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SECTION 1 – INTRODUCTION 

 

Creative Structures were appointed to provide the Engineering input for a new external balustrade steel sub-frame, 

which also supports the terrace joists. 

The terrace is installed on a warm roof, which is an existing roof terrace but has suffered from historical water 

ingress from poorly fitted balustrade posts in to the timber decking. The roof covering and rooflight are to be 

removed prior to the new terrace & balustrade works with a new GRP finish. 

The proposed arrangement is to comprise a fully independent HDG steel sub-frame, which is hidden below the 

raised decking on pedestal feet. A glass balustrade is then fixed to the edge steels to resist the torsional moment(s) 

induced from the cantilever balustrade arrangement. 

The image below shows the current roof arrangement.  The current roof light is to be replaced with a toughened 

safety glass walk on rated rooflight. Otherwise, the proposal is to upgrade the balustrade and terrace arrangement 

to minimize future water ingress by omitting all penetrations through the roof covering. 
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SECTION 2 – STRUCTURAL ANALYSIS 

The balustrade sub-frame analysis is designed to be formed as separate members assembled on site, thus easing 

logistics and installation on a tight rear garden site. 

The frame is to comprise 100x50x5.0 RHS members throughout, which are hot dip galvanised (HDG) to 85m. 

 

The vertical loads are not a concern as the frame is to sit directly on to the warm roof via pedestals at regular 

centres, which replicated the existing terrace loads. 

 

The balcony edge steels were assessed using a 0.74kN/m line load, however it has been proven that the self-weight 

of the steel sub-frame  + the self-weight of any person(s) imposing the handrail load are sufficient to counter any 

notional uplift imposed from the balustrade loads and the self-weight of the steel sub-frame, the perimeter glass 

balustrading, and the internal terrace decking are greater than the lateral wind loads when using favourable and 

unfavourable factored loads. 

 

The following page(s) confirm the adequacy of the sub-frame and the torsional resistance of the edge 100x50 RHS 

members, the decking joists and the internal supports. 
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TIMBER BEAM ANALYSIS & DESIGN TO EN1995-1-1:2004

In accordance with EN1995-1-1:2004 + A2:2014 and Corrigendum No.1 and the UK National Annex incorporating 

National Amendment No.1

Tedds calculation version 1.7.05

Unfactored Loads

0.0

0.750

Self weight included

Permanent Variable

mm 700

1A

700

2B C

 

Bending Moment Envelope

0.0

-0.075

0.042

kNm

mm 700

1A

700

2B C

-0.1

0.0 0.0

 

Shear Force Envelope

0.0

0.533

-0.533

kN

mm 700

1A

700

2B C

0.3

0.5

-0.5

-0.3

 

Applied loading

Beam loads

Permanent self weight of beam × 1 

Permanent full UDL 0.060 kN/m

Variable full UDL 0.750 kN/m

Analysis results

Design moment; M = 0.075 kNm; Design shear; F = 0.533 kN

Total load on member; W tot = 1.705 kN

Reactions at support A; RA_max = 0.320 kN; RA_min = 0.320 kN

Unfactored permanent load reaction at support A; RA_Permanent = 0.018 kN

Unfactored variable load reaction at support A; RA_Variable = 0.197 kN

Reactions at support B; RB_max = 1.065 kN; RB_min = 1.065 kN

Unfactored permanent load reaction at support B; RB_Permanent = 0.060 kN

Unfactored variable load reaction at support B; RB_Variable = 0.656 kN

Reactions at support C; RC_max = 0.320 kN; RC_min = 0.320 kN

Unfactored permanent load reaction at support C; RC_Permanent = 0.018 kN

Unfactored variable load reaction at support C; RC_Variable = 0.197 kN
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50

5 0

50  

Timber section details

Breadth of section; b = 50 mm; Depth of section; h = 50 mm

Number of sections; N = 1; Breadth of member; bb = 50 mm

Timber strength class; C24

Member details

Service class of timber; 3; Load duration; Short-term

Length of span 1; Ls1 = 700 mm

Length of span 2; Ls2 = 700 mm

Length of bearing; Lb = 50 mm

In accordance with cl.6.6 the member is one of several similar and equally spaced members laterally connected by a 

continuous load distribution system capable of transferring loads from one member to the neighboring members.

Compression perpendicular to grain - cl.6.1.4

Design compressive stress; σc.90.d = 0.426 N/mm2; Design compressive strength; fc.90.d = 1.481 N/mm2

PASS - Design compressive strength exceeds design compressive stress at bearing

Bending - cl 6.1.6

Design bending stress; σm.d = 3.580 N/mm2; Design bending strength; fm.d = 17.709 N/mm2

PASS - Design bending strength exceeds design bending stress

Shear - cl.6.1.7

Applied shear stress; τd = 0.477 N/mm2; Permissible shear stress; fv.d = 2.369 N/mm2

PASS - Design shear strength exceeds design shear stress

Deflection - cl.7.2

Deflection limit; δlim = 2.800 mm; Total final deflection; δfin = 0.353 mm

PASS - Total final deflection is less than the deflection limit
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STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national 

annex

TEDDS calculation version 3.0.14

Unfactored Loads

0.0

1.400

Self weight not included

Permanent Variable

mm 1300

1A

1300

2B

1300

3C

1300

4D E

 

Bending Moment Envelope

0.0

-0.432

0.311

kNm

mm 1300

1A

1300

2B

1300

3C

1300

4D E

-0.4

-0.3

-0.4

0.3

0.1 0.1

0.3

 

Shear Force Envelope

0.0

1.881

-1.881

kN

mm 1300

1A

1300

2B

1300

3C

1300

4D E

1.2
1.7

1.4
1.9

-1.9
-1.4

-1.7
-1.2

 

Support conditions

Support A Vertically restrained

Rotationally free

Support B Vertically restrained

Rotationally free

Support C Vertically restrained

Rotationally free

Support D Vertically restrained

Rotationally free

Support E Vertically restrained

Rotationally free

Applied loading

Beam loads Permanent full UDL 0.21 kN/m

Variable full UDL 1.4 kN/m

Analysis results

Maximum moment; Mmax = 0.3 kNm; Mmin = -0.4 kNm

Maximum moment span 1; Ms1_max = 0.3 kNm; Ms1_min = -0.4 kNm
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Maximum moment span 2; Ms2_max = 0.1 kNm; Ms2_min = -0.4 kNm

Maximum moment span 3; Ms3_max = 0.1 kNm; Ms3_min = -0.4 kNm

Maximum moment span 4; Ms4_max = 0.3 kNm; Ms4_min = -0.4 kNm

Maximum shear; Vmax = 1.9 kN; Vmin = -1.9 kN

Maximum shear span 1; Vs1_max = 1.2 kN; Vs1_min = -1.9 kN

Maximum shear span 2; Vs2_max = 1.7 kN; Vs2_min = -1.4 kN

Maximum shear span 3; Vs3_max = 1.4 kN; Vs3_min = -1.7 kN

Maximum shear span 4; Vs4_max = 1.9 kN; Vs4_min = -1.2 kN

Deflection; δmax = 0.2 mm; δmin = 0 mm

Deflection span 1; δs1_max = 0.2 mm; δs1_min = 0 mm

Deflection span 2; δs2_max = 0.1 mm; δs2_min = 0 mm

Deflection span 3; δs3_max = 0.1 mm; δs3_min = 0 mm

Deflection span 4; δs4_max = 0.2 mm; δs4_min = 0 mm

Maximum reaction at support A; RA_max = 1.2 kN; RA_min = 1.2 kN

Unfactored permanent load reaction at support A; RA_Permanent = 0.1 kN

Unfactored variable load reaction at support A; RA_Variable = 0.7 kN

Maximum reaction at support B; RB_max = 3.5 kN; RB_min = 3.5 kN

Unfactored permanent load reaction at support B; RB_Permanent = 0.3 kN

Unfactored variable load reaction at support B; RB_Variable = 2.1 kN

Maximum reaction at support C; RC_max = 2.9 kN; RC_min = 2.9 kN

Unfactored permanent load reaction at support C; RC_Permanent = 0.3 kN

Unfactored variable load reaction at support C; RC_Variable = 1.7 kN

Maximum reaction at support D; RD_max = 3.5 kN; RD_min = 3.5 kN

Unfactored permanent load reaction at support D; RD_Permanent = 0.3 kN

Unfactored variable load reaction at support D; RD_Variable = 2.1 kN

Maximum reaction at support E; RE_max = 1.2 kN; RE_min = 1.2 kN

Unfactored permanent load reaction at support E; RE_Permanent = 0.1 kN

Unfactored variable load reaction at support E; RE_Variable = 0.7 kN

Section details

Section type; RHS 100x50x5.0 (Tata Steel Celsius (Gr355 Gr420 Gr460)); Steel grade; S355H

5
0

5

100
 

Section classification; Class 1
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Check shear - Section 6.2.6

Design shear force; VEd = 2 kN; Design shear resistance; Vc,Rd = 93.8 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5

Design bending moment; MEd = 0.4 kNm; Des.bending resist.moment; Mc,Rd = 9.2 kNm

PASS - Design bending resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1

Consider deflection due to variable loads

Limiting deflection; δlim = 3.6 mm; Maximum deflection; δ = 0.227 mm

PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM TORSION DESIGN

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

Tedds calculation version 2.0.04

50

5

1
0

0

 

Section details

Section type; RHS 100x50x5.0; Steel grade; S355

Design stength; pyw = py = 355 N/mm2; Constant; ε = 0.880 

Calculated torsional properties

Height of web; dx = by = D - 3 × t = 85.0 mm

Width of flange; bx = dy = B - 3 × t = 35.0 mm

Shear area – y; Avy = A × D / ( D + B ) = 9.2 cm2

Shear area – x; Avx = A × B / ( D + B ) = 4.6 cm2

dvx = Avx / ( 2 × t ) = 45.8 mm

dvy = Avy / ( 2 × t ) = 91.5 mm

Plastic modulus of web; Svx = 2 × t × dvy
2 / 4 = 21.0 cm3

Plastic modulus of flange; Svy = 2 × t × dvx
2 / 4 = 5.2 cm3

Statical moment at mid-depth; Qw = Sx / 2 = 21 cm3

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

Effective span; L = 1300 mm

Length of segment LTB; LLT = 2000 mm; Effective length for LTB; LE_LT = 2200 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; Fvy = 0.1 kN; Maximum bending moment; MLT = Mx = 0.20 kNm

Applied torque; Tq = 0.81 kNm; Minor axis bending moment; My = 0 kNm

Compression force; Fc = 0 kN

Equivalent uniform moment factors

EUM factor (Cl.4.3.6.6 & T18); mLT = 1.000

Torsional deflection analysis

Beam is torsion fixed at each end. (as defined in SCI-P-057 section 2.1.6)

Max torque (at supports); To = 0.41 kNm; Avg torque support & CL; Tav = 0.20 kNm

Max. angle of twist (midspan); φ = 0.001 rads
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Section classification

bx / t = 7.0; dx / t = 17.0

by / t = 17.0; dy / t = 7.0

r1sx = 0.000; r1sy = 0.000

r2s = 0.000

Section classification is plastic

Shear capacity (parallel to y-axis) 

Design shear force; Fvy = 0.1 kN; Design shear resist (cl. 4.2.3); Pvy = 195.0 kN

Pass - Shear

Moment capacity (x-axis) 

Design bending moment; Mx = 0.2 kNm; Mnt cap low shear (cl. 4.2.5.1); Mcx = 14.2 kNm

Pass - Moment capacity exceeds design bending moment

Lateral torsional buckling 

Effective length for LTB; LE_LT = 2200 mm

Slenderness ratio - cl 4.3.6.5; λ = 111; D / B = 2.0

LTB check not required

Buckling resistance mnt; Mb = Mcx = 14.2 kNm

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.

Max angle of twist; φ = 0.001 rads; Induced minor axis moment; Myt = 0.00 kNm

Norm stress corner due to Myt; σbyt = 0 N/mm2; Interaction index; ib = 0.01

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; σbx = Mx / Zx = 6 N/mm2

Combined stress - eqn 2.22; σbx + σbyt = 6 N/mm2; Design strength; py = 355 N/mm2

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 stress bending; τbw = 0 N/mm2; Max. shear stresses torsion; τt = 11 N/mm2

Amplified shear stress torsion; τvt = 11 N/mm2; Combined shear bend & tors; τ = 11 N/mm2

Shear strength; pv = 213 N/mm2

Pass - Combined shear stresses

Twist check

Total applied torque; Tqu = 0.81 kNm

Max twist under sls loading; φsls = 0.07 deg; Twist limit; φlim = 1.00 deg

Pass - Twist

Deflection

Maximum y-axis deflection; δy_max = 0.1 mm; Deflection limit - cl. 2.5.2; δlim = 3.6 mm

Pass - Deflection within specified limit
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SECTION 3 – DRAWING(S) 

The following drawing shows the arrangement of the steel sub-frame, a typical section and the key steel connection 

details. 
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