CALCULATION JOB No: 1646-01
PROJECT: CARNIVAL PHASE 2, WELLINGTON PREPARED by MH
ROAD,WOKINGHAM RG40 2AF
' Tws DESIGN CHECKED by TS
femporary warks engineers TITLE: 2.4M HIGH HOARDING TO GROUND REVISION CcOo
CLIENT: SAFEFENCE DATE: 24.04.2020

1. Project Description:

Calculations for 2.40m high hoarding secured to the ground.
All showed on DWG 1646-01-0.

This structure has been designed in accordance with:

- BSEN 1991-1-4:2005 - Wind Actions & TG20-13 Wind Guidance

- BS 5975:2019 - Code of practice for temp. works procedures and the permissible stress design

of falsework
- TW12012:01 HOARDINGS: A guide to good practice

2. Structure geometry and loadings:

The minimum notional horizontal load applied to hoarding is:

HZ = O.50k—N hZ = 1.2m  above the base.
m
Hoarding dimensions:

hoardinglength: ] := 250m
total length: b:=1=250m
bay width: d:=20m
hoarding height: h := 2.40m

Site location data:
altitude of the site: Al = 6lm
distance to shoreline: dist = 70km

shore -

distance inside town terrain: d1st,[0Wn = 0.5km




CALCULATION JOB No: 1646-01
PROJECT: CARNIVAL PHASE 2, WELLINGTON PREPARED by MH
ROAD,WOKINGHAM RG40 2AF
' TWS DESIGN CHECKED by TS
femporary woiks engineers TITLE: 2.4M HIGH HOARDING TO GROUND REVISION co
CLIENT: SAFEFENCE DATE: | 24.04.2020
Displacement height: i 6 h
2 By e
. — =0
have = 0m . y
X := Om -
hdlS =0m
Reference height for Wind Calculation: Fah a,(2)=0,(2,)

h=24m

reference height:

h< b h
b =250m

t

rFY v Y

Zg = h=24m

Fundamental value of of basic wind velocity:

fundamental value of basic wind
velocity before correction: : S

altitude factor: Calt = 1.061

m
VbO = Vb.mEalt =23342—

S

(Figure NA.1)
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The basic wind velocity:

probability factor: Cprob = 0.83 (for two-year return time)
directional factor: Cdir == 1.0
season factor: Coeason = 1.0

m
Vb *= CprobWdir¥seasonVb.0 = 19-374—

Basic velocity pressure:

S

o2
qbV = Emﬁb = 0.23[kPa

exposure factor:

exposure factor
for town terrain:

k
0= 1.226-2  air density (NA.2.18):
m3
Ce = 1.55 (Figure NA.7)
CoT = 0.74 (Figure NA.8)

FULL WIND dp =

Celde Tldpy, = 0.264[KPa

WORKING WIND

= 0.2kP4

dp.work
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Wind pressure on surfaces - free-standing wall:

solidity ratio: sr =1
MW
return corners: YES
length to height ratio: — =104.167
Table 7.9 — Recommended pressure coefficients c, .4 for free-standing walls and parapets
Solidity Zone A B [ D
. fHh=3 23 14 1,2 1,2
Without
retum f“h=5 249 1,8 1.4 1,2
o=1 COMmers
; £h =10 34 21 1,7 1,2
with return corners
of length = h® 21 1,8 1,4 1.2
@=08 1.2 1,2 1,2 1.2
* Linear interpolation may be used for return comer lengths between 0,0 and &

Zone A:

Cpe.net.A = 2

1

WA 1= 4p8pe et A = 0-354%kPa

WA .w = dp.workpenet.A = 0-42KPa

Zone B:

Cpe.net.B
WB = qu

pe.net.B

= 1.8 (fromtable 7.9)

0.475kPa

WB.w = dp.work ®pe.net.B = 0-36KPa

Zone C:
Cpenet.C = 1.4  (fromtable 7.9)
W 1= 4pe per.c = 0-369kPa
WC.w = dp.work Cpe.net.c = 0-28KPa
Zone D:
Cpe.net.D = 1.2 (fromtable 7.9)
WD = 4y@0 per.p = 0.317KPa

WD.w = dp.workpe.net.D = 0-24KPa

Zone Dppyr &

Cpe.net.Dfe = 2-

1 (fromtable 7.9)

WD fe *= dplSpe.net.Dfe = 0-554KPa

WhDfe.w ‘= 9p.work®pe.net.Dfe = 0-42KPa
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3. Hoarding elements design:

Permissible Bending moment and Shear force

Post used: 75x150mm C24 timber MRpqp = 3.187kNm  Qgrgqp = 12.58kN
(seeapp.A)
Minimum notional hoarding hoardlng
or crowd
load
— Note overturning
__t from one side shown
centre of P
wind  —— BN o >
force —
h/2 1 1.2m
+
| > v

(a) Applied loads on system

(b) Design representation

Load cases: L1: Full Wind, LC2: Working Wind+ Lateral Load

Zone B:

Overturning moment about
base per m run of hoarding;

Shear force in base

per m run of hoarding:

Max. post CRS:

Zone C:

Overturning moment about
base per m run of hoarding;

Shear force in base

per m run of hoarding:

Max. post CRS:

Zone D:

Overturning moment about
base per m run of hoarding:

Shear force in base
per m run of hoarding:

Max. post CRS:

My = ma{(WBm)%} ’(WB.WEH)% ¥ HZ[HZ} = 1.637E—5d%m

Qp := max(Wgh, Wp [+ H,) = 13640
' m

Mpd1 Qrdi

—J =1947m  CRSp = 1.6m

Mg  Qp
no. of bays:

M = ma{(wcm)%} ,(Wc.w[ﬁ)%} ¥ HZ[HZ} = 1.406E—5d%m

CRSB = min[

l'lB:3

Qe := max(Wch, W B+ Hy) = Li72d
’ m

Mpd1 Qrdi

CRSC = min[ ,—J =2.266m %F 1.8m

Mc Q¢
no. of bays:

l’lC:3

Mp, = max[(WDm)d;‘ '(WD.WEB)%} ¥ HZ[BZ} = 1.291d(N?m

Qp := max(Wp[H, Wp B +H,) = 107600
’ m

Mpd1 QRrdi

—J =2468m  CRSp,:= 2.4m

CRSD ‘= min
Mp  Qp

no. of bays: remainder
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Zone Dggpp pnp:

Overturning moment about base per m run of hoarding:

Mp.fe = max[(WD.fem)d;— '(WDfe.w[ﬁ)d;‘ + Hz[ﬁz:| = I.SIdd\IFm

Shear force in base

N
= + =1.
per m run of hoarding: Qp fe = max (WD~fe B, Wpfe. wih HZ) 1508 %

M Q
Rdl XRdl
Max. possible post CRS: CRSp g = min[ j = 1.761m

Mp fe | Qp.fe
CRSpfon = 1.5m
no. of bays: Npge = 7
4. Horizontal rails design: Permissible Bending momenst and Shear force
Rails used: 100x50mm C24 timber beam MRpqp = 0.668kNm  Qgg4p = 6.7kN
No. of rails used: n:i=3 (see app. A)

Calculated rails centres: CRS = =12m

n—1

The design assumption for worst case for one central rail is either full wind or
working wind with full min. notional horizontal load applied to a single rail.

Max. linear loads on a single rail in different wind zones:

qp; := max(WpCRS, Wp  [CRS + H,) = 09320
) m

qacy = max(WCm:Rs W o [CRS + HZ) - 083600
) m

dpy = max(WDm:Rs ,Wp [CRS + HZ) - 07880
) m

N
ADfer = Max (Wp (o [CRS, Wpyg, [TRS +H,) = 1.004%

Extreme bending moment values for different wind zones:

- 2 _
Mp, = 0.125[dg [CRSE~ = 0.298[kNm

- 2 _
Mcy = 0.1250G, [CRSC" = 0.339kNm
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— 2 _ . .
Mp, = 0.125[4, [CRSRH™ = 0.567KNm Moment of resistance:

5 Mgy = 0.668[ENm
Mpyge = 0.1250 e [CRSp ¢~ = 0.282(kNm

hence = "PASS"
Extreme shear force values for different wind zones:

Qp;, = 0.6254, [CRSy = 0.932kN

Qcy = 0.625[d ¢ [CRS = 0.94kN Allowable shear force:

Qp; = 0.625@p, [TRS = 1.182kN Qo = 6.7kN
Qpfer = 0-625Mdp e, [CRSp o = 0.941kN hence = "PASS"
5. Face material design: Permissible Bending momenst and Shear force
kN kN
Cover material  18mm FSC Grade Mpda, = 0.456 —— Qrda. = 0.34—
m m

used:

kN N
Qpply = max(O.SD.S—zﬁDRS,O.SWB.WEDRS + O.SEIHZJ = 0.9%
m

KN N
Mer = max| 0.1250.5 N [CRS? 0.125Wy, . [TRSZ + 0250 [TCRS | = 02700
fply 5 B.w z m
m
hence = "PASS"

Design for worst case loading of either panel robustness loading of 1.5 kN/m? or the effect of the min.
notional horizontal load mid-way between rail, face material simply supported.
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6. Connection of ply to rails:

For connection design wind in zone A should be considered.

Max. linear load on a single rail in wind zone A:

qp = max(WAKERS,WA WEDRS + Hz) = 1.004&&
' m

Basic withdrawal load per
mm of penetration:
crsg 1= 250mm F =13 51
e "~ mm
Design factors: K5y 1= 1.25 (very short term loading) K53 1= 0.7 (Class 3)

Point side penetration: eq = 50mm — 18mm = 32[dhm

e Ky K
Permissible load per metre:  qp 4 = s 7253 = 1,512£ > qp = 1,004£
m m

Crsg
hence = "PASS"
7. Connection of rails to post:
CRSp = CRSg = 1.6m
Max. point load on a single post in wind zone A:
CRS)
Py = max(WACRS, Wy [CRS + H,) —— = 0803&N
Basic withdrawal load per
mm of penetration:
150mm long N
. — F:=221—
Assumed no. of screws: Ng =1 w mm
Design factors: K 5a,:= 1.25 (very short term loading) Ks53.:= 0.7 (Class 3)
Point side penetration: Se,-= 150mm — 50mm = 100hm
Permissible load per Prq = N6 [FK 5y K53 = 1.934[KN > Pp = 0.803 kN
connect.:
hence = "PASS"

NOTE: The rails are not continuous past the post, hence the loaded length is halved
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8. Foundation design:

concrgie

minimum notional _hoarding
or crowd - [y

F 3

( ¢} Plan of hole

{hi2 + 0.707F} [sguare or circular]

(12 +0707F (1} ¢

Fulerum

(a) Applied loads on foundation {b) Design representation

Max. overturning forces about post base:

Qg := max(QpTRSE, QRS , QpTRS , QpTRS, ) = 2.582kN

My := max(MpCRSp , MCICRS -, Mp[TRS , MpTRS, ¢) = 3.099KNm
Ground resistance moment:

Minimum effective width of concreted foundation: D :=0.35m
Planting depth of the post from ground level: P :=0.9m
. kN
Ground factor (for poor quality of the ground): G, =390—
(TW2012: 01, Table D1) m?
GIDP’
Mground = 10—m = 9.951[RNm

Max. overturning moment about fulcrum point:

M :=[Mg+(0.707TQ))]0.5 = 7.113ENm < Mgpoypg = 9-951ENm

hence = "PASS"
(with 1.5 factor of safety)
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9. Design Summary:

1. Use 75x150 C24 constructional sawn timber posts at crs: 1.6m ( inzone B - 3 bays),
1.8m (in zone C - 3 bays), 2.4m (in zone D - remainder) and 1.5m (in zone Dgrgg gnp - 7 bays);

2. Use 3No. 100x50 C24 constructional sawn timber rails at 1220mm centres;

3. Face material: 18mm Plywood,;

4.Use: .50mm galvanised nails..... for the ply to rail connection at 250mm centres;
5.Use = 100-150mm galvanised nails........ per rail to post connection;

6. Posts to be embedded in to the ground in 350mm dia. hole, 900mm deep and infilled with
concrete - in case of average ground quality. Upto 900mm deep minimum 750mm deep

10
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APPENDIX A

Allowable internal forces
for timber beams

(TW20125:01)

11



75x150mm C24timber posts

Geometry details:
a = 3[n b = 6[in Dimensions of cross-section:

o _ 2
As = alb = 112.5[dm Section area:

a[Eo3
Iy = ? = 2109.375Eim4 Moment of inertia:
a[Eo2

Wy = T = 281.2@m3 Section modulus:
£7 = 7.5

- » Bending stress parallel to grain

mm

N
gA = 0.71[3——  Shear stress parallel to grain
mm? (service class 3)

= 8640Gl Mean modulus of elasticity
mm2 (service class 3)

N
Emin = 5760 2 Minimum modulus of elasticity:
mm

EO.mean

Factor converting service classes 1 and 2 strength

K2b =038 classes to service class 3 (bending)
Ka =009 Factor converting service classes 1 and 2 strength
2s -~ Y classes to service class 3 (shear)

Load sharing factor: ~ Kg =1
Duration of load factor: K3 =1.75

Bearingstress factor: K4 1= 1.0

Form factor: K6 =1.0
Depth factor: K7 =1.079
PERMISSIBLE STRESSES
Shear load:

Moment of resistance:




100x50mm C24 timber rails with ply

Geometric details
Dimensions of cross-section: a = 4[ih b = 20h
Section area: D= alb = SOlIim2
a[Eo3 4
Moment of inertia: JM:: — = 104.167dm
12
a[Eo2 3
Section modulus: WE‘ = —— =41.7dm
N . .
tZ = 7.5[—)—2 Bending stress parallel to grain
mm
N )
gA = 0.713 Shear stress paral}el to grain
2 (service class 3)
mm
= N odulus of elastici
E) mean = 8640[—)—2 Mean my ulus of e asticity
mm (service class 3)

Minimum modulus of elasticity

Factor converting service classes 1 and 2 strength

classes to service class 3 (bending): /JSVQ/‘@N:: 0.8
Factor converting service classes 1 and 2 strength o
classes to service class 3 (shear): /JSVQ/&\'_ 0.9
Duration of load factor: K3 =175
Bearing stress factor: Ka,:= 1.0

Form factor: M: 1.0
Depth factor: K7 =1.17

Load sharing factor: Kg =1

Plywood used: 18mm Finish plywood
Characteristic mean modulus of elasticity in bending - N

face grain perpendicular to span: Ep ply = 3350 —
mm

Modification factor for creep deformation and
service class (table 38 BS EN 5268-2): Kgef = 0.0

Duration of load and servce class factor for
plywood (short and very short term - table 39 BS K36 1= 143
EN 5268-2):

13



Emopl N
MPY ., = 4790 50—
36 >

Edq ply = Grade modulus value:
PYo 1+ Kdef mm '
o _ 2
Aply = 18mmld = 18ldm Area of ply in the face contact withrail:
E
r.= m = 1.804 Rail and plywood modulus of elasticity ratio:
Ed.ply
3
__al(18mm)~ _ 4
Iy.ply = = 4.86dm Moment of inertia of ply section:
Aply 2
A= Agt = 59.98[dm Transformed area of the timber
f component
1
Ydist == E + m = 3.4[dm Distance between centroid of ply section and
A2 2 centroid of rail section

Distance between centroid of rail section and

by _
il T Yist = -057nm centroid of transformed timber component

1

A . . .
- S Distance between centroid of ply section and
Yply - A, aist = 2-834lem centroid of transformed timber component
— N 18mm _ 3.73406m Distance between centroid of transformed timber

Ye -~ Yply ) ’ component and top fibre of the section
Yde =¥ E = 3.066[dm Distance between centroid of transformed timber

I 2 component and bottom fibre of the section
L=+ 2P 2 203.0360m?

c' Ty P ) Moment of transformed timber component
+ A distDr
Wo .= = 54371 8m]
y.c '~ y_ - m Section modulus - top fibres
c
I, 3

Wy.dc = — = 66.227dm Section modulus - bottom fibres

Ydc
W, = min(W, ., W, 4.) = 54.40m"
AN mm( y.c’ y.dc) = OHAUM Min section modulus

o _ 2
A= Aj = 59.98[dm Section area e
S = :
PERMISSIBLE STRESSES
Shear load: =

VRd2 T 9ATAGK KKy KKy

VRd = 6.707kN

Moment of resistance:

geometric properties of
transformed timber component

Mpaa, = fZWVy[bi[K3|:K4[K6[K7[K8 Mggp = 0.668[KNm




