressure Dynamic External size Met Area
The velocity pressure for the windward face of the building with a 0 degree wind is to be considered as 1 part as Zone coefficient, Dressure, gs _faC'or c Fressure, A'H {mIZJ Ngt f{iﬁ?
tor, Cae - ; -
the height h is less than b (¢l.2.2.3.2) Coe (kN/m2) P (KN/m?) v
The velocity pressure for the windward face of the building with a 90 degree wind is to be considered as 1 part as A -1.36 1.16 0.941 -1.72 19.80 -33.99
the height h is less than b (cl.2.2.3.2) B -0.82 1.16 0.941 -1.13 4571 -51.51
Dynamic pressure - windward wall - Wind 0 deg W 0.76 0.95 0.912 0.47 96.00 4497
Reference height H= = 4800 mm | 050 0.95 0912 062 96.00 Py
Fetch factor (Table 22) S:=0.972 Turbulence factor (Table 22)  S1=0.194
i £ ) - " i £ | — Overall loading
Fetch adjust factor (T.23) Tc=0.745 Turbulence adjust factor (T.23) Ti= 1.650 _
Gust peak factor g: = 3.44 Terrain and huilding factor Sp = 1.52 Lesward fort..e overall Fi=-59.9 kN Windward force overall Fu=45.0 kN
Effective wind speed Ve=394mis Dynamic pressure s = 0,950 kN/m? Qverall loading overall Fun=113.1kN

Dynamic pressure - windward wall - Wind 90 deg

Reference height He = 8301 mm
Fetch factor (Table 22) S:=1.075
Fetch adjust factor (T.23) T.=0.803
Gust peak factor g:=3.44

Turbulence factor (Table 22)
Turbulence adjust factor (T.23)

Terrain and build

ing factor

51=0.178
Ti=1.544
Sy = 1.68

Structural Engineers Registration Ltd




- R Project Job Ref. - R Project Job Ref.
A.F. Cruden Associates Example 2 Storey House CAD A.F. Cruden Associates Example 2 Storey House CAD
Consulting Engincers Section Sheet noJrew. Consulting Engineers Section Sheet noJrew.
24 Bank Street, Inverness [V1 1010 1st Floor Joists 1 24 Bank Street, Inverness [V1 10107 1st Floor Joists 2
Tl 014635 719200 Fax; 01463 719201 Calec. by Date Chk'd by Date App'd by Date Lol 01465 719200 Fax; 01463 719201 Cale. by Date Chk'd by Date App'd by Date
NW 26/04/2011 NW 26/04/2011
PASS - Applied bending stress within permissible limits
TIMBER JOIST DESIGN (BS5268-2:2002)
TEDDS calculation version 1.1.02 Check shear stress
Joist details Permissible shear stress Taom = 0.781 N/mm?= Applied shear str_ess r.—mf 0;359 Ns’n.m]_‘ N
Joist breadth b = 47 mm Joist depth h = 247 mm PASS - Applied shear stress within permissible limits
Joist spacing s = 600 mm Service class of timber 1 Check bearing stress
Timher strength class c24 Permissible bearing stress Gg_som = 2.640 N/mm? Applied bearing stress Te_mae = 0.591 Nfmm=
PASS - Applied bearing stress within permissible limits
Check deflection
Permissible deflection Sagm = 12.000 mm Actual deflection 3 =T7.694 mm
PASS - Actual deflection within permissible limits
Consider medium term loads
. ‘I’ e ‘I’ Design bending moment M = 2.380 kNm Design shear force Wo=2.380 kN
A 1 = Design support reaction R = 2.380 kN Design deflection 3= 5.854 mm
Check bending stress
Span details Permissible bending stress  om_aam = 10.535 Nimm?2 Applied bending stress am_max = 4979 Nimm?
Number of spans Nepan = 1 Length of bearing Ls = 100 mm PASS - Applied bending stress within permissible limits
Clear length of span Lz = 4000 mm Check shear stress
Permissible shear stress Taom = 0.976 N/imm? Applied shear stress Tmax = 0.307 N/mim?
K3 PASS - Applied shear stress within permissible limits
Check bearing stress
Permissible bearing stress  gg_agm = 3.300 N/mm? Applied bearing stress Ge_max = 0.506 N/mm2
_ PASS - Applied bearing stress within permissible limits
& Check deflection
Permissible deflection m = 12.000 mm Actual deflection &= 5.854 mm
PASS - Actual deflection within permissible limits
x> L1 . .
zg . Joist Designed to Eurocode 5
4751
. Considering long term loads
je—100—]
—  Permissible bending stress = 14.215 N/mm?
Section properties —  Applied bending stress = 8.417 N/mm?
Second moment of area | =59021123 mm# Section modulus Z=477904 mm?2 . i
) . —  Permissible deflection = 14 mm
Loading details
Joist self weight Faue = 0.04 KN/m Dead load Foua = 0.75 kN/m? —  Applied deflection = 10.030 mm
Imposed UDL({Long term) Fua = 1.50 kN/m? . . .
Imposed point load (Medium) Fize = 1.40 kN . Considering medium term loads
Consider long term loads —  Permissible bending stress = 16.246 N/mm?
Design bending moment M =2.780 kNm Design shear force V=2.T80 kN . . _ 2
Design support reaction R =2.780 kN Design deflection 3=T7.694 mm App“ed bendlng stress = 7'162 N/mm
Check bending stress —  Permissible deflection = 14 mm
Permissible bending stress o am = 8.428 Nimm?2 Applied bending stress G max = 5.816 Nimm?2 —  Applied deflection = 7.899 mm

Structural Engineers Registration Ltd



Solid Timber Floor Joists
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Timber Frame Construction with JJI Joist and Temporary Bracing

Structural Engineers Registration Ltd



Posi-Joists
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Solid Timber Deck - EURBAN System

A
F O
S
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Timber Frame Construction showing Wall Studs

. 100/150/200 x 50 studs at 600c/c
. Support vertical loads
. Withstand wind load on wall face

Structural Engineers Registration Ltd



Proiect Job Raf R R Project Job Ref
e oh e AF. Cruden Associates

ALK, Craden Associates Example 2 Storey House CAQ Example 2 Storey House CAD

Consulling Engineers

Consulling Engineers Section Shest noJrew. Section Sheet no.rev.

24 Bank Street, Inverness [V1 10U 2.4m External Stud Wall 1 24 Bank Street, Inverness [V1 1QU 2.4m External Stud Wall 2

Tek 01465 719200 Fax: 01463 719201 Cale. by Date Chk'd by Date App'd by Date Tk 01465 719200 Fax: 01463 719201 Cale. by Datz Chk'd by Date App'd by Date
NWY 197042011 MW 19/04/2011

Check bending stress
TEDDS csleulation version 1 0.02 Permissible bending sress  gm_sm = 11.035 N/imm? Applied bending stress Gm_max = 6.049 Nimm?
PASS - Applied bending stress under very short term loads is within permissible limits

TIMBER STUD DESIGN (BS5268-2:2002)

Check compressive stress on stud
UKN/m Permissible comp.stress Go_zom = 9,144 Nimm? Applied comp stress T_max = 2.045 N/mm?
PASS - Applied compressive stress under very short term loads is within permissible limits

bj( Check compressive stress on rail
Permissible comp.stress Gegi_aam = 4.770 Nimm? Applied comp stress Oept_max = 2.045 N/imm?
PASS - Applied compressive stress under very short term loads is within permissible limits

Check combined axial compression and bending
Combined axial compression and bending valus K=0819 <1
PASS - Combined compressive and bending stresses under very short term loads are within permissible limits
Check stud deflection
Permissible deflection Baom = 6.900 mm Actual deflection Zmax = 4.782 mm
PASS - Deflection due to wind loading is less than permissible limit
Check compressive stress on stud
Permissible comp.stress Gg_zom = 6.897 N/mm? Applied comp stress Go_max = 2.045 N/mm?2
FPASS - Applied compressive stress under medium term loads is within permissible limits
Check comprassive stress on rail
Permissible comp.stress Gegi_aam = 3.407 Nimm? Applied comp_stress Gept_max = 2.045 N/mm?
PASS - Applied compressive stress under medium term loads is within permissible limits

#
4 AN

Stud details
Stud breadth b =47 mm Stud depth h = 147 mm Check compressive stress on stud
Number of studs Nz =1 Stud grade C16 Permissible comp.stress Tg_som = 5.650 N/mm? Applied comp.stress O max = 1.557 N/mm?
Section properties PASS - Applied compressive stress under long term loads is within permissible limits
Cross sectional area A = 6909 mm? Section modulus Z = 169270 mm? Check compressive stress on rail
Moment of inertia major axis |, = 12441382 mm* Moment of inertia minor axis Iy = 1271832 mm? Permissible comp.stress Gep1_sm = 2.726 Nimm? Applied comp.stress Gept max = 1.557 Nimm?
Radius of gyration major axis ;= 42.4 mm Radius of gyration miner axis  ry = 13.6 mm PASS - Applied compressive stress under long term loads is within permissible limits
Panel details - Studs restrained by sheathing in the plane of the panel
Panel height L = 2400 mm Stud length L. = 2306 mm
Standard stud spacing sz = 600 mm Fanel opening 0 =1200 mm )
Loaded panel length =900 mm Effective length major axis Lex = 1960 mm hd StUd DeS'gned tO EUI’OCOde 5
Slenderness ratio *=46.19
Vertical loading details Dead loads Imposed loads - Perm|SS|b|e bendmg stress = 9515 N/mm2
Wall UDL Us.s =1.20 kNim —  Applied bending stress = 6.061 N/mm?
Roof UDL Urp = 6.25 kN/m Uy = 3.75 kN/im

Floor UDL Ura = 150 KN/m Ue = 3.00 kN/m - Interaction factor = 0.836

Imposed floor load duration  Long term _ Permissible deflection - 9 6 mm
Lateral loading ’

Wind loading W = 1.58 KN/m? Wind load duration Very short term —  Applied deflection = 5.247 mm
Moedification factors
Section depth factor Kz=1.08 Load sharing factor Kz =1.10

Structural Engineers Registration Ltd



Solid Engineering Lumber Wall - EURBAN System

Structural Engineers Registration Ltd



Fuvd = D‘.Eqp,nat{A1 + Az}

WIHE direction Froof = q;-,mt{Ah"a)
Qp.net = Net pressure
(windward + leeward) Feceiling = qp,net(2A1/3 + A2)

(a) Area of gable wall transferring (b) Diaphragm action of roof trusses and
wind load to front racking wall ceiling transferring wind on gable wall to
front and rear walls

(c) First floor acts as diaphragm
transferring wind on gable to ground floor
front and rear walls

Racking Load on First Floor Wall from Wind on Gable Wall

Structural Engineers Registration Ltd



BS5268-6.1: 1996
Clause 4.5 Horizontal diaphragms

The design method for timber frame walls
given in this British Standard assumes that, for
the range of dwellings covered, the normal
construction of floors and roofs provides
adequate diaphragm action, provided that, in
the case of intermediate floors, a floor deck or
sub-deck is fixed directly to the top faces of
the joists, or the floor is braced by some other
means. In the case of pitched roofs it is
assumed that the plasterboard ceiling under
the roof, together with the roof bracing
recommended in BS 5268-3 is sufficient

to transfer applied wind forces to the resisting
walls.

Due account should be taken of the
eccentricity of the loading in relation to the wall

panels providing
resistance.

Not enough nails in bracing to act as diaphragm

Plasterboard and trusses act together

Easier in Scotland as most roofs sarked with
ply/OSB/20mm timber boarding

Eurocode 5 Clause 9.2.3.2 is more onerous and
requires calculations to be undertaken

Longitudinal bracing members to
tightly abut every gable and party wall

_ Ideally 45° but not lass
Rafter diagonal than 35° or greater than 55°

brace lap jointed )
9/
L

Rafter diagonal bracing

if required

C
Roof Chevron bracing %
pitch o to webs ?// f
Nail to 3 7
B
| Span of trussed rafter, 8 a wal plate\zz é — =i a— Wall plate
o

Section A - A (using Fink trusses) o
Part view on Arrow C
Rafter diagonal bracing
Gable end Alternative direction of 600 mm long timber splice
v/

rafter diagonal bracing plate same size as bracing
I
£ ol

7 Z | | timbers. Fix using minimum
4 TSy £ of 4-No 3.35 @ galvanized
L/ [TITAMI ] 1TH nails each side x minimum
[T IRZEIRAL AT nhgllgength eg;alto bracing
Al [ [[ [[d] il Detail D ___ fickness 1 32 mm
}\" i : Gable end . I;:f"""r—f Detail D
ML~ W [T 24 N I 8 I Ri
a idge
All « [l [[ VAl s [ 2
ALk [T DN AR NIA 2 Y
— = = T F=— Gable
T | 5 i 5 Y9 . ond
A - .
T Lt e o l Separating
Ml [T J1 [T 1] [T wall o rontage F
TTIT T 7/ TTNNTATT [Tl Plan of rafter diagonal bracing layout
Plan view for narrow fronted detached roofs T
Chevron brace to (rafter braces cross) Gable end
be at approx 45° |
Gable end and nailed to at  Alternative direction LA ‘J”’“
least 3 trusses of chevron brace 5
0 'II [0 1 iII &l Separating d @
r wall cf
EE j E él &> Gable end ~¥
Ridge |__ Frontage F |

|
Plan of rafter diagonal bracing layout
for wider fronted detached roofs T
rafter braces do not need to cross)

LU I I I T
Section B -B Longitudinal brace
Maximum of 2 trusses

between chevron bracing

MOTE 1 Chevron bracing shown H iz not required on intemal members of trusses with spans of 3 m or less.
MNOTE 2 & denotes longitudinal bracing not required when the criteria described in A.11(2) are met.

)
T MOTE 3 For the purpeses of this annex, a building may be defined as narrow fronted when the frontage F <

14Cos o

BS5268-3 1998 Standard bracing for rafter and web
members of duopitch trussed rafters



Tahble A.4 — Permissible horizontal wind force (EIN/m) at bottom  Table A.5 — Permissible horizontal wind foree (EN/m) at bottom

chord level on 12.5 mum thick plasterboard ceiling diaphragms chord level on 15 mm thick plasterboard ceiling diaphragms
D131;Ila}rt ;gm maphramg.m span Dwg;l;:;;gm Di ﬂphr‘amg.‘ln span
m m

9 10 11 12 13 14 15 16 17 ] 10 11 12 13 14 15 16 17
[ 1.77 [1.69 |1.45 |1.353 (1.22 [1.14 |1.06 (099 (093 [ 198 [1.78 |1.62 |1.49 [1.37 |1.27 |1.19 (1.11 (1.05
7 206|186 |169 155 |1.43 133 [1.24 (1.16 |1.09 7 231 |2.08 |1.89 [1.73 (160 |1.49 |1.39 (1.30 (1.22
8 236 (212 |193 |1.77 (163|152 (141 (133 (125 3 265 |2.38 |2.16 (198 [1.83 |1.70 [1.55 (149 |1.40
9 266 (239 |217 (199|184 171 [1.55 (149 |1.40 9 208 |268 |2.44 (223 (206|191 [1.78 [1.67 |1.57
10 295 |2.66 |2.41 |2.21 |2.04 1190 [1.77 |[1.66 |1.56 10 3.31 |2.98 |2.71 |2.48 [2.25 |2.13 |1.98 (1.86 (1.75
11 3.25 |2.92 |2.66 |2.43 (2.25 |2.00 [1.95 (182 (1.72 11 3.64 |3.28 |2.08 |2.73 |2.52 |[2.34 |2.18 [2.05 (1.93
12 3.54 3,10 |2.90 |2.66 [2.45 (228 |2.12 [1.99 (1.87 12 3.97 |3.57 |3.285 |2.98 |2.75 |2.55 |2.38 [2.253 (210
13 3.84 345 |3.14 |2.88 [2.66 [2.47 |2.30 (2.16 (2.03 13 430 |3.87 |3.52 [3.23 |2.98 |2.76 |2.58 (242 |2.28
14 413 |32 |3.38 |3.10 |2.86 |2.66 [2.48 (2.32 |2.19 14 463 |4.17 |3.79 [3.47 |3.21 |2.98 |2.78 [2.60 (245
13 443 (399 |3.62 |3.32 |3.06 |2.85 [2.66 (240 |2.34 13 497 |4.47 |4.06 [3.72 |3.44 | 3.19 |[2.98 (2.9 |2.63
16 472|425 [3.86 [3.54 |3.27 |3.04 |2.83 |2.66 |2.50 16 530 [4.77 [4.33 [3.97 |3.67 [3.40 |3.18 (268 [2.80
17 502 (452 1411 |3.76 [3.47 [3.23 |3.01 [2.82 [2.66 17 563 |5.06 |460 (422 |390 [3.62 |3.38 (3.16 (2498
* Imtermediate valuss may ke ohtained by linear interpolation. * Intermediate values may be ohtainsd by linsar interpolation.
For plasterboard cei'_i.ng_ ci.iaph:agm_s greater than 9 m span, wallplares should be For plasterboard ceﬂing diaphragm_s greater than 9 m span, wallplates should be
zpliced 1n accordance with the detall provided below or using an alternanve spliced gpliced 1 accordance with the detall provided below or using an alternanve spliced
detail capable of resizting a short-term axial load of 3.3 EN. detail capable of resizning a short-term axal load of 3.3 kN

™~

/

ﬂ %

e
4
-
'L.U
-
114
JIRE
NN

I —

Eewv

1) Wallplate

7y Steel strap fized using 6 no. 3.75 * 30 mm square twist nails into each member
3 100 mm long half lap joint with 2 no. nail fixings

BS5268-3: 2006 Tables A.4 and A.5

Structural Engineers Registration Ltd



. Opening at stairwell has effect on diaphragm -
internal ground floor wall may need to be sheathed
to act as racking wall

. Flooring not laid but upper floor wall plate fixed

Opening in Floor Deck

Structural Engineers Registration Ltd



UDL Resisting Overturning
Moment from Wind Load

Wind
Load . . Diaphragm action of roof and

floor takes wind to stud wall

. Wall is sheathed to stop studs
toppling and tied down to stop
overturning

Wall CF bracing in steel frame
Studs ’

. Also the sliding of stud frame
on underbuilding is to be
checked and resisted

. Coefficient of Friction
— BS5268 = 0 (but Trada

Sliding — Eurocode 5 =0.25

resistance

\/

Tensile Forces Resisting
v Overturning Moment
from Wind Load

Typical Racking Panel

Structural Engineers Registration Ltd



ALF. Cruden Associates
Consulfing Engineers
24 Bank Street, Inverness V1 1010

Tek 01405 719200 Fax: 01463 719201

Praoject Job Ref.
Example 2 Storey House CAD
Section Shest nofrev.
Racking Calculation 1
Cale. by Date Chk'd by Date Bpp'd by Diate
NW 19/D4/2011

Project Job Ref.
AF. Cruden Associates Example 2 Storey House CAD
Consulfing Engincers Section Sheet norev.
24 Bank Street, [nverness [V1 100 Racking Calculation 2
Tok: 01465 719200 Fax: 01463 719201 Cale. by Date Chk'd by Date App'd by Date
NW 19/04/2011

RACKING LOADS DESIGN -

B56399-2:1997

Considering wind loads to the front elevation

General details

Building type

Overall height of building
Mumber of storeys

Depth of building
Breadth of building

Roof type

Roof pitch

Windloading details

Dwelling
H=8.300m
2

D =10.000 m
B =20.000 m
Duopitch

o = 35.0 deg

Dynamic augmentation factor C.= 0.010

Dynamic pressure eaves level

Dynamic pressure roof level

Wall details

Ground floor wiw elevation
Ground floor I/w elevation
First floor wiw elevation
First floor I'w elevation

Roof details
Roof zone A
Roof zone B
Roof zone C
Roof zone E
Roof zone F
Roof zone G

Jer = 1.160 kN/m?

Area on elevation
Areag = 48.000 m2
Areap = 48.000 m?
Areaw = 48.000 m?
Areas = 48,000 m?

Area on plan
Plans = 27.556 m2
Flang = 5.644 m2
Flanc = 66.800 m?
Plang = 27.556 m?
Planf = 5.644 m?
Plang = 66.800 m?

Gze = 1.160 kN/m?

Pressure coefficient
Coew = 0.832
Coa = -0.500
Coew = 0.832
Coa = -0.500

Pressure coefficient
Coes = 0.800

Cpes = 0.533

Coec = 0.500

Coee = -0.733

Coer = -0.433

Coee = -0.433

Shielding effect of masonry cladding on windward elevation
Masonry wall with butiresses or retums at one end only

Total area of elevation
Total area of openings
Percentage of openings

Area, = 96.000 m?
Openy, = 15.000m2
e = Openy ! Area, = 15.6 %

From BS 5268:Section 6.1:1996 - Table 1
Windward modification factor Kiw = 0.663

Shielding effect of masonry cladding on leeward elevation
Masonry wall with buttresses or returns at one end only

Total area of elevation
Total area of openings
Percentage of openings

Area = 96.000 m2
Open = 15.000m?
P = Open / Area; = 15.6 %

From BS 5268:Section 6.1:1996 - Table 1

Lesward modification factor

Koo = 0.663

Calculate racking load at ground floor level
Comb wiw loading coefficient Cy = Caa = (1 + C;) =1.010

Comb lf'w loading coefficient

Ci= Cana = (1 + Cr) =1.010

TEDDS calculation version 1.0.08

Size effect factor
Cauwp = 1.000
Can = 1.000
Cax = 1.000
Can = 1.000

Area of wiw elevation TotalAreaws: = Argawe / 2 = Areaa. = 72.000 m2
Loads applied to wiw elevation
39.522 kN

Area of liw elevation TotalArear = Areaip / 2 + Arean = 72.000 m?

Loads applied to liw elevation Py = 0.85 = Kygy = TotalAreag = Gse x Cpe = C; = -23.751 kN
Loads applied to roof Zong A Pea = 0.85 = Plana = tan(a) = Qsr  Cgea » Cw = 15.372 kN
Loads applied to roof Zone B Pe = 0.85 = Plane = tan{a) = Qs x Cpee » Cw = 2.098 KN
Loads applied to roof Zone © Pz = 0.85 = Plang = tan{a) = ger » Cpec » Cw = 23.200 kN
Loads applied to roof Zone E Pe = 0.85 = Plane = tan(o) = gsr = Cpee = G = -14.085 kN
Loads applied to roof Zone F Pre = 0.85 = PlanF = tan{o) = Qsr = Cper » G = -1.704 KN
Loads applied to roof Zone G Prz = 0.85 = Plang = tan{a) = Oz x Cpes = G = -20.169 kN
Racking load at ground floor Pa = Pug- P+ Pra+ Pe + Prc - Pre - Prr - Prz = 139.991 kN
Calculate racking load at first floor level

Comb wiw loading coefiicient Cw = Caw = (1 + C) = 1.010

Ci= Caw = (1 + Cr) = 1.010

TotalAreay: = Areay / 2 = 24.000 m?

Comb lfw loading coefficient
Area of wiw elevation

Loads applied to wiw elevation
kM

Area of llw elevation TotalArea) = Areay; [ 2 = 24.000 m2

Loads applied to l'w elevation Py = 0.85 = Kygg = TotalArea) = Qe x Cpa x G = -7.917 kN
Racking load at first floor Pt =Pat- Pt + Pra+ Prg + Prc - Pre - Pre - Prz = 97.809 KN

Structural Engineers Registration Ltd

Puo = 0.85 x Kapow * TotalAredu:s * gse % Cpaw x Cw =

Put = 0.85 = Kspow = TotalAreaw = Qe » Cpew x Gy =13.174
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sill plate

Standard timber frame wall panel

TIMBER PANEL RACKING RESISTANCE — BS5268:SECTION 6.1:1996

Jfe—— Panel height —=

%

AR TR AR R RN RRRR AR Y

Masonry cladding

Secondary sheathing

Primary sheathing

T

Dwellings not exceeding seven storeys

Panel 1

wall panel details
Length of panel

Area of openings
UDL on timber frame

Primary sheathing details

Primary board type
Mail diameter
Basic racking resistance

Secondary sheathing details

Secondary board type
Nail diameter
Basic racking resistance

Masonry cladding details

Length of cladding
Basic racking resistance

TEDDS calculation version 1.0.0<

L = 3.600 m Height of panel Hup = 2.400 m
Az = 2.400 m2 Timber studs >=38x72

F = 4.000 kN/m

Plywood Board thickness Tp =9.50 mm
Dp = 3.00 mm Perimeter nail spacing Sp =150 mm
Rip = 1.680 kN/m

Plasterboard Board thickness T:=12.50 mm
D: = 2.65 mm Perimeter nail spacing S5 =150 mm
Res = 0.180 kN/m

Lmas = 2.400 m Density of wall ties 3.7 ties / m2

Ramas = 0.400 kN/m

Racking resistance of wall panel and masonry cladding

Racking resistance of panel
Total Racking resistance

BASIC RESISTANCES kN/m
Ply P'board Masonry

1.68
Factors

Kio1=  1.000
Ki102=  1.000
Ki103=  1.000
Kio4=  1.000
Kios=  1.176
Ki1oe=  0.408
Kio7=  1.286
Ki1os=  1.100
rrm= 1141

Length= 3.6
Totals 4.106

0.28
1.000

1.000
1.000

0.684

Rup = 4.546 kN
Ra = 5.506 kN

0.4

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

0.400

2.4

0.960

Racking resistance of cladding Rmas = 0.960 kN

Racking resistance of p/board Rag = 0.440 kN

BS 5268 - 6.1 1996

Ply data
Nail diameter =
Nail spacing =
Ply thickness =
Wall height =
Wall length =
Opening area =
.oad above wall =
Share factor =

Total per m=
m

Sum Total=

3
150
9.5
24
3.6
24

4
110%

1.731

5.750

mm

mm
mm
m
m
mz
KN/m

KN/m

kN

Structural Engineers Registration Ltd
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Primary board material Fixing Racking Additional contribution of
resistance secondary board on timber
frame wall
Category 2 or Category 1
3 materials material
EN/m EN/m EN/fm
Category 1 materials: 3.00 mm diameter wire nails |1.68 0.28 0.84
— 9.5 mm plvwood: at lelast. 50 mm Ilong.
c maximum spacing 150 mm on
— 9.0 mm medium board: | perimeter. 300 mm internal
— 12.0 mm chipboard
(type C3M. C4M or C5):
— 6.0 mm tempered
hardboard:
— 9.0 mm 0SB (type F2)
Category 2 materials: 3.00 mm diameter wire nails  |0.90 0.45 1.06
— 12.5 mm bhitumen at le_ast. 50 mm Ilo:ng_._
impregnated insulation | RAXimium spacing 75 mm on
board: perimeter, 150 mm internal
— zeparating wall of Each layer should be 0.90 0.45 1.06
minimum 30 mm individually fixed with 2.65
plasterboard (in two or mm diameter plasterboard
more layers) nails at 150 mm spacing, nails
for the outmost layer should
be at least 60 mm long
Category 3 materials: 2.65 mm diameter 0.90 0.45 1.06
— 12.5 mm plasterboard plasterboard nails at least 40
' mm long, maximum spacing
150 mm

NOTE 1 Timber members in wall panels chould be not less than 38 mm ¥ 72 mm rectangular zection with linings fixed to the
narrower face, with ends cut square and assembled in accordance with the relevant clauses of section 6.

NOTE 2 Timber members of rectangular section less than 38 mm % 72 mm, but not lesz than 38 mm * 63 mm, should be taken
into account for internal walls (excluding separating walls), but in such cazes all values for basic racking resistance given in this
table should be reduced by 13 %.

NOTE 3 Studs should be spaced at centres not exceeding 610 mm.

NOTE 4 Board edges should be backed by. and nailed to timber framing at all edges except in the case of the underlayers in
separating wall construction where it is normal to fix boards horizontally, in which case the intermediate horizontal joint may be
unsupported.

NOTE 5 Studs should be of species and strezc grade satizfying strength class C16 or better (as defined in BS 5268-2).

NOTE 6 The additional contribution from a secondary layer of category 1, 2 or 3 materials should only be included once in the
determination of basic racking resistance, no matter how many additional layers may be fixed to the wall panel.

NOTE 7 The values given in Table 2 together with the modification factors in 4.8 and 4.9 assume that the wall under
consideration iz adeguately fixed to ensure resistance to sliding and overturning.

NOTE 8§ Where a secondary board i= fixed on the same side of a wall as the primary sheathing then the nail lengths given in the
table should be increased to take account of the additional thickness.

BS5268-6.1:1996 Table 2 Basic Racking Resistances
for a Range of Materials and Combinations of Materials




Party Walls Interior Walls

Walltype AParty B:Party Celnt Dint

Frimary board GYP + GYP | GYP + GYP GYP GYP

Service class 2 2 1 1

f (mmy) 19+12.5 15+15 125 12.5

Fastener type S S 5 5

i (mimy) 3.9+3.9 3.5+35 39 3.5

& (mm) 55455 650+60 55 45

s1m 0.15+0.15 0.15+0.15 015 0.15

Fira,1 (kN) 0.488 0.476 0417 0.320

kst (1) 7.48 7.90 5.05 5.23

Fird, 1k (kN/m) 3.65 376 210 2.09

Secondary board n/a n/a GYP GYP

Service class - - 1 1

2 (mmj - - 12,5 12.5

Fastener type - - 5 5

daz (mm) - - 3.9 3.5

B (mm) - - 55 45

sz (m) - - 015 0.15

Firaz (kN) - - 0.417 0.320

k2 (M) - - 5.05 5.23

Firdz k2" (kNSm) - - 2.0 2.09

Figd (kN/m) 3.65 3.76 316 313

Key

A Party wall, one layer of 19mm gypsum wallboard with a layer of 12.5mm
plasterboard on top, each fixed with 55mm long plasterboard screws. The perimeter
spacings on both boards are 150mm with the screws in the outer board positioned
between the screws in the inner board. The outer board contributes to the racking
resistance only by helping the inner wallboards to act as a continuous diaphragm,
put the screws init are treated like additional (55 - 12.5) = 42.5mm screws through
the inner board. 0.488kN is the mean of the resistance of the two sets of screws, and
the resultant spacing of 75mm is used to calculate &1,

B Party wal, like A, but with twao layers of 15mm plasterboard each fixed with 60mm
long screws. The outer board itself does not contribute to the racking resistance, but
the screws in it are treated like additional (80 - 15) = 45mm screws through the inner
board. 0.476kN isthe mean of the resistance of the two sets of screws.

C Interior wall with one 12.5mm layer of plasterboard on each side, 3.9mm
plasterboard screws.

D Interior wall, ke C, but with 3.5mm plasterooard screws.

E  Exteror wall, low strength.

F Exterior wall, standard strength.

G Exterior wall, extra strength.

H  Exterior wall, high strength.

y X
Structural Engineers Registration Ltd

Exterior wall, very high strength. This wall type has a layer of OSB on the exterior
and interior face, with an additional layer of 12.5mm plasterboard on the interior
face. On theinterior face it is in service class 1 so0 the connections are stronger,
hence the interior O3B is the "primary’ sheathing. The perimeter spacings are 50mm

J
K

Exterior Walls
E:Ext F:Ext G:Ext H:Ext LExt J:Ext K:Ext
O5B O5B OSB 058 O5B+ GYP O5B PLY
2 2 2 2 1 2 2
9 9 9 9 9+125 11 9.5
N N N N N+ S N N
2.8 3.1 31 3.1 3.1+3.9 3.1 3.1
50 50 50 50 50+ 55 75 75
0.15 0.1 0.075 0.05 0.1+0.1 0.05 0.05
0.485 0.51 0.51 0.51 0.595 0.564 0.61
5.60 7.09 8.37 10.20 10.20 10.20 10.20
297 3.62 4.27 5.20 6.07 5.76 6.22
GYP GYP GYP GYP OSB GYP GYP
1 1 1 1 2 1 1
12.5 125 12.5 12.5 9 125 12.5
S S S S N S S
3.5 3.9 3.9 3.9 3.1 3.5 3.5
45 55 55 55 50 45 45
0.15 0.15 0.15 0.15 0.05 0.15 0.15
0.389 0.417 0.417 0.417 0.51 0.399 0.399
5.23 5.05 5.05 5.05 10.20 5.23 5.23
2.09 210 210 210 5.20 2.09 2.09
3.81 4.67 5.32 6.26 B.67 6.80 7.27

on the exterior O5SB board and 100mm on each of the two interior boards, with

the plasterboard screws positioned between the O3B nails. The plasterboard itself
does not contribute to the racking resistance, but the screws in it are treated like
additicnal (55 - 12.5) = 42.5mm screws through the OSBE. 0.595kN is the mean of the
resistance of the nails and the screws in the ©SB, and the resultant spacing of 50mm
is used to calculate &1, With spacing on the interior boards closer than 100mm it is
difficult to ensure that the plasterboard screws are not insemed oo close to the OSB
nails unless the process is computer controlled.

Exterior wall, high strength with 17mm OSE.

Extericr wall, high strength with 9.5mm plywood.

Notes

See Section 10.8.1.4 i) for definitions of the symbols. The tabulated values of Fir may
e used in Section 10.8.1.4 i) expression 3) to obtain the shear resistance of a wall.
0SB = OSE Type 3 or 4 to BS EN 300°", characteristic density 550kg/m?

PLY = softwood plywood, exterior grade, characteristic density 505kg/m? (any
plywood listed in Table 3.28).

GYP = Type A gypsum plasterboard or better, characteristic density 640kg/m3,

N = smooth machine driven nail. utimate tensile strength 700N/mmz.

5 = plasterboard screw, ultimate tensile strength 540N/mme.

Spacing around board perimeter. On intermediate studs fastener spacing should be 2s.
Mean value of Fird for the fasteners for the two boards in the inner board only (see
A Bandl).

Fira = Firar ks + 0.5 Firazks,2” where Firal ks = Firaz fe2”.

BS EN1995:2004 Basic Racking Resistances of
Some Common C16 Grade Timber Frame Wall Configurations

Extracted from Manual for the design of timber building structures to Eurocode 5 by IStructE and Trada
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Table 1 — Modification factor Kjpg

Number of | Percentage K
storeys of loaded
wall
occupied by |
openings®
For masonry walls with For masonry walls with For masonry walls without
buttresses or returns not buttresses or returns at one buttresses or returns or
less than 550 mm and not end of wall not less than with buttresses or returns
greater than 9 m centre to | 550 mm, other end without of less than 550 mm®?
centre buttresses or returns or
with buttresses or returns
less than 550 mm, wall
length no greater than
4.5 m®
land 2 0 0.45 0.60 0.75
10 0.50 0.64 0.78
20 0.56 0.68 0.80
30 0.61 0.72 0.83
40 0.66 0.76 0.85
50 0.71 0.80 0.88
60 0.77 0.84 0.90
70 0.82 0.88 0.93
=70 1.00 1.00 1.00
3 0 0.50 0.68 0.85
10 0.55 0.71 0.87
20 0.60 0.74 0.88
30 0.65 0.78 0.90
40 0.70 0.81 0.92
50 0.75 0.84 0.93
60 0.80 0.87 0.94
70 0.85 0.91 0.96
=70 1.00 1.00 1.00
For masonry walls with For masonry walls with For masonry walls without
buttresses or returns not buttresses or returns at one buttresses or returns or
less than 950 mm and not end of wall not less than with buttresses or returns
greater than 9 m centre to | 950 mm, other end without of less than 950 mm®?
centre? buttresses or returns less
than 950 mm, wall length no
greater than 4.5 m°®
4 0 0.60 0.74 0.88
10 0.64 0.77 0.89
20 0.69 0.80 0.91
30 0.73 0.83 0.93
40 0.77 0.86 0.95
50 0.81 0.89 0.96
60 0.86 0.92 0.98
70 0.90 0.95 1.00
=70 1.00 1.00 1.00

NOTE 1 Values for intermediate percentages of wall occupied by openings may be obtained by linear interpolation

NOTE 2 The K factors and support conditions (where relevant) should be selected on the basis of the maximum height of the
wall under consideration and be applied to the whole wall

NOTE 3 For walls longer than 9 m. the values of K g given in column 3 may be used provided additional buttresses or returns are
added to the masonry wall at a maximum centre to centre spacing of 9 m.

2In caleulating the percentage of wall occupied by openings, the height of the wall should be taken as the height to the eaves

b Values of K0 to be used where a masonry wall is supported at both ends by adequate masonry buttresses or returns

®Values of Kjgp to be used where a wall, which otherwise has adequate buttresses or returns, incorporates a vertical movement
joint (ie. the wall has the required buttress or return at one end. but is not adequately supported at the other).

4Values of Kjgp to be used where a wall has no masonry returns or buttresses or has inadequate supports at its ends.

BS5268-6.1:1996 Shielding Factors

Brick / blockwork skin enhances
timber frame in 2 ways:-

. Shields stud in wall from
wind as noted in BS5268-
6.1 Table 1

. Adds to racking
resistance of panel



Percentage Number of storeys shielded by masonry

of shielded
wall 1and 2 3 4

O%‘;‘eri:ﬁfg?yl.qlla c lAHB c |D||E F
0 045 060 | 075 | 050 | 068 | 085 | 060 | 074 | 0.88
10 050 | 064 | 078 | 055 | 071 | 087 | 084 | 07 | 0.89
20 056 | 068 | 080 | DED | 074 | 088 | 069 | 0.80 | 091
30 061 072 | 083 | 065 | 078 | 090 | 073 | 083 | 093
40 066 | 076 | 085 | 070 | 081 | 092 | 077 | 088 | 0.95
50 071 | 080 | 088 | 075 | 084 | 093 | 081 | 089 | 0.96
B0 077 084 | 000 | 080 | 087 | 094 | 088 | D92 | 0.98
70 082 083 | 003 | 085 | 001 | 096 | 090 | 095 | 100
=70 100 | 100 | 100 | 100 | 100 | 1.00 | 1.00 | 100 | 100

Notes

A For masanry walls with buttresses or returns of length = 550mm and spaced at not
maore than 9m centres.

B For masonry walls with buttresses or returns of length = 550mm at one end only, wall
length = 4.5m.

C For masonry wals other than A and B.

D For masonry walls with buttresses or returns of length = 950mm and spaced at not
more than 9m centres.

E For masonry walls with buttresses or returns of length = 950mm at one end only, wall
length = 4.5m.

F For masonry walls otherthan D or E

In calculating the percentage of wall occupied by openings. the height of the wall
should be taken as the height to the eaves, the top of the fourth storey of masonry
or 10m, whichever is less,

Values for intermediate percentages of wall cccupied by openings may be
obtained by linear interpolation.

Forwalls longer than 9m the tabulated values may be used provided that additional
buttresses or returns are added to the masonry wal spaced at not more than 9m
centres.

If the selected support conditions do not extend to the full shielded height of the
wall in question then the number of stareys and percentage of loaded wall should
be based on the height to which the selected support conditions reach.

BS EN1995:2004 Shielding Factors

Extracted from Manual for the design of timber building structures to Eurocode 5 by IStructE and Trada
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150x75 PFC WITH
1900 130x70 TIMBER PACKER

150x75PFC
o o o o o ol|¥
ALL CONNECTIONS
10mm PLATE
smm F.W. 245x45 C24 TIMBER JOISTS
2 No. M16 BOLTS M16 BOLTS TO PFC @
300mm c/c.
TOP RAIL FIXING
TO0 FLOOR JOIST
x
ge = o 1 : 25
g Q e
2 g . Demand for more light
! "
[e] [{e]
2 3 . L f glazi
3 3 arger areas or glazing
. Not enough wall panels
M M
. Need for alternative
solutions:
50mm CONCRETE
2 SURROUND TO COLUMN ———————~ — steel braced panel
© BELOW FLOOR SLAB 15mm BASEPLATE ON
| \/ 25mm SAND/CEMENT
] GROUT
r_'g .\ ‘ /. [ ‘_.] 4 No. M20 G4.6 BOLTS
I IR [ x 375mm Ig. IN
= H16 @ 200mm c/c EACH WAY TAPERED BOLT BOXES
R TOP AND BOTTOM 100x100x8 ANCHOR
L_‘ \ '_.J WASHERS
3000
x2000 wd.

Typical Steel Braced Racking Panel
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Timber Frame Construction with Steel Braced Racking Panel
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6No.
fixings

4No.
fixings

6No.
fixings

Typical concrete Typical concrete Typical suspended
ground floor ST-PFS-M ground floor ST-PFS ground floor ST-PFS
ST-PFS/ST-PFS-M Performance L
¥1 —r
ST-PFS-50 50 75 721 346 375 3.45 6.9
Y1
ST-PFS-75 75 75 716 346 370 345 6.9 Y
ST-PFS-100 100 75 711 346 365 3.45 6.9 He +
Y
ST-PFS-50-M 50 75 521 140 375 27 54 Y2 v2
ST-PFS-75-M 75 75 516 140 370 27 54
ST-PFS-100-M 100 75 511 140 365 27 54
—t—A | —
X1 X2 X1 Xz

NAIL SPECIFICATION
BNo. 3.35 x 50mm stainless steel annular ring shank nails (ST-PFS) ST-PFS ST-PFS-M
4No. 3.35 x 50mm stainless steel annular ring shank nails (ST-PFS-M)

Nails are available from Cullen, to order st/st nails state code ST-PFS-FIXINGPACK or ST-PFS-MINI-FIXINGPACK. 1 pack = 25 straps

Cullen Timber Frame Holding Down Straps

Structural Engineers Registration Ltd




Timber Frame Holding Down Straps
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150thk C3h concrete floor
slab with A183 mesh fop

Fly lined internal
racking partition

RAWL M12 R-SPT through
balts at 1200c/c with
@36x3thk washer below nut

200
150

=TIl

430 wide x 200

deep thickenin
450 P :

Timber Frame Holding

Structural Engineers Registration Ltd

Down to Concrete Floor



LOAD BEARING
UPPER FLOOR

2 |E NAIL DENSITY AND TYPE TO PARTITION
2 |E BE DETERMINED FROM THE
e |8 DESIGN
BOTTOM RAL—g > MNIMUY:
" [y o < I FOR CLASS 1 & 2A
SOLEPLATE La 3.1mm DA AT 300 CENTRES
2 (3.3 PER M RUN)
FOR CLASS 28
A 3.imm DIA AT 200 CENTRES
(5 PER M RUN)
[ — L} !
el X l WO No. FULL
[\ DEPTH BRIDGING
AN INCREASE IN DIAMETER 1S .
| F——— ALLOWABLE BUT A REDUCTION ;Eﬁ‘gfm,,.u o
| 3 T NLUCUL
HEAD BINOER— ]  SEMIFE S L TO PARTITION

TOP RAL

PANEL TO Fl

PANEL

B'a

MINIMUM NAILS HEAD BINDES
RECOMMENDED FOR SAFE
RESISTANCE AGAINST
DISPROPORTIONATE COLLAPSE
AND TO DISTRIBUTE FORCES
THROUGH THE FLOOR.

-~

LOAD BEARING
PARTITICN

OOR DECK/PANEL NAILING - EXPLODED VIEW

Inherent robustness of typical floor to wall junctions- each interface is designed to resist horizontal forces

Diagrammatic details suitable for solid timber, |-joists and metal web beams.

Structural Engineers Registration Ltd

Detailing to Ensure Robustness




Block Clad Timber Frame Building

Structural Engineers Registration Ltd



Ay

i I'J..\ l

Timber Frame Building Clad in Various Materials

Structural Engineers Registration Ltd



Recommended vertical tie spacing for FT range of brick / timber wall-ties subject to various surface wind pressures.

0.6 525 600 450 600 450 600
0.8 375 600 300 525 373 525
1.0 300 450 225 375 300 450
1.2 225 375 225 300 225 375
1.4 225 300 150 300 150 300
1.6 150 300 150 225 150 225
1.8 150 225 150 225 150 225
2.0 150 225 75 150 150 225
2.2 150 225 75 150 75 150
24 75 150 75 150 75 150

Cullen Wall Tie Details

Structural Engineers Registration Ltd
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INTERMEDIATE FLOORS CONSTRUCTED USING

EWP JOISTS

Gap sizes Closing Gap (CG) at window sills levels and

Opening (OG) at wind head levels
Gap Location w Joist material
Solid Timber (mm) Engineered I-Joist (mm)
Bottom level (single storey) A 5 5
Level 1 (2 storey) B 20 16
Level 2 (3 storey) Cc 35 20
Level 3 (4 storey) D 45 35
level 4 (5 storey) E 40
TGS N Reaberatiis o
level 6 (7 storey) G 60

Eaves/verge

Add

5Smm to level below

Differential Movement in Timber Frame

W coniEm ()



32¢80 werfical battens ot

600c/c fixed thrugh ply into
studa ueing @3mm scrawa ot
A00c/c {verticalt with 30mm
minimum penetration inte studs

22thk lorch board fiked
to vertical battens using
2np. B3mm nails per
board MImm minimum
penetrobion into bottens

Structural Engineers Registration Ltd
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~—8.5thk ply

20?:45 gtud

ONNONNUSONUNSINNNNININNNNNNNNR

HORIZOWTAL CLADDING FIAING DETAILS

22thk larch board fixed

to harizental battens ——

uging 2na. B3mm noils
per bopard 30mm
mirimum  penetration inta
hattens

JZuH) horizontal bottens at
600 fc fed inta vertical
battans using B3mm screws at

890/c with 30mm minimum
penetrotion.

32¢50 wertical battens at
800c/c fed through ply into
studs using B3mm screwz ok
800c/c (verticalh with J0mm
mirimum  penetration inta studs

YERTICAL CLADDING FIXING DETAILS

Typical Timber Cladding Fixing Details

=& Sthie ply

14][:4? atud

30
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TYPICAL PERSPECTIVE OF A TWO

STOREY HOUSE SHOWING GENERAL

NAILING DETAILS

(to be read with nailing schedule)

by

A R h
Structural Engineers Registration Ltd

Gable tie strap at 2.0m c/c

/ Ivcn‘sed steel

Internal lintel 3 No. 195
joists on cripple stud.

(External lintels 100 x 1
pre—stressed concrete.)

17

x 47 /
00

Gable tie strap at 2.0m c/c

‘ 30x5 galvanised steel

\ y

SHOP_NAILING
TIMBER FRAMING — 100mm x 4mm

Studs to head and sole plate
Noggings to studs

Studs to cripple

Lintel (bearing on cripple stud)
Lintel/lintel

Plate below opening to cripple
Stunds below opening to plate above
Beam : Joist/joist

b e

PLYWOOD NAILING — 65mm x 3.35mm

9. Gable panels
11. Frent and back wall panels

12. Internal sheathed panels (where applicable)

SITE_NAILING
EQUNDATION

13. Wall plate/brick base
14. Wall plate/half lapped joint
15. Anchor strap to stud

WALL FRAMING

18. G.F. storey sole plate/wall plate

19. Stud/stud

20. Stud/corner post

21. Head binderj;)mnel

22. 1st floor header joist/1st floor joists

23. 1st floor header joist/head binder

24. Upper storey sole plate/header joist

25. Roof head binder/panel

26. Stud/stud — internal sheathed wall
to external

ROOF FRAMING

28. Roof truss/head binder

29. Gable truss/head binder
30. End gable tie/gable truss
31. End gable tie/ceiling tie

EIRST I p
32. Chipboord/joist or dwang

33. Chipboard/joist or dwang parallel to
front and back walls

2 No. end nailed each end

2 No. toe nailed each end

600mm c/c, face nailed, staggered
4 No. end nailed each end

300mm c/c, face nailed, staggered
2 No. end nailed each end

2 No. end nailed

300mm c/c, face nailed, staggered

3.35mm at 150mm c/c perimeter, 300mm c/c internal
3.35mm at 150mm ¢/c perimeter, 300mm c/c internal

NAIL SIZE

Hilti HLC 10x100/68
100mm x 4mm

100mm x 4mm stainless steel

100mm x 4mm ring shank
100mm x 4mm
100mm x 4mm
100mm x 4mm
100mm x 4mm
100mm x 4mm ring shank
100mm x 4mm ring shank
100mm x 4mm
100mm x 4mm
45mm x 4mm
100mm x 4mm
100mm x 4mm
100mm x 4mm

60mm x 3mm deformed
60mm x 3mm deformed

NOTE : ALL NAILS TO BE SHERARDISED (U.N.O.)

Timber Frame Nailing Specification

3.35mm at 150mm c/c perimeter, 300mm c/c internal

NUMBER OR SPACING

1800mm c/c
2 No. toe nailed
6 No. face nailed

150mm c/c face nailed

200mm c/fc

200mm c/c

300mm c/c face nailed, staggered
2 No. face nailed

450mm c/c toe nailed

450mm c/c face nailed

350mm c/c face nailed

300mm c/c face nailed, staggered

12 No. by trussclip (6+6)
450mm c/c toe nailed, staggered
3 No. top nailed

1 No. top nailed per ceiling tie

75mm c/c
150mmc/c



30xo strap & dwangs
to rafter, as noted
for ceiling tie below

30x5 qalvanised M.S.
strap nailed over 4No
ceilling ties (4No

4mm dia nails total)
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Packing between ties and

timber frame.

Secure with 2No 4mm

dig nails
500 600

600
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Provide dwangs between
ceiling ties at strap
positions

Gable Restraint Strap
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100

100



Dwangs at 1200 c/crs
nailed to fleor joist

Floor joist/

Floor joist/

Ceiling tie \

Ceiling tie \R

limber frame f

non load bearing

Ny

Header rail skew
nailed to dwangs
with 2 no 3.35¢
x B5 long nails

partition

Floor beoard

Footer rail nailed
to floor board with
5.35% x 685 long
nails at 300 c/crs

Floor joist /M

sf’/N

Floor joist/
Ceiling tie

N

Header rail skew
nailed to dwangs
with 2 no 3.35¢
x 65 long nails

Footer rail nailed
to floor board with
5.559® x 65 long
nails at 300 c/crs

Floor joist

/ Floor joist
Dwangs at 1200 c/cr

nailed to floor joist

PARTITION PARALLEL WITH
FLOOR JOISTS AND CEILING TIES

PARTITION TRANSVERSE TO
FLOOR JOISTS AND CEILING TIES

Non Load Bearing Partition Tie-in Detail to Floor Joists and Ceiling Ties

Structural Engineers Registration Ltd



Figure 6.2 Typical floor/ external wall junctions: Joists at right angles to wall (Insulation not shown for

dlarity)
.-}_.- Wall panel
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| Expansion gap

E at floor perimeter

Header Jolst - nailed

Sheathing over to ends of maln joiss
floor edge - If
ot provided Full depth nogging to support
exposed joist [~ floor and calling lining
shouldbe = —
P " Head binder
maared L | (when usad)

|

| Wall panel

|
a:
Upper panel fixad directly to joists -
(generally used when ground floor
Is timber and the same detall Is
appropriate)

Packar; usually
equal in thickness
ta fioor deck

fon gap

|
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|
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Hoader joist

+— Full depth nogging
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Upper panel fixed with packer
to maintain dimension discipline
of underside of panel at finished
floor level
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|
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Floor deck run through,

for example In a prefabricated
panel floorl

Figure 6.3 Typical floor/ external wall junctions: Joists parallel with wall (Insulation not shown for

clarity)
|
#ﬁ Wall panel
I Expansion gap
| at floor perimeter
L I Floor deck
| Blocking between
Sheathing over joists {if reqd)
fioor edge~H
niot provided Double joists
exposed joist
shouldbe —= L
preservaive T
treated ] I {fusec)
|
!
—--:— ‘Wall panel
1
!
a
Upper floor wall panel
fixed direcdy to joists

‘ Packer; usually !
I equal in thickness ]
W‘ to floor deck. :
| i
| T
} o | i Plywood oo deck
- — fi
- Bloddng (If reqd) Perimeter joint
. _ Inner|olst or
Doubla jolsts nogging to
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[ e i T
I I r h
1 | Di shauld
i | notexceed normal
i } Jolst spacing
‘ i
i |
1 '
b: ¢
Upper panel fixed with packer Floor deck run through,
for example ina
prefabricated panel floor

Trada Intermediate Floor Tying Details



on 1no.

Flitch beam 1
147x47 C24
cripple stud each end

supported

iR EaNZaNEaNZaN|

EN PN N
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Flitch beam 2
{

(horizontal) supported on

100x100x8RSA each end

Sno. 147x47 C2Z24 full height

studs each side of window

Typical Elevation Showing Timber Frame Around Large Windows

|70 300 300 __40]j40)l40,
N I N AN .
= ©) © ¢$ g o . ssi 300 i 300c/c
Il ‘
~ o ~ \rny T
S i © 3 N & I il l }?r o
= ©
(&) @ @ o‘ é O . ITD ]7*
S e T HT B 5 !
b | |~—47mm BEARING } \
(omm 8 BLACK BOLTS WiTH 100x100x8RSA BOLTED TO
. 30mm ¢ x 3mm WASHERS SECTION STUDS WITH 2No. M10 BOLTS
UNDER HEAD AND NUT

PART ATION

47

ALL TIMBER TO BE 247x40 C24 PART ATION ALL TIMBER TO BE 147x47 C24
ALL FLITCH PLATES TO BE 220x10thk MILD STEEL ALL FLITCH PLATES TO BE 140x10thk MILD STEEL
ALL BOLTS M10 G4.6 at 300 c/c STAGGERED ALL BOLTS M10 G4.6 at 300 c/c STAGGERED
Flitch Beam 1

Flitch Beam 2

Typical Flitch Beam Detail at Large Window Opening

Structural Engineers Registration Ltd
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Typical Steel Portal Frame Required for Glazed Gable
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Structural Engineers Registration Ltd

A F CRUDEN ASSOCIATES

SER CERTIFICATE CHECKLIST

Job Title: New Dwelling House JobNo: CA6611
Description of Project: MNew 1% storey block clad timber frame Risk Classification:
Building Type: Block clad timber frame RC 1

Approximate Value: £180,000 Design Check Level:
Designer: A.B. DCL1

Checker: c.D.

Certifier: Cc.D.

Date Certificate Signed: 18/04/11

Staged Warrants: N/ A

Amended Warrants: N/ A

General Structural Issues,
Design Philosophy and
Structural Selutions:

Ridge beam supporting loose timber rafters.

Timber floor joists supported by externally by timber frame
stud wall and internally by LB stud walls.

Shallow spread feundations

Contractor Design Elements:

Timber staircase, handrails, balustrade

Design Standards Used:

BS6399 - Loading
BS55268 - Timber
B55628 - Masonry

BS8110 - Concrete
BS5950 - Steel

Loading Summary:

Ground Floor: Dead Load 4.0 kN/m*
Live Load 1.5 kN/m*
Upper Floor(s): Dead Load: 0.75 kN/m?*
Live Load: 1.5 kN/m?
Roof Load: Dead Load: 1.25 kN/m?*
Live Load: 0.75kMN/m?
Wind Loads: q= 110 kN/m*

Ground Conditions/
Soils Investigation:

Trial pits - medium dense sands and gravels

Safe Bearing Value:

150 kN/m?

Ground Improvements
(1f applicable):

N/A

Disproportionate Collapse
Issues:

No special requirements for this class of structure.

Cladding Design:

Cladding details specified - wall ties generally at 450¢/c vert
and 225¢/c horizontally

Fixings Generally:

Details specified

Fire Engineering Issues:

Short duration required - plasterboard adequate - refer to
Architects specification

Typical Check List
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Construction Problems




Spandrel Panel Not Tied Back to Roof Trusses
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Outer Wall Not Fixed to 1st Floor Joist
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Gable with Large Window

Design by Consultant was steel
purlins supporting roof and
spanning on to RHS at window

This was timber kit as supplied
by Timber Kit Manufacturer
although their own designer had
glulam roof purlins spanning on
to glulam posts at windows

Problem - Hinge formed at
window head and no structural
continuity between gable
window and spandrel panel



Gable Wall Adjacent to Staircase
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