





ACBA6018
STRUCTURAL DESIGN AND FOUNDATION DESIGN

DESIGN OF AN OFFICE BUILDING 










Prepared By: Anita Davis
Student Number: 1908094
Date: May 2025
Prepare the structural design of a selected building using relevant standards using the brief below:
The building has the typical floor plan of a five-storey building. The floor is a reinforced concrete slab supported on universal beams. Use grade S275 steel. The design loading has been estimated as:
· Dead Load – Slab, self-weight of steel, finished, ceiling, partitions, services and fire protection = 6.0kN/m²
· Imposed Load = 4.0kN/m²

THE DESIGN
A singular 6m x 6m bay has been chosen for the design, all the universal beams are restrained with load distribution calculated using the 45° method. The design will be to the British Standard (BS) BS5950 – Structural use of steelwork in building.
With the Steel Grade being S275, the yield strength is (fy) = 275N/mm².
The beams are proposed to be 3m spacing apart, however, due to the reinforced concrete slab, loads disperse diagonally at approx. 45° from the corners. The central beam does not receive the full width of the bay.
Therefore, the assumed width is 2.4m.
With reference to BS 5950 – 1:2000, Clause 2.4 – Ultimate limit states, Clause 2.4.1 – Table 1.4 – Load factors and combinations, the loading chosen is Dead Load with a Loading Factor (ϒf) of 1.4. 
LOAD DISTRIBUTION - 45° METHOD
Dead Load on beam = 6.0 x 2.4 = 14.4kN/m
Imposed Load on beam = 4.0 x 2.4 = 9.6kN/m
UNIFORM LOAD
W = 1.4gk + 1.6qk = (1.4 x 14.4) + (1.6 x 9.6) = 20.16 + 15.36 = 35.52kN/m
With the assumptions of a simply supported beam, the span being 6m and the uniform load of 35.52kN/m:
MAXIMUM BENDING MOMENT
M = wl²/ 8 = 35.52 x (6)² / 8 = 35.52 x 36 / 8 = 1278.72 / 8 = 159.84kNm
MAXIMUM SHEAR FORCE 
V = wl / 2 = 35.52 x 6 / 2 = 213.12 / 2 = 106.56kN
INITIAL SELECTION OF SECTION
Assuming fy = 275N/mm², for design M ≤ Mc and Mc = PySx therefore, M ≤ PySx → Sx ≥ M / fy
Sx ≥ 159.84 x 10⁶ / 275 = 159,840,000 / 275 = 581,236.36mm³ = 581.24cm³
With reference to BS 4 Part 1: 1993, from the steel tales, the following selection is suitable 
305 x 127 x 48 UB: Sx = 711cm³

Flange thickness of T = 9.0mm (< 16mm), then Py = 275N/mm²

With reference to Table 11, BS 5950 - ɛ = √275 / 275 = 1.00

b/t = 4.48 which is less than 9ɛ = 9 x 1 = 9.00. From table, flange is plastic.

d/t = 29.5 which is less than 80ɛ = 80 x 1 = 80. From table, web is plastic.

SHEAR STRENGTH 

As d/t = 29.5 < 70e shear buckling need not be considered.
SHEAR CAPACITY

Shear capacity of a section - Pv = 0.6 Py Av = 0.6 Py t D 

Pv = 0.6 x 275 x 9 x 311 = 461,835 N = 461.835kN

Now as Fv (106.56kN) < 0.6Pv = 0.6 x 461.835 = 277.101kN – low shear mode 

BENDING MOMENT CAPACITY

Mc = Fy Sx = 275 x 711 x 10³ = 195,525,000N.mm = 195.525kNm ≤ 1.2 Fy Zx = 1.2 x 275 x 616 x 10³ = 203,280,000N.mm = 203.28kNm  OK

Moment M due to ultimate loading is 159.84kNm.

159.84kNm < 195.525kNm, therefore the selection is suitable.

DEFLECTION CHECK

Deflection Limit for an office building – L/360 = 6000/360 = 16.7mm

Δ = 5wL⁴ / 384 E I = 5 x 24 x 6000⁴ / 384 x 205,000 x 95.75x10⁶ = 7.22mm

7.22 < 16.7 therefore deflection is OK

From the beam design, the V value is 106.56kN, each floor contributes to a beam reaction.

Therefore, for a 5-storey building, the total axial load = 5 x 106.56 = 532.8kN (Ned)

INITIAL SELECTION OF SECTION
203 x 203 x 60 UC

From the steel table – A = 7640mm², Depth = 209.4mm, rmin = 89.5mm, Fy = 275N/mm²

Flange b/t = 7.25 and Web d/t = 17.1


SLENDERNESS CHECK 

We have assumed a height of 3m = 3000mm for each storey.

λ = L / Rmin = 3000 / 89.5 = 33.5

FLANGE AND WEB CHECK

Table 11 - c/t = 9 (plastic)

Thickness of Flange (T) = 14.2mm and Thickness of Web (t) = 9.4mm

To check for flange outstand – c / Tf

 c = b – tw / 2 = 209.4 – 9.4 / 2 = 100mm

Therefore, 100 / 14.2 = 7.04 which is less than 9.00 meaning Plastic Flange is OK

Table 12 – d/t = 30 (plastic)

Web depth between fillets = 155.9mm

Therefore, 155.9 / 9.4 = 16.59 which is less than 30 meaning Plastic Web is OK

BUCKLING RESISTANCE 

Axial buckling resistance – Pb,Rd = A x Fcr

Fcr from Curve c for a slenderness of 33.5 = 0.90 x 275 = 247.5N/mm²

Therefore, axial buckling resistance -  Pb,Rd = A x Fcr = 7640 x 247.5 = 1,890,900N = 1890.9kN

COMPARISON TO APPLIED LOAD 

Ned = 532.8kN and Pb,Rd = 1890.9kN 

Therefore, 1890.9 > 532.8kN – THE COLUMN IS SAFE

BASEPLATE AREA 

Aeff = 4c² + (2D + 4B – 2t)c + (2BT + Dt – 2Tt)

D = column depth, B = column width, t = thickness of web, T = thickness of flange

D = 209.6mm, B = 205.8mm, t = 9.4mm, T = 14.2mm

Effective Area ≥ axial load / bearing strength = 532.8 x 10³ / 0.6 x 30 = 2.96 x 10⁴mm²

Aeff = 4c² + [(2 x 209.6) + (4 x 205.8) – (2 x 9.4)]c + [(2 x 205.8 x 14.2) + (209.6 x 9.4) – (2 x 14.2 x 9.4)]

Aeff = 4c² + (419.2 + 823.2 – 18.8)c + (5844.72 + 1970.24 – 266.96)

Aeff = 4c² + 1223.6c + 7548 

Substituting Aeff = 2.96 x 10⁴,

2.96 x 10⁴ = 4c² + 1223.6 c + 7548 → 4c² + 1223.6 + 7548 = 0

Solving c for 16.6mm

Minimum length of baseplate:  D + 2c = 209.6 + (2 x 16.6) = 242.8mm

Minimum width of baseplate: B + 2c = 205.8 + (2 x 16.6) = 239mm

Provide a 250mm x 250mm baseplate in grade S275 steel

The area provided = 250 x 250 = 6.25 x 10⁴ > 2.69 x 10⁴ - OK

Assuming a thickness, tp: 16 < tp ≤ 40, the design strength; Pyp = 265N/mm²

The actual baseplate thickness, tp is given by: tp = c (√3w/Pyp)

tp = 16.6 (√3 x 0.6 x 30 / 265) = 16.6 x √0.204 = 16.6 x 0.45 = 7.47mm > column thickness, T = 14.2mm – OK

Therefore, use a 250 x 250 x 10mm thick baseplate in grade S725 steel.
