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Tel: 07702048544 e: lewis@lbstructural.co.uk

BUILDING LOADS FOR DESIGN CALCULATIONS

Contract No.: LS378 Date: Jan 2020

Project: Gethin House

Dead Loads: - kN/m2
Roof: Tiles 0.60
Felt & battens 0.04
Rafters 0.12
Ins felt 0.04
Plasterboard & skim 0.15
Total 0.95 kN/m2
Upper Floors: Joists & decking 0.40
Plasterboard & skim 0.20
Total 0.60 kN/m2
External walls: 100mm masonry leaf 2.20 kN/m2

Imposed Loads: -

Roof: Snow 0.60 kN/m2

Upper Floors: Residential 1.50 kN/m?2

Imposed loads are in accordance with BS 6399: Part 1: 1996 - Code of practice for dead and Imposed loads
and BS 6399: Part 3: 1988 - Code of practice for imposed roof loads.



SUPER-STRUCTURE CALCULATIONS

TO BE READ IN CONJUNCTION WITH STRUCTURAL REFERENCES AND ARCHITECTS DRAWINGS
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TIMBER RAFTER DESIGN (BS5268-2:2002)
TEDDS calculation version 1.0.03
40 degrees
fb'l'%‘x

——

Rafter details

Breadth of timber sections

Depth of timber sections

Rafter spacing

Rafter slope

Clear span of rafter on horizontal
Clear span of rafter on slope
Rafter span

Timber strength class

Section properties

Cross sectional area of rafter
Section modulus

Second moment of area
Radius of gyration

Loading details
Rafter self weight
Dead load on slope
Imposed load on plan
Imposed point load

Modification factors
Section depth factor
Load sharing factor

Consider long term load condition

Load duration factor
Total UDL perpendicular to rafter

b =45 mm

h =195 mm

s =600 mm

o = 40.0 deg

Leh = 2500 mm

Lo = Lon / cos(a) = 3264 mm
Single span

C24

A=Dbxh=8775 mm?
Z=bxh?/6=285188 mm?

| =bxh?/12 = 27805781 mm*
r=v(I/A)=56.3 mm

Fi = b x h X pchar X Qacc = 0.03 KN/m
Fq = 0.85 kN/m?

Fu = 0.75 kN/m?

Fp = 0.90 kN

K7 = (300 mm / h)>" = 1.05
Ks=1.10

Ks = 1.00

F = Fa x cos(a) x s + Fjx cos(a) = 0.414 kN/m
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Notional bearing length
Effective span

Check bending stress
Bending stress parallel to grain
Permissible bending stress
Applied bending stress

Check compressive stress parallel to grain

Compression stress parallel to grain
Minimum modulus of elasticity
Compression member factor
Permissible compressive stress
Applied compressive stress

Lo = Fx Lei/[2 % (b X Gcpt X Ks - F)] = 6 mm
Let = Lol + Lo = 3269 mm

Om = 7.500 N/mm?2
Om_adm = om X K3 X K7 x Kg = 8.650 N/mm?
Om_max = F X Let® / (8 x Z) = 1.938 N/mm?
PASS - Applied bending stress within permissible limits

oc = 7.900 N/mm?2
Emin = 7200 N/mm?
Ki2 = 0.68
Oc_adm = Gc X K3 x Kg X Ki2 = 5.910 N/mm?
Oc_max = F X Letr X (cot(a) + 3 x tan(a)) / (2 x A) = 0.286 N/mm?2
PASS - Applied compressive stress within permissible limits

Check combined bending and compressive stress parallel to grain

Euler stress
Euler coefficient

Combined axial compression and bending check

Ge = T2 X Emin / A2 = 21.068 N/mm?
Keu =1 = (1.5 X 6c_max X K12 / 6e) = 0.986

Om_max / (Gm_adm X Keu) + Oc_max / Oc_adm = 0.276 <1

PASS - Combined compressive and bending stresses are within permissible limits

Check shear stress

Shear stress parallel to grain
Permissible shear stress
Applied shear stress

Check deflection
Permissible deflection
Bending deflection
Shear deflection

Total deflection

Consider medium term load condition
Load duration factor
Total UDL perpendicular to rafter

Notional bearing length
Effective span

Check bending stress
Bending stress parallel to grain
Permissible bending stress
Applied bending stress

Check compressive stress parallel to grain

Compression stress parallel to grain
Minimum modulus of elasticity
Compression member factor

T =0.710 N/mm?
Tadm = T X K3 x Kg = 0.781 N/mm?
Tmax = 3 X F X Letr / (4 X A) = 0.116 N/mm?
PASS - Applied shear stress within permissible limits

Sadm = 0.003 X Lef = 9.808 mm
8 =5 X F x Lett* / (384 x Emean X I) = 2.049 mm
8s =12 X F X Lei? / (5 X Emean X A) = 0.112 mm
Omax = B + 8s = 2.161 mm
PASS - Total deflection within permissible limits

Ks=1.25

F = [Fu x cos(a)? + Fa x cos(a)] x s + Fj x cos(a) = 0.678 kN/m
Lo =F x Lo/ [2 X (b X Gcpt X Kg - F)] =9 mm

Leff = Lot + Lo = 3273 mm

om = 7.500 N/mm?
Om_adm = om X Kz x K7 x Kg = 10.813 N/mm?
Om_max = F X Let® / (8 X Z) = 3.182 N/mm?
PASS - Applied bending stress within permissible limits

oc = 7.900 N/mm?
Emin = 7200 N/mm2
Ki2 = 0.65
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Permissible compressive stress
Applied compressive stress

Gc_adm = 0c X K3z X Kg x K12 = 7.068 N/mm?
Gc max = F x Lett X (cot(at) + 3 x tan(a)) / (2 x A) = 0.469 N/mm?
PASS - Applied compressive stress within permissible limits

Check combined bending and compressive stress parallel to grain

Euler stress
Euler coefficient

Combined axial compression and bending check

Oe = 2 X Emin / A% = 21.021 N/mm?
Keu=1-— (1 S5 x Oc_max X Kiz2 / Ge) =0.978

Om_max / (Om_adm X Keu) + Oc_max / Gc_adm = 0.367 < 1

PASS - Combined compressive and bending stresses are within permissible limits

Check shear stress

Shear stress parallel to grain
Permissible shear stress
Applied shear stress

Check deflection
Permissible deflection
Bending deflection
Shear deflection

Total deflection

Consider short term load condition
Load duration factor

Total UDL perpendicular to rafter
Notional bearing length

Effective span

Check bending stress

Bending stress parallel to grain
Permissible bending stress
Applied bending stress

Check compressive stress parallel to grain

Compression stress parallel to grain
Minimum modulus of elasticity
Compression member factor
Permissible compressive stress
Applied compressive stress

T =0.710 N/mm?
Tadm = T X K3 X Kg = 0.976 N/mm?
Tmax = 3 X F X Lett / (4 x A) = 0.190 N/mm?
PASS - Applied shear stress within permissible limits

8adm = 0.003 X Leff = 9.819 mm
8 =5 X F X Leti* / (384 X Emean X I) = 3.372 mm
8s = 12 x F X Le? / (5 X Emean X A) = 0.184 mm
Omax = 8 + ds = 3.556 mm
PASS - Total deflection within permissible limits

Ks =1.50

F = Fa x cos(a) x s + Fjx cos(a) = 0.414 kN/m

Lo = [F x Lei + Fp x cos(a)] / [2 X (b X ocpt X Kg - F)] =9 mm
Left = Lot + Lo = 3272 mm

Om = 7.500 N/mm?2
Gm_adm = om X Kz X K7 x Kg = 12.976 N/mm?
Om_max = FXLei?/(8XZ)+Fpxcos(o)XLe/(4%Z) = 3.919 N/mm?
PASS - Applied bending stress within permissible limits

oc = 7.900 N/mm?2

Emin = 7200 N/mm?

Ki2 = 0.62

Oc_adm = Gc X K3 x Kg X Ki2 = 8.090 N/mm?

Oc_max = FXLefix(cot(or)+3xtan(a))/(2xA)+Fpxsin(a)/A = 0.352 N/mm?
PASS - Applied compressive stress within permissible limits

Check combined bending and compressive stress parallel to grain

Euler stress
Euler coefficient

Combined axial compression and bending check

Ge = T2 X Emin / A2 = 21.031 N/mm?
Keu =1 = (1.5 X 6c_max X K12 / 6e) = 0.984

Om_max / (Gm_adm X Keu) + Oc_max / Oc_adm = 0.350 <1

PASS - Combined compressive and bending stresses are within permissible limits

Check shear stress
Shear stress parallel to grain
Permissible shear stress

7= 0.710 N/mm?

Tadm = T X K3 x Kg = 1.172 N/mm?
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Applied shear stress

Check deflection
Permissible deflection
Bending deflection
Shear deflection

Total deflection

Tmax = 3 X F X Let / (4 X A) + 3 x Fp x cos(a) / (2 x A) = 0.234 N/mm?
PASS - Applied shear stress within permissible limits

Sadm = 0.003 X Leff = 9.816 mm
Ob = Let® X (5XFxLett / 384 + Fp xcos(a)/ 48) / (Emean X 1) = 3.732 mm
Os = 12 X Left X (FXLett +2xFp xc0os(at))/(5 X Emean x A) = 0.226 mm
Omax = O + 3s = 3.959 mm
PASS - Total deflection within permissible limits
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TIMBER JOIST DESIGN (BS5268-2:2002)
Tedds calculation version 1.1.04
Joist details
Joist breadth b =38 mm
Joist depth h =97 mm
Joist spacing s =600 mm
Timber strength class C24
Service class of timber 1
mm T 1100 T
A 1 B
Span details
Number of spans Nspan = 1
Length of bearing Lo = 100 mm
Effective length of span Lst = 1100 mm

!
!

N

Section properties
Second moment of area
Section modulus

Loading details

Joist self weight

Dead load

Imposed UDL(Medium term)
Imposed point load (Short term)

Modification factors

Service class for bending parallel to grain

Service class for compression

Service class for shear parallel to grain

Service class for modulus of elasticity
Section depth factor
Load sharing factor

4—100—»{

l=bxh3/12 =2890131 mm*
Z=bxh?2/6=59590 mm?

Fswt = b X h X pehar X gacc = 0.01 KN/m
Fa_uai = 0.75 kN/m?
Fi_uai = 0.75 kKN/m?

Fi_pt = 0.90 kN
Kom = 1.00
Kz = 1.00

Kas = 1.00

K2e = 1.00
Kz=1.13

Ke =1.10




- Tekla Project Job no.
Y Tedds Gethin House LS378
LB Structural DeSign Calcs for Start page no./Revision
21 Haol Stradling Flat Roof Joists 8
Coity
Bridgend, CF35 6AN Calcs by Calcs date Checked by Checked date Approved by Approved date
LB 19/12/2019 LB 28/01/2020
Consider medium term loads
Load duration factor Ks=1.25
Maximum bending moment M = 0.138 kKNm
Maximum shear force V =0.502 kN
Maximum support reaction R =0.502 kN
Maximum deflection 0 =0.624 mm

Check bending stress
Bending stress
Permissible bending stress
Applied bending stress

Check shear stress
Shear stress
Permissible shear stress
Applied shear stress

Check bearing stress

Compression perpendicular to grain (no wane)
Permissible bearing stress

Applied bearing stress

Check deflection

Permissible deflection

Bending deflection (based on Emean)
Shear deflection

Total deflection

Consider short term loads
Load duration factor
Maximum bending moment
Maximum shear force
Maximum support reaction

Maximum deflection

Check bending stress
Bending stress
Permissible bending stress
Applied bending stress

Check shear stress
Shear stress
Permissible shear stress
Applied shear stress

Om = 7.500 N/mm?2
Om_adm = Om X Kom X K3 x K7 X Kg = 11.676 N/mm?
Om_max = M/ Z = 2.316 N/mm?
PASS - Applied bending stress within permissible limits

T =0.710 N/mm?
Tadm = T X Kas X K3 x Kg = 0.976 N/mm?
Tmax = 3 X V /(2 x b x h) = 0.204 N/mm?
PASS - Applied shear stress within permissible limits

Ocpt = 2.400 N/mm?
Gc_adm = Ocp1 X Ko x K3 x Kg = 3.300 N/mm?
6c_max = R/ (b x Lb) = 0.132 N/mm?2
PASS - Applied bearing stress within permissible limits

Oaam = Min(Ls1 < 0.003, 14 mm) = 3.300 mm
Obending = 0.557 mm
Oshear = 0.067 mm
8 = Ovending + Oshear = 0.624 mm
PASS - Actual deflection within permissible limits

Ks =1.50

M = 0.317 kNm
V =1.154 kN
R =1.154 kN
6 =1.235mm

Om = 7.500 N/mm?2
Om_adm = Om X Kom X K3 x K7 x Kg = 14.011 N/mm?
Om_max = M / Z = 5.328 N/mm?
PASS - Applied bending stress within permissible limits

T =0.710 N/mm?
Tadm = T X Kas X K3 x Kg = 1.172 N/mm?
Tmax = 3 X V /(2 x b x h) = 0.470 N/mm?
PASS - Applied shear stress within permissible limits
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Check bearing stress

Compression perpendicular to grain (no wane)

Permissible bearing stress
Applied bearing stress

Check deflection
Permissible deflection

Bending deflection (based on Emean)

Shear deflection
Total deflection

Gept = 2.400 N/mm?

Gc_adm = Gept X Kac X K3 x Ks = 3.960 N/mm?

Gc_max = R/ (b x Lp) = 0.304 N/mm?

dadm = min(Ls1 x 0.003, 14 mm) = 3.300 mm

Obending = 1.082 mm
Oshear = 0.153 mm

O = Ovending + Oshear = 1.235 mm
PASS - Actual deflection within permissible limits

PASS - Applied bearing stress within permissible limits
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TIMBER BEAM ANALYSIS & DESIGN TO BS5268-2:2002

1771

Load Envelope - Combination 1

TEDDS calculation version 1.7.01

3675

Bending Moment Envelope

3675

Shear Force Envelope

3675

-3.3

Applied loading

Beam loads

1M ROOF
1M ROOF

Load combinations
Load combination 1

Analysis results
Maximum moment
Design moment
Maximum shear
Design shear

Total load on beam

Dead self weight of beam x 1

Dead full UDL 0.950 kN/m

Imposed full UDL 0.750 kN/m

Support A

Span 1

Support B

Mmax = 2.989 kNm

Dead x 1.00
Imposed x 1.00
Dead x 1.00
Imposed x 1.00
Dead x 1.00
Imposed x 1.00

Mmin = 0.000 kNm

M = max(abs(Mmax),abs(Mmin)) = 2.989 kNm

Fmax = 3.254 kN

Fmin =-3.254 kN

F = max(abs(Fmax),abs(Fmin)) = 3.254 kN

Wiot = 6.507 kN
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Reactions at support A RaA_max = 3.254 kN Ra min = 3.254 kN
Unfactored dead load reaction at support A Ra_pead = 1.875 kN
Unfactored imposed load reaction at support A RA_imposed = 1.378 kN
Reactions at support B RB_max = 3.254 kN Rg min = 3.254 kN
Unfactored dead load reaction at support B RB_pead = 1.875 kN
Unfactored imposed load reaction at support B R&_imposed = 1.378 kN
le—88—p L
l«—100—|

Timber section details
Breadth of sections b =44 mm
Depth of sections h =195 mm
Number of sections in member N=2
Overall breadth of member bo =Nxb =288 mm
Timber strength class C24
Member details
Service class of timber 1
Load duration Long term
Length of span Ls1 = 3675 mm
Length of bearing Lo = 100 mm

Section properties

Cross sectional area of member

Section modulus

Second moment of area

Radius of gyration

Modification factors

A=Nxbxh=17160 mm?
Zx=Nxbxh?/6 = 557700 mm?3
Z,=hx (Nxb)?/6 =251680 mm3
Ix=Nxb xh3/12 = 54375750 mm*
ly=hx(Nxb)®/12 = 11073920 mm*
ix = V(Ix/ A) = 56.3 mm

iy=(ly/A) = 25.4 mm

Duration of loading - Table 17 Ks =1.00

Bearing stress - Table 18 Ks=1.00

Total depth of member - ¢l.2.10.6 K7 = (300 mm / h)®'! = 1.05
Load sharing - cl.2.10.11 Ks=1.10

Minimum modulus of elasticity - Table 20 Ke=1.14

Lateral support - cl.2.10.8

Ends held in position

Permissible depth-to-breadth ratio - Table 19 3.00

Actual depth-to-breadth ratio

h/(Nxb)=2.22
PASS - Lateral support is adequate
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Compression perpendicular to grain

Permissible bearing stress (no wane)

Applied bearing stress

Gc_adm = Ocp1 X K3 x Kg x Kg = 2.640 N/mm?
Oc_a = RA_max / (N X b x Lb) =0.370 N/mm?
Oc_a / Oc_adm = 0.140

PASS - Applied compressive stress is less than permissible compressive stress at bearing

Bending parallel to grain
Permissible bending stress
Applied bending stress

Shear parallel to grain
Permissible shear stress
Applied shear stress

Deflection

Modulus of elasticity for deflection
Permissible deflection

Bending deflection

Shear deflection

Total deflection

Om_adm = om X K3 X K7 x Kg = 8.650 N/mm?
Om_a=M/Z=5.360 N/'mm?
Om_a/ Om_adm = 0.620
PASS - Applied bending stress is less than permissible bending stress

Tadm = T X K3 x Kg = 0.781 N/mm?

Ta=3xF/(2xA)=0.284 N/'mm?

Ta / Tadm = 0.364

PASS - Applied shear stress is less than permissible shear stress

E = Emin X Ko = 8208 N/mm?
8adm = Min(0.551 in, 0.003 x Ls1) = 11.025 mm
Ob_s1 = 9.422 mm
dv_st = 0.407 mm
Oa = Op st + Ov s1 = 9.830 mm
Oa / Sadm = 0.892
PASS - Total deflection is less than permissible deflection
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STEEL BEAM ANALYSIS & DESIGN (BS5950)
In accordance with BS5950-1:2000 incorporating Corrigendum No.1
TEDDS calculation version 3.0.07
Load Envelope - Combination 1
7.282
0.0
mm | 5600 |
A 1 B
KNm Bending Moment Envelope
0.0
28.545
285
mm | 5600 |
A 1 B
KN Shear Force Envelope
20.389
0.0 J=
-20.389 Soa
mm | 5600 |
A 1 B

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1
3m roof - Dead full UDL 2.85 kN/m
3m roof - Imposed full UDL 1.8 kN/m

Support A Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Support B Dead x 1.40

Imposed x 1.60
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Analysis results
Maximum moment Mmax = 28.5 kNm Mmin = 0 kNm
Maximum shear Vmax = 20.4 kN Vmin = -20.4 kN
Deflection Smax = 10.7 mm Omin = 0 mm
Maximum reaction at support A Ra_max = 20.4 kKN Ra_min = 20.4 kN
Unfactored dead load reaction at support A RA_pead = 8.8 kN
Unfactored imposed load reaction at support A RA_imposed = 5 KN
Maximum reaction at support B RB_max = 20.4 kKN Rs_min = 20.4 kN

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Section details

Section type

Steel grade

From table 9: Design strength py
Thickness of element

Design strength

Modulus of elasticity

RBﬁDead = 8.8 kN
RBﬁImposed =5kN

UKB 203x133x30 (Tata Steel Advance)

S§275

max(T, t) = 9.6 mm
py = 275 N/mm?
E = 205000 N/mm?

> |96

206.8

—» |96

fe——————1339————

Lateral restraint

Effective length factors

Effective length factor in major axis

Effective length factor in minor axis

Effective length factor for lateral-torsional buckling

Classification of cross sections - Section 3.5

Internal compression parts - Table 11
Depth of section

Span 1 has lateral restraint at supports only

Ky =1.00
Ky =1.00
Kira=1.20
Kirs =1.00

e =V[275 N/mm?/ p,] = 1.00

d=172.4 mm
d/t=269xe<=80x¢

Class 1 plastic
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Outstand flanges - Table 11
Width of section b=B/2=67mm
b/T=70xe<=9x¢ Class 1 plastic

Section is class 1 plastic

Shear capacity - Section 4.2.3

Design shear force Fv = max(abs(Vmax), abs(Vmin)) = 20.4 kN
d/t<70xe
Web does not need to be checked for shear buckling
Shear area Ay =tx D =1324 mm?
Design shear resistance Py =0.6 x py x Ay = 218.4 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5

Design bending moment M = max(abs(Ms1_max), abs(Ms1_min)) = 28.5 KNm
Moment capacity low shear - cl.4.2.5.2 Mc = min(py X Sxx, 1.2 X py X Zxx) = 86.5 kNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling Le=1.2 x Ls1 = 6720 mm

Slenderness ratio A =Le/ry=211.801

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u = 0.881

Torsional index x = 21.493

Slenderness factor v=1/[1+0.05x(A/x)?°% =0.643

Ratio - cl.4.3.6.9 Bw = 1.000

Equivalent slenderness - cl.4.3.6.7 AT = U X VXA xV[Bw] = 120.018

Limiting slenderness - Annex B.2.2 Ao = 0.4 x (m® x E / py)°® = 34.310

ALt > Ao - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant our=7.0
Perry factor MLt = max(owt X (ALt - ALo) / 1000, 0) = 0.600
Euler stress pe = ™ X E / ALt? = 140.5 N/mm?
oLt = (py + (Mot + 1) X pe) / 2 = 249.9 N/mm?
Bending strength - Annex B.2.1 Pb = PE X Py / (OuT + (OLT? - PE X Py)°5) = 95.6 N/mm?

Equivalent uniform moment factor - Section 4.3.6.6
Equivalent uniform moment factor for LTB mcT = 1.000

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mb = pb X Sxx = 30 kKNm
Mo / mit = 30 KNm

PASS - Buckling resistance moment exceeds design bending moment
Check vertical deflection - Section 2.5.2
Consider deflection due to dead and imposed loads
Limiting deflection 8im = Ls1 / 360 = 15.556 mm
Maximum deflection span 1 4 = max(abs(8max), abs(dmin)) = 10.666 mm

PASS - Maximum deflection does not exceed deflection limit
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GLULAM BEAM ANALYSIS & DESIGN TO BS5268-2:2002

17.700

Load Envelope - Combination 1

TEDDS calculation version 1.7.01

950

Bending Moment Envelope

33
950

kN
13.082

Shear Force Envelope

0.0

-4.698

950

-4.7

Applied loading

Beam loads

RIDGE BEAM
RIDGE BEAM

Load combinations
Load combination 1

Analysis results
Maximum moment
Design moment
Maximum shear
Design shear

Total load on beam

Dead self weight of beam x 1
Dead point load 10.000 kN at 250 mm
Imposed point load 7.700 kN at 250 mm

Support A

Span 1

Support B

Mmax = 3.268 kNm

Dead x 1.00
Imposed x 1.00
Dead x 1.00
Imposed x 1.00
Dead x 1.00
Imposed x 1.00

Mmin = 0.000 kNm

M = max(abs(Mmax),abs(Mmin)) = 3.268 kNm

Fmax = 13.082 kN

Fmin = -4.698 kN

F = max(abs(Fmax),abs(Fmin)) = 13.082 kN

Wiot = 17.779 kN
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Reactions at support A

Unfactored dead load reaction at support A

Unfactored imposed load reaction at support A

Reactions at support B

Unfactored dead load reaction at support B

Unfactored imposed load reaction at support B

|
i

90

Glulam section details
Breadth of section

Depth of section

Number of sections in member
Overall breadth of member
Number of laminations
Alignment of laminations
Timber strength class

Member details
Service class of timber
Load duration

Length of span

Length of bearing

Section properties
Cross sectional area of member
Section modulus

Second moment of area

Radius of gyration

Modification factors
Duration of loading - Table 17
Bearing stress - Table 18

Ra_max = 13.082 kN
Ra_pead = 7.408 kN
Ra_imposed = 5.674 kN
RB_max = 4.698 kN
RB_pead = 2.671 kN
RB_imposed = 2.026 kN

l«—100-»|

Total depth of member - cl.2.10.6
Bending parallel to grain - Table 24
Tension parallel to grain - Table 24
Compression parallel to grain - Table 24

Compression perpendicular to grain - Table 24

Shear parallel to grain - Table 24

Modulus of elasticity - Table 24

b =90 mm

h =225 mm
N=1

bo =Nxb =90 mm
Niam = 5
Horizontal
C24

1

Medium term
Ls1 =950 mm
Lo =100 mm

A =N x b x h =20250 mm?

RAﬁmin =13.082 kN

RBﬁmin =4.698 kN

Z«=Nxbxh?/6 = 759375 mm?
Z,=hx (N x b)?/ 6 = 303750 mm®
L= Nxbxh3/12 = 85429687 mm*
ly=h x (N xb)3/ 12 = 13668750 mm*

ix = V(Ix/ A) = 65.0 mm
iy=(ly/A) =26.0 mm

Ks=1.25
Ks=1.00
K7 = (300 mm / h)>" = 1.03
Kis = 1.34
Kie = 1.34
Kiz =1.04
Kis = 1.55
Kig = 2.34
K20 = 1.07
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Lateral support - cl.2.10.8

Ends held in position

Permissible depth-to-breadth ratio - Table 19
Actual depth-to-breadth ratio

Compression perpendicular to grain
Permissible bearing stress
Applied bearing stress

3.00
h/ (N xb)=2.50
PASS - Lateral support is adequate

Gc_adm = Ocp1 X K3 x Ka x Kig = 4.650 N/mm?
Cc a= RA_max / (N X b x Lb) =1.454 N/mm?
Oc a / Oc_adm = 0.313

PASS - Applied compressive stress is less than permissible compressive stress at bearing

Bending parallel to grain
Permissible bending stress
Applied bending stress

Shear parallel to grain
Permissible shear stress
Applied shear stress

Deflection

Modulus of elasticity for deflection
Permissible deflection

Bending deflection

Shear deflection

Total deflection

Om_adm = Om X Kz X K7 x K15 = 12.966 N/mm?
Oma=M/Zx=4.303 N'mm?
Om_a / Om_adm = 0.332

PASS - Applied bending stress is less than permissible bending stress

Tadm = T X Kz X Ky9 = 2.077 N/mm?

Ta=3xF/(2xA)=0.969 N/'mm?

Ta / Tadm = 0.467

PASS - Applied shear stress is less than permissible shear stress

E = Emean X K20 = 11556 N/mm?
8adm = Min(0.551 in, 0.003 x Ls1) = 2.850 mm
Ob_s1 = 0.234 mm
Ov st = 0.268 mm
8a = 8p_s1 + dv_st = 0.502 mm
Oa / 8adm = 0.176
PASS - Total deflection is less than permissible deflection
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STEEL BEAM ANALYSIS & DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

19.446

TEDDS calculation version 3.0.07

Load Envelope - Combination 1

3100 |

Bending Moment Envelope

233
3100 J

22431

Shear Force Envelope

-30.5
3100 |

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1

L2 - Dead point load 7.41 kN at 2190 mm

L2 - Imposed point load 5.67 kN at 2190 mm
STUD + 2.8M FLOOR - Dead full UDL 2.68 kN/m
2.8M FLOOR - Imposed full UDL 4.2 kN/m

Support A Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Support B Dead x 1.40
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Analysis results

Maximum moment

Maximum shear

Deflection

Maximum reaction at support A

Unfactored dead load reaction at support A

Unfactored imposed load reaction at support A

Maximum reaction at support B
Unfactored dead load reaction at support B

Unfactored imposed load reaction at support B

Section details

Section type

Steel grade

From table 9: Design strength py
Thickness of element

Design strength

Modulus of elasticity

203.2

Lateral restraint

Effective length factors
Effective length factor in major axis
Effective length factor in minor axis

Effective length factor for lateral-torsional buckling

Classification of cross sections - Section 3.5

Internal compression parts - Table 11
Depth of section

—»| |93

> |93

Imposed x 1.60

Mmax = 23.3 kKNm Mmin = 0 kNm
Vimax = 22.4 kN Vmin = =30.5 kN
Omax = 3.5 mm Omin = 0 mm

Ra max = 22.4 kN Ra min = 22.4 kN
R _pead = 6.7 kN

Ra_imposed = 8.2 kN

RB_max = 30.5 kN RB_min = 30.5 kN

RB_pead = 9.7 kN
RB_Imposed =10.5 kN

UKB 203x102x23 (Tata Steel Advance)
S$275

max(T, t) = 9.3 mm
py = 275 N/mm?
E = 205000 N/mm?

e 101.8——

Span 1 has lateral restraint at supports only

Kx=1.00
Ky =1.00
Kira=1.20 +2xD
Kirte=1.20 +2xD

£ = V[275 N/mm?/ py] = 1.00

d=169.4 mm
d/t=314xe<=80x¢

Class 1 plastic
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Outstand flanges - Table 11
Width of section b=B/2=50.9mm
b/T=55xe<=9xe Class 1 plastic

Section is class 1 plastic

Shear capacity - Section 4.2.3

Design shear force Fv = max(abs(Vmax), abs(Vmin)) = 30.5 kN
d/t<70xe
Web does not need to be checked for shear buckling
Shear area Ay =tx D =1097 mm?
Design shear resistance Py =0.6 xpy x Ay =181.1 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5

Design bending moment M = max(abs(Ms1_max), @bs(Ms1_min)) = 23.3 KNm
Moment capacity low shear - cl.4.2.5.2 Mc = min(py X Sxx, 1.2 X py X Zxx) = 64.4 kNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling Le=1.2XLst +2x D =4126 mm
Slenderness ratio A=Le/ry=174.779

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u=0.888

Torsional index x = 22.460

Slenderness factor v=1/[1+0.05x(A/x)?°% =0.706

Ratio - ¢l.4.3.6.9 Bw = 1.000

Equivalent slenderness - cl.4.3.6.7 AT = U XV X A X V[Bw] = 109.560

Limiting slenderness - Annex B.2.2 Ao = 0.4 x (m® x E / py)°® = 34.310

At > Ao - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant our=7.0
Perry factor Nt = max(owt X (ALt - ALo) / 1000, 0) = 0.527
Euler stress pe = 1 X E / ALt? = 168.6 N/mm?
oLt = (py + (Mot + 1) X pe) / 2 = 266.2 N/mm?
Bending strength - Annex B.2.1 Pb = PE X Py / (OT + (¢L72 - PE X Py)°5) = 109.7 N/mm?

Equivalent uniform moment factor - Section 4.3.6.6
Equivalent uniform moment factor for LTB mct = 1.000

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mo = po X Sxx = 25.7 kNm
Mo / mit = 25.7 KNm
PASS - Buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 2.5.2
Consider deflection due to dead and imposed loads
Limiting deflection 8im = Ls1 / 360 = 8.611 mm
Maximum deflection span 1 4 = max(abs(dmax), abs(dmin)) = 3.455 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (BS5950)
In accordance with BS5950-1:2000 incorporating Corrigendum No.1
TEDDS calculation version 3.0.07
Load Envelope - Combination 1
37.366

0.0 -

mm | 5550 |

1 B

KNm Bending Moment Envelope
0.0
32.544 325
mm | 5550 |
1 B

8.145

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Shear Force Envelope

315
5550 |

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1
L2 & BEAM A - Dead point load 12.37 kN at 4510 mm
L2 & BEAM A - Imposed point load 12.53 kN at 4510 mm

Support A Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Support B Dead x 1.40

Imposed x 1.60
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Analysis results
Maximum moment Mmax = 32.5 kNm Mmin = 0 kNm
Maximum shear Vmax = 8.1 kN Vmin = =31.5 kN
Deflection Omax = 8.8 mm Omin = 0 mm
Maximum reaction at support A RA max = 8.1 kN Ra min = 8.1 KN
Unfactored dead load reaction at support A Ra_pead = 3.1 kN
Unfactored imposed load reaction at support A RA_imposed = 2.3 kKN
Maximum reaction at support B R _max = 31.5 kN Rg min = 31.5 kN

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Section details

Section type

Steel grade

From table 9: Design strength py
Thickness of element

Design strength

Modulus of elasticity

RB_pead = 10.9 kN
RBﬁImposed =10.2 kN

UB 203x133x30 (BS4-1)
S§275

max(T, t) = 9.6 mm
py = 275 N/mm?
E = 205000 N/mm?

> |96

206.8

—» |96

fe——————1339————

Lateral restraint

Effective length factors

Effective length factor in major axis

Effective length factor in minor axis

Effective length factor for lateral-torsional buckling

Classification of cross sections - Section 3.5

Internal compression parts - Table 11
Depth of section

Span 1 has lateral restraint at supports only

Ky =1.00
Ky =1.00
Kira =0.95
Kirs = 0.95

e =V[275 N/mm?/ p,] = 1.00

d=172.4 mm
d/t=269xe<=80x¢

Class 1 plastic
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Outstand flanges - Table 11
Width of section b=B/2=67mm
b/T=70xe<=9xe Class 1 plastic

Section is class 1 plastic

Shear capacity - Section 4.2.3

Design shear force Fv = max(abs(Vmax), abs(Vmin)) = 31.5 kN
d/t<70xe
Web does not need to be checked for shear buckling
Shear area Ay =tx D =1324 mm?
Design shear resistance Py =0.6 x py x Ay = 218.4 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5

Design bending moment M = max(abs(Ms1_max), @bs(Ms1_min)) = 32.5 KNm
Moment capacity low shear - cl.4.2.5.2 Mc = min(py X Sxx, 1.2 X py X Zxx) = 86.5 kNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling Le = 0.95 x Ls1 = 5273 mm

Slenderness ratio A=Le/ry=166.179

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u = 0.881

Torsional index x = 21.493

Slenderness factor v=1/[1+0.05x(A/x)?°% =0.708

Ratio - cl.4.3.6.9 Bw = 1.000

Equivalent slenderness - cl.4.3.6.7 AT = U XV X A X V[Bw] = 103.650

Limiting slenderness - Annex B.2.2 Ao = 0.4 x (m® x E / py)°® = 34.310

At > Ao - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant our=7.0
Perry factor MLt = max(owt X (ALt - ALo) / 1000, 0) = 0.485
Euler stress pe = ™ X E / ALt? = 188.3 N/mm?
our = (py + (Mot + 1) X pe) / 2 = 277.4 N/mm?
Bending strength - Annex B.2.1 Pb = PE X Py / (OT + (¢L72 - PE X py)°5) = 118.8 N/mm?

Equivalent uniform moment factor - Section 4.3.6.6
Equivalent uniform moment factor for LTB mcT = 1.000

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mo = po X Sxx = 37.3 kNm
Mo / mit = 37.3 KNm

PASS - Buckling resistance moment exceeds design bending moment
Check vertical deflection - Section 2.5.2
Consider deflection due to dead and imposed loads
Limiting deflection 8im = Ls1 / 360 = 15.417 mm
Maximum deflection span 1 4 = max(abs(dmax), abs(dmin)) = 8.771 mm

PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

TEDDS calculation version 3.0.07

Load Envelope - Combination 1

31.580

mm | 4850 |
A 1 B
KNm Bending Moment Envelope
0.0 J=
59.7
78.819 78.8 73.7
mm | 4850 ]
A 1 B
KN . Shear Force Envelope
58.935 . 406
0.0 J=
-10.6
63.358 427
e -63.4
mm | 4850 |
A 1 B
Support conditions
Support A Vertically restrained
Rotationally free
Support B Vertically restrained

Rotationally free

Applied loading
Beam loads Dead self weight of beam x 1
PURLIN - Dead point load 10 kN at 1575 mm
PURLIN - Imposed point load 7.7 kN at 1575 mm
BEAM B - Dead point load 10.9 kN at 3450 mm
BEAM B - Imposed point load 10.2 kN at 3450 mm
STUD PANEL + 2.8M FLOOR - Dead full UDL 2.68 kN/m
2.8M FLOOR - Imposed full UDL 4.2 kN/m
1.3M FLOOR - Dead partial UDL 0.78 kN/m from 0 mm to 1200 mm
1.3M FLOOR - Imposed partial UDL 1.95 kN/m from 0 mm to 1200
mm
1.3M FLOOR - Dead partial UDL 0.78 kN/m from 3500 mm to 4850
mm
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Load combinations
Load combination 1

Analysis results

Maximum moment

Maximum shear

Deflection

Maximum reaction at support A

Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A
Maximum reaction at support B

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Section details

Section type

Steel grade

From table 9: Design strength py
Thickness of element

Design strength

Modulus of elasticity

»
>

> |e127

259.6

l€
I

> |e127

Lateral restraint

Effective length factors
Effective length factor in major axis
Effective length factor in minor axis

1.3M FLOOR - Imposed partial UDL 1.95 kN/m from 3500 mm to 4850

mm

Support A

Support B

Mmax = 78.8 KNm
Vmax = 58.9 kN

Omax = 9.9 mm
Ra_max = 58.9 kN
RA_pead = 18.4 kN
Ra_imposed = 20.7 kKN
Re_max = 63.4 kKN
Rs_pead = 19.5 kN
RB_imposed = 22.5 kKN

UB 254x146x43 (BS4-1)
S§275

max(T, t) = 12.7 mm
py = 275 N/mm?
E = 205000 N/mm?

fe——1473——f

Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Mmin = 0 KNm
Vmin = -63.4 kKN
Omin = 0 mm
Ra_min = 58.9 kN

Rs_min = 63.4 kN

Span 1 has lateral restraint at supports only

Ky = 1.00
Ky = 1.00
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Effective length factor for lateral-torsional buckling Kira =0.95
Kirs = 0.95

Classification of cross sections - Section 3.5
e =V[275 N/mm2/ py] = 1.00

Internal compression parts - Table 11

Depth of section d=219 mm

d/t=30.4xe<=80x¢ Class 1 plastic
Outstand flanges - Table 11
Width of section b=B/2=73.7mm

b/T=58xe<=9xe Class 1 plastic

Section is class 1 plastic

Shear capacity - Section 4.2.3

Design shear force Fv = max(abs(Vmax), abs(Vmin)) = 63.4 kN
d/t<70xe
Web does not need to be checked for shear buckling
Shear area Ay =tx D =1869 mm?
Design shear resistance Py = 0.6 x py x Ay = 308.4 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5

Design bending moment M = max(abs(Ms1_max), @bs(Ms1_min)) = 78.8 KNm
Moment capacity low shear - cl.4.2.5.2 Mc = min(py X Sxx, 1.2 X py X Zxx) = 155.7 KNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling Le = 0.95 x Ls1 = 4608 mm

Slenderness ratio A=Le/ry=131.019

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u=0.891

Torsional index x =21.162

Slenderness factor v=1/[1+0.05x(A/x)?°% =0.765

Ratio - ¢l.4.3.6.9 Bw = 1.000

Equivalent slenderness - cl.4.3.6.7 AT = U X V X A x V[Bw] = 89.282

Limiting slenderness - Annex B.2.2 Ao = 0.4 x (n® x E / py)°® = 34.310

At > Ao - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant our=7.0
Perry factor MLt = max(owt X (ALt - ALo) / 1000, 0) = 0.385
Euler stress pe = 1 X E / ALt? = 253.8 N/mm?

ot = (py + (Mt + 1) x pe) / 2 = 313.2 N/mm?
Bending strength - Annex B.2.1 Pb = PE X Py / (OLT + (OLT? - PE X Py)°5) = 145 N/mm?

Equivalent uniform moment factor - Section 4.3.6.6
Equivalent uniform moment factor for LTB mct = 1.000

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mo = po X Sxx = 82.1 kNm
Mo / mit = 82.1 KNm
PASS - Buckling resistance moment exceeds design bending moment
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Check vertical deflection - Section 2.5.2
Consider deflection due to dead and imposed loads

Limiting deflection 8im = Ls1 / 360 = 13.472 mm
Maximum deflection span 1 & = max(abs(dmax), abs(dmin)) = 9.891 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1
TEDDS calculation version 3.0.07

Load Envelope - Combination 1

32,622

mm | 5175 |
A 1 B
KNm Bending Moment Envelope
96.621 88.8 366
mm | 5175 |
A 1 B
KN Shear Force Envelope
79.7
79.730 ’\I\
0.0 J=
-66.681 667
mm | 5175 ]
A 1 B
Support conditions
Support A Vertically restrained
Rotationally free
Support B Vertically restrained

Rotationally free

Applied loading
Beam loads Dead self weight of beam x 1
BEAM B - Dead point load 3.1 kN at 1650 mm
BEAM B - Imposed point load 2.3 kN at 1650 mm
2.8M FLOOR + PURLIN - Dead full UDL 4.48 kN/m
2.8M FLOOR + PURLIN - Imposed full UDL 5.6 kN/m
MASONRY - 5M -> 1.5M - Dead full VDL 12 kN/m to 3.6 kN/m
Load combinations
Load combination 1 Support A Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60
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Support B Dead x 1.40

Analysis results

Maximum moment

Maximum moment span 1 segment 1
Maximum moment span 1 segment 2
Maximum shear

Maximum shear span 1 segment 1

Maximum shear span 1 segment 2

Deflection segment 3

Maximum reaction at support A

Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A
Maximum reaction at support B

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Section details

Section type

Steel grade

From table 9: Design strength py
Thickness of element

Design strength

Modulus of elasticity

»
»|

1
> |-127

259.6

€
|«

> |e127

Lateral restraint

Effective length factors
Effective length factor in major axis
Effective length factor in minor axis

Mmax = 96.6 kNm

Ms1_seg1_max =88.8 kNm
Ms1_segZ_max =96.6 kKNm

Vmax = 79.7 kN
Vs1_segt_max = 79.7 kKN
Vs1_segz_max = 21 kN
Omax = 13.7 mm
RA_max = 79.7 kN
Ra_pead = 38.6 kN
Ra_imposed = 16.1 kKN
Rs_max = 66.7 kN
RB_pead = 30.2 kN
RB_imposed = 15.2 KN

UB 254x146x43 (BS4-1)

S355

max(T, t) = 12.7 mm
py = 355 N/mm?
E = 205000 N/mm?

e 1473———

Imposed x 1.60

Mmin = 0 kNm
Ms1_segt_min = 0 KNm
Ms1_seg2_min = 0 KNm
Vmin = -66.7 kN
Vs1_segt_min = 0 kN
Vs1_seg2_min = =66.7 kKN

Omin =0 mm
RAﬁmin = 797 kN
RBﬁmin = 667 kN

Span 1 has lateral restraint at supports plus 1650 mm

K« = 1.00
Ky, = 1.00

Effective length factor for lateral-torsional buckling Kira =0.95

Kire = 0.95
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Classification of cross sections - Section 3.5
e =V[275 N/mm?/ p,] = 0.88

Internal compression parts - Table 11

Depth of section d=219 mm

d/t=346xe<=80x¢ Class 1 plastic
Outstand flanges - Table 11
Width of section b=B/2=73.7mm

b/T=66xe<=9xe Class 1 plastic

Section is class 1 plastic

Shear capacity - Section 4.2.3

Design shear force Fv = max(abs(Vmax), abs(Vmin)) = 79.7 kN
d/t<70xe
Web does not need to be checked for shear buckling
Shear area Ay =tx D =1869 mm?
Design shear resistance Py = 0.6 x py x Ay = 398.1 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity at span 1 segment 2 - Section 4.2.5

Design bending moment M = max(abs(Ms1_seg2_max), abs(Ms1_seg2_min)) = 96.6 KNm
Moment capacity low shear - cl.4.2.5.2 Mc = min(py X Sxx, 1.2 X py X Zxx) = 201 kNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling Le = (1.2 + 0.95) X Lst1_seg2 / 2 = 3789 mm
Slenderness ratio A =Le/ry=107.755

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u=0.891

Torsional index x =21.162

Slenderness factor v=1/[1+0.05x(A/x)?°% =0.812

Ratio - ¢l.4.3.6.9 Bw = 1.000

Equivalent slenderness - cl.4.3.6.7 AT = U XV XA xV[Pw] = 77.951

Limiting slenderness - Annex B.2.2 Ao = 0.4 x (1 x E / py)°® = 30.198

At > Awo - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant our=7.0
Perry factor Nt = max(owt X (ALT - ALo) / 1000, 0) = 0.334
Euler stress pe = 72 X E / A2 = 333 N/mm?
ot = (py + (Mt + 1) x pe) / 2 = 399.6 N/mm?
Bending strength - Annex B.2.1 Pb = PE X Py / (OT + (¢L72 - PE X Py)°5) = 195.9 N/mm?

Equivalent uniform moment factor - Section 4.3.6.6
Equivalent uniform moment factor for LTB m.t = 1.000

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mo = po X Sxx = 110.9 KNm
Mo / mit = 110.9 kNm
PASS - Buckling resistance moment exceeds design bending moment
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Check vertical deflection - Section 2.5.2
Consider deflection due to dead and imposed loads

Limiting deflection 8im = Ls1 / 360 = 14.375 mm
Maximum deflection span 1 8 = max(abs(8max), abs(dmin)) = 13.706 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (BS5950)
In accordance with BS5950-1:2000 incorporating Corrigendum No.1
TEDDS calculation version 3.0.07
Load Envelope - Combination 1
125.120
0.0- Je x =
mm | 3750 |
A 1 B
KNm Bending Moment Envelope

107.649

mm |

3750

107.6

A

kN

Shear Force Envelope

58.
58.338 l—\I

0.0 f=

-120.064

mm |

3750

]

-120.1

A

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1

Dead point load 58.4 kN at 2800 mm
Imposed point load 27.1 kN at 2800 mm

Dead full UDL 8.87 kN/m
Imposed full UDL 0.75 kN/m

Support A

Support B

Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60
Dead x 1.40

B
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Analysis results

Maximum moment

Maximum shear

Deflection

Maximum reaction at support A

Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A
Maximum reaction at support B

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Section details

Section type

Steel grade

From table 9: Design strength py
Thickness of element

Design strength

Modulus of elasticity

»
>

> |e127

259.6

l€
I

> |e127

Lateral restraint

Effective length factors
Effective length factor in major axis
Effective length factor in minor axis

Effective length factor for lateral-torsional buckling

Classification of cross sections - Section 3.5

Internal compression parts - Table 11
Depth of section

Imposed x 1.60

Mmax = 107.6 KNm Mmin = 0 kNm
Vmax = 58.3 kN Vmin = -120.1 kN
Omax = 6.9 mm Omin = 0 mm
Ra_max = 58.3 kN Ra_min = 58.3 kN

R _pead = 32.2 kN
Ra_imposed = 8.3 kN
Rs_max = 120.1 kN
RB_pead = 61 kN
RB_imposed = 21.6 kN

UKB 254x146x43 (Tata Steel Advance)
S355

max(T, t) = 12.7 mm
py = 355 N/mm?
E = 205000 N/mm?

fe——1473——f

Span 1 has lateral restraint at supports only

Kx=1.00
Ky =1.00
Kira =0.95
Kirs =0.95

& =V[275 N/mm2/ p,] = 0.88

d=219 mm
d/t=34.6xe<=80x¢

Rg_min = 120.1 kN

Class 1 plastic
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Outstand flanges - Table 11
Width of section b=B/2=73.7mm
b/T=66xe<=9xe Class 1 plastic

Section is class 1 plastic

Shear capacity - Section 4.2.3

Design shear force Fv = max(abs(Vmax), abs(Vmin)) = 120.1 kN
d/t<70xe
Web does not need to be checked for shear buckling
Shear area Ay =tx D =1869 mm?
Design shear resistance Py = 0.6 x py x Ay = 398.1 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5

Design bending moment M = max(abs(Ms1_max), @bs(Ms1_min)) = 107.6 KNm
Moment capacity low shear - cl.4.2.5.2 Mc = min(py X Sxx, 1.2 X py X Zxx) = 201 kNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling Le = 0.95 x Ls1 = 3563 mm

Slenderness ratio A =Le/ry=101.303

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u = 0.891

Torsional index x =21.162

Slenderness factor v=1/[1+0.05x(A/x)?°% =0.826

Ratio - ¢l.4.3.6.9 Bw = 1.000

Equivalent slenderness - cl.4.3.6.7 AT = U X VX A X V[Bw] = 74.537

Limiting slenderness - Annex B.2.2 Ao = 0.4 x (1 x E / py)°® = 30.198

At > Ao - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant our=7.0
Perry factor MLt = max(owt X (ALt - ALo) / 1000, 0) = 0.310
Euler stress pe = 1 X E / ALt? = 364.2 N/mm?
ot = (py + (Mt + 1) x pe) / 2 = 416.1 N/mm?
Bending strength - Annex B.2.1 Pb = PE X Py / (OT + (¢L72 - PE X py)°5) = 206.7 N/mm?

Equivalent uniform moment factor - Section 4.3.6.6
Equivalent uniform moment factor for LTB mct = 1.000

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mo = po X Sxx = 117 KNm
Mo / mit = 117 KNm

PASS - Buckling resistance moment exceeds design bending moment
Check vertical deflection - Section 2.5.2
Consider deflection due to dead and imposed loads
Limiting deflection 8im = Ls1 / 360 = 10.417 mm
Maximum deflection span 1 4 = max(abs(dmax), abs(dmin)) = 6.851 mm

PASS - Maximum deflection does not exceed deflection limit
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STEEL MASONRY SUPPORT
In accordance with BS5950-1:2000 incorporating Corrigendum No.1
Tedds calculation version 1.0.04
l¢——100—ple——78—pla—47ple——100—»
N
AN 2
py \
i
$

—» 30 [« 128————p]

Steel member details

Torsion beam

Masonry support plate

Steel grade of support plate
Design strength of support plate
Modulus of elasticity

Constant

Length of plate beyond beam
Total length of plate

Thickness of plate

Width of main beam

Area of plate

Distance from weld position to CoG

Supported materials detail

Density of masonry on main beam

Width of masonry on main beam

Height of masonry on main beam

Eccentricity of main beam material

Add dead force main beam (not from masonry)
Add live force main beam (not from masonry)
Density of masonry on support beam

Width of masonry on support beam

Height of masonry on support beam

UB 254x146x43

User

S275

Pysb = 275 N/mm?

E = 205000 N/mm?

£ = V(275N/mm2 / pysb) = 1.000
Ih =158 mm

Ipiate = 260 mm

tsb =10 mm

Bmb = 147 mm

Asbu = tsb X lplate = 2600.0 mm?

Cyysb = In / 2 - (lplate - In) / 2 = 28 mm

Pmmb = 20.0 kN/m?

Pmmb = 100 mm
hmmb = 2000 mm
emb = 47 mm

Paadamb = 1.0 KN/m
Paadamb = 0.8 KN/m
pmsb = 20.0 KN/m3
Bmso = 100 mm
hmsb = 2000 mm
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Add dead force support beam (not from masonry)
Add live force support beam (not from masonry)

Geometry
Cavity width
Supported width of masonry

Biaxial stress effects in the plate (SCI-P-110)

Maximum overall bending moment

Dist to NA combined section (CoG torsion beam)
Second moment of area of combined section
Elastic section modulus of combined section

Section modulus of plate

Eccentricity of support beam masonry
Force of masonry on support plate
Bending at heel

Moment capacity of plate

Longitudinal stress due to overall bending
Constant relating to Von Mises curve
Transverse bending stress ratio limit
Transverse bending stress ratio

Deflection at toe

Unfactored force on support angle
Distance from weld to load position
Length of load resultant to edge of plate

Dist from weld to load position as ratio of length

Effective second moment of inertia
Deflection at toe
Deflection limit

PGadasb = 0.0 KN/m
Paadasb = 0.0 KN/m

c=125mm
dm=Ih+emp-Cc=80mm

Mx = 25.4 kNm
Yeal = (Dmb + tsb) X Asbu / (2 X (Amb + Asbu)) = 43 mm
Ixxal = (Ixxmb + Amb X Ye,al?)+ Asou X (Dmb / 2 + tsp / 2 - Ye,ar)? = 9747 cm*
Zxxall = liat / (Dmb / 2 + tsb - Yeal) = 1011.05 cm?®
Zxxplate = 1M X tsp? / (6 X 1m) = 16.67 cm3/m
er =128 mm
P1 = (Bmsb X Nmsb X Pm,sb + PGaddsb) X YiG + Paddsb X Yra = 5.6 KN/m
Myplate = P1 x €1 = 0.7 KNm/m
Mc = 1.2 X Zxplate X Pysb = 5.5 KNm/m
PASS - Design strength exceeds stress at heel

61 = Mx/ Zxxa = 25.1 N/mm?
Cip = (4 X pysb? - 3 X 612)%% = 548.3 N/mm?
ous = (Cip? - 612) / (2 X Cip X Pysb) = 0.995
ols = Mx.plate / Mc = 0.130

PASS - Transverse bending stress ratio less than allowable limit

P1sLs = bmsb X hmsb X pm,sb + PGaddsb + Paaddsb = 4.0 KN/m
am=e1 =128 mm
bm=1In-e1=30mm
ai=am/ (am + bm) = 0.810
left_def = tsp® / 12 = 83333 mm*/m
8= (a’x (3-a)/6)x (PisLs X (am + bm)3) / (Ess950 X lefr_der) = 0.22 mm
dim = 1.64 mm
PASS - Deflection is within specified criteria

Weld details - assume a full length weld and that the plate acts as a propped cantilever with the prop at the weld
position and the fixed end at the centre of the torsion beam

Leg length of weld

Throat size of weld

Shear force at weld position
Maximum possible force in plate

Longitudinal shear between beam and plate

Horizontal shear between beam and plate
Resultant weld force

Strength of weld (Table 37)

Capacity of full length weld

Torsional loading ULS
Loading of support beam masonry
Loading of main beam masonry

Sweld = 6 mMm
aweld = 17(2) X Sweld = 4.2 mm
Ra = P1xmaX((1 + (3xe1)/ (2% Bmb/2)), 1.4) =20.2 kN/m
Rp = (In + Bmb) X tsb X pysb = 839.6 KN
Ri=2xRp/L =450.8 kN/m
Rh=Pixe1/(Swed/ 2 + tsp / 2) = 89.6 KN/m
Rweld = (Ra2 + RP + Rn?)%5 = 0.460 kN/mm
Pweld = 220.0 N/mm?
Pc.weld = Aweld X Pweild = 0.933 KN/mm
PASS - Capacity of weld exceeds resultant force on weld

WiuLs = (Nmsb X Dmsb X pm,sb + Paaddsb) X Yic + Paaddsh X Yra = 5.60 kKN/m

WauLs = (Nmmb X Pmmb X pmmb + PGaddmb) X YiG + Paddmb X Yia = 8.13 KN/m




- Tekla Project Job no.
T Tedds Gethin House LS378
LB Structural Design Calcs for Start page no./Revision
21 Heol Stradling Beam E Check 38
Coity
Bridgend, CF35 6AN Calcs by Calcs date Checked by Checked date Approved by Approved date
LB 19/12/2019 LB 28/01/2020

Self weight of support beam

Torsional loading SLS

Loading of support beam masonry
Loading of main beam masonry
Self weight of support beam

Eccentricities

Distance to shear centre of main beam
Eccentricity of support beam masonry
Eccentricity of main beam masonry
Eccentricity of support beam
Torsional effects

Applied torque (ULS)

Total torque (ULS)

Applied torque (SLS)

Total torque (SLS)

STEEL BEAM TORSION DESIGN

w3uLs = Asbu X psb X Yig = 0.29 kN/m

Wi1sLs = hmsb X Dmsb X pm,sb + PGaddsb + Paadasb = 4.00 KN/m
WasLs = hmmb X Dmmb X pmmb + Pcaddmb + Paadamob = 5.70 KN/m

w3asLs = Asbu X psb = 0.20 kKN/m

€omb =0 mm

€1mb = (Bmb + bmsb) / 2 + C - €mb = 202 mm
€2mb = (Bmb - bmmb) / 2 - €mp = =23 mm
€3mb = Bmb / 2 + Cyysb = 102 mm

TquLs = abs(W1uLs X €1mb + WauLS X €2mb + W3ULs X €3mb) = 0.97 KNm/m
Tq = Tquis x L = 3.61 kNm
TqsLs = abs(wWisLs X €1mb + WasLs X €2mb + WasLs X €3mb) = 0.69 kNm/m
Tqu = Tgsts X L = 2.59 kNm

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Section details
Section type
Steel grade
Design stength
Constant

Tedds calculation version 2.0.02

UB 254x146x43

S355

Pyw = py = 355 N/mm?

e = V(275 N/mm2/ p,) = 0.880

Geometry - Beam unrestrained against lateral-torsional buckling between supports.

Effective span
Length of segment for LT buckling

Compression flanges laterally unrestrained

L =3725 mm
Lir = 3725 mm

Partial torsional restraint against rotation about longitudinal axis provided by connection of bottom flange to supports

Effective length for LT buckling

Lett=Lirx1.2+2xD =4989 mm

Loading - Torsional loading comprises only full-length uniformly distributed load(s)

Internal forces & moments on member under factored loading for uls design

Applied shear force
Maximum bending moment
Applied torque

Minor axis bending moment
Compression force

Equivalent uniform moment factors
EUM factor (Cl. 4.3.6.6 and T18)

Torsional deflection parameters

Fvw = 27.2 kN

Mt = Mx = 25.35 kNm
Tq=3.61 kNm

My = 0 kNm

Fc=0kN

mct = 1.000

Beam is torsion fixed and warping fixed at each end. (as defined in SCI-P-057 section 2.1.6) - Appendix B case 6

Dist along the beam for first derivative of twist
Dist along the beam for second derivative of twist
Dist along the beam for third derivative of twist

z1=0mm
z2=0.2xL =745 mm
zz3=L/2=1863 mm
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Second derivative of angle of twist

Third derivative of angle of twist

First derivative of angle of twist

Angle of twist

Design parameters
Total angle of twist
First derivative of ¢
Second derivative of ¢
Third derivative of ¢

Section classification

Shear capacity (parallel to y-axis)
Design shear force
Design shear resistance (Cl. 4.2.3)

Moment capacity (x-axis)

Design bending moment

Moment capacity

Moment capacity low shear (Cl. 4.2.5.1)

Lateral torsional buckling
Effective length for lateral torsional buckling
Slenderness ratio

Buckling parameter

Flange ratio

Torsional index

Slenderness factor

Ratio - c1 4.3.6.9

Equvalent slenderness —cl 4.3.6.7
Limiting slendernes — Annex B2.2
Euler stress

Perry factor

Bending strength
Buckling resistance moment
Max moment governing buckling resistance

0"1=Tq/(2xGxdJdxa)x[(1+cosh(L/a))/sinh(L/a)xcosh(zi/a)-
2xa/L-sinh(z1/a)] x 1 rads = 4.45x102 rads/m?

0" =Tg/(2xGxJxa?) x[(1+cosh(L/a))/sinh(L/a)xsinh(z1/a) -
cosh(zi / a)] x 1 rads = -8.52x102 rads/m?

02="Tq/(2x GxJ)x[(1+cosh(L/a))/sinh(L/a)xsinh(zz/a) + (1 -
2xz2/L)-cosh(z2/a)] x 1 rads = 1.45x102 rads/m
d3=Tgxa/(2xGxJ)x[(1+cosh(L/a))/sinh(L/a)x (cosh(zs/a) -
1) +z3/ax(1-z3/L)-sinh(za/a)] x 1 rads = 0.018 rads

0 = abs(¢s) = 0.018 rads

¢' = abs(¢'2) = 1.45x10-2 rads/m
0" = abs(¢"1) = 4.45x102 rads/m?
¢" = abs(¢"1) = 8.52x10-2 rads/m?®

b/T=5.8
d/t=30.4
ris = min( 1.0, max(-1.0, Fc / (d x t x pyw ))) = 0.000
res = Fe / (Ag X pyw) = 0.000
Section classification is plastic

Fvy = 27.2 kN
Pw = 0.6 x pyx Ay =398.1 kN
Pass - Shear

Mx = 25.4 kNm
Mexu = py X Sx = 201.0 kNm
Mex = min(py X Sx, 1.2 X py X Zx) = 201.0 kKNm
Pass - Moment capacity exceeds design bending moment

Le L.t = 4989 mm
A=Leir/ry=142

u =0.891

n=0.5

x=21.2
v=1/(1+0.05x(A/x)?)°2% =0.74
Bw=1.0=1.000

AT =UXVXAXV(Bw) =94

Ao = 0.4 x V(n2x Esseso / py) = 30

Pe = 7? X Essgs0 / ALT? = 228 N/mm?

Nt = max(7.0 x ( ALt - ALo) / 1000, 0) = 0.447

oT = (py + (MLt + 1) x pe) / 2 = 342806558.720
Pb = PE X Py / (0LT + V(912 - PEX Py)) = 152 N/mm?
Ms = po X Sy = 86.0 kNm

MLt = 25.4 kNm
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Equiv uniform moment factor for LTB mcT = 1.00

Mo / mLt = 86.0 KNm
Pass - lat. tors. buckling

Buckling under combined bending & torsion -SCI-P-057 section 2.3
For simplicity, a conservative check is applied using the maximum stresses due to each of the separate load effects, even
though these do not necessarily all occur at the same section along the member.

Span factor L/a=3.51

Angle of twist ¢ =0.018 rads

Second derivative of ¢ 0" = 44.5x10 rads/m?

Induced minor axis moment Myt = Mxx ¢ /1 rad = 0.44 KNm

Normal stress at flange tip due to My Obyt =Myt / Zy = 5 N/mm?

Normal stress at flange tip due to warping ow = Esses0 X Whno X ¢" / 1 rad = 83 N/mm?

Interaction index ib=MxxmLr/ Mb + (Obyt + ow) / Py X (1 + 0.5 X Mx x mLt/ Mp) = 0.58

Pass - Combined bending and torsion check satisfied

Local capacity under combined bending & torsion
For simplicity, a conservative check is applied using the maximum stresses due to each of the separate load effects, even
though these do not necessarily all occur at the same section along the member.

Max. direct stress due to Mx obx = Mx / Zx = 50 N/mm?
Combined stress - egn 2.22 Gbx + Obyt + ow = 138 N/mm?
Design strength py = 355 N/mm?

Pass - Local capacity

Combined shear stresses - SCI-P-057 section 2.3
For simplicity, a conservative check is applied using the maximum shear stresses due to each of the separate load effects,
even though these do not necessarily all occur at the same section along the member.

Max shear stresses due to bending in web Tow = Fuy X Qu/ (Ix x t) = 16 N/mm?

Max shear stresses due to bending in flange ot = Fuy X Qi / (Ix X T) = 4 N/mm?2

Max shear stresses due to torsion in web Tw = abs(G x t x ¢' / 1rad) = 8 N/mm?

Max shear stresses due to torsion in flange T =abs(G x T x ¢'/1rad) = 15 N/mm?

Max shear stresses due to warping in flange Tt = abs( -Esses0 X Swi x ¢/ 1 rad / T) = 6 N/mm?
Amp shear stress torsion & warping in web Tuw = Tw X (1 + 0.5 x My x mit/ Mp) = 9 N/mm?2

Amp shear stress torsion & warping in flange Tt = (T + Twf) X (1 + 0.5 X Mx x mct/ Mp) = 23 N/mm?

Combined shear stresses due to bending, torsion & warping:

Combined shear stresses in web Tw = Tow + Tvtw = 26 N/mm?
Combined shear stresses in flange Tt = Tof + Tuit = 27 N/mm?
Shear strength pv = 0.6 x py = 213 N/mm?

Pass - Combined shear stresses
Twist check
Total applied torque (unfactored) Tqu = 2.59 kNm
Maximum twist under sls loading Osis = O X Tqu/ Tq=0.72 deg
Twist limit 0im = 1.00 deg

Pass - Twist

Deflection
Maximum y-axis deflection Oy _max = 1.9 mm
Deflection limit - cl. 2.5.2 Sim = min(L/ ks, 8im_abs) = 10.0 mm

Pass - Deflection within specified limit
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STEEL MEMBER DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Section details

Section type

Steel grade

From table 9: Design strength py
Thickness of element

Design strength

Modulus of elasticity

200

Lateral restraint
Distance between major axis restraints
Distance between minor axis restraints

Effective length factors
Effective length factor in major axis
Effective length factor in minor axis

Effective length factor for lateral-torsional buckling

Classification of cross sections - Section 3.5

Web - minor axis - Table 12
Depth of section
Stress ratios

Flange - minor axis - Table 12
Width of section

RHS 200x100x8.0 (Tata Steel Celsius)
S275

t=8.0mm
py = 275 N/mm?
E = 205000 N/mm?

Y —

e 100——»|

Lx = 2400 mm
Ly = 2400 mm

Kx = 1.00
Ky =1.00
Kir=120 +2xD

e =V[275 N/mm?/ py] = 1.00

d=B-3xt=76 mm
r1 =min(Fe/ (2 xd xtxpyw), 1) = 0.449
r2 = Fe/ (A X pyw) = 0.122

d/t=95xe<=max(64 xe/(1+r1),40x¢)

b=D-3xt=176 mm
b/t=220xe<=40x¢

TEDDS calculation version 3.0.07

Class 1 plastic

Class 3 semi-compact

Section is class 3 semi-compact
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Shear capacity - Section 4.2.3
Design shear force Fyv=0kN
(D-3xt)/t<70xe
Web does not need to be checked for shear buckling

Shear capacity - Section 4.2.3

Design shear force Fxv =10 kN
Shear area Av = Ac = 1492 mm?
Design shear resistance Pxv = 0.6 X py x Ay = 246.1 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5

Design bending moment M =10 kNm

Effective plastic modulus - Section 3.5.6

Limiting value for class 2 compact flange Bor =min(32 x e, 62 x€e-0.5xd/t) =32

Limiting value for class 3 semi-compact flange Bar=40x¢e=40

Limiting value for class 2 compact web Baw=max(80 x e/ (1 +r1), 40 x &) = 55.227
Limiting value for class 3 semi-compact web Baw=max(120 x e/ (1 + 2 xr2), 40 x €) = 96.482

Effective plastic modulus - ¢l.3.5.6.3
Seft = Min(Zyy + (Syy - Zyy) x min([(Baw / (0 /t) - 1) / (Baw / Baw - 1)], [(Bar/ (d /t) - 1) / (Bar / P2t - 1)]), Syy) = 171784 mm3
Moment capacity low shear - cl.4.2.5.2 Mc = min(py X Seft, 1.2 X py X Zyy) = 47.2 KNm
PASS - Moment capacity exceeds design bending moment

Compression members - Section 4.7
Design compression force Fc =150 kN

Effective length for major (x-x) axis buckling - Section 4.7.3

Effective length for buckling Lex = Lx X Kx = 2400 mm
Slenderness ratio - cl.4.7.2 Ax = Lex / rx = 33.972
Compressive strength - Section 4.7.5
Limiting slenderness ho=0.2x (m®x E/py)°5=17.155
Strut curve - Table 23 a
Robertson constant ox =2.0
Perry factor MNx = 0x X (Ax - Ao) / 1000 = 0.034
Euler stress pex = 12 X E / M2 = 1753.1 N/mm?
dx = (Py + Mx + 1) X pex) / 2 = 1043.5 N/mm?
Compressive strength - Annex C.1 Pox = PEx X Py / (Ox + (¢ - Pex X Py)°®5) = 264.5 N/mm?

Compression resistance - Section 4.7.4
Compression resistance - cl.4.7.4 Pex = A X pex = 1183.8 kN
PASS - Compression resistance exceeds design compression force

Effective length for minor (y-y) axis buckling - Section 4.7.3

Effective length for buckling Ley = Ly x Ky = 2400 mm
Slenderness ratio - ¢cl.4.7.2 Ay = Ley / ryy = 59.061
Compressive strength - Section 4.7.5

Limiting slenderness ho=0.2x (m®x E/py)°5=17.155
Strut curve - Table 23 a

Robertson constant oy = 2.0
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Perry factor My = ay X (Ay - o) / 1000 = 0.084
Euler stress pey = ™ x E / A = 580 N/mm?
dy = (py + My + 1) X py) / 2 = 451.8 N/mm?
Compressive strength - Annex C.1 Pey = PEy X Py / (dy + (0y? - PEy X Py)°°) = 240.6 N/mm?

Compression resistance - Section 4.7.4
Compression resistance - cl.4.7.4 Pey = A X pey = 1076.6 kN
PASS - Compression resistance exceeds design compression force

Compression members with moments - Section 4.8.3
Comb.compression & bending check - cl.4.8.3.2 Fe/(Axpy) + M/ M:=0.334
PASS - Combined bending and compression check is satisfied

Member buckling resistance - Section 4.8.3.3

Max major axis moment governing Mo Mct = Mx = 0.00 kKNm
Equivalent uniform moment factor for major axis flexural buckling
mx = 1.000
my = 1.000
Buckling resistance checks - cl.4.8.3.3.3 Fc/Pey+ myxM/Mex (1 +0.5x%Fc/Pey) =0.366

Fe/ Pex + 0.5 x myx x My / Mcy = 0.233
PASS - Member buckling resistance checks are satisfied
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STEEL MEMBER DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Section details

Section type

Steel grade

From table 9: Design strength py
Thickness of element

Design strength

Modulus of elasticity

SHS 100x100x6.3 (Tata Steel Celsius)
S275

t=6.3 mm
py = 275 N/mm?
E = 205000 N/mm?

100

Lateral restraint
Distance between major axis restraints
Distance between minor axis restraints

Effective length factors
Effective length factor in major axis
Effective length factor in minor axis

Effective length factor for lateral-torsional buckling

Classification of cross sections - Section 3.5

Web - minor axis - Table 12
Depth of section
Stress ratios

Flange - minor axis - Table 12
Width of section

Lx = 2400 mm
Ly = 2400 mm

Kx = 1.00
Ky =1.00
Kir=120 +2xD

£ =V[275 N/mm?/ py] = 1.00

d=B-3xt=81.1 mm
r1 =min(Fe/(2xd xtxpyw), 1) =0.214
r2 = Fc/ (A X pyw) = 0.094

d/t=12.9xe<=max(64 xe/ (1 +r1),40 x¢)

b=D-3xt=81.1mm
b/t=129xe<=40x¢

TEDDS calculation version 3.0.07

Class 1 plastic

Class 3 semi-compact

Section is class 3 semi-compact




‘. Tekla Project ' Job no.
Tedds Gethin House LS378

LB Structural Design

. Calcs for Start page no./Revision
. Hez‘ Stradling 100x100x6.3 SHS Post 46
oity
Bridgend, CF35 6AN Calcs by Calcs date Checked by Checked date Approved by Approved date
LB 19/12/2019 LB 28/01/2020

Shear capacity - Section 4.2.3
Design shear force Fyv=0kN
(D-3xt)/t<70xe
Web does not need to be checked for shear buckling

Shear capacity - Section 4.2.3

Design shear force Fxv =6 kN
Shear area As = A= 1159 mm?
Design shear resistance Pxyv = 0.6 x py x Ay = 191.3 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5

Design bending moment M =6 kNm

Effective plastic modulus - Section 3.5.6

Limiting value for class 2 compact flange Bor =min(32 x e, 62 x€e-0.5xd/t) =32

Limiting value for class 3 semi-compact flange Bar=40x¢e=40

Limiting value for class 2 compact web Baw=max(80 x e/ (1 +r1), 40 x &) = 65.924
Limiting value for class 3 semi-compact web Baw=max(120 x e/ (1 + 2 xr2), 40 x €) = 100.993

Effective plastic modulus - ¢l.3.5.6.3
Seft = min(Z + (S - Z) x min([(Baw / (d /t) - 1) / (Baw / Baw - 1)], [(Bar/ (b /t) - 1) / (B3t / P2t - 1)]), S) = 80863 mm?
Moment capacity low shear - cl.4.2.5.2 Mc = min(py X Seft, 1.2 x py X Z) = 22.1 kNm
PASS - Moment capacity exceeds design bending moment

Compression members - Section 4.7
Design compression force Fc =60 kN

Effective length for major (x-x) axis buckling - Section 4.7.3

Effective length for buckling Lex = Lx X Kx = 2400 mm
Slenderness ratio - cl.4.7.2 Ax = Lex / r = 63.086
Compressive strength - Section 4.7.5
Limiting slenderness ho=0.2x (m®x E/py)°5=17.155
Strut curve - Table 23 a
Robertson constant ox =2.0
Perry factor MNx = 0x X (Ax - Ao) / 1000 = 0.092
Euler stress pex = 12 X E / M2 = 508.4 N/mm?2
dx = (Py + Mx + 1) X pex) / 2 = 415 N/mm?
Compressive strength - Annex C.1 Pox = PEx X Py / (Ox + (¢ - Pex X Py)°®5) = 234.9 N/mm?

Compression resistance - Section 4.7.4
Compression resistance - cl.4.7.4 Pex = A X pex = 544.6 kKN
PASS - Compression resistance exceeds design compression force

Effective length for minor (y-y) axis buckling - Section 4.7.3

Effective length for buckling Ley = Ly x Ky = 2400 mm
Slenderness ratio - ¢cl.4.7.2 Ay = Ley / ryy = 63.086
Compressive strength - Section 4.7.5

Limiting slenderness ho=0.2x (m®x E/py)°5=17.155
Strut curve - Table 23 a

Robertson constant oy = 2.0




‘. Tekla Project ' Job no.
Tedds Gethin House LS378
LB Structural peS'gn Calcs for Start page no./Revision
21 oo Svadind 100x100x6.3 SHS Post 47
oity
Bridgend, CF35 6AN Calcs by Calcs date Checked by Checked date Approved by Approved date
LB 19/12/2019 LB 28/01/2020
Perry factor My = ay X (Ay - o) / 1000 = 0.092
Euler stress pey = W x E / A/? = 508.4 N/mm?
¢y = (py + (T]y + 1) X pEy) / 2=415 N/mn«l2

Compressive strength - Annex C.1 Pey = PEy X Py / (dy + (0y? - PEy X Py)°°) = 234.9 N/mm?

Compression resistance - Section 4.7.4
Compression resistance - cl.4.7.4 Pey = A X pey = 544.6 kKN
PASS - Compression resistance exceeds design compression force

Compression members with moments - Section 4.8.3
Comb.compression & bending check - cl.4.8.3.2 Fe/ (AXxpy) + M/ M =0.365
PASS - Combined bending and compression check is satisfied

Member buckling resistance - Section 4.8.3.3

Max major axis moment governing Mo Mct = Mx = 0.00 kKNm
Equivalent uniform moment factor for major axis flexural buckling
mx = 1.000
my = 1.000
Buckling resistance checks - cl.4.8.3.3.3 Fc/Pey+ myxM/Mex (1 +0.5x%Fc/Pey) =0.396

Fe/ Pex + 0.5 x myx x My / Mcy = 0.246
PASS - Member buckling resistance checks are satisfied
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MASONRY BEARING DESIGN TO BS5628-1:2005
TEDDS calculation version 1.0.06
Masonry details
Masonry type Aggregate concrete blocks (25% or less formed voids)
Compressive strength of unit Punit = 7.3 N/mm?
Mortar designation iii
Least horizontal dimension of masonry units lunit = 100 mm
Height of masonry units hunit = 215 mm
Category of masonry units Category ll
Category of construction control Normal
Partial safety factor for material strength Ym = 3.5
Thickness of load bearing leaf t=140 mm
Effective thickness of masonry wall ter = 140 mm
Height of masonry wall h =2400 mm
Effective height of masonry wall het = 2400 mm

Beam to span in plane of wall

Bearing details
Beam spanning in plane of wall

Width of bearing B =100 mm

Length of bearing lb =250 mm

Compressive strength from Table 2 BS5628:Part 1 - aggregate concrete blocks (25% or less formed voids)
Mortar designation Mortar = "iii"

Block compressive strength Punit = 7.3 N/mm?

Characteristic compressive strength (Table 2c) fkc = 3.20 N/mm?

Characteristic compressive strength (Table 2d) fkd = 6.40 N/mm?

Height of solid block hunit = 215.0 mm

Least horizontal dimension lunit = 100.0 mm

Block ratio ratio = hunit / lunit = 2.2




’ Tekla Project Job no.
T Tedds Gethin House LS378
LB Structural Design Calcs for Start page no./Revision
21 He‘(’:' Stradling Masonry Bearing Check 49
oity
Bridgend, CF35 6AN Calcs by Calcs date Checked by Checked date Approved by Approved date
LB 19/12/2019 LB 28/01/2020

Characteristic compressive strength

Loading details

Characteristic concentrated dead load
Characteristic concentrated imposed load
Design concentrated load

Characteristic distributed dead load
Characteristic distributed imposed load
Design distributed load

Masonry bearing type
Bearing type
Bearing safety factor

Check design bearing without a spreader

Design bearing stress
Allowable bearing stress

Ratio between 0.6 and 4.5 - OK
fk = 6.40 N/mm?

Gk = 20 kN
Qu =23 kN

F = (Gkx 1.4) + (Q x 1.6) = 63.3 kN
gk = 0.0 kN/m

Q= 0.0 kN/m

f=(gkx 1.4) + (qk % 1.6) = 0.0 kN/m

Type 2
Yoear = 1.50

fea=F /(B xIb) +f/t=2.532 N/mm?
fcp = Yoear X fi / Ym = 2.743 N/mm?
PASS - Allowable bearing stress exceeds design bearing stress

Check design bearing at 0.4 x h below the bearing level

Slenderness ratio

Eccentricity at top of wall

From BS5628:1 Table 7

Capacity reduction factor

Length of bearing distributed at 0.4 x h
Maximum bearing stress

Allowable bearing stress

hef/tef =17.14
ex=0.0 mm

B =0.86

la =1210 mm

fea=F/(laxt) +f/t=0.374 N/'mm?
fop = B X fk / ym = 1.579 N/mm?

PASS - Allowable bearing stress at 0.4 x h below bearing level exceeds design bearing stress
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RAFT FOUNDATION DESIGN (BS8110 : PART 1 : 1997)
Tedds calculation version 1.0.12
Asedgetop

/ Asslabtop

Asedgelink\

hedge

hboot

Oedge sslabbtm

h hcoreslab

hhcorethick

Phoot

bedge

S

sedgebtm

Soil and raft definition

Soil definition

Allowable bearing pressure

Number of types of soil forming sub-soil

Soil density

Depth of hardcore beneath slab

Depth of hardcore beneath thickenings

Density of hardcore

Basic assumed diameter of local depression
Diameter under slab modified for hardcore
Diameter under thickenings modified for hardcore

Raft slab definition

Max dimension/max dimension between joints
Slab thickness

Concrete strength

Poissons ratio of concrete

Slab mesh reinforcement strength

Partial safety factor for steel reinforcement

Qaliow = 50.0 kN/m?

One type only

Firm to loose

hhcoresiab = 150 mm  (Dispersal allowed for bearing pressure check)
hncorethick = 150 mm  (Dispersal allowed for bearing pressure check)
Yheore = 18.0 kN/m3

Odepbasic = 2000mm

Odepsiab = Qdepbasic - Nhcoreslab = 1850 mm

¢depthick = q)depbasic - Rhcorethick = 1850 mm

Imax = 20.000 m
hsiab = 150 mm

fou = 35 N/mm?2
v=0.2

fysiab = 500 N/mm?
vs =1.15

From C&CA document ‘Concrete ground floors’ Table 5

Minimum mesh required in top for shrinkage
Actual mesh provided in top

Mesh provided in bottom

Top mesh bar diameter

Bottom mesh bar diameter

Cover to top reinforcement

Cover to bottom reinforcement

Average effective depth of top reinforcement
Average effective depth of bottom reinforcement
Overall average effective depth

A142

A393 (Assiabtop = 393 mm?3/m)

A393 (Assiabbtm = 393 mm?2/m)

Oslabtop = 10 mm

Ostabbtm = 10 mm

Ctop = 35 mm

Cotm = 35 mm

Chislabav = hstab - Ctop - Qslabtop = 105 mm
dostabav = Nsiab - Cotm - Psiabbtm = 105 mm
Oslabav = (isiabav + Obsiabav)/2 = 105 mm
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Minimum effective depth of top reinforcement

Minimum effective depth of bottom reinforcement

Edge beam definition

Overall depth

Width

Depth of boot

Width of boot

Angle of chamfer to horizontal
Strength of main bar reinforcement
Strength of link reinforcement
Reinforcement provided in top
Reinforcement provided in bottom
Link reinforcement provided

Bottom cover to links

Effective depth of top reinforcement
Effective depth of bottom reinforcement
Boot main reinforcement

Effective depth of boot reinforcement

Internal beam definition

Asintlink

distabmin = Oislabav - q)slabtop/z =100 mm

Obslabmin = dbslabav - (])slabbtm/z =100 mm

hedge = 675 mm

bedge = 450 mm

hboot = 225 mm

Pooot = 175 mm

Oedge = 60 deg

fy = 500 N/mm?

fys = 500 N/mm?2

3 H16 bars (Asedgetop = 603 mm?)

3 H16 bars (Asedgebtm = 603 mm?)

2 H10 legs at 250 ctrs (Asv/sv = 0.628 mm)

Cbeam = 35 mm

dedgetop = Nedge - Ctop - {slabtop - Pedgelink - Pedgetop/2 = 612 mm
Oedgebtm = Nedge - Cbeam - Qedgelink - Pedgebtm/2 = 622 mm
H10 bars at 250 ctrs (Asboot = 314 mm?/m)

dboot = Nboot - Coeam - Pooot/2 = 185 mm

Asinttop Asslabtop

e e e e ——

hi nt

hslab

h hcoreslab

sslabbtm

VAVAN
\ \A

|']hcorethick

AN

Overall depth

Width

Strength of main bar reinforcement
Strength of link reinforcement
Reinforcement provided in top
Reinforcement provided in bottom

Link reinforcement provided

Effective depth of top reinforcement
Effective depth of bottom reinforcement

Internal slab design checks

Basic loading
Slab self weight

blnt Asintbtm
hint = 450 mm
bint = 450 mm

fy = 500 N/mm?

fys = 500 N/mm?2

3 H16 bars (Asinttop = 603 mm?)

3 H16 bars (Asintotm = 603 mm?)

2 H10 legs at 250 ctrs (Asv/sv = 0.628 mm)
dinttop = Nint - Ctop - 2 X slavtop - Pinttop/2 = 387 mm
dintotm = int - Coeam - Qintink - Qintotm/2 = 397 mm

Wsiab = 24 KN/m® x hsiab = 3.6 KN/m?
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Hardcore

Applied loading
Uniformly distributed dead load
Uniformly distributed live load

Internal slab bearing pressure check
Total uniform load at formation level

Internal slab bending and shear check

Applied bending moments
Span of slab

Ultimate self weight udl

Self weight moment at centre
Self weight moment at edge
Self weight shear force at edge

Whcoreslab = Yhcore X hhcoresiab = 2.7 kKN/m?

Woudl = 5.0 KN/m?
Wil = 1.5 KN/m?

Wudl = Wslab + Wheoreslab + Wpudl + Wiual = 12.8 KN/m?

Isiab = Qdepsiab + Chslabay = 1955 mm

Wswult = 1.4 X Wslab = 5.0 kN/m?

Mesw = Wswutt X lsiab® X (1 + v) / 64 = 0.4 kKNm/m
Mesw = Wswult X lsiab? / 32 = 0.6 kNm/m

Vsw = Wswult X Istab / 4 = 2.5 KN/m

PASS - Wua <= qaiiow - Applied bearing pressure is less than allowable

Moments due to applied uniformly distributed loads

Wudiut = 1.4 X Wpudi + 1.6 X Wirud = 9.4 KN/m?
Mecudi = Wudiutt X lsiab® X (1 + v) / 64 = 0.7 kKNm/m
Meudi = Wudiut X lstab? / 32 = 1.1 KNm/m

Vudi = Wudlutt X lsian/ 4 = 4.6 KN/m

Ultimate applied udl
Moment at centre
Moment at edge
Shear force at edge

Resultant moments and shears
Total moment at edge

Total moment at centre

Total shear force

Mse = 1.7 KNm/m
Msc = 1.0 kNm/m
Vs =7.1 kN/m
Reinforcement required in top
K factor Kstavtop = Mse/(fou X disiabav?) = 0.004

Zslabtop = Clistabav X MiN(0.95, 0.5 + V(0.25 - Ksiabtop/0.9)) = 99.7 mm
Asslabtopbend = Mse/((1.0/Ys) X fysiab X Zslabtop) = 40 mm?2/m

Assiabmin = 0.0013 X hgiab = 195 mm?/m

Asslabtopreq = Max(Asslavtopbend, Asslabmin) = 195 mm2/m

preq <= Assiabtop - Area of reinforcement provided in top to span local depressions is adequate

Lever arm
Area of steel required for bending
Minimum area of steel required

Area of steel required
PASS - A

Reinforcement required in bottom
K factor Kslabbtm = MZc/(fcu X dbslabavz) =0.003
Zsiabbim = Obsiabay X MiN(0.95, 0.5 + V(0.25 - Ksiabbtm/0.9)) = 99.7 mm

Asstabbtmbend = Mzc/((1.0/Ys) X fysiab X Zsiabbtm) = 24 mm?2/m

Lever arm
Area of steel required for bending

Area of steel required
PASS - A

Asslabbtmreq = maX(Asslabbtmbend, Asslabmin) =195 mm?/m
eq <= Assiabbtm - Area of reinforcement provided in bottom to span local depressions is adequate

Shear check

Applied shear stress Vv = Vx/distabmin = 0.071 N/mm?
Tension steel ratio p = 100 x Assiabtop/tslabmin = 0.393
From BS8110-1:1997 - Table 3.8
Design concrete shear strength Ve = 0.732 N/mm?2

PASS - v <= v; - Shear capacity of the slab is adequate

Internal slab deflection check

Basic allowable span to depth ratio Ratiopasic = 26.0
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Moment factor
Steel service stress
Modification factor

Modified allowable span to depth ratio
Actual span to depth ratio

Edge beam design checks

Basic loading

Hardcore

Edge beam

Rectangular beam element
Boot element

Chamfer element

Slab element

Edge beam self weight
Edge load nhumber 1

Load type

Dead load

Live load

Ultimate load

Longitudinal line load width
Centroid of load from outside face of raft
Edge load number 2

Load type

Dead load

Live load

Ultimate load

Longitudinal line load width
Centroid of load from outside face of raft

Edge beam bearing pressure check
Effective bearing width of edge beam
Total uniform load at formation level

Miactor = M):c/dbslabav2 = 0.094 N/mm?
fs = 2/3 X fysiab X Asslabbtmbend/Asslabbtm = 20.238 N/mm?

MFsiab = min(2.0, 0.55 + [(477N/mm? - £)/(120 x (0.9N/mm2 + Mactor))])

MFsIab = 2-000
Ratioaiow = Ratiobasic X MFsiab = 52.000
Ratioactual = lsiab/ dbsiabay = 18.619

PASS - Ratioacua <= Ratioanow - Slab span to depth ratio is adequate

Whcorethick = Yhcore X hhcorethick = 2.7 KN/m?

Wheam = 24 KN/m8 X hedge X Dedge = 7.3 kN/m

Wioot = 24 KN/m3 X hioot X booot = 0.9 kN/m

Wehamfer = 24 KN/M® X (Nedge - hstan)?/(2 X tan(dledge)) = 1.9 KN/m
Wslabeimt = 24 KN/m3 X hsiab X (Nedge - hsiab)/tan(edge) = 1.1 kN/m

Wedge = Wbeam + Wboot + Wchamfer + Wslabelmt = 11.2 kN/m

Longitudinal line load

Wpedget = 15.0 KN/m

Weedget = 3.0 kKN/m

Wuitedge1 = 1.4 X Wpedge1 + 1.6 X Wiedge1 = 25.8 KN/m
Dedget = 100 mm

Xedge1 = 270 mm

Longitudinal line load

Wpedge2 = 9.6 KN/m

Wiedgez = 0.0 KN/m

Wultedge2 = 1.4 X Wpedge2 + 1.6 X Wiedge2 = 13.4 KN/m
Dedge2 = 100 mm

Xedge2 = 75 mm

Doearing = Dedge + Dooot + (hedge - hslab)/tan((ledge) =928 mm

Wudledge = WDud|+WLud|+Wedge/bbearing+thorethick = 21.3 kN/m?

Centroid of longitudinal and equivalent line loads from outside face of raft

Load x distance for edge load 1
Load x distance for edge load 2

Moment: = Wutedget X Xedget = 7.0 KN
Momentz = Wultedge2 X Xedge2 = 1.0 KN

Sum of ultimate longitud’l and equivalent line loads XUDL = 39.2 kN/m

Sum of load x distances
Centroid of loads

YMoment = 8.0 kN
Xpoar = XMoment/XUDL = 203 mm

Initially assume no moment transferred into slab due to load/reaction eccentricity
Sum of unfactored longitud’l and eff'tive line loads XUDLsls = 27.6 kN/m

Allowable bearing width
Bearing pressure due to line/point loads
Total applied bearing pressure

Daliow = 2 X Xbar + 2 X hhcoresiab % tan(30) = 580 mm
Qinepoint = XUDLSIs/ baiow = 47.6 kN/m?2
Cedge = (linepoint + Wudledge = 68.9 kN/m?

Qedge > Qaiow - The slab is required to resist a moment due to eccentricity
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Now assume moment due to load/reaction eccentricity is resisted by slab

Bearing width required

Effective bearing width at u/s of slab
Load/reaction eccentricity

Ultimate moment to be resisted by slab
From slab bending check

Moment due to depression under slab (hogging)
Total moment to be resisted by slab top steel

K factor
Lever arm
Area of steel required

breq = ZUDLSsIS/(Qallow - Wudledge) = 962 mm
Preqeft = Dreq - 2 X hhcoreslab x tan(30) = 789 mm
€ = Dregeft/2 - Xbar = 191 mm

Mecc = XUDL x e = 7.5 kKNm/m

Mze = 1.7 KNm/m

Msiabtop = Mecc + Mze = 9.2 KNmM/m

Ksiab = Msiabtop/(feu X distabmin?) = 0.026

Zsiab = Gisiabmin X MiN(0.95, 0.5 + V(0.25 - Kean/0.9)) = 95 mm
Asslabreq = Mstabtop/((1.0/ys) X fy X Zsiab) = 223 mm?3/m

PASS - Assiabreq <= Assiabtop - Area of reinforcement provided to transfer moment into slab is adequate

Edge beam bending check
Divider for moments due to udl’s

Applied bending moments
Span of edge beam
Ultimate self weight udl
Ultimate slab udl (approx)

Self weight and slab bending moment
Self weight shear force

The allowable bearing pressure under the edge beam will not be exceeded

Library item - B pressure with moment transfer

Bua = 10.0

|edge = q)depthick + dedgetop = 2462 mm
Wedgeult = 1.4 x Wedge = 15.7 KN/m

Wedgeslab = max(O kN/m,1 .4><Wslab><((q)depthick/2><3/4)'(bedge+(hedge'hslab)/tan((ledge))))

Wedgeslab = 0.0 kKN/m
Medgesw = (Wedgeutt + Wedgeslab) X |edge2/ﬁudl =9.5 kNm

Vedgesw = (Wedgeult + Wedgeslab) X |edge/2 =19.4 kN

Moments due to applied uniformly distributed loads

Ultimate udl (approx)
Bending moment
Shear force

Moment and shear due to load humber 1

Bending moment
Shear force

Moment and shear due to load number 2

Bending moment
Shear force

Resultant moments and shears
Total moment (hogging and sagging)
Maximum shear force
Reinforcement required in top
Width of section in compression zone
Average web width

K factor

Lever arm

Area of steel required for bending
Minimum area of steel required

Area of steel required

Wedgeudl = Wudlult X {depthick/2 X 3/4 = 6.5 KN/m
Medgeud = Wedgeud! X |edge2/ﬁudl =4.0 KNm

Vedgeudl = Wedgeud! X ledge/2 = 8.0 kN

Medge1 = Wultedget1 X |edge2/ﬁudl =15.6 kNm
Vedget = Wultedget X ledge/2 = 31.8 kN

Medge2 = Wultedge2 X |edge2/ﬁudl =8.1 kKNm
Vedge2 = Wultedge2 X ledge/2 = 16.5 kN

M):edge =37.3 kNm
VEedge = 757 kN

Dedgetop = Dedge + bboot = 625 mm

bw = Dedge + (Nedge/tan(ctedge))/2 = 645 mm

Kedgetop = Msedge/(fou X Dedgetop X Jedgetop?) = 0.005

Zedgetop = Jedgetop X MiN(0.95, 0.5 + V(0.25 - Kedgetop/0.9)) = 581 mm
Asedgetopbend = Mzedge/((1.0/s) X fy X Zedgetop) = 147 mm?

Asedgetopmin = 0.0013 x 1.0 X bw X hedge = 566 mm?

Asedgetopreq = Max(Asedgetopbend, Asedgetopmin) = 566 mm?2

PASS - Asedgetopreq <= Asedgetop - Area of reinforcement provided in top of edge beams is adequate
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Reinforcement required in bottom
Width of section in compression zone
K factor

Lever arm

Area of steel required for bending
Minimum area of steel required

Area of steel required
PASS - Asedgebtmreq <= A

Edge beam shear check
Applied shear stress

Tension steel ratio

From BS8110-1:1997 - Table 3.8
Design concrete shear strength

Link area to spacing ratio required
Link area to spacing ratio provided

Dedgebtm = Dedge + (Nedge - hsiab)/tan(dedge) + 0.1 X ledge = 999 mm
Kedgebtm = Msedge/(feu X Dedgebtm X dedgebtm?) = 0.003

Zedgebtm = Oedgebtm X MiN(0.95, 0.5 + V(0.25 - Kedgeoim/0.9)) = 591 mm
Asedgebtmbend = Mzedge/((1.0/Ys) X fy X Zedgebtm) = 145 mm?

Asedgebtmmin = 0.0013 x 1.0 X bw X hedge = 566 mm?

Asedgebtmreq = MaXx(Asedgebtmbend, Asedgebtmmin) = 566 mm?

- Area of reinforcement provided in bottom of edge beams is adequate

Vedge = VEedge/(bw X dedgetop) =0.192 N/mm?
Pedge = 100 x Asedgetop/(bw X dedgetop) =0.153

Vcedge = 0.378 N/mm?
Vedge <= Vcedge + 0.4N/mm? - Therefore minimum links required
Asv_UPON_Svregedge = 0.4N/mm? x bw/((1.0/ys) X fys) = 0.593 mm

Asv_Upon_Svprovedge = Nedge|inkxnxq)edgeIinkz/(4xsvedge) =0.628 mm

PASS - Asv_UPON_Svregedge <= Asy_UPON_Svprovedge - Shear reinforcement provided in edge beams is adequate

Boot design check

Effective cantilever span

Approximate ultimate bearing pressure
Cantilever moment

Shear force

K factor

Lever arm

Area of reinforcement required

Iboot = bboot + dboot/2 = 268 mm

Quit = 1.55 X Qalow = 77.5 kN/m?

Mooot = Quit X lboot?/2 = 2.8 KNm/m

Vboot = Quit X lboot = 20.7 KN/m

Kboot = Mboot/(feu X dboot?) = 0.002

Zboot = Oboot X MiN(0.95, 0.5 + V(0.25 - Kpoot/0.9)) = 176 mm

Asvootreq = Mboot/((1.0/vs) X fyboot X Zboot) = 36 mm2/m

PASS - Asbootreq <= Asboot - Area of reinforcement provided in boot is adequate for bending

Applied shear stress

Tension steel ratio

From BS8110-1:1997 - Table 3.8
Design concrete shear strength

Corner design checks

Basic loading

Corner load number 1

Load type

Dead load

Live load

Ultimate load

Centroid of load from outside face of raft
Corner load number 2

Load type

Dead load

Live load

Ultimate load

Centroid of load from outside face of raft

Vboot = Vboot/dboot = 0.112 N/mm?
Pboot = 100 X Asboot/dboot = 0.170

Veboot = 0.475 N/mm?
PASS - Voot <= Vcboot - Shear capacity of the boot is adequate

Line load in x direction

Wocornert = 15.0 KN/m

Wicornert = 3.0 KN/m

Wuttcornert = 1.4 X Wpcornert + 1.6 X Wicomert = 25.8 kKN/m
Yeomert = 270 mm

Line load in x direction

Wocomer2 = 9.6 KN/m

Wicomer2 = 0.0 KN/m

Wuitcorner2 = 1.4 X Wpcorner2 + 1.6 X Wicorner2 = 13.4 KN/m

Yeorner2 = 75 mm
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Corner load number 3
Load type

Dead load

Live load

Ultimate load

Centroid of load from outside face of raft

Corner load number 4
Load type

Dead load

Live load

Ultimate load

Centroid of load from outside face of raft

Corner bearing pressure check
Total uniform load at formation level

Net bearing press avail to resist line/point loads

Total line/point loads

Total unfactored line load in x direction
Total ultimate line load in x direction
Total unfactored line load in y direction
Total ultimate line load in y direction

Total unfactored point load
Total ultimate point load

Length of side of sq reqd to resist line/point loads

Line load in y direction

Wocomers = 9.6 KN/m

Wicomers = 0.0 KN/m

Waultcorner3 = 1.4 X Wpcomer3 + 1.6 X Wicomers = 13.4 kN/m

Xcormers = 75 mm

Line load in y direction

Wocomers = 11.5 KN/m

Wicomerd = 3.0 KN/m

Wuticornera = 1.4 X Wpcorner4 + 1.6 X Wicomers = 20.9 KN/m
Xcorera = 270 mm

Wudicorer = Wpudi+W_Ludi+Wedge/Dbearing+Whcorethick = 21.3 kN/m?
Qnetcorner = Callow - Wudicorer = 28.7 kN/m?2

Welinex = 27.6 KN/m

Wsuttinex =39.2 KN/m

Wxiiney = 24.1 KN/m

Wuttiney = 34.3 KN/m

Wspoint = 0.0 KN

Wzuttpoint = 0.0 KN

Deorner =[Wslinex-+Wsiney+V((Wsinex+Wsiiney) 2+4X0netcomnerXWpoint) [/(2XQnetcorner)
Pcormer = 1802 mm

Bending moment about x-axis due to load/reaction eccentricity

Moment due to load 1 (x line)
Moment due to load 2 (x line)
Total moment about x axis

Mx1 = max(0 kNm, Wuitcornert X Peomer X (Pcomer/2 - Yeomert)) = 29.3 KNm
Mx2 = max(0 KNm, Wuitcorner2 X Peomer X (Pcomer/2 - Yeomer2)) = 20.0 KNm
Msx = 49.3 KNm

Bending moment about y-axis due to load/reaction eccentricity

Moment due to load 3 (y line)
Moment due to load 4 (y line)
Total moment about y axis

Mys = max(0 KNm, Wuitcorners X Pcorer X (Pcomer/2 - Xcomers)) = 20.0 KNm
Mya = max(0 KNm, Wuitcornera X Pcormer X (Pcomer/2 - Xcomera)) = 23.8 KNm
Mz, = 43.8 kNm

Check top reinforcement in edge beams for load/reaction eccentric moment

Max moment due to load/reaction eccentricity

Mz = max(Mzx, Msy) = 49.3 kNm

Assume all of this moment is resisted by edge beam
From edge beam design checks away from corners

Moment due to edge beam spanning depression

Total moment to be resisted

Width of section in compression zone

K factor
Lever arm
Total area of top steel required

Msedge = 37.3 kNm

Mzcomerbp = Mz + Msedge = 86.6 KNm

bedgetop = bedge + bboot = 625 mm

Keomerbp = Mscomerbp/(feu X Dedgetop X edgetop?) = 0.011

Zeomerbp = edgetop X MIN(0.95, 0.5 + V(0.25 - Keomersp/0.9)) = 581 mm
Ascornerop = Mzcomerbp /((1.0/ys) X fy X Zcomerbp) = 343 mm?

PASS - Ascomerbp <= Asedgetop - Area of reinforcement provided to resist eccentric moment is adequate

Corner beam bending check
Cantilever span of edge beam

The allowable bearing pressure at the corner will not be exceeded

lcomner = q)depthick/\/(Z) + dedgetop/2 =1614 mm
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Moment and shear due to self weight
Ultimate self weight udl
Average ultimate slab udl (approx)

Self weight and slab bending moment
Self weight and slab shear force

Moment and shear due to udis
Maximum ultimate udl

Bending moment

Shear force

Wedgeutt = 1.4 X Wedge = 15.7 KN/m

Weornersiab = Max(0 KN/m, 1.4xWsiabX((depthick/ (Y (2)X2)-(Dedge+(Nedge-hsiab)/tan (cledgs))))
Weornersiab = 0.0 KN/m
Mcomersw = (Wedgeutt + Weornersiab) X lcomer?/2 = 20.5 KNm

Voornersw = (Wedgeult + Weomnersiab) X lcorner = 25.4 KN

Wecornerudl = ((1 .4XWDudI)+(1 .6XWLudI)) X ¢depthick/\/(2) =12.3 kN/m
Mecormerudl = Weomerudl X |corner2/6 =5.3 kNm

Vcornerudl = Woeornerudl X |c0rner/2 =9.9 kN

Moment and shear due to line loads in x direction

Bending moment
Shear force

Mcomerlinex = Wxuttiinex X lcomer?/2 = 51.1 kKNm

Vcornerlinex = Wxzultlinex X |corner =63.3 kN

Moment and shear due to line loads in y direction

Bending moment
Shear force

Mcornerliney = Wxzultiney X |corner2/2 =44.7 KNm

Vcornerliney = Wxultliney X lcomer = 55.4 kKN

Total moments and shears due to point loads

Bending moment about x axis
Bending moment about y axis
Shear force

Resultant moments and shears
Total moment about x axis

Total shear force about x axis
Total moment about y axis

Total shear force about y axis

Mcornerpointx = 0.0 kNm
Mcornerpointy = 0.0 kNm
Vcornerpoint = 0.0 kN

Mzcomerx = Mcomersw+ Mcornerudi+ Mcornerliney+ Mcomerpointx =70.6 kKNm
Vscomerx = Veorersw+ Veornerudi+ Vcornerliney + Vcomerpoint =90.7 kN
M)Zcornery = Mcomersw+ Mcomerudi+ Mcorneriinex+ Mcomerpointy =77.0 kNm

VZcornery = Veomersw+ Vcomerudi+ Vcomeriinex + Vcomerpoint =98.7 kN

Deflection of both edge beams at corner will be the same therefore design for average of these moments and shears

Design bending moment
Design shear force

Mscorner = (MZcornerx + M):cornery)/z =73.8 kNm
Vscorner = (VZcornerx + VZcornery)/2 =94.7 kN

Reinforcement required in top of edge beam

K factor

Lever arm

Area of steel required for bending
Minimum area of steel required
Area of steel required

Keorner = Mxcomer/(fou X Dedgetop X dedgetop?) = 0.009

Zeomer = Dedgetop X MIN(0.95, 0.5 + V(0.25 - Keomer/0.9)) = 581 mm
Ascornerbend = Mscomer/((1.0/Ys) X fy X Zcomer) = 292 mm?

Ascornermin = Asedgetopmin = 566 mm?2

Ascormer = Max(Ascornerbend, Ascomermin) = 566 mm?

PASS - Ascomer <= Asedgetop - Area of reinforcement provided in top of edge beams at corners is adequate

Corner beam shear check
Average web width

Applied shear stress

Tension steel ratio

From BS8110-1:1997 - Table 3.8
Design concrete shear strength

Link area to spacing ratio required
Link area to spacing ratio provided

bw = Dedge + (hedge/tan((ledge))/z = 645 mm
Veorner = Vxcorner/(Dw X Qedgetop) = 0.240 N/mm?
pcorner =100 x Asedgetop/(bw X dedgetop) = 0.153

Vecorner = 0.340 N/mm?
Vcorner <= Vccomer + 0.4N/mm? - Therefore minimum links required
Asv_UPON_Svregeomer = 0.4N/mm? x bw/((1.0/ys) x fys) = 0.593 mm

Asv_Upon_Svprovedge = Nedge|inkxnxq)edgeIinkz/(4xsvedge) =0.628 mm




‘. Tekla Project ' Job no.
Tedds Gethin House LS378

LB Structural Design

Calcs for Start page no./Revision
21 He‘(’:' Stradiing Raft Foundation Design 59
oity
Bridgend, CF35 6AN Calcs by Calcs date Checked by Checked date Approved by Approved date
LB 19/12/2019 LB 28/01/2020

PASS - Asv_upon_Svreqcomer <= Asv_UPON_Svprovedge - Shear reinforcement provided in edge beams at corners is

adequate
Corner beam deflection check
Basic allowable span to depth ratio Ratiobasiccorner = 7.0
Moment factor Miactororner = Mcomer/(Dedgetop X Dedgetop?) = 0.315 N/mm?
Steel service stress fscomer = 2/3 X fy X Ascornerbend/Asedgetop = 161.250 N/mm?
Modification factor MFcomer=min(2.0,0.55+[(477N/mm?-fscomer)/(120x(0.9N/Mm?+Miactorcomer))])
MFcomer = 2.000
Modified allowable span to depth ratio Ratioaliowcomer = RatiObasiccorner X MFcomer = 14.000
Actual span to depth ratio Ratioactualcorner = lcorner/ dedgetop = 2.637

PASS - RatiOactuaicorner <= Ratioaowcomer - Edge beam span to depth ratio is adequate

Internal beam design checks

Basic loading

Hardcore Wheorethick = Yheore X Nhcorethick = 2.7 KN/m?
Internal beam self weight Wint = 24 KN/m3 x hint X bint = 4.9 kN/m
Internal beam load number 1

Load type Longitudinal line load

Dead load Wointt = 5.0 KN/m

Live load Wiintt = 6.0 KN/m

Ultimate load Wuttintt = 1.4 X Wpintt + 1.6 X WiLintt = 16.6 KN/m
Longitudinal line load width bintt = 100 mm

Centroid of load from centreline of beam Xintt = 0 mm

Internal beam bearing pressure check

Total uniform load at formation level Wadiint = Wpudi+WLudi+Whcorethick-+24KN/m3xhint = 20.0 kKN/m?
Sum of factored longitud’l and eff'tive line loads YUDLint = 16.6 KN/m

Sum of unfactored longitud’l and eff'tive line loads XUDLslsint = 11.0 kN/m

Centroid of loads from centreline of internal beam

Load x distance for internal load 1 Momentintt = Wuttintt X Xintt = 0.0 kN
Sum of load x distances YXMomentint = 0.0 kN
Centroid of loads Xparint = ZMomentin/ZUDLint = 0.0 mm

Moment due to eccentricity to be resisted by slab ~ Meccint = ZUDLint X abs(Xoarint) = 0.0 KNm/m

Assume moment due to eccentricity is resisted equally by top steel of slab on one side and bottom steel of slab on other
From slab bending check

Moment due to depression under slab (hogging) Mse = 1.7 KNm/m

Total moment to be resisted by slab top steel Msiabtopint = Meccin/2 + Mze = 1.7 KNm/m
K factor Ksiabtopint = Msiabtopint/(feu X Qislabmin®) = 0.005
Lever arm Zslabtopint = Gistabmin X MiN(0.95, 0.5 + V(0.25 - Ksiabtopin/0.9)) = 95 mm
Area of steel required Asslabtopintreq = Mstabtopint/((1.0/Ys) X fysiab X Zslabtopint) = 42 mm?3/m
PASS - A pintreq <= Asslabtop = Area of reinforcement in top of slab is adequate to transfer moment into slab

Mt to be resisted by slab btm stl due to load ecc'ty Msiabbtmint = Meccin/2 = 0.0 KNm/m
K factor Ksiabbtmint = Mstapbtmint/(fou X dbstabmin?) = 0.000
Lever arm Zsiabbimint = Absiabmin X MiN(0.95, 0.5 + V(0.25-Ksiavbimin/0.9)) = 95 mm
Area of steel required in bottom Asslabbtmintreq = Mstabbtmint/((1.0/ys) X fysiab X Zslabbtmint) = 0 mm?2/m

PASS - Assiabbimintreq <= Assiabbtm - Area of reinforcement in bottom of slab is adequate to transfer moment into slab

Bearing pressure
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Initially check bearing pressure based on beam soffit/chamfer width only

Allowable bearing width

Bearing pressure due to line/point loads

Total applied bearing pressure

Internal beam bending check
Divider for moments due to udl’s

Applied bending moments

Span of internal beam

Ultimate self weight udl

Ultimate slab udl (approx)

Self weight and slab bending moment
Self weight shear force

boearint = bint = 450 mm
Qinepointint = ZUDLSISint/boearint = 24.4 KN/m?
Qint = Qiinepointint + Wudint = 44.4 KN/m?
PASS - qint <= qanow - Allowable bearing pressure is not exceeded

Budai = 10.0

lint = Odepthick + dinttop = 2237 mMm

Wintult = 1.4 X Wint = 6.8 KN/m

Wintslab = Max(0 KN/m,1.4 X Wsiap X ((Qdepthick X 3/4) - bint)) = 4.7 KN/m
Mintsw = (Wintult + Wintsiab) X lint?/Buai = 5.8 KNm

Vintsw = (Wintult + Wintstab) X lint/2 = 12.9 KN

Moments due to applied uniformly distributed loads

Ultimate udl (approx)
Bending moment
Shear force

Moment and shear due to load humber 1

Bending moment
Shear force

Resultant moments and shears
Total moment (hogging and sagging)
Maximum shear force

Reinforcement required in top
Width of section in compression zone
Average web width

K factor

Lever arm

Area of steel required for bending
Minimum area of steel

Area of steel required

Wintudl = Wudiult X Odepthick X 3/4 = 13.0 KN/m
Mintudi = Wintudi X lint?/Buai = 6.5 KNm
Vintudl = Wintudi X lin/2 = 14.6 KN

Mintt = Wattint1 X lin®/Buai = 8.3 KNm
Vintt = Wuttintt X lin/2 = 18.6 kKN

Mzint = 20.6 kKNm
Vzint = 46.1 kN

Dinttop = bint = 450 mm

Dwint = bint = 450 mm

Kinttop = Mzint/(feu X Dinttop X dinttop?) = 0.009

Zintiop = dinttop X MIN(0.95, 0.5 + V(0.25 - Kintiop/0.9)) = 368 mm
Asinttopbend = Mzint/((1.0/Ys) X fy X Zinttop) = 129 mm?

Asintiopmin = 0.0013 X Dwint X hint = 263 mm?2

Asinttopreq = maX(Asinttopbend, Asinttopmin) =263 mm?

PASS - Asinttopreq <= Asinttop - Area of reinforcement provided in top of internal beams is adequate

Reinforcement required in bottom
Width of section in compression zone
K factor

Lever arm

Area of steel required for bending
Minimum area of steel required

Area of steel required

PASS - Asinttmreq <= Asint

Internal beam shear check
Applied shear stress

Tension steel ratio

From BS8110-1:1997 - Table 3.8

bintotm = bint + 0.2 X lint = 897 mm

Kintotm = Mzint/(feu X Dintotm X dintotm?) = 0.004

Zintotm = Jintotm X MiN(0.95, 0.5 + V(0.25 - Kintotm/0.9)) = 377 mm
Asintotmbend = Msint/((1.0/Ys) X fy X Zintotm) = 126 mm?

Asintotmmin = 0.0013 X 1.0 X buwint X hint = 263 mm?

Asintbtmreq = maX(Asintbtmbend, Asintbtmmin) =263 mm?

- Area of reinforcement provided in bottom of internal beams is adequate

Vint = Vzint/(Dwint X dinttop) = 0.264 N/mm?
pint = 100 x Asinttop/(bwint X dinttop) =0.346
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Design concrete shear strength

Link area to spacing ratio required

Link area to spacing ratio provided
PASS - Asv_upon_Svregint <= Asy_UpON_Svprovint - Shear reinforcement provided in internal beams is adequate

Veint = 0.497 N/mm?

Vint <= Veint + 0.4N/mm? - Therefore minimum links required
Asv_UPON_Svregint = 0.4N/mm? x buwint/((1.0/ys) X fys) = 0.414 mm
Asv_UpON_Svprovint = NintIinkXTCXq)intIink2/(4><Svint) =0.628 mm
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CANTILEVER MASONRY RETAINING WALL DESIGN (BS8110&BS5628) MASONRY CANTILEVER RETAINING WALL

DESIGN TO CP2 & BS5628 (PART 1)

RETAINING WALL PRESSURES - GRANULAR FILL - NO WALL FRICTION — ASSUMED FULLY DRAINED

General Soil Data

Density of retained soil ¥s = 18.0 kN/m3

Angle of internal friction 6 =28.0°
Angle of soil surface 6=0.0°
Ground cover over base at front of wall

—if > Omm, assumed permanent tc =200 mm
Loads on wall and ground

Surcharge load (horizontal plan area) ws = 1.5 KN/m?

Design vertical dead load on wall (unfactored) W, = 0.00 kN/m

Design vertical live load on wall (unfactored) W, =0.00 kN/m

Stem details

Density of wall stem brickwork Yw = 19.0 kN/m3

Wall base section thickness tw=1115.0 mm

Height retained h =1725 mm
Base details

Density of wall base T = 23.6 kKN/m3

Length of heel Iheet = 200 mm
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Length of toe lioe = 200 mm
Base thickness tb =225 mm
Length of base lo_a = ltoe + tw + lheet = 1515 mm

Height of active soil (at back of stem and heel)
Height of wall stem hstem = h - to = 1500 mm
hsoil = h + lheet X tan (6) = 1725 mm
Load factors
Dead Load Factor Y a=1.40

Imposed Load Factor vi=1.60

Coefficients using Rankine
Active coefficient (Sloping Surface) - no friction

ka_s = ( cos(8) - V((cos(B))2 - (cos(¢))2)) / ( cos(6) + V((cos(B))? - (cos(d))?)) = 0.361

Active coefficient (level surface) ka=(1-sin(¢))/(1+sin(¢))=0.361
Passive coefficient (level surface) kp=(1+sin(¢))/(1-sin(¢))=2.770
At - rest coefficient ko= (1-sin(¢))=0.531

For a one metre width - (Horizontal Components - Active Earth Pressures)

At the virtual back of the wall (back of heel)

Surcharge
pressure Ps = Ka_s X Ws = 0.5 kKN/m?
force — horizontal Fs = (ps X hsoil) X (cos(0))? = 0.9 kN/m

overturning moment about toe  Ms = Fs x hsoil /2 = 0.8 KNm/m

Backfill
pressure Pa = Ka_s X s X hsoil = 11.2 KN/m?
force — horizontal Fa = (pa X hsoil / 2) x (c0s(0))? = 9.7 kN/m
overturning moment about the toe Ma = Fa X hsoil / 3 = 5.6 KNm/m
Total horizontal force (unfactored) Fi=Fs + Fa = 10.6 kN/m
Total horizontal force (factored) Frut =i % Fs + ¥ a X Fa = 15.0 KN/m
Total overturning moment (unfactored) Mt = Ms + Ma = 6.4 KNm/m
Total overturning moment (factored) Mt utt = ¥t X Ms + ¥t.d X Ma = 9.1 KNm/m

Average load factor Yiav = Miut/ Mt = 1.43
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STABILITY CHECKS

(Unfactored Loads - Active Soil Pressures)

1) SLIDING
Coefficient of friction u = tan (¢) x factor = 0.399 factor = 0.75

Passive pressures in front of wall
Top of base ppt = Kp X tc X s = 10.0 kN/m?
Underside of base ppz = Ko X (tc + tb ) X Y = 21.2 kN/m?
Total resistance
Base PPoase = ( pp1 + pp2) Xt / 2 = 3.5 kKN/m
Passive resistance Soil in front of wall assumed to resist sliding
P = PPbase X s0il_resists = 3.5 kN/m
Factor of safety against sliding
Factor of safety required FOS_reqdsiding = 2.00
Length of heel provided lheet = 200 mm

Conservatively, it is assumed that the surcharge load does not provide downward pressure on
the heel in the sliding calculation.

FOSsiiding = ((((Ineet X (YsX(hstem+Iheeixtan(0)/2)+yoxtb) ) +ltoexypoxto+ Wy +(twx(Ywxhstem+bXtb))) X 1 )+ P) / Ft

FOSsiiding = 2.031

Factor of safety against sliding = 2.0 i.e. > 2.0 - OK

2) OVERTURNING

Factor of safety against overturning

Factor of safety required FOS_reqdo_wmn = 2.00
Length of toe provided ltoe = 200 mm

Conservatively, it is assumed that the surcharge load does not provide downward pressure on
the heel in the overturning calculation.

Taking Moments about front of the toe

Mri = ( Wy + hstem X tw X Yw ) X (hoe + tw / 2) = 24.1 KNm/m

M2 = lheet X hstem X Vs X (koe + tw + lheet / 2) = 7.6 KNm/m

Mra = (loe + tw + lheel )2 X tb X 16/ 2 = 6.1 KNm/m

Mra = lheet X Iheeix tan(0) / 2 X ¥s X (loe + tw + Iheet X 2/3 ) = 0.0 KNm/m
Resisting moment Mr = Mn + M2 + Miz + Mra = 37.8 KNmM/m

Factor of safety against overturning FOSo_tum = Mr / abs(My) = 5.94

Factor of safety against overturning = 5.9 i.e. > 2.0 - OK

Overall length of base lo_a = hoe + tw + lheet = 1.515 m
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3) BEARING PRESSURE (INCLUDING LIVE LOADS AND TOE COVER)

Total overturning moment for bearing calculation M; = 6.4 KNm/m

Total resisting moment for bearing calculation  Mr = 37.8 kKNm/m

Total vertical load on base
N = tw X hstem X Yw + (Nstem+lheeixtan(0)/2) x lheel X ¥s + tc X loe X Y5 + lo_a X to X o + Wy + Ws X Iheet + Wi
N = 46.2 kN/m

Eccentricity of vertical load
e1 = (Mr — abs(M) + te X hoe? X Ys/2 + Ws X Iheet X (loe + tw + Iheet/2) + Wi X (hoe + tw/2)) / N = 0.691 m

€=loa/2-€1=0.067 m

Resultant lies inside middie third

Maximum bearing pressure Pmax = if(@bs(e)<(lo_a /6) , Gmax2 , Omax1) = 38.6 kN/m?

Permissible bearing pressure  poearing = 100 kN/m?

Maximum bearing pressure is 39 kN/m? i.e. < Allowable - OK

DESIGN BASE PRESSURES BASED UPON AT REST EARTH PRESSURES

For a one metre width - (Horizontal Components - At Rest Earth Pressures)

Surcharge

pressure Pso = Ko X Ws = 0.8 kN/m?

force Fso = pso X h = 1.4 KN/m

moment Mso = Fso X h /2 = 1.2 KNm/m
Backfill

pressure Po = ko X s X h = 16.5 kN/m?

force Fo=poxh/2=14.2 kN/m

moment Mo = Foxh /3 =8.2 kNm/m
Total horizontal force (unfactored) Fi o = Fso + Fo = 15.6 kN/m
Total horizontal force (factored) Ftuit o = Y.i X Fso + 1.0 X Fo = 22.1 KN/m
Total moment (unfactored) Mto = Mso + Mo = 9.4 KNm/m
Total horizontal force (factored) Mt utt_o = ¥r_i X Mso + t.d X Mo = 13.3 kKNm/m

Average load factor Y av = Mt ut_o / Mt o = 1.43
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Total vertical load on base
N = tw X hstem X Yw + ( hstem + lheet X tan(0) / 2 ) X lheel X ¥s + tc X ltoe X ¥s + lo_a X to X Yo + Wy + Ws X lheet + W,
N = 46.2 kN/m
Total resistance moment (no live loads included or toe cover)
Mr = 37.806 kNm/m
Eccentricity of vertical load
€1 = (Mr - Mio + tc X loe? X ¥6/2 + Ws X Iheel X (loe + tw + Ihee/2) + Wi X (loe + tw/2)) / N = 0.626 m

e=lba/2-€1=0.131m
Resultant lies inside middle third

1) Resultant outside middle third This Section is Invalid as Resultant is within Middle Third
omaxt = (2 X N) / (3 X (lo_a/ 2 - abs(e))) = 49 kN/m?
lbr = (N X 2/ Omax1) = 1.878 m
2) Resultant inside middle third
omaxe = N/loa+ 6 x N xabs(e) / lo_a® = 46 KN/m?
omin2= N/lo_a-6x N xabs(e)/lo_a? =15 kN/m?

lb2 = |o_a =1.515m

Pressures under the base
Omax = if(abs(€) < lo_a / 6,0max2,0max1 ) = 46.4 KN/m?
omin = if(abs(e) < lo_a / 6,0min2, 0 KN/m?2) = 14.6 kN/m?
Bearing length lp = if(abs(e)<(lo_a/ 6) , lb2 , Ib1) = 1.515 m
Pressures under the heel/stem interface
Ip_heel = Ip - loe - tw = 0.200 M
Oheel = MaX (((Omax - Omin ) X lp_heel / Ip ) + Omin , 0 KN/m? ) = 18.8 kN/m?
Pressures under the toe/stem interface

Otoe = ((Gmax - Omin ) X (|p_hee| + tw ) / |p ) + Omin= 42.2 kN/m?

BASE DESIGN - HEEL

Shears and Moments
Vertical load downward Wut_neel = ( hstem X Ys + Yb X to ) X Y_d + Ws X i = 47.6 KN/m?

Wult_heelt = (lneet X tan(0)/2 x vys) X vt ¢ = 0.0 kN/m?

Ultimate Shear (at wall face)

downward Vult_pos_heel = (Wult_heel + Wult_heelt ) X lheel = 9.5 kN/m
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upward

Vult_neg_heel = ( Gmin X MaX(lp_neet,0 MM) + (Gheel - Gmin) X (MaX(lp_neel,0 mm))2 /(2 X Ip_neel )) X Yt av
Vultﬁnegfheel =4.8 KN/m

Nett Ultimate Shear Vuit_heel = abs( Vuit_pos_heel - Vult_neg_heel ) = 4.8 KN/m

Ultimate Moment (at centre of wall)
clockwise Mutt_pos_heel = Wult_heel X lheel X ( Iheel + tw )/2 + Wuit_heett X lheet X ( 2xlheei / 3 + tw/2) = 6.3 KNm/m
anticlockwise
Mutt_neg_heel = (( Omin X lp_heel X (lp_heel + tw) / 2 )+ (Cheel - Omin) / 2 X lp_neel X (Ip_heel / 3 + tw /2 )) X ¥t av
Muit_neg_heel = 3.1 kNm/m
Nett Ultimate Moment Muit_heel = abs( Muit_pos_heel - Muit_neg_neel ) = 3.1 KNm/m

HEEL REINFORCEMENT - MESH

Tension Reinforcement

Cover to bars in the top of the heel Cr_heel = 35 mm
Effective depth to bars dheel = tb - Cr_heel - (BMmM) = 184 mm
Assume the base is a cantilevered slab

Characteristic strength of reinforcement fy = 460 N/mm?
Characteristic strength of concrete fou = 35 N/mm?2
Area of reinforcement required

Kheel = abS(MuItfheeI) / ( dhee® X feu ) =0.003 K'=0.156
Compression steel not required

Lever arm Zneel = MiN (( 0.95 x dheel), (dheex(0.5+V(0.25-Knee/0.9)))) = 175 mm
Reinforcement required As_heel = abs(Muit_neel) / (1/yms X fy X Zheel) = 41 mm?3/m
Minimum reinforcement As_min_neel = if(fy == 460 N/mm?,0.0013xt,0.0024xts) = 293 mm?/m
As_req_heel = MaX(As_neel, As_min_heel) = 293 mm?3/m

Tension steel provided

Use A393 Mesh As_prov_heel = Asi_heel = 393 mm?m

Area of main tension steel provided in heel sufficient

Heel - Check min and max areas of steel
Total area of concrete Ac = t = 225000 mm3/m

Minimum percentage area of reinforcement k =0.13 %
Minimum area of steel required As_min = K x Ac = 293 mm?%/m

Maximum area of steel allowed As max = 4 % x Ac = 9000 mm?/m

Area of main steel provided OK
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Heel Distribution Steel

Minimum percentage of distribution reinforcement ki =0.13 %

Minimum Area Required As_dist req = K1 X Ac = 293 mm?/m

Area Provided As_dist base = Ast_heel = 393 mm3/m

CHECK OF NOMINAL COVER

Cover to outer tension reinforcement

Cheel = tb - dheel - dsi_heet / 2 = 36.0 mm

Permissible minimum nominal cover to all reinforcement (Table 3.4)

Cmin_heel = 35 mm

HEEL SHEAR RESISTANCE — AT WALL FACE

Applied shear stress at wall face
Vheel = Vuit_heel / Oheel = 0.03 N/mm?

Check shear stress to clause 3.4.5.2 (BS8110:Pt 1)

Valiowable = Min ((0.8 N"2/mm) x V(fou ), 5 N/mm? ) = 4.73 N/mm?2

Shear stresses to clause 3.4.5.4 (BS8110:Pt1)
Allowable shear stress

Vc_heel = 0.51 N/mm?

BASE DESIGN - TOE

Shears and Moments
Conservatively all soil overburden on the toe is ignored

Ultimate Shear (conservatively - at face of wall)

Area of distribution steel provided OK

Cover over outer steel OK (top of heel)

Shear stress < maximum - OK

No shear reinforcement required

Vit toe = (( Gtoe X loe ) + (((Omax — Gioe) / 2 ) X ltoe )) X Vt_av - loe X tb X Yo X ¥ d = 11.1 KN/m

Ultimate Moment (at centre of wall)

Mutt_toe =((Gtoe X ltoe X ( loe+ tw)/2)+(Omax-Gtoe )/2 X ltoe X (2xhoe/3 + tw/2 )) X ¥t av - ltoe X tb X Vb X ¥t d X (ltoe/2+tw/2)

Multﬁtoe =7.3 kNm/m

TOE REINFORCEMENT - MESH

Tension Reinforcement

Cover to bars in the bottom of the toe Cr_toe = 35 mm

Effective depth to bars dioe = tb - Cr_toe - (BmMm) = 184 mm

Assume the base is a cantilevered slab
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Characteristic strength of reinforcement fy = 460 N/mm?
Characteristic strength of concrete fou = 35 N/mm?2

Area of reinforcement required

Kioe = abs (Mutit_toe ) / ( dioe? X fou )=0.006 K'=0.156
Compression steel not required

Lever arm Zioe = MiN (( 0.95 X dioe),(dioex(0.5+V(0.25-K06/0.9)))) = 175 mm
Reinforcement required As t0e = abs(Mut_toe) / (1/7ms X fy X Zioe) = 96 mm3/m
Minimum reinforcement As_min_toe = if(fy == 460 N/mm?2,0.0013xt,,0.0024xtp) = 293 mm?/m
As_req_toe = Max(As_toe, As_min_toe) = 293 mm?/m

Tension steel provided

Use A393 Mesh As prov_toe = Asl_toe = 393 mm?m

Area of main tension steel provided in toe sufficient

Toe - Check min and max areas of steel
Total area of concrete Ac = t = 225000 mm3/m

Minimum percentage area of reinforcement k =0.13 %
Minimum area of steel required As_min = K x Ac = 293 mm?%/m

Maximum area of steel allowed As max = 4 % x Ac = 9000 mm?/m
Area of main steel provided OK

Toe Distribution Steel
Minimum percentage of distribution reinforcement ki = 0.13 %
Minimum Area Required As_dist req = K1 X Ac = 293 mm?/m

Area Provided As_dist base = Ast_toe = 393 mm?3/m

Area of distribution steel provided OK

CHECK OF NOMINAL COVER

Cover to outer tension reinforcement

Ctoe = tb - dtoe - sl toe / 2 = 36.0 mm
Permissible minimum nominal cover to all reinforcement (Table 3.4)
Cmin_toe = 35 mm

Cover over outer steel OK (bottom of toe)

TOE SHEAR RESISTANCE

Applied shear stress

Vioe = Vult_toe / ioe = 0.06 N/mm?2
Check shear stress to clause 3.4.5.2 (BS8110:Pt 1)

Valiowable = Min ((0.8 N"2/mm) x V(fou ), 5 N/mm? ) = 4.73 N/mm?2
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Shear stress < maximum - OK
Shear stresses to clause 3.4.5.4 (BS8110:Pt 1)

Allowable shear stress

Vc_toe = 0.51 N/mm?2

No shear reinforcement required

STEM DESIGN
Width of base of wall tw =1115.0 mm
Height of stem of wall hstem = 1500 mm

DESIGN OF WALL SECTION 1 (AT REST PRESSURES)

Wall base section thickness  tw=1115.0 mm

Depth from top of wall to base

hstem = 1500 mm
Applied moment at base of section

Mbase = (Ko X Ws X hstem? / 2) XYt i + (Ko X ¥s X hstem® / 8) X ¥t ¢ = 9.0 KNm/m
Applied shear force at base of section

Foase = (Ko X Ws X hstem) X¥t_i + (Ko X ¥s X Nstem? / 2) X ¥t.d = 17.0 KN/m

CHECK RESISTANCE TO MOMENT WITHOUT FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.3)
Compressive strength (Table 2) fk = 7.00 N/mm?

Design vertical load per unit length of wall nw_base = i X (Wv + tw X hstem X yw) = 28.6 KN/m

Moment of resistance Mgc_base = ( Nw_base / 2 ) X (tw - (Nw_base X Ym / fk )) = 15.7 KNm/m

Wall bending - OK

STEM SHEAR (BS5628:PT 1:CL 33)

Mortar designation Mortar = "iii"

Design dead load at the base of the wall Vbase = Wy + tw X hstem X Yw = 31.78 kN/m
Design vertical dead load per unit area ga_base = Vibase X Yid / tw = 0.03 N/mm?
Characteristic shear strength of masonry
fvi = min(1.75 N/mm?, 0.35 N/mm? + (0.6 X ga base )) = 0.37 N/mm?
fv_ii = min(1.4 N/mm?, 0.15 N/mm? + (0.6 X ga_base )) = 0.17 N/mm?

fv = if((Mortar == "i")||(Mortar == "ii"), fv_i, fv_ii) = 0.17 N/mm?
Ref BS 5628 Pt 1: Clause 25
Shear stress Vbase = Fbase / tw = 0.02 N/mm?2
Partial safety factor for shear Yov = 2.5

Wall base shear OK
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DESIGN OF WALL SECTION 2 (AT REST PRESSURES)

Wall section thickness twai 2 = 890.0 mm

Depth from top of wall to base of section

hwai_2 = 1280 mm Warning the height of the section is not a complete number of bricks
Applied moment at base of section

Mwai_2 = (Ko X Ws X hwai_2? / 2) x¥t i + (Ko X s X hwai 2%/ 6) X Y ¢ = 5.7 KNm/m
Applied shear force at base of section

Fuwai_2 = (Ko X Ws X hwai_2) X¥ti + (Ko X ¥s X hwai 22 / 2) Xy d=12.6 KN/m

CHECK RESISTANCE TO MOMENT WITHOUT FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.3)
Compressive strength (Table 2) fk = 7.00 N/mm?2

Design vertical load per unit length of wall nw_wai 2 = ytd X (Wv + twai_2 X hwai_2 X yw) = 19.5 KN/m

Moment of resistance Mgc_wall 2 = ( Nw_wall 2/ 2 ) X (twal_2 - (Nw_wai_2 X Ym / fk )) = 8.6 KNm/m
Wall bending - OK

STEM SHEAR (BS5628:PT 1:CL 33)

Mortar designation Mortar = "iii
Design dead load at the base of the wall Vwai 2 = Wy + twai_2 X hwai_2 X yw = 21.64 KN/m
Design vertical dead load per unit area ga wai_2 = Vwai_2 X ¥id / twai 2 = 0.02 N/mm?
Characteristic shear strength of masonry
fvi=min(1.75 N/mm?, 0.35 N/mm? + (0.6 X ga_wai_2 )) = 0.36 N/mm?

fv_ii = min(1.4 N/mm?2, 0.15 N/mm? + (0.6 X ga wai_2 )) = 0.16 N/mm?

fv = if(Mortar == "i")||(Mortar == "ii"), fv_j, fv_ii) = 0.16 N/mm?
Ref BS 5628 Pt 1: Clause 25
Shear stress Vwall_2 = Fwall 2 / twai 2 = 0.01 N/mm?
Partial safety factor for shear Yo = 2.5

Wall section base shear OK

DESIGN OF WALL SECTION 3 (AT REST PRESSURES)

Wall section thickness twai 3 = 665.0 mm

Depth from top of wall to base of section

hwai_s = 1060 mm Warning the height of the section is not a complete humber of bricks
Applied moment at base of section

Mwai_3 = (Ko X Ws X hwai_3? / 2) ¥t i + (Ko X s X hwai 3%/ 6) X ¥ g = 3.4 KNm/m
Applied shear force at base of section

Fwai s = (Ko X Ws X hwai_3) x¥t i + (Ko X Ys X hwai 3%/ 2) X ¥ .d = 8.9 kKN/m
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CHECK RESISTANCE TO MOMENT WITHOUT FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.3)
Compressive strength (Table 2) fk = 7.00 N/mm?

Design vertical load per unit length of wall Nw_wai_s = Ya X (Wv + twai_s X hwai_s X yw) = 12.1 kN/m

Moment of resistance Mgrc_wall 3 = ( Nw_wal 3/ 2 ) X (twai_3 - (Nw_wal 3 X Ym / fk )) = 4.0 kKNm/m
Wall bending - OK

STEM SHEAR (BS5628:PT 1:CL 33)

Mortar designation Mortar = "iii"

Design dead load at the base of the wall Vwai 3 = Wy + twai_3 X hwai_s X yw = 13.39 kN/m
Design vertical dead load per unit area ga wai_s = Vwai_3 X ¥id / twai s = 0.02 N/mm?
Characteristic shear strength of masonry
fvi = min(1.75 N/mm?, 0.35 N/mm? + (0.6 X ga wai_3 )) = 0.36 N/mm?
fv_ii = min(1.4 N/mm2, 0.15 N/mm? + (0.6 X ga_wai_3 )) = 0.16 N/mm?2

fv = if((Mortar == "i")||(Mortar == "ii"), fv_i, fv_ii) = 0.16 N/mm?
Ref BS 5628 Pt 1: Clause 25
Shear stress Vwal_3 = Fwall 3/ twai_s = 0.01 N/mm?
Partial safety factor for shear Ymv = 2.5

Wall section base shear OK

DESIGN OF WALL SECTION 4 (AT REST PRESSURES)

Wall section thickness twai_4 = 440.0 mm

Depth from top of wall to base of section

hwai 4 = 620 mm Warning the height of the section is not a complete number of bricks
Applied moment at base of section

Muwail_a = (Ko X Ws X hwai_a? / 2) XYt i + (Ko X s X Nwai_4%/ 6) X v ¢ = 0.8 kNm/m
Applied shear force at base of section

Fwai_a = (Ko X Ws X hwai_a) XYt + (Ko X Ys X hwai 4%/ 2) X y.d = 3.4 kN/m

CHECK RESISTANCE TO MOMENT WITHOUT FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.3)
Compressive strength (Table 2) fk = 7.00 N/mm?

Design vertical load per unit length of wall nu_wai_4 = Yid X (Wy + twai_4 X hwai_4 X Yw) = 4.7 kKN/m

Moment of resistance Mgrc_wall 4 = ( Nw_wal 4/ 2 ) X (twai_4 - (Nw_wal 4 X Ym / fk )) = 1.0 kKNm/m

Wall bending - OK

STEM SHEAR (BS5628:PT 1:CL 33)

Mortar designation Mortar = "iii"

Design dead load at the base of the wall Vwai 4 = Wy + twai 4 X hwai_s4 X yw = 5.18 kN/m




‘. Tekla Project ' Job no.
Tedds Gethin House LS378

LB Structural Design

Calcs for Start page no./Revision
21 He‘(’:' Stradiing Garden Retaining Wall 74
oity
Bridgend, CF35 6AN Calcs by Calcs date Checked by Checked date Approved by Approved date
LB 19/12/2019 LB 28/01/2020

Design vertical dead load per unit area ga wai 4 = Vwai_4 X Yid / twai_4 = 0.01 N/mm?
Characteristic shear strength of masonry
fvi=min(1.75 N/mm?, 0.35 N/mm? + (0.6 X ga_wai_4 )) = 0.36 N/mm?

fv_ii = min(1.4 N/mm?2, 0.15 N/mm? + (0.6 X ga wai_4 )) = 0.16 N/mm?

fv = if(Mortar == "i")||(Mortar == "ii"), fv_j, fv_ii) = 0.16 N/mm?
Ref BS 5628 Pt 1: Clause 25
Shear stress Vwall_4 = Fwail 4 / twa 4 = 0.01 N/mm?
Partial safety factor for shear Ymv = 2.5

Wall section base shear OK

DESIGN OF WALL SECTION 5 (AT REST PRESSURES)

Wall section thickness twai s =215.0 mm

Depth from top of wall to base of section

hwai_s = 300 mm
Applied moment at base of section

Muwail_s = (Ko X Ws X hwai_52 / 2) XYti + (Ko X s X hwai 5% / 6) X yr.a = 0.1 kKNm/m
Applied shear force at base of section

Fuwall 5 = (Ko X Ws X hwail_5) X7t i + (Ko X s X hwai 52/ 2) X 7 ¢ = 1.0 KN/m

CHECK RESISTANCE TO MOMENT WITHOUT FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.3)
Compressive strength (Table 2) fk = 7.00 N/mm?2

Design vertical load per unit length of wall nw wai_s = id X (Wv + twai_s X hwai_s X yw) = 1.1 KN/m

Moment of resistance Mgc_wall 5 = ( Nw_wall 5/ 2 ) X (twall_5 - (Nw_wai_5 X Ym / fk )) = 0.1 KNm/m

Wall bending - OK

STEM SHEAR (BS5628:PT 1:CL 33)

Mortar designation Mortar = "iii
Design dead load at the base of the wall Vwai s = Wy + twai 5 X hwai_s X yw = 1.23 kN/m
Design vertical dead load per unit area ga wail 5 = Vwai 5 X Yt / twai_s = 0.01 N/mm?
Characteristic shear strength of masonry
fvi=min(1.75 N/mm?, 0.35 N/mm? + (0.6 X ga_wai_s )) = 0.35 N/mm?

fv_ii = min(1.4 N/mm?2, 0.15 N/mm? + (0.6 X ga wai_5 )) = 0.15 N/mm?

fv = if(Mortar == "i")||(Mortar == "ii"), fv_j, fv_ii) = 0.15 N/mm?
Ref BS 5628 Pt 1: Clause 25
Shear stress Vwall_5 = Fwall 5 / twai_s = 0.00 N/mm?
Partial safety factor for shear Ymv = 2.5

Wall section base shear OK
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SUMMARY OF RESULTS

Wall Dimensions

Masonry Compressive Strength

Stem Base section
Section 2
Section 3
Section 4

Section 5

Masonry Compressive Strength - 7.0 N'mm~2

1115mm thick and 1500mm from base to the top of the wall

890mm thick and 1280mm from base of section 2 to the top of the wall

665mm thick and 1060mm from base of section 3 to the top of the wall

440mm thick and 620mm from base of section 4 to the top of the wall

215mm thick and 300mm from base of section 5 to the top of the wall

Base Top Reinforcement - Mesh

Heel ( Top ) Reinforcement

Base Bottom Reinforcement - Mesh

Toe ( Bottom ) Reinforcement

Provide A393 Mesh (Top)

Provide A393 Mesh (Bottom)




