
Structural Calculations: 

 Stair Tower 

Client : VR Access Solutions Ltd 

Ref : #1502-C1 

Date : June 2017 

Engineer : Ian R Hale BSc (Hons) MSc CEng MIStructE 

S-M
EC

H
 LTD

7 W
in

d
so

r R
o

a
d

 – C
h

o
rle

y – La
n

c
a

sh
ire

 – P
R

7
 1

LN
 �  01257 367

 580 �
 in

fo
@

s-m
e

c
h

.c
o

.u
k �  w

w
w

.s-m
e

c
h

.c
o

.u
k �  



S-Mech Consulting Engineering
7 Windsor Road, Chorley, Lancashire, PR7 1LN 

Tel 01257 367 580    email info@s-mech.co.uk      www.s-mech.co.uk

Project Ref  : 1502 

Engineer  :  IH 

Date  : June 2017 

Checked  : IH 

Approved  : IH 

1 

Contents 

Contents .............................................................................................................................................. 1	

Introduction ......................................................................................................................................... 2	

Summary of Findings: ....................................................................................................................... 3	

Component Checks ........................................................................................................................... 4	

Loadings: .......................................................................................................................................... 4	

Safe Working Heights ....................................................................................................................... 24	

Dead, Live and Wind Loads ......................................................................................................... 24	

In Service Condition ...................................................................................................................... 29	

Out of Service Condition .............................................................................................................. 35	

Appendix A – Section Analysis ......................................................................................................... 2	

Appendix B – Component Check Outputs ...................................................................................... 3	

Appendix C – Long Face Parallel Output ........................................................................................ 4	

Appendix D – Short Face Parallel Output ......................................................................................... 5	



S-Mech Consulting Engineering
7 Windsor Road, Chorley, Lancashire, PR7 1LN 

Tel 01257 367 580    email info@s-mech.co.uk      www.s-mech.co.uk

Project Ref  : 1502 

Engineer  :  IH 

Date  : June 2017 

Checked  : IH 

Approved  : IH 
 

2 

Introduction 
These calculations detail the analysis of an access tower built from modular components and tied 

back to a supporting structure (e.g. a building or scaffold) at every lift. It is assumed that this 

supporting structure is inherently stable and capable of providing a stable platform for supporting the 

stair with respect to horizontal restraint. 

The order of design in the calculations is generally as follows: 

• Components are checked for accommodating the required code value of 1 kN/m2 imposed

loads, with 2 kN/m2 and the maximum safe working loads also considered

• The tower is analysed up to 30m for the ‘In Service’ condition in accordance with the

requirements of BS EN 12811.

• The tower is analysed up to 30m for the ‘Out of Service’ condition in accordance with the

requirements of BS EN 12811. This process is described in the relevant section.
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Summary of Findings: 
Safe working heights, long face parallel to support structure, 1kN/m2 imposed: 

 

LFP Maximum Tower Height (m) 

S – Derived 

specific to site 

In Country In Town 

20 30 30 

24 30 30 

28 30 30 

32 14 16 

36 6 10 

40 4 6 

Derived from Out of Service condition. In service is acceptable 

up to 30m. 

 

Safe working heights, short face parallel to support structure, 1kN/m2 imposed: 

 

SFP Maximum Tower Height (m) 

S – Derived 

specific to site 

In Country In Town 

20 30 30 

24 30 30 

28 30 30 

32 30 30 

36 30 30 

40 30 30 

Derived from Out of Service condition. In service is acceptable 

up to 30m. 
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Component Checks 

Loadings: 
Individual components of the stair are checked for accommodating the loading requirements of BS 

EN 12811, set out as follows: 

 

Platform Elements 

UDL of 1.0kN/m2 or a point load of 1.5kN. An additional check at 2.0 kN/m2 is also carried out, with the 

maximum safe working load of the component under certain load locations also derived. 

 

Guardrail Elements 

Downward load – 1.25kN point load in the most onerous position. Treated as an accidental load. 

Horizontal load – 0.3kN point load over an area of 0.3x0.3m. 0.15kN on toe boards only. The maximum 

safe working load of the component under certain load locations is also derived. 

 

NB – Self weight is omitted where it is not considered to be critical. 

 

Standards 

The capacity of the standards is derived from effective lengths described in the S-Mech Report 

reference #1502-C2. The resulting safe axial loads are used in the design of the tower, for the specific 

configurations described below.  

 

Condition Ties Notes Le (mm) Nsafe (kN) 

LFP Every lift Ledger beam to 3.05m 

face, single tube beam 

to 1.65m face. 3 x 

guardrails present each 

lift. 

1744 32.8 

SFP Every lift with wing 

brace each side 

every lift 

Ledger beam to 3.05m 

face, single tube beam 

to 1.65m face. 3 x 

guardrails present each 

lift. 

1747 32.7 
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If the structure can be detailed, using appropriate bracing and restraints, such as to achieve the 

following effective lengths of the standards, the safe working loads are as shown: 

 

Le (mm) Nsafe (kN) 

1000 62.3 

1500 40.6 

2000 26.6 

2500 18.3 

3000 13.3 

 

 

 

Entrance Step 

 

Internal 30w x 20d SHS 2.0 S235. 

UDL = 1.0 kN/m2 x (0.58 + 0.535)/2 = 0.56 kN/m. 

Span = 0.27 – 0.03 – 0.03 = 0.21m 

MEd = 0.56 x 0.212/8 = 0.003 kN.m 

Mz,safe = 0.16 kN.m. Deflection acceptable by inspection. 

 

Under 2.0 kN/m2 by inspection MEd = 0.002 x 2 = 0.004 kN.m 

Acceptable by inspection. 

 

Under 1.5 kN point load: 

MEd = 1.5 x 0.21/4 = 0.08 kN.m 

Acceptable by inspection. 
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Rear 30 30 SHS 2.0 S275. 

By inspection critical over front 60 x 30 RHS. 

 

UDL = 1.0 kN/m2 x 0.27/2 = 0.135 kN/m. 

Span = 1.65m 

MEd = 0.135 x 1.652/8 = 0.05 kN.m 

Msafe = 0.39 kN.m therefore accept. 

Ireq for l/100 = 2.29 x 0.135 x 1.653 x 100/360 = 0.25 cm4 (2576 mm4) 

Section Iyy = 29419 mm4 therefore accept. 

 

Under 2.0 kN/m2 by inspection MEd = 0.05 x 2 = 0.1 kN.m 

Ireq for l/100 = 2576 x 2 = 5152 mm4 

Therefore accept under 2.0 kN/m2. 

 

Under 1.5 kN point load: 

Applied over 200mm x 200mm area. 

Therefore load to rear member (270 wide entrance step): 

1.5/0.27 x 0.17 = 0.95 kN 

MEd = 0.95 x 1.65/4 = 0.39 kN.m 

Ireq for l/100 = 3.659 x 0.95 x 1.652 x 100/360 = 2.62 cm4 (26287 mm4) 

Section Iyy = 29419 mm4 

Therefore accept under 1.5 kN point load. 

 

 

Front 60 x 30 x 2 RHS 

UDL acceptable by inspection of rear 30 SHS check. 

Check under 1.5 kN PL. 

MEd and Ireq are as for rear SHS. 

Section Msafe = 0.94 kN.m and Iyy = 159499 mm4 therefore accept. 
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Edge 30 SHS 2.0 S235. 

Cantilevers out from support plates. 

Point load at end = 60 x 30 RHS reaction: 

From rear SHS check = 0.135 kN/m x 1.65/2 = 0.111 kN. 

Cantilever distance = 240 mm from centre of support plate. 

MEd = 0.111 x 0.24 = 0.03kN.m 

Msafe = 0.39 kN.m therefore accept. 

Ireq for l/100 = 29.268 x 0.111 x 0.242 x 100/180 = 0.104 cm4 (1039 mm4) 

Section Iyy = 29419 mm4 therefore accept. 

 

Under 2.0 kN/m2 by inspection MEd = 0.03 x 2 = 0.06 kN.m 

Ireq for l/100 = 1039 x 2 = 2078 mm4 

Therefore accept under 2.0 kN/m2. 

 

Under 1.5 kN point load 

MEd = 1.5 x 0.24 = 0.36 kN.m 

Ireq for l/100 = 29.268 x 1.5 x 0.242 x 100/180 = 1.404 cm4 (14048 mm4) 

Acceptable by inspection of capacities above. 

 

 

Support Plate 6mm S235. 

Must resist moment from cantilevering SHS. 

Assume 50 mm width (tapering section) 

Wel = 6 x 602/6 = 3600 mm3 

Mc,Rd =3600 x 235/106 = 0.846 kN.m. 

Msafe = 0.846/1.65 = 0.51 kN.m 

Critical cantilever moment = 0.36 kN.m under 1.5 kN point load. 

Therefore plate is acceptable. 

 

Maximum UDL is found to be 8.5 kN/m2 controlled by the rear SHS member. 
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Landing Platform 

 

Internal 30 20 SHS 3.0 S235. 

UDL = 1.0 kN/m2 x 0.25 (c/c) = 0.25 kN/m. 

Span =  0.6m 

MEd = 0.25 x 0.62/8 = 0.01 kN.m 

My,safe = 0.35 kN.m. 

Ireq for l/100 = 2.29 x 0.25 x 0.63 x 100/360 = 0.03 cm4 (343 mm4) 

Section Iyy = 28872 mm4 therefore accept. 

 

Under 2.0 kN/m2 by inspection MEd = 0.01 x 2 = 0.02 kN.m – acceptable. 

Deflection acceptable by inspection. 

 

Under 1.5 kN point load: 

MEd = 1.5 x 0.6/4 = 0.23 kN.m 

Acceptable by inspection. 

 

 

Rear 60 30 SHS 2.0 S235. 

Self weight of Platform = 29.1 Kg (0.285 kN) 

Imposed UDL = 1.0 kN/m2 x 0.6/2) = 0.3 kN/m 

S/W UDL = 0.285/2/1.66 = 0.085 kN/m 

Total UDL = 0.3 + 0.085 = 0.385 kN/m 

R = 0.07 kN (D) 0.249 kN (L) 

Span =  1.66m (centres of hooks) 

MEd = 0.385 x 1.662/8 = 0.13 kN.m 

Msafe = 0.94 kN.m. 

Ireq for l/100 = 2.29 x 0.385 x 1.663 x 100/360 = 1.12 cm4 (11202 mm4) 

Section Iyy = 159499 mm4 therefore accept. 

 

Under 2.0 kN/m2 by inspection  
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UDL = 0.3 x 2 = 0.6 kN/m (L) 

MEd = 0.3 x 2 = 0.6 kN.m – acceptable. 

Deflection acceptable by inspection. 

R = 0.07 kN (D) 0.498 (L) 

 

Under 1.5 kN point load: 

MEd = 1.5 x 1.66/4 = 0.63 kN.m 

Ireq for l/100 = 3.659 x 1.5 x 1.662 x 100/360 = 4.20 cm4 (42011 mm4) 

Acceptable by inspection of capacities. 

 

 

Front 60 30 SHS 2.0 S235. 

Carries platform UDL and stair flight loads. 

 

Stair flights: 

2m stair flight self weight = 42 Kg (0.412 kN) 

Plan area = 2.01m x 0.71m = 1.448 m2 

Total imposed load =  

1.448 kN (1 kN/m2) 

2.897 kN (2 kN/m2) 

Therefore support reaction (four point support): 

(1.448 + 0.412) /4 = 0.465 kN   (Imposed = 1 kN/m2) (0.362 L 0.103 D) 

(2.897 + 0.412) /4 = 0.827 kN  (Imposed = 2 kN/m2) (0.724 L 0.103 D) 

 

Handrails: 

Handrail post = 5 Kg (0.049 kN) 

2m Handrail = 14 Kg (0.137 kN) 

Therefore handrail load = 0.049 + [2 x (0.137/2)] = 0.186 kN (D). 

 

Platform UDL = 0.3 (L) + 0.085 (D) = 0.385 kN/m (from rear member check). 

NB – (L) = 0.6 kN/m at 2 kN/m2 

 

Refer to analysis output: 
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Dead load only 

 

 

Live only (1.0 kN/m2) 
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Live only (2.0 kN/m2) 

 

MEd = 1.02 kN.m max in 2kN/m2 case. 

Section My,safe = 1.10 kN.m therefore accept for all load cases. 

Max deflection = 8.0mm < L/100 therefore accept for 1.0 and 2.0 kN/m2. 

 

For maximum safe working load, inside RHS is critical. Calculated assuming dead only on the stair (i.e. 

flights and rails are present but access onto the stair flight is not permitted) the platform can sustain 

8.0 kN/m2. 
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Stair Flights 

Stringer 

Section properties allowing for weight relief (t = 2.0mm): 

 

 

A: 240mm2 

Iyy: 562650 mm4 

Izz: 25969 mm3 

Wel,y: 8274 mm3 

Ryy: 48.4 mm 

Rzz: 10.4 mm 

 

Stair width = 0.71m centres of stringers. 

Imposed UDL: 

1.0 kN/m2 x 0.71/2 = 0.355 kN/m 

2.0 kN/m2 x 0.71/2 = 0.710 kN/m 

 

Stair self weight = 20 Kg/l.m or 0.196 kN/l.m 

Dead load therefore = 0.098 kN/m per stringer. 

 

 

 

Analysis Results: 

 

2.0m Flight: 

D + 1.0 kN/m2 M=0.154 kN.m    d = 0.9 mm 

D + 1.5 kN PL M=0.652 kN.m    d = 3.1mm 

D + 2.0 kN/m2 M=0.275 kN.m    d = 1.6 mm 
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Section classification: 

Classify upstand: 

c/t = 24/2 = 12 

fy = 235 N/mm2 therefore e = 1.0 

c/t < 14e (outstand in compression) therefore = Class 1. 

 

Treat as Class 3 and use elastic modulus for bending: 

Mc,Rd = Wel x fy / gM0 

Mc,Rd = 8274 x 235 / 1.0 x 106 = 1.944  kN.m 

Msafe = 1.944 / (1.1 x 1.5) = 1.178 kN.m 

 

NB – treads act as braces across weight relief openings (see image below) and prevent longitudinal 

deformation. Therefore section does not need to act similar to the vierendeel principle which might 

occur due to the large weight relief openings. 

 

 

 

Treads bracing across weight relief 

 

Shear Vpl,Rd = Av (fy / Ö3) 

Av = area of end web = 91 x 2 = 182 mm2 

Vpl,Rd = 182 x (235 / Ö3) / 103 = 24.69 kN 

Vsafe = 24.69 /1.1 /1.5 = 14.96 kN. 

 

 

Therefore stringer is acceptable. 
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Stair Treads 

Section properties: 

 

 

A: 543mm2 

Iyy: 54870 mm4 

Izz: 2323438 mm3 

Wel,y: 1829 mm3 

 

 

Section classification: 

Top section c/t = 191/2 = 96 < 124e therefore class 3. 

Mc,Rd = Wel x fy / gM0 

Mc,Rd = 1829 x 235 / 1.0 x 106 = 0.430  kN.m 

Msafe = 0.43 / (1.1 x 1.5) = 0.26 kN.m 

 

Tread span = 685mm. Width = 191mm. 

At 1.0 kN/m2 UDL = 1.0 x 0.191 = 0.191 kN/m 

At 2.0 kN/m2 UDL = 2.0 x 0.191 = 0.382 kN/m 

 

M1.0 = 0.191 x 0.6852 / 8 = 0.011 kN.m 

M2.0 = 0.382 x 0.6852 / 8 = 0.022 kN.m 

Under 1.5 kN centre PL, M = 1.5 x 0.685 / 4 = 0.26 kN.m 

 

Max M (0.26) = Msafe therefore ok. 

 

Shear Vpl,Rd = Av (fy / Ö3) 

Av = area of downstands only = 37 x 2 + 51 x 2  = 176 mm2 

Vpl,Rd = 176 x (235 / Ö3) / 103 = 23.87 kN 

Vsafe = 23.87 /1.1 /1.5 = 14.47 kN. 

Accept for 1.0 and 2.0 kN/m2. 

 

Limit maximum safe working load to 2 kN/m2 arbitrary limit. 
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Ledger Beam 

Supports landing platforms. 

 

Platform reactions (from landing platform check): 

Outer RHS (from previous):  

1.0 kN/m2 = 0.07 kN (D) 0.249 (L) 

2.0 kN/m2 = 0.07 kN (D) 0.498 (L) 

Inner RHS (from analysis output): 

1.0 kN/m2 = 0.37 kN (D) 0.986 (L) 

2.0 kN/m2 = 0.37 kN (D) 1.972 (L) 

Inner RHS when loaded with single flight:  

1.0 kN/m2 =  0.300 kN (D) 0.794 (L) adjacent to flight 

  0.190 kN (D) 0.428 (L) opposite side 

 

 

Top chord buckling length = 2175 mm allowing restraint from platform 

From analysis of section (34 x 2.5 CHS S235) Nb,safe = 6.50 kN. Msafe = 0.354 kN.m 

 

60 x 8 flat: 

From analysis of section Mb,safe = 0.68 kN.m 

 

30 x 8 flat: 

From analysis of section Mb,safe  = 0.17 kN.m 

 

NB – compression in flats is ignored as nominal in relation to the capacity. 

 

 

Forces check (refer to analysis output): 

 

1.0 kN/m2: 

Chord force = 1.81 kN, moment = 0.11 kN.m 

1.81/6.5 + 0.11/0.354 = 0.59 < 1 therefore ok. 

Flats, max bending = 0.21 kN.m (60mm plate) 0.02 kN.m (30mm plate) therefore accept. 
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Accept for 1.0 kN/m2 

 

1.5 kN point load: 

Chord force = 3.5 kN, moment = 0.16 kN.m 

3.5/6.5 + 0.16/0.354 = 0.99 < 1 therefore ok. 

Flats, max bending = 0.29 kN.m (60mm plate) 0.03 kN.m (30mm plate) therefore accept. 

Accept for 1.5 kN point load 

 

 

2.0 kN/m2: 

Chord force = 3.06 kN, moment = 0.18 kN.m 

3.06/6.5 + 0.18/0.354 = 0.98 < 1 therefore ok. 

Flats, max bending = 0.35 kN.m (60mm plate) 0.04 kN.m (30mm plate) therefore accept. 

Accept for 2.0 kN/m2 

 

Ledger beam reactions taken forward to Safe Working Height design: 

D + 1.0 kN/m2: 

At platform   D 0.498 kN L 1.147 kN 

At opposite side  D 0.094 kN L 0.090 kN 

 

With single stair flight adjacent: 

At platform   D 0.434 kN L 0.973 kN 

At opposite side  D 0.088 kN L 0.070 kN 

 

 

With single stair flight opposite: 

At platform   D 0.334 kN L 0.639 kN 

At opposite side  D 0.078 kN L 0.038 kN  
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3.05m Ledger Beam SWL assuming top chord restraint at mid span: 

(Nsafe = 11.9 kN at Le = 1.5m) 

 

 

Centre Point Load (A): 

2.0 kN 

30 Flat critical 

 

Centre Point Load (B): 

1.9 kN 

30 Flat critical 

 

Two Point Loads (A) 

1.7 kN each 

30 Flat critical 

 

Two Point Loads (B) 

2.5 kN each 

60 Flat critical. Load reduced slightly to 

account for holes in end flats. 

 

UDL 

1.6 kN/m 

30 Flat Critical 
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Single Tube Beam 

Not loaded in normal usage. 

Check Max SWL. 

Section = 48.3 CHS 3.0 S235. 

Msafe = 0.88 kN.m 

Iyy = 109996 mm4 

 

Max SWL: 

 

Permissible UDL of (8 x 0.88 / 1.62) = 2.75 kN/m  

Permissible CPL of (4 x 0.88 / 1.6) = 2.2 kN 

 

 

2.0m Stair Guardrail 

Design loads = 0.3 kN horizontal, 1.25 kN vertical (accidental) 

 

 

 

Horizontal Loading 
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Vertical (accidental) Loading 

 

Refer to analysis output for forces: 

Hz load: M = 0.176 kN.m in top tube. Deflection = 31.4mm Lateral. 

Vt Load: M = 0.268 kN.m. Deflection not considered in accidental case. 

 

NB – forces in flat are nominal in all cases. 

 

27 x 2.0 CHS S235 

Tube Msafe = 0.18 kN.m therefore accept for horizontal. 

Tube Mc,Rd = 0.29 kN.m (plastic) therefore accept for vertical load. 

Deflection < 35mm lateral therefore accept. 

 

Max SWL for centre point load = 0.8 kN (top tube moment critical). 

Max SWL for single PL at ¼ or ¾ of length = 0.8 kN (top tube moment critical). 
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Guardrail Frame 

3.0M rail is analysed as worst case: 

Design loads = 0.3 kN horizontal, 1.25 kN vertical (accidental) 

Loads are applied at centre and at 0.65m from support to represent a load applied from the landing 

platform. 

Horizontals = 27 CHS 2.5 S235 

Verticals = 50w x 30d x 2.0 S235 Channel. 

 

NB – for vertical, outstand element is given y = 0.57 to BS EN 1993-1-5:2006 table 4.22 therefore ks = 

0.57. 

Outstand limit = 21eÖks = 27.8 (S235 therefore e = 1.0) 

Outstand = 24, allow as class 3. 

 

Guardrail – Typical BMD (tsp) 

NB – 3D view. Rail is horizontal. 

 

Refer to outputs for analysis and results: 

Top member: 

At le = 3000mm,  Nsafe = 1.79 kN  Msafe = 0.214 kN.m 

   Nb,Rd = 2.96 kN Mc,Rd = 0.350 kN.m 

 

D + Hz Ctr:  M = 0.137 kN.m N = 0.08 kN  Unity = 0.68 

D + Vt Ctr  M = 0.163 kN.m N = 1.58 kN  Unity = 0.99 
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D + Hz Edge: M = 0.10 kN.m N = 0.08 kN  OK by inspection 

D + Vt Edge: M = 0.24 kN.m N = 0.80 kN  Unity = 0.96 

Deflections  = 29.48 mm (ctr) and 17.6 mm (edge) therefore accept. 

 

Verticals: 

Nsafe = 24.3 kN   Msafe,z-z = 0.24 kN.m 

   Nb,Rd = 40.1 kN  Mc,Rd,z-z = 0.40 kN.m 

 

Worst case = (accidental, forces nominal under Hz load) 

D + Vt Ctr.  M = 0.23 kN.m N = 0.52 kN Unity = 0.59 

 

Guardrail frame is acceptable. 

 

3.05m Guardrail SWL assuming top chord restraint at mid span: 

(Nsafe = 6.3 kN at Le = 1.5m) 

 

 

Centre Point Load: 

1.2 kN 

Top chord critical 

 

Two Point Loads: 

0.7 kN each 

Vertical Channels critical 

 

UDL: 

0.7 kN/m 

Vertical Channels critical 
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1.6m Guardrail Frame 

Accept for loads required by code by inspection due to significantly smaller span. 

 

Check max SWL assuming top chord is unrestrained: 

(Nsafe = 5.6 kN at Le = 1.6m) 

 

For load patterns as shown for the 3.05m Guardrail Frame: 

CPL: 2.5 kN  Vertical Channels & Top Chord critical 

2PL: 1.3 kN each Vertical Channels critical 

UDL: 2.2 kN/m  Vertical Channels critical 
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3.0m Guardrail 

48.3 x 3.0 S235. 

 

Under 0.3 kN horizontal: 

M = 0.3 x 3.05/4 = 0.23 kN.m 

Ired = 3.66 x 0.3 x 3.052 x 120/360 (25 mm is critical) = 34047 mm4 

 

Under 1.25 kN vertical: 

M = 1.25 x 3.05/4 = 0.95 kN.m 

 

Section Msafe = 0.88 kN.m 

Section Mc,Rd = 1.45 kN.m 

Section Iyy = 109996 mm4 

 

Therefore guardrail is acceptable. 

 

Max SWL: 

 

Permissible UDL of (8 x 0.88 / 3.052) = 0.76 kN/m – exceeds 25mm deflection. 

Limiting UDL = 0.5 kN/m for deflection. 

 

Permissible CPL of (4 x 0.88 / 3.05) = 1.15 kN – exceeds 25mm deflection. 

Limiting CPL = 0.97 kN for deflection. 
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Safe Working Heights 

Dead, Live and Wind Loads 
Dead, live and wind loads are calculated on the spreadsheet for increasing heights of the tower, for 

each type of landing arrangement. Dead and live applied via the ledger beam are as shown in the 

table below. In the calculation of safe working heights, imposed load is applied on the top 10m of the 

tower only. 

 

 

Type 1 – Entrance RHS 

Stds 1,3 as Type 4/5 

Std 1  D0.078 L0.038 

Std 3  D0.088 L0.070 

 

Stds 2,4 as Type 4/5 plus entrance step. Step 

s/w added on s/sheet. Step live = (1.0kN/m2 

x 1.63 x 0.27)/2= 

Std2,4 L =  0.22 kN 

 

Type 2 – Mid LHS 

From component checks, ledger: 

Std1, Std3: 

D0.498 L1.147 

 

Std2, Std4: 

D0.094 L0.090 

 

Type 3 – Mid RHS 

From component checks, ledger: 

Std2, Std4: 

D0.498 L1.147 

 

Std1, Std3: 

D0.094 L0.090 
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Type 4 – Exit LHS 

From component checks, ledger: 

Std1  D0.334 L0.639 

Std2  D0.078 L0.038 

Std3  D0.434 L0.973 

Std4  D0.088 L0.070 

 

 

 

Type 5 – Exit RHS 

Std1  D0.088 L0.070 

Std2  D0.434 L0.973 

Std3  D0.078 L0.038 

Std4  D0.334 L0.639 
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In Service Condition 

Methodology 

The principle interest in the derivation of the safe working heights are the forces in the standards, the 

decks having been checked for the required imposed loading. The output given relates to the 

standards and is for the following Load Cases: 

1. Dead and Live 

2. Dead + Live + In Service Wind on Side (1.65m) 

3. Dead + Live + In Service Wind on Front (3.0m) 

4. Dead + Live + NHF 

 

To assess the standards, the following resistances are adopted. The S-Mech Ltd report #1502-C2 

describes a buckling analysis on the tower, which results in effective lengths of the standards to be 

used in design. The derivation of the moment capacity and resulting allowable axial load is given in 

the relevant appendix relating to the standards: 

 

Standards 

Axial capacity at L=2.0m =  32.83 kN (LFP) 

    32.74 kN (SFP)  

Moment Capacity = 1.36 kN.m 

In Service Dead and Live 

As detailed under heading ‘Dead and Live Loads’ previous. 

In Service Wind Loads 

The following section uses extracts from the design spreadsheet to explain the derivation of the In 

Service wind loadings. 
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For each component the area that the 

component presents to the wind (in 

each orthogonal direction) is 

calculated, including the allowance 

for Cpnet subject to the section shape. 

 

 

 

The total area attached to each 

standard presented to the wind at 

each type of platform arrangement is 

summed. 
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Notional Horizontal Forces 

Code requirement for NHF is 0.3kN per bay. In this case allow a bay to equal a landing, 0.15kN 

horizontal force is applied to each standard adjacent to the landing. This force is applied to the 

loaded levels only, perpendicular to the long face. 

 

Output Checks 

Unity checks on the standards and extracts of the analysis are given below to demonstrate the 

suitability for the In-Service condition up to 30m, where it can be seen the forces are acceptable by 

inspection when compared against the resistances (see heading ‘Methodology’). A full output in 

relation to the standards members is given in the relevant appendix. 

 

For the LFP condition, the lateral deflection of the stair was 8.5mm maximum. Lateral deflection for the 

SFP condition was nominal.  

 

Long Face Parallel In Service 

Load Case Description Critical 

Member 

Axial (kN) Moment 

(kN.m) 

Unity 

Check 

1 D + L M111 12.5 0.13 OK BI 

2 DLW1 M111 12.6 0.02 OK BI 

3 DLW2 M111 12.5 0.01 OK BI 

4 DL NHF M111 12.5 0.08 OK BI 

 

 

Short Face Parallel In Service 

Load Case Description Critical 

Member 

Axial (kN) Moment 

(kN.m) 

Unity 

Check 

1 D + L M111 12.5 n/a OK BI 

2 DLW1 M111 12.5 n/a OK BI 

3 DLW2 M111 12.5 n/a OK BI 

4 DL NHF M111 12.5 n/a OK BI 
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Base of Tower (LFP) showing 

node and member references. 

 

LFP In Service D L W1 Axial 

Force 
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LFP In Service D L W1 Bending 

Moment 

 

Base of Tower (SFP) showing 

node and member references. 
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SFP In Service D L W2 Axial 

Force 
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Out of Service Condition 
Applied Loading Includes: 

Self weight 

Live load x out of service reduction factor  

Wind Loading 

Wind dynamic pressure is calculated at various intensities based on a set of arbitrary Swind values, 

these pressures are then applied to the results of a unit load analysis on the stairtower at 30m height 

to act as wind-moment co-efficients. 

By analysing using load factors of 1.0, 1.25, and 1.5 on the unit load, PΔ effects can be 

accommodated within these bands – using the upper value for the bracket below renders the effects 

conservative for the analysis. 

The resulting moment is then compared with the available moment and substituted into a unity check 

on the standard to derive residual axial buckling capacity, which is in turn compared against the 

number of allowable lifts this will provide. 

 

Frame Assessments 

• The frames are modelled using software analysis. Geometric section properties are input as 
necessary, with the rotational stiffness of the ledger beam and single tube beam to standard 
joints included. This is represented as a spring stiffness applied to the node in the relevant axis 
of each of the joints. 

• The frame is tied at every 2m lift height (the foootlift is untied) and the short face parallel frame 
is also restrained with 45 degree wing braces to the front standards at every lift. 
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Treatment of Second Order (PΔ) Effects 

The analysis method is second order in compliance with the requirements of the code. This is carried 

out using the Newton Rhapson Iterative Method and implemented by the frame analysis software. 

 

As discussed previous, the moments are applied to all wind velocities below the value which they are 

produced by, i.e. the moment produced by a unit wind of 1.25 is used only between 1.0 and 1.25. 

Therefore actual moments are conservative at 1.0 and correct at 1.25. 

 

The effect on the moments from second order effects will not be linear, instead resembling the figure 

below. It can therefore be seen that if the moment co-efficient, which is derived at the maximum 

wind pressure within the envelope (0-1.0 / 1.0-1.25 / 1.25-1.5) is applied linearly to values within the 

envelope, it will be conservative with respect to second order effects. 
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Long Face Parallel 
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Short Face Parallel 
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Appendix A – Section Analysis 

  

 
  



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 30 20 2 SHS

Outside Height 30 mm
Inside Height 26 mm
Outside Width 20 mm
Inside Width 16 mm
Thickness 2 mm
Py 235 N/mm2

Area 184 mm2

Iyy 21565 mm4

Izz 11125 mm4

Ryy 10.8 mm
Rzz 7.8 mm
Zyy 1437.68889 mm3 Elastic Modulus
Zzz 1112.53333 mm3

Syy 1796 mm3 Plastic Modulus
Weight 0.014 kN/m

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 1

d/t= 13
b/t= 10

Section Classification = Side Class 1
Flange Class 1

Entrance Step



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Entrance Step

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity = 43.24 kN

Permissable Axial Force = 26.21 kN Ignoring Buckling

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49 For cold rolled hollow sects

i = Rad of gyration on relevant axis

Axial Buckling Capacities y-y Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 0.984 0.984 0.984 0.984 0.984
φ 1.176 1.176 1.176 1.176 1.176
χ 0.549 0.549 0.549 0.549 0.549
Nb,Rd (kN) 23.76 23.76 23.76 23.76 23.76

Permissible Axial Force (kN) 14.40 14.40 14.40 14.40 14.40

Axial Buckling Capacities z-z Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 1.370 1.370 1.370 1.370 1.370
φ 1.724 1.724 1.724 1.724 1.724
χ 0.361 0.361 0.361 0.361 0.361
Nb,Rd (kN) 15.60 15.60 15.60 15.60 15.60

Permissible Axial Force (kN) 9.45 9.45 9.45 9.45 9.45



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Entrance Step

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 43.24 kN

Permissible Tensile Force = 26.21 kN

6.0 Section Bending Capacity

Section is not susceptible to lateral torsional buckling therefore:

Section Bending Resistance (Mcy,Rd)  = Wpl,y fy Class 1/2 Section
γM0

Wel,y,min fy Class 3 Sections
γM0

Section Bending Resistance (Mcz,Rd)  = Wel,z fy Elastic Only
γM0

Section Bending Resistance (Mcy,Rd)  = 0.42 kN.m Class 1/2

Section Bending Resistance (Mcy,Rd)  = 0.34 kN.m Class 3

Section Bending Resistance (Mcz,Rd)  = 0.26 kN.m Elastic Only

Permissible Moment y-y = 0.26 kN.m Class 1
Permissible Moment z-z = 0.16 kN.m Elastic

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

For RHS Section Shear Area (Av) = Ah
with load paralell to depth (b+h)

Shear Area (Av) = 110 mm2

Section Shear Resistance (Vpl,Rd) = 14.98 kN

Permissible Shear Resistance = 9.08 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 30 30 2 SHS

Outside Height 30 mm
Inside Height 26 mm
Outside Width 30 mm
Inside Width 26 mm
Thickness 2 mm
Py 275 N/mm2

Area 224 mm2

Iyy 29419 mm4

Izz 29419 mm4

Ryy 11.5 mm
Rzz 11.5 mm
Zyy 1961.24444 mm3 Elastic Modulus
Zzz 1961.24444 mm3

Syy 2356 mm3 Plastic Modulus
Weight 0.017 kN/m

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 0.924416

d/t= 13
b/t= 15

Section Classification = Side Class 1
Flange Class 1

Entrance Step



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Entrance Step

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity = 61.60 kN

Permissable Axial Force = 37.33 kN Ignoring Buckling

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49 For cold rolled hollow sects

i = Rad of gyration on relevant axis

Axial Buckling Capacities y-y Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 1.005 1.005 1.005 1.005 1.005
φ 1.203 1.203 1.203 1.203 1.203
χ 0.537 0.537 0.537 0.537 0.537
Nb,Rd (kN) 33.07 33.07 33.07 33.07 33.07

Permissible Axial Force (kN) 20.04 20.04 20.04 20.04 20.04

Axial Buckling Capacities z-z Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 1.005 1.005 1.005 1.005 1.005
φ 1.203 1.203 1.203 1.203 1.203
χ 0.537 0.537 0.537 0.537 0.537
Nb,Rd (kN) 33.07 33.07 33.07 33.07 33.07

Permissible Axial Force (kN) 20.04 20.04 20.04 20.04 20.04



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Entrance Step

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 61.60 kN

Permissible Tensile Force = 37.33 kN

6.0 Section Bending Capacity

Section is not susceptible to lateral torsional buckling therefore:

Section Bending Resistance (Mcy,Rd)  = Wpl,y fy Class 1/2 Section
γM0

Wel,y,min fy Class 3 Sections
γM0

Section Bending Resistance (Mcz,Rd)  = Wel,z fy Elastic Only
γM0

Section Bending Resistance (Mcy,Rd)  = 0.65 kN.m Class 1/2

Section Bending Resistance (Mcy,Rd)  = 0.54 kN.m Class 3

Section Bending Resistance (Mcz,Rd)  = 0.54 kN.m Elastic Only

Permissible Moment y-y = 0.39 kN.m Class 1
Permissible Moment z-z = 0.33 kN.m Elastic

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

For RHS Section Shear Area (Av) = Ah
with load paralell to depth (b+h)

Shear Area (Av) = 112 mm2

Section Shear Resistance (Vpl,Rd) = 17.78 kN

Permissible Shear Resistance = 10.78 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 60 30 2 SHS

Outside Height 60 mm
Inside Height 56 mm
Outside Width 30 mm
Inside Width 26 mm
Thickness 2 mm
Py 235 N/mm2

Area 344 mm2

Iyy 159499 mm4

Izz 52979 mm4

Ryy 21.5 mm
Rzz 12.4 mm
Zyy 5316.62222 mm3 Elastic Modulus
Zzz 3531.91111 mm3

Syy 6616 mm3 Plastic Modulus
Weight 0.027 kN/m

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 1

d/t= 28
b/t= 15

Section Classification = Side Class 1
Flange Class 1

Entrance Step



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Entrance Step

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity = 80.84 kN

Permissable Axial Force = 48.99 kN Ignoring Buckling

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49 For cold rolled hollow sects

i = Rad of gyration on relevant axis

Axial Buckling Capacities y-y Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 0.495 0.495 0.495 0.495 0.495
φ 0.694 0.694 0.694 0.694 0.694
χ 0.846 0.846 0.846 0.846 0.846
Nb,Rd (kN) 68.39 68.39 68.39 68.39 68.39

Permissible Axial Force (kN) 41.45 41.45 41.45 41.45 41.45

Axial Buckling Capacities z-z Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 0.858 0.858 0.858 0.858 0.858
φ 1.029 1.029 1.029 1.029 1.029
χ 0.626 0.626 0.626 0.626 0.626
Nb,Rd (kN) 50.58 50.58 50.58 50.58 50.58

Permissible Axial Force (kN) 30.66 30.66 30.66 30.66 30.66



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Entrance Step

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 80.84 kN

Permissible Tensile Force = 48.99 kN

6.0 Section Bending Capacity

Section is not susceptible to lateral torsional buckling therefore:

Section Bending Resistance (Mcy,Rd)  = Wpl,y fy Class 1/2 Section
γM0

Wel,y,min fy Class 3 Sections
γM0

Section Bending Resistance (Mcz,Rd)  = Wel,z fy Elastic Only
γM0

Section Bending Resistance (Mcy,Rd)  = 1.55 kN.m Class 1/2

Section Bending Resistance (Mcy,Rd)  = 1.25 kN.m Class 3

Section Bending Resistance (Mcz,Rd)  = 0.83 kN.m Elastic Only

Permissible Moment y-y = 0.94 kN.m Class 1
Permissible Moment z-z = 0.50 kN.m Elastic

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

For RHS Section Shear Area (Av) = Ah
with load paralell to depth (b+h)

Shear Area (Av) = 229 mm2

Section Shear Resistance (Vpl,Rd) = 31.12 kN

Permissible Shear Resistance = 18.86 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 30 20 3 SHS

Outside Height 30 mm
Inside Height 24 mm
Outside Width 20 mm
Inside Width 14 mm
Thickness 3 mm
Py 235 N/mm2

Area 264 mm2

Iyy 28872 mm4

Izz 14512 mm4

Ryy 10.5 mm
Rzz 7.4 mm
Zyy 1924.8 mm3 Elastic Modulus
Zzz 1451.2 mm3

Syy 2484 mm3 Plastic Modulus
Weight 0.021 kN/m

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 1

d/t= 8
b/t= 7

Section Classification = Side Class 1
Flange Class 1

Landing Platform



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Landing Platform

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity = 62.04 kN

Permissable Axial Force = 37.60 kN Ignoring Buckling

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49 For cold rolled hollow sects

i = Rad of gyration on relevant axis

Axial Buckling Capacities y-y Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 1.018 1.018 1.018 1.018 1.018
φ 1.219 1.219 1.219 1.219 1.219
χ 0.529 0.529 0.529 0.529 0.529
Nb,Rd (kN) 32.84 32.84 32.84 32.84 32.84

Permissible Axial Force (kN) 19.90 19.90 19.90 19.90 19.90

Axial Buckling Capacities z-z Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 1.436 1.436 1.436 1.436 1.436
φ 1.835 1.835 1.835 1.835 1.835
χ 0.336 0.336 0.336 0.336 0.336
Nb,Rd (kN) 20.85 20.85 20.85 20.85 20.85

Permissible Axial Force (kN) 12.64 12.64 12.64 12.64 12.64



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Landing Platform

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 62.04 kN

Permissible Tensile Force = 37.60 kN

6.0 Section Bending Capacity

Section is not susceptible to lateral torsional buckling therefore:

Section Bending Resistance (Mcy,Rd)  = Wpl,y fy Class 1/2 Section
γM0

Wel,y,min fy Class 3 Sections
γM0

Section Bending Resistance (Mcz,Rd)  = Wel,z fy Elastic Only
γM0

Section Bending Resistance (Mcy,Rd)  = 0.58 kN.m Class 1/2

Section Bending Resistance (Mcy,Rd)  = 0.45 kN.m Class 3

Section Bending Resistance (Mcz,Rd)  = 0.34 kN.m Elastic Only

Permissible Moment y-y = 0.35 kN.m Class 1
Permissible Moment z-z = 0.21 kN.m Elastic

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

For RHS Section Shear Area (Av) = Ah
with load paralell to depth (b+h)

Shear Area (Av) = 158 mm2

Section Shear Resistance (Vpl,Rd) = 21.49 kN

Permissible Shear Resistance = 13.03 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 60 30 2 SHS

Outside Height 60 mm
Inside Height 56 mm
Outside Width 30 mm
Inside Width 26 mm
Thickness 2 mm
Py 275 N/mm2

Area 344 mm2

Iyy 159499 mm4

Izz 52979 mm4

Ryy 21.5 mm
Rzz 12.4 mm
Zyy 5316.62222 mm3 Elastic Modulus
Zzz 3531.91111 mm3

Syy 6616 mm3 Plastic Modulus
Weight 0.027 kN/m

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 0.924416

d/t= 28
b/t= 15

Section Classification = Side Class 1
Flange Class 1

Landing Platform



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Landing Platform

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity = 94.60 kN

Permissable Axial Force = 57.33 kN Ignoring Buckling

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49 For cold rolled hollow sects

i = Rad of gyration on relevant axis

Axial Buckling Capacities y-y Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 0.535 0.535 0.535 0.535 0.535
φ 0.725 0.725 0.725 0.725 0.725
χ 0.823 0.823 0.823 0.823 0.823
Nb,Rd (kN) 77.88 77.88 77.88 77.88 77.88

Permissible Axial Force (kN) 47.20 47.20 47.20 47.20 47.20

Axial Buckling Capacities z-z Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 0.928 0.928 0.928 0.928 0.928
φ 1.109 1.109 1.109 1.109 1.109
χ 0.583 0.583 0.583 0.583 0.583
Nb,Rd (kN) 55.11 55.11 55.11 55.11 55.11

Permissible Axial Force (kN) 33.40 33.40 33.40 33.40 33.40



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: RHS-SHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Landing Platform

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 94.60 kN

Permissible Tensile Force = 57.33 kN

6.0 Section Bending Capacity

Section is not susceptible to lateral torsional buckling therefore:

Section Bending Resistance (Mcy,Rd)  = Wpl,y fy Class 1/2 Section
γM0

Wel,y,min fy Class 3 Sections
γM0

Section Bending Resistance (Mcz,Rd)  = Wel,z fy Elastic Only
γM0

Section Bending Resistance (Mcy,Rd)  = 1.82 kN.m Class 1/2

Section Bending Resistance (Mcy,Rd)  = 1.46 kN.m Class 3

Section Bending Resistance (Mcz,Rd)  = 0.97 kN.m Elastic Only

Permissible Moment y-y = 1.10 kN.m Class 1
Permissible Moment z-z = 0.59 kN.m Elastic

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

For RHS Section Shear Area (Av) = Ah
with load paralell to depth (b+h)

Shear Area (Av) = 229 mm2

Section Shear Resistance (Vpl,Rd) = 36.41 kN

Permissible Shear Resistance = 22.07 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: FLAT
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 30 x 8

Width 30 mm

Thickness 8 mm

Py 235 N/mm2

Area 240 mm2

Iyy 18000 mm4

Izz 1280 mm4

Ryy 8.66 mm

Rzz 2.31 mm

Zyy 1200 mm3 Elastic Modulus

Zzz 320 mm3

Syy 1800 mm3 Plastic Modulus

Szz 480 mm3

Weight 0.019 kN/m
E 205000 N/mm2

G 78840 N/mm2

Torsional Constant Factor 0.333
It 5114.88 mm4 Torsion Constant

Iw 0 mm4 Enter 0 to ignore warping constant
for conservative design of flats

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 1

d/t= 3.75

Section Classification = Class 1

Ledger Beam



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: FLAT
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Ledger Beam

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity = 56.40 kN

Permissable Axial Force = 34.18 kN Ignoring Buckling

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49

i = Rad of gyration on relevant axis

Axial Buckling Capacities y-y Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 1.230 1.230 1.230 1.230 1.230
φ 1.508 1.508 1.508 1.508 1.508
χ 0.420 0.420 0.420 0.420 0.420
Nb,Rd (kN) 23.68 23.68 23.68 23.68 23.68

Permissible Axial Force (kN) 14.35 14.35 14.35 14.35 14.35

Axial Buckling Capacities z-z Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 4.611 4.611 4.611 4.611 4.611
φ 12.213 12.213 12.213 12.213 12.213
χ 0.043 0.043 0.043 0.043 0.043
Nb,Rd (kN) 2.40 2.40 2.40 2.40 2.40

Permissible Axial Force (kN) 1.45 1.45 1.45 1.45 1.45



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: FLAT
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Ledger Beam

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 56.40 kN

Permissible Tensile Force = 34.18 kN

6.0 Section Bending Capacity

Fully restrained against lateral torsional buckling:

Section Bending Resistance (Mcy,Rd)  = Wpl,y fy Class 1/2 Section
γM0

Wel,y,min fy Class 3 Sections
γM0

Section Bending Resistance (Mcz,Rd)  = Wel,z fy Elastic Only
γM0

Section Bending Resistance (Mcy,Rd)  = 0.42 kN.m Class 1/2

Section Bending Resistance (Mcy,Rd)  = 0.28 kN.m Class 3

Section Bending Resistance (Mcz,Rd)  = 0.08 kN.m Elastic Only

Permissible Moment y-y = 0.17 kN.m Class 1
Permissible Moment z-z = 0.05 kN.m Elastic

Lateral  Torsional Buckling (Class 1/2 only)

Length between restraints (Lcr) = 150
Moment shape factor (C1) = 2.752

Imperfection Factor (αLT) = 0.76 (0.76 for all sections other than I Sections)

(λLT,0) = 0.4 (0.4 Max)
(β) = 0.75 (0.75 Min)

χLT = (φLT + √(φLT
2 - βλLT

2))-1= 1.000 (<1)

φLT = 0.5 [ 1 +αLT (λLT-λLT,0) + βλLT
2]= 0.466

λLT = 0.877 x √(fyLh/Et2)= 0.249 (to IStructE Guide)

0.5

Mcr = π2EIz Iw +  Lcr
2GIT 6.81 kN.m

Lcr
2          Iz π2EIz

Permissible Moment y-y  = 0.171 kN.m
(Allowing for lateral torsional buckling)



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: FLAT
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Ledger Beam

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

Allow Section Shear Area (Av) = dt

Shear Area (Av) = 240 mm2

Section Shear Resistance (Vpl,Rd) = 32.56 kN

Permissible Shear Resistance = 19.73 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: CHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 34 x 2.5 CHS

Outside Dia. 34 mm
Inside Dia. 29 mm
Thickness 2.5 mm
Py 235 N/mm2

Area 247.4 mm2

Tube Iyy 30878.7 mm4

Ryy 11.17 mm
Rzz 11.17 mm
Zyy 1816 mm3

Sxx 2486 mm3

Weight 0.019 kN/m

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 1

ε2= 1

d/t= 13.6

Section Classification = Class 1

Ledger Beam



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: CHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Ledger Beam

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity Nc,Rd = 58.14 kN

Permissible Axial Force = 35.24 kN (Ignoring Buckling)

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49 0.49 for cold rolled hollow sects

i = Rad of gyration on relevant axis

Axial Buckling Capacities

Effective Length (mm) 2175 1500 1000 1000 1000 1000 1000
λ 2.073 1.430 0.953 0.953 0.953 0.953 0.953
φ 3.108 1.824 1.139 1.139 1.139 1.139 1.139
χ 0.184 0.338 0.568 0.568 0.568 0.568 0.568
Nb,Rd (kN) 10.72 19.67 32.99 32.99 32.99 32.99 32.99

Permissible Axial Force (kN) 6.50 11.92 20.00 20.00 20.00 20.00 20.00



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: CHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Ledger Beam

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 58.14 kN

Permissible Tensile Force = 35.24 kN

6.0 Section Bending Capacity

Section is not susceptible to lateral torsional buckling therefore:

Section Bending Resistance (Mc,Rd)  = Wpl fy Class 1/2 Sections
γM0

Wel,min fy Class 3 Sections
γM0

Section Bending Resistance (Mc,Rd)  = 0.58 kN.m Class 1/2

Section Bending Resistance (Mc,Rd)  = 0.43 kN.m Class 3

Permissible Moment  = 0.354 kN.m Class 1

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

For CHS Section Shear Area (Av) = 2A/π

Shear Area (Av) = 158 mm2

Section Shear Resistance (Vpl,Rd) = 21.37 kN

Permissible Shear Resistance = 12.95 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: FLAT
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 60 x 8

Width 60 mm

Thickness 8 mm

Py 235 N/mm2

Area 480 mm2

Iyy 144000 mm4

Izz 2560 mm4

Ryy 17.32 mm

Rzz 2.31 mm

Zyy 4800 mm3 Elastic Modulus

Zzz 640 mm3

Syy 7200 mm3 Plastic Modulus

Szz 960 mm3

Weight 0.037 kN/m
E 205000 N/mm2

G 78840 N/mm2

Torsional Constant Factor 0.333
It 10229.76 mm4 Torsion Constant

Iw 0 mm4 Enter 0 to ignore warping constant
for conservative design of flats

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 1

d/t= 7.5

Section Classification = Class 1

Ledger Beam



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: FLAT
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Ledger Beam

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity = 112.80 kN

Permissable Axial Force = 68.36 kN Ignoring Buckling

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49

i = Rad of gyration on relevant axis

Axial Buckling Capacities y-y Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 0.615 0.615 0.615 0.615 0.615
φ 0.791 0.791 0.791 0.791 0.791
χ 0.777 0.777 0.777 0.777 0.777
Nb,Rd (kN) 87.59 87.59 87.59 87.59 87.59

Permissible Axial Force (kN) 53.09 53.09 53.09 53.09 53.09

Axial Buckling Capacities z-z Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 4.611 4.611 4.611 4.611 4.611
φ 12.213 12.213 12.213 12.213 12.213
χ 0.043 0.043 0.043 0.043 0.043
Nb,Rd (kN) 4.80 4.80 4.80 4.80 4.80

Permissible Axial Force (kN) 2.91 2.91 2.91 2.91 2.91



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: FLAT
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Ledger Beam

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 112.80 kN

Permissible Tensile Force = 68.36 kN

6.0 Section Bending Capacity

Fully restrained against lateral torsional buckling:

Section Bending Resistance (Mcy,Rd)  = Wpl,y fy Class 1/2 Section
γM0

Wel,y,min fy Class 3 Sections
γM0

Section Bending Resistance (Mcz,Rd)  = Wel,z fy Elastic Only
γM0

Section Bending Resistance (Mcy,Rd)  = 1.69 kN.m Class 1/2

Section Bending Resistance (Mcy,Rd)  = 1.13 kN.m Class 3

Section Bending Resistance (Mcz,Rd)  = 0.15 kN.m Elastic Only

Permissible Moment y-y = 0.68 kN.m Class 1
Permissible Moment z-z = 0.09 kN.m Elastic

Lateral  Torsional Buckling (Class 1/2 only)

Length between restraints (Lcr) = 150
Moment shape factor (C1) = 2.752

Imperfection Factor (αLT) = 0.76 (0.76 for all sections other than I Sections)

(λLT,0) = 0.4 (0.4 Max)
(β) = 0.75 (0.75 Min)

χLT = (φLT + √(φLT
2 - βλLT

2))-1= 1.000 (<1)

φLT = 0.5 [ 1 +αLT (λLT-λLT,0) + βλLT
2]= 0.528

λLT = 0.877 x √(fyLh/Et2)= 0.352 (to IStructE Guide)

0.5

Mcr = π2EIz Iw +  Lcr
2GIT 13.63 kN.m

Lcr
2          Iz π2EIz

Permissible Moment y-y  = 0.684 kN.m
(Allowing for lateral torsional buckling)



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: FLAT
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Ledger Beam

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

Allow Section Shear Area (Av) = dt

Shear Area (Av) = 480 mm2

Section Shear Resistance (Vpl,Rd) = 65.13 kN

Permissible Shear Resistance = 39.47 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: CHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 27 x 2.0 CHS

Outside Dia. 27 mm
Inside Dia. 23 mm
Thickness 2 mm
Py 235 N/mm2

Area 157.1 mm2

Tube Iyy 12350.4 mm4

Ryy 8.87 mm
Rzz 8.87 mm
Zyy 915 mm3

Sxx 1253 mm3

Weight 0.012 kN/m

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 1

ε2= 1

d/t= 13.5

Section Classification = Class 1

Stair Guard Rail



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: CHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Stair Guard Rail

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity Nc,Rd = 36.91 kN

Permissible Axial Force = 22.37 kN (Ignoring Buckling)

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49 0.49 for cold rolled hollow sects

i = Rad of gyration on relevant axis

Axial Buckling Capacities

Effective Length (mm) 2175 1000 1000 1000 1000 1000 1000
λ 2.612 1.201 1.201 1.201 1.201 1.201 1.201
φ 4.503 1.466 1.466 1.466 1.466 1.466 1.466
χ 0.122 0.433 0.433 0.433 0.433 0.433 0.433
Nb,Rd (kN) 4.52 15.99 15.99 15.99 15.99 15.99 15.99

Permissible Axial Force (kN) 2.74 9.69 9.69 9.69 9.69 9.69 9.69



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: CHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Stair Guard Rail

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 36.91 kN

Permissible Tensile Force = 22.37 kN

6.0 Section Bending Capacity

Section is not susceptible to lateral torsional buckling therefore:

Section Bending Resistance (Mc,Rd)  = Wpl fy Class 1/2 Sections
γM0

Wel,min fy Class 3 Sections
γM0

Section Bending Resistance (Mc,Rd)  = 0.29 kN.m Class 1/2

Section Bending Resistance (Mc,Rd)  = 0.21 kN.m Class 3

Permissible Moment  = 0.178 kN.m Class 1

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

For CHS Section Shear Area (Av) = 2A/π

Shear Area (Av) = 100 mm2

Section Shear Resistance (Vpl,Rd) = 13.57 kN

Permissible Shear Resistance = 8.22 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: FLAT
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 35 x 6

Width 35 mm

Thickness 6 mm

Py 235 N/mm2

Area 210 mm2

Iyy 21438 mm4

Izz 630 mm4

Ryy 10.10 mm

Rzz 1.73 mm

Zyy 1225 mm3 Elastic Modulus

Zzz 210 mm3

Syy 1837.5 mm3 Plastic Modulus

Szz 315 mm3

Weight 0.016 kN/m
E 205000 N/mm2

G 78840 N/mm2

Torsional Constant Factor 0.333
It 2517.48 mm4 Torsion Constant

Iw 0 mm4 Enter 0 to ignore warping constant
for conservative design of flats

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 1

d/t= 5.833333

Section Classification = Class 1

Stair Guard Rail



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: FLAT
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Stair Guard Rail

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity = 49.35 kN

Permissable Axial Force = 29.91 kN Ignoring Buckling

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49

i = Rad of gyration on relevant axis

Axial Buckling Capacities y-y Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 1.054 1.054 1.054 1.054 1.054
φ 1.265 1.265 1.265 1.265 1.265
χ 0.509 0.509 0.509 0.509 0.509
Nb,Rd (kN) 25.13 25.13 25.13 25.13 25.13

Permissible Axial Force (kN) 15.23 15.23 15.23 15.23 15.23

Axial Buckling Capacities z-z Axis

Effective Length (mm) 1000 1000 1000 1000 1000
λ 6.149 6.149 6.149 6.149 6.149
φ 20.860 20.860 20.860 20.860 20.860
χ 0.025 0.025 0.025 0.025 0.025
Nb,Rd (kN) 1.21 1.21 1.21 1.21 1.21

Permissible Axial Force (kN) 0.73 0.73 0.73 0.73 0.73



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: FLAT
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Stair Guard Rail

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 49.35 kN

Permissible Tensile Force = 29.91 kN

6.0 Section Bending Capacity

Fully restrained against lateral torsional buckling:

Section Bending Resistance (Mcy,Rd)  = Wpl,y fy Class 1/2 Section
γM0

Wel,y,min fy Class 3 Sections
γM0

Section Bending Resistance (Mcz,Rd)  = Wel,z fy Elastic Only
γM0

Section Bending Resistance (Mcy,Rd)  = 0.43 kN.m Class 1/2

Section Bending Resistance (Mcy,Rd)  = 0.29 kN.m Class 3

Section Bending Resistance (Mcz,Rd)  = 0.05 kN.m Elastic Only

Permissible Moment y-y = 0.17 kN.m Class 1
Permissible Moment z-z = 0.03 kN.m Elastic

Lateral  Torsional Buckling (Class 1/2 only)

Length between restraints (Lcr) = 150
Moment shape factor (C1) = 2.752

Imperfection Factor (αLT) = 0.76 (0.76 for all sections other than I Sections)

(λLT,0) = 0.4 (0.4 Max)
(β) = 0.75 (0.75 Min)

χLT = (φLT + √(φLT
2 - βλLT

2))-1= 1.000 (<1)

φLT = 0.5 [ 1 +αLT (λLT-λLT,0) + βλLT
2]= 0.532

λLT = 0.877 x √(fyLh/Et2)= 0.359 (to IStructE Guide)

0.5

Mcr = π2EIz Iw +  Lcr
2GIT 3.35 kN.m

Lcr
2          Iz π2EIz

Permissible Moment y-y  = 0.174 kN.m
(Allowing for lateral torsional buckling)



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: FLAT
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Stair Guard Rail

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

Allow Section Shear Area (Av) = dt

Shear Area (Av) = 210 mm2

Section Shear Resistance (Vpl,Rd) = 28.49 kN

Permissible Shear Resistance = 17.27 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: CHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 27 x 2.5 CHS

Outside Dia. 27 mm
Inside Dia. 22 mm
Thickness 2.5 mm
Py 235 N/mm2

Area 192.4 mm2

Tube Iyy 14588.0 mm4

Ryy 8.71 mm
Rzz 8.71 mm
Zyy 1081 mm3

Sxx 1506 mm3

Weight 0.015 kN/m

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 1

ε2= 1

d/t= 10.8

Section Classification = Class 1

Guard Rail Frame



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: CHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Guard Rail Frame

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity Nc,Rd = 45.22 kN

Permissible Axial Force = 27.41 kN (Ignoring Buckling)

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49 0.49 for cold rolled hollow sects

i = Rad of gyration on relevant axis

Axial Buckling Capacities

Effective Length (mm) 3000 1500 1600 1000 1000 1000 1000
λ 3.669 1.835 1.957 1.223 1.223 1.223 1.223
φ 8.082 2.583 2.845 1.499 1.499 1.499 1.499
χ 0.065 0.227 0.204 0.423 0.423 0.423 0.423
Nb,Rd (kN) 2.96 10.27 9.21 19.12 19.12 19.12 19.12

Permissible Axial Force (kN) 1.79 6.23 5.58 11.59 11.59 11.59 11.59



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: CHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Guard Rail Frame

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 45.22 kN

Permissible Tensile Force = 27.41 kN

6.0 Section Bending Capacity

Section is not susceptible to lateral torsional buckling therefore:

Section Bending Resistance (Mc,Rd)  = Wpl fy Class 1/2 Sections
γM0

Wel,min fy Class 3 Sections
γM0

Section Bending Resistance (Mc,Rd)  = 0.35 kN.m Class 1/2

Section Bending Resistance (Mc,Rd)  = 0.25 kN.m Class 3

Permissible Moment  = 0.214 kN.m Class 1

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

For CHS Section Shear Area (Av) = 2A/π

Shear Area (Av) = 123 mm2

Section Shear Resistance (Vpl,Rd) = 16.62 kN

Permissible Shear Resistance = 10.07 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: PFC/RSC
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 30 50 1.5 PFC

Outside Height (h) 30 mm
Web Inside Height 27 mm Ignoring Radii
Flange Width (b) 50 mm
Inside Flange Width 48.5 mm
Thickness (t) 1.5 mm
Py 235 N/mm2

Area 191 mm2

Iyy 32948 mm4

Izz 50001 mm4

Ryy 13.15 mm
Rzz 16.20 mm
Neutral Axis on y 15.00 mm Btm left corner as zero point
Neutral Axis on Z 19.84 mm
Zyy 2197 mm3 Elastic Modulus
Zzz 1658 mm3

Syy 2410.875 mm3 Plastic Modulus
Weight 0.015 kN/m
E 205000 N/mm2

G 78840 N/mm2

It 142.03125 mm4 Torsion Constant
Iw 0 mm4 Enter 0 to ignore warping constant

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 1

d/t= 18
b/t= 32

Section Classification = Web Class 1
Flange Refer to EC3-1-6

Guard Rail Frame



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: PFC/RSC
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Guard Rail Frame

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity = 44.77 kN

Permissable Axial Force = 27.13 kN Ignoring Buckling

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49

i = Rad of gyration on relevant axis

Axial Buckling Capacities y-y Axis

Effective Length (mm) 500 1000 1000 1000 1000
λ 0.405 0.810 0.810 0.810 0.810
φ 0.632 0.977 0.977 0.977 0.977
χ 0.895 0.656 0.656 0.656 0.656
Nb,Rd (kN) 40.05 29.37 29.37 29.37 29.37

Permissible Axial Force (kN) 24.28 17.80 17.80 17.80 17.80

Axial Buckling Capacities z-z Axis

Effective Length (mm) 500 1000 1000 1000 1000
λ 0.329 0.657 0.657 0.657 0.657
φ 0.586 0.828 0.828 0.828 0.828
χ 0.934 0.751 0.751 0.751 0.751
Nb,Rd (kN) 41.83 33.62 33.62 33.62 33.62

Permissible Axial Force (kN) 25.35 20.37 20.37 20.37 20.37

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 44.77 kN

Permissible Tensile Force = 27.13 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: PFC/RSC
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Guard Rail Frame

6.0 Section Bending Capacity

Fully restrained against lateral torsional buckling:

Section Bending Resistance (Mcy,Rd)  = Wpl,y fy Class 1/2 Section
γM0

Wel,y,min fy Class 3 Sections
γM0

Section Bending Resistance (Mcz,Rd)  = Wel,z fy Elastic Only
γM0

Section Bending Resistance (Mcy,Rd)  = 0.57 kN.m Class 1/2

Section Bending Resistance (Mcy,Rd)  = 0.52 kN.m Class 3

Section Bending Resistance (Mcz,Rd)  = 0.39 kN.m Elastic Only

Permissible Moment y-y = 0.31 kN.m Class 3
Permissible Moment z-z = 0.24 kN.m Elastic

Lateral  Torsional Buckling (Class 1/2 only)

Length between restraints (Lcr) = 600
Moment shape factor (C1) = 1.127

Imperfection Factor (αLT) = 0.76 (0.76 for all sections other than I Sections)

(λLT,0) = 0.4 (0.4 Max)
(β) = 0.75 (0.75 Min)

χLT = (φLT + √(φLT
2 - βλLT

2))-1= 0.890 (<1)

φLT = 0.5 [ 1 +αLT (λLT-λLT,0) + βλLT
2]= 0.657

λLT = √(Wyfy/C1Mcr)= 0.532

0.5

Mcr = π2EIz Iw +  Lcr
2GIT 1.77 kN.m

Lcr
2          Iz π2EIz

Permissible Moment y-y  = 0.278 kN.m
(Allowing for lateral torsional buckling)



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: PFC/RSC
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Guard Rail Frame

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

For PFC Section Shear Area (Av) = dt

Shear Area (Av) = 41 mm2

Section Shear Resistance (Vpl,Rd) = 5.49 kN

Permissible Shear Resistance = 3.33 kN



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: CHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

1.0 Global Partial Factors

Cross Section Partial Factor (γM0) 1
Material Partial Factor (γm) = 1.1
Load Partial Factor (γf) = 1.5

2.0 Section Properties

Section : 48.3 x 3.0 CHS

Outside Dia. 48.3 mm
Inside Dia. 42.3 mm
Thickness 3 mm
Py 235 N/mm2

Area 426.9 mm2

Tube Iyy 109995.8 mm4

Ryy 16.05 mm
Rzz 16.05 mm
Zyy 4555 mm3

Sxx 6165 mm3

Weight 0.033 kN/m

3.0 Section Classification

Modification Factor ε = √(235/fy)

ε = 1

ε2= 1

d/t= 16.1

Section Classification = Class 1

Single Tube Beam



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: CHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Single Tube Beam

4.0 Axial Capacity

Axial Capacity Ignoring Buckling

Max Capacity Nc,Rd = A fy (For Class 1,2,3 Sections)
γM0

Max Capacity Nc,Rd = 100.33 kN

Permissible Axial Force = 60.81 kN (Ignoring Buckling)

Buckling Capacity

Buckling Capacity (Nb,Rd) = χ A fy
γM1 (For Class 1,2,3 Sections)

Buckling Mode Reduction Factor 
(χ)  = 1

(NB. χ ≤ 1) φ + √ (φ2 - λ2)

φ = 0.5 [1 + α (λ-0.2) + λ2]

λ = 1 Lcr

i λ1

λ1 = 93.9 ε

ε = √ (235/fy)

α = 0.49 0.49 for cold rolled hollow sects

i = Rad of gyration on relevant axis

Axial Buckling Capacities

Effective Length (mm) 2175 1000 1000 1000 1000 1000 1000
λ 1.443 0.663 0.663 0.663 0.663 0.663 0.663
φ 1.846 0.834 0.834 0.834 0.834 0.834 0.834
χ 0.334 0.747 0.747 0.747 0.747 0.747 0.747
Nb,Rd (kN) 33.48 74.96 74.96 74.96 74.96 74.96 74.96

Permissible Axial Force (kN) 20.29 45.43 45.43 45.43 45.43 45.43 45.43



S-Mech Ltd. Project#: 1502
Consulting Engineering Section: CHS
Suite 9, Railway House, Material: Steel
Railway Road, Chorley, PR6 0HW Code: BS EN 1993-1

Single Tube Beam

5.0 Tensile Capacity

Tensile Design Plastic Resistance Npl,Rd = A fy
γM0

Tensile Design Plastic Resistance Npl,Rd = 100.33 kN

Permissible Tensile Force = 60.81 kN

6.0 Section Bending Capacity

Section is not susceptible to lateral torsional buckling therefore:

Section Bending Resistance (Mc,Rd)  = Wpl fy Class 1/2 Sections
γM0

Wel,min fy Class 3 Sections
γM0

Section Bending Resistance (Mc,Rd)  = 1.45 kN.m Class 1/2

Section Bending Resistance (Mc,Rd)  = 1.07 kN.m Class 3

Permissible Moment  = 0.878 kN.m Class 1

7.0 Section Shear Capacity

Section Shear Resistance (Vpl,Rd) = Av(fy/√3)
γM0

For CHS Section Shear Area (Av) = 2A/π

Shear Area (Av) = 272 mm2

Section Shear Resistance (Vpl,Rd) = 36.88 kN

Permissible Shear Resistance = 22.35 kN
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Appendix B – Component Check Outputs 
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Appendix C – Long Face Parallel Output 
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Appendix D – Short Face Parallel Output 
 

 




































































































































