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______________________________________________________________________ 

 

 

 Module 4D10 

 

 STRUCTURAL STEELWORK 

 

 Answer not more than three questions. 

 

 All questions carry the same number of marks. 

 

 The approximate percentage of marks allocated to each part of a question is 

indicated in the right margin. 

 

 Write your candidate number not your name on the cover sheet. 
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Single-sided script paper 
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CUED approved calculator allowed 
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Engineering Data Book  
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exam. 

 

You may not start to read the questions printed on the subsequent 

pages of this question paper until instructed to do so. 

 

You may not remove any stationery from the Examination Room. 
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1         A grade S420 UB 406×140×39 steel beam is continuous over two equal spans, as 

shown in Fig. 1 (a), and carries a point load P in the middle of each span. Each span length 

is 6 m. The self-weight of the beam may be neglected.  
 

(a) Assume that the beam is continuously laterally restrained along its length. 

Calculate the maximum design load P which the beam can sustain, based on the 

development of a plastic hinge mechanism. 
 

(b) Determine which class the cross-section belongs to for local buckling. Does the 

result justify the calculations in part (a)? 

Note: The radius of the web-to-flange transition in a UB 406×140×39 is                     

r = 10 mm. 
 

(c) If the beam were only laterally restrained at the locations of the point loads and 

the supports, calculate the maximum design load P which the beam can sustain 

before failing in lateral-torsional buckling. The ends of the beam are free to warp 

under torsion. The elastic bending moment diagram of the beam is given in         

Fig. 1 (b).   

 

            

 
Fig. 1 
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2          A square welded box section is used as a compressed strut with an effective length 

of 6.5 m. The outside dimension of the box is 170 mm and its thickness is 3 mm. The 

steel grade is S355. 
 

(a) Calculate the capacity of the strut.    
 

(b) While keeping the steel cross-sectional area of the box constant, reduce the side 

dimension (increasing the thickness) until the cross-section becomes fully 

effective. Recalculate the capacity of the strut with the cross-section thus obtained. 
 

(c) Use parts (a) and (b) to explain in more general terms why thin-walled structures 

typically have high strength-to-weight ratios. 
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3          The composite floor system shown in Fig. 2 (a) consists of UB 533×210×92 beams 

supporting a 150 mm thick concrete floor slab. The grade of the steel beams is S355 and 

the concrete is class C30/37. The beams span 10 m, are simply supported, and are spaced 

at 2 m distance. 

In addition to its self-weight, the composite beam carries an (unfactored) permanent line 

load of 25 kN/m and an (unfactored) imposed line load of 15 kN/m. The beams are 

propped during construction. 

The shear connectors consist of 150 mm long and 60 mm wide steel strips cut from a      

16 mm plate. Their load-slip behaviour is illustrated in Fig. 2 (b), from which it is 

determined that they can resist a maximum design shear force of 125 kN.   
 

(a) Conceptually sketch a Eurocode-approved test set-up which would allow you to 

experimentally obtain the graph in Fig. 2 (b). 
 

(b) Comment on the appropriateness (or otherwise) of using a plastic design method 

to determine the number of shear connectors in this beam. 

 

(c) Determine the required connector spacing near the supports of the beam to ensure 

fully composite action at the ULS.  
 

(d) If the connectors were replaced by conventional headed studs with a diameter of 

19 mm and an ultimate tensile strength of 500 MPa, determine an arrangement 

which ensures fully composite action at the ULS. 

 

 
(a)                                                                     (b)  

Fig. 2 
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4         Figure 3 shows a haunched eaves connection in a portal frame. The rafter consists 

of a UB 533×210×92. The haunch is also cut from a UB 533×210×92. All steel 

components are made of grade S355 steel (fu = 490 MPa). 

At the connection, the rafter simultaneously carries a hogging moment of 500 kNm, a 

shear force of 200 kN, and a compressive axial force of 120 kN. These are factored values. 
 

(a) For the bolt arrangement shown in Fig. 3, determine the bolt size necessary to 

avoid bolt fracture. Grade 10.9 bolts should be used. 
 

(b) The rafter end is welded to an end plate using a fillet weld, placed all around the 

perimeter of the universal beam and haunch, as indicated in Fig. 3. Determine the 

size of this fillet weld, based on the following two checks: 
 

(i) the strength of the fillet weld surrounding the outside flanges. 

(ii) the strength of the fillet weld at the location in the web with maximum shear 

stress. 

Use a single fillet weld size for the whole perimeter. 

(c) List two types of welding procedures which might be suitable for use in this 

connection.  
 

Note 1: The safety factor M2 may be taken as 1.1. 

Note 2: The roof pitch may be neglected and the rafter can be considered to be horizontal. 

 

 

Fig. 3 (All dimensions in mm) 
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2 4D10 Structural Steelwork 2014/15

DS1: Basic Buckling Resistance Curves

The curves are defined byχ =
1

Φ+

√

Φ2− λ̄2

in which Φ ≡
1+α(λ̄−0.2)+ λ̄2

2

and the imperfection factorα appropriate for each curve is:

Buckling curve a0 a b c d
Imperfection factorα 0.13 0.21 0.34 0.49 0.76



3

DS2: Basic Resistance Curve Selection for Flexural Buckling
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DS3: Lateral-Torsional Buckling Equations

Critical Moment

The critical magnitude of equal-and-opposite end-momentsto cause elastic lateral torsional
buckling of a beam is:

MLT =
π
L

√
EIGJ

√

1+
π2

L2

EΓ
GJ

whereEI, GJ andEΓ are the minor axis flexural rigidity, the torsional rigidityand the warp-
ing rigidity respectively. (It is assumed that the supportsprevent vertical, lateral and torsional
deflections but do not restrain warping.)

For a doubly-symmetric I-beam

Γ ≈
ID2

4
whereD is the distance between flange centroids andI is the second moment of area of the
section about its minor axis.

Unequal end moments

Mcr =
MLT

Cunequal
where Cunequal= max(0.6+0.4ψ,0.4)

Lateral torsional buckling curve selection

For lateral torsional buckling, the buckling resistance curves (DS1) may be used, with curves
selected via the table below. Heighth and widthb are defined in DS2.

Limits Curve
Rolled I-sections h/b ≤ 2 a

h/b > 2 b
Welded I-sections h/b ≤ 2 c

h/b > 2 d
Other - d
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Bolt size Tensile Area 

- mm2 

M10 58.0 

M12 84.3 

M14 115 

M16 157 

M18 192 

M20 245 

M22 303 

M24 353 

M27 459 

M30 561 

 

 

 

 

 

 

 

 

 

 

e1 ≥ 1.2 d0 

e2  ≥ 1.2 d0 

p1 ≥ 2.2 d0 

p2 ≥ 2.4 d0 
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