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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. 

 

STATIONERY REQUIREMENTS 

Single-sided script paper 
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1 An S355 UB 610×229×101 cantilever beam has a span length of 5 m and carries 

a constant moment. The root radius r of the cross-section is 12.7 mm.  

 

(a) A finite element analysis of the beam, assuming purely elastic material properties 

but accounting for geometric non-linear effects, determines the lateral-torsional 

buckling moment to be 265 kN m. Calculate the design moment capacity of the 

beam.             

 

(b) Estimate the lateral-torsional buckling capacity of the beam by considering the 

compressed flange in isolation and equating flexural buckling of the flange about 

its major axis to lateral-torsional buckling of the beam. Compare your answer to 

part (a) and discuss the reason(s) for any discrepancies. 

 

(c) Provide a theoretical justification for the approach in part (b) by considering the 

equation for the elastic lateral-torsional buckling moment in the datasheets and 

setting GJ = 0. 

             

 

 

2 A steel bridge girder is welded together from a 20×2000 (mm×mm) web plate and 

30×400 (mm×mm) top and bottom flanges. All plates are made of S355 steel. The girder 

carries a 250 mm thick bridge deck made of C40/50 concrete. The spacing between the 

girder lines is 3.3 m. The girders are simply supported with a span length of 50 m. The 

bridge needs to carry an (unfactored) traffic load of 6 kPa applied over the whole deck. 

 

(a) Design a shear connector arrangement to ensure fully composite action between 

the girder and the deck at the ULS in bending. Use headed studs with ultimate 

tensile strength fu = 400 MPa. 

(b) Design a shear connector arrangement that satisfies the Fatigue Limit State when 

the bridge is to be designed for 2 million cycles of the traffic loading. The detail 

category of headed studs in shear is 90. 
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3 A steel plate shear wall in a building consists of a 5 mm thick S355 plate, bolted 

(with short bolt spacing) to the adjacent beams and columns. The plate has the dimensions 

shown in Fig. 1. The design (i.e. factored) value of the wind load to be resisted by the 

shear wall is 188 kN.  

 

(a) Check whether the shear wall has sufficient capacity to resist the design load. 

 

(b) Problems have arisen in practice with steel plate shear walls, where repetitive 

buckling and un-buckling of the plate occurs in service conditions, potentially 

leading to fatigue issues and even noise inside the building. Check whether this 

phenomenon could potentially be a problem for the shear wall shown in Fig. 1. If 

so, propose a stiffening scheme. (Note: Only the location of the stiffeners needs 

to be indicated; the size of the stiffeners need not be determined.)   

 

 
Fig. 1 (All dimensions in mm) 
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4 A 5 m long UB 406×140×39 simple span beam carries an unfactored dead load 

(inclusive of the self-weight of the beam) of 12 kN m-1 and an unfactored live load of          

20 kN m-1. The connection between the beam and the adjacent columns is pictured in       

Fig. 2. The thickness of the flag plate is 5 mm. 

(a) Check the adequacy of the bolted connection. M20 grade 4.6 bolts are used. All 

steel components (i.e. the beam and the flag plate) are grade S355 (fu = 490 MPa).  

(b) Check the adequacy of the 3 mm fillet welds between the flag plate and the column 

face. (Note: The effective length of a fillet weld is the total length minus two times 

the throat thickness.) 

(c) (i)  The bearing stiffness of a single M20 bolt against a 5 mm thick S355 plate is 

108 kN mm-1 and the bearing stiffness of the same bolt against a 6.4 mm thick 

S355 plate is 135 kN mm-1. Estimate the rotational stiffness of the connection.  

(ii) EN1993-1-8 stipulates that a connection can be considered as ‘pinned’ if the 

      rotational stiffness S satisfies the following equation: 

S ≤ (0.5) EIyy / L 

where E is the elastic modulus, Iyy is the second moment of area about the 

major axis and L is the span length. Check whether this is the case for the 

connection under consideration. 

           

 

Fig. 2 (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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𝜎𝑐𝑟 = 𝐾
𝜋2𝐸

12(1 − 𝜈2)
(
𝑡

𝑏
)
2
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• 

 

 

 

 

 

 

 

 

ℎ𝑤

𝑡𝑤
≥ 72𝜀 

hw tw  and 𝜀 = √235/𝑓𝑦  fy

 

 

 

𝜏𝑐𝑟 = 𝐾
𝜋2𝐸

12(1 − 𝜈2)
(
𝑡

𝑏
)
2

 

 𝐾 = 5.34 +
4

(𝑎/𝑏)2
             

 𝐾 = 5.34 +
4

(𝑏/𝑎)2
             

𝑉𝑏,𝑅𝑑 = 𝜒𝑤
(𝑓𝑦 √3⁄ )ℎ𝑤𝑡𝑤

𝛾𝑀1
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



i    

𝛼𝑐 = 𝛼 +
0.09

𝑖 𝑒⁄
 

𝜆𝑤 = 0.76√
𝑓𝑦

𝜏𝑐𝑟
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e   e1, e2  

e1

e2
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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 

 

 

 

            

t

Ant

AnV

𝐹𝑉,𝑅𝑑 = 0.6𝐴𝑓𝑢𝑏/𝛾𝑀2 

𝐹t,𝑅𝑑 = 0.9𝐴𝑠𝑓𝑢𝑏/ 𝛾𝑀2 

𝐹𝑉,𝐸𝑑
𝐹𝑉,𝑅𝑑

+
𝐹𝑡,𝐸𝑑

1.4𝐹𝑡,𝑅𝑑
≤ 1.0 

𝐹1,𝑅𝑑 = 2𝑎𝑡
𝑓𝑦

√3
𝛾𝑀0⁄  𝐹𝑒𝑓𝑓,1,𝑅𝑑 =

𝑓𝑢𝐴𝑛𝑡
𝛾𝑀2

+
𝑓𝑦

√3

𝐴𝑛𝑉
𝛾𝑀0

 

𝐹𝑒𝑓𝑓,2,𝑅𝑑 = 0.5
𝑓𝑢𝐴𝑛𝑡
𝛾𝑀2

+
𝑓𝑦

√3

𝐴𝑛𝑉
𝛾𝑀0
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tp

dm
 

n

Fp,C



M3,ser

Lj 15d d

 

 

𝐹𝑏,𝑅𝑑 =
𝑘1 ∝𝑏 𝑓𝑢𝑑𝑡

𝛾𝑀2

 

 𝐵𝑝,𝑅𝑑 = 0.6𝜋𝑑𝑚𝑡𝑝𝑓𝑢/𝛾𝑀2 

𝐹𝑠,𝑅𝑑 =
𝑛𝜇𝐹𝑝,𝐶

𝛾𝑀3,𝑠𝑒𝑟

 

𝛽𝐿,𝑓 = 1 −
𝐿𝑗 − 15𝑑

200𝑑
 0.75 ≤ 𝛽𝐿,𝑓 ≤ 1.0 
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fu

w

 

 

• 

• 

 

 

Nr

r

K, m

𝑘 =
𝑀

∑𝑟𝑖
2 𝐹𝑖 = 𝑘𝑟𝑖  

√𝜎𝑥
2 + 3(𝜏𝑦

2 + 𝜏𝑧
2) ≤

𝑓𝑢
𝛽𝑤𝛾𝑀2

 𝜎𝑥 ≤ 0.9
𝑓𝑢
𝛾𝑀2

 

𝑁𝑟(∆𝜎𝑟)
𝑚 = 𝐾 

𝛽𝐿𝑤,1 = 1.2 −
0.2𝑙𝑤
150𝑎

 𝑙𝑤 ≥ 150𝑎 𝛽𝐿𝑤,1 ≤ 1.0 

𝑙𝑤 ≥1.7 m 𝛽𝐿𝑤,2 = 1.1 −
𝑙𝑤
17

 (l
w

 in m) 

0.6 ≤ 𝛽𝐿𝑤,2 ≤ 1.0 
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𝑛1
𝑁1

+
𝑛2
𝑁2

+
𝑛3
𝑁3

+⋯
𝑛𝑖
𝑁𝑖

+⋯ ≤ 1 
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𝑃𝑅𝑑 =
0.8𝑓𝑢(𝜋𝑑

2 4⁄ )

𝛾𝑉
 

𝑃𝑅𝑑 =
0.29𝑑2 (𝑓𝑐𝑘𝐸𝑐𝑚)

0.5

𝛾𝑉
 

𝑘𝑡 =
0.7

√𝑛𝑟

𝑏0
ℎ𝑝

(
ℎ𝑠𝑐
ℎ𝑝

− 1) 

nr   

𝑏𝑒𝑓𝑓 =  𝐿𝑒 4⁄ + 𝑏0 
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Ea Ecm

𝑛 = 2𝑛0 𝑛0 = 𝐸𝑎 𝐸𝑐𝑚⁄  


