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______________________________________________________________________ 

 

 Monday 1 May 2023        9.30 to 11.10 

______________________________________________________________________ 

 

 

 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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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 steel plate girder is welded together from individual plates with the dimensions 

(in mm) shown in Fig. 1. All plates are of grade S355. 

 

(a) Check whether the cross-section is fully effective against local buckling under 

major axis bending moments.               

 

(b) Estimate the required spacing of the vertical stiffeners in the girder web so that the 

longitudinal stiffener does not buckle prematurely.               

Note: Consider flexural buckling of a column consisting of the stiffener and 

adjacent strips in the web with width 15 tw (tw = thickness of the web,  = 0.81).  

 

(c) Determine the cross-sectional capacity in bending.               

 

 

         

Fig. 1. (All dimensions in mm) 
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500×30 flange
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2300×16 web

200×25 stiffener
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2 The S355 steel plate girder in Fig. 1 of Question 1 is used in a 50 m single span 

bridge. The cross-section can be assumed to be fully effective, and the longitudinal 

stiffener is not subject to buckling. The girder lines are spaced at 3.5 m. Cross-bracing is 

provided at 7.14 m intervals along the length of the bridge. In the final constructed state, 

the bridge acts compositely with a 250 mm thick C35/45 concrete deck. 

 

(a) During the construction phase, a single girder is placed on its supports. The 

supports prevent twisting of the girder, but allow cross-sectional warping and 

rotations about both principal axes. Check the stability of the girder against lateral-

torsional buckling under its self-weight. If this check fails, propose an alternative 

construction method.                   

Note: The torsional constant 𝐽 of an I-section is given by: 

 

𝐽 =
2𝑏𝑓𝑡𝑓

3

3
+
ℎ𝑤𝑡𝑤

3

3
 

where 𝑡𝑓 and 𝑡𝑤 are the thicknesses of the flange and the web respectively, 𝑏𝑓 is 

the width of the flange and ℎ𝑤 is the height of the web. 

(b) In the next stage, the cross-bracing is installed and the deck poured. Check the 

stability of the girder against lateral-torsional buckling under the additional weight 

of the wet concrete.                   

(c) Determine the bending capacity of the composite girder in its final, constructed 

state. Assume full composite action. The distance b0 between the outer shear studs 

is 300 mm.         

             

 

 

 

 

 

 

 

[30%] 

[30%] 

[40%] 



Version JAB/4 

 Page 4 of 4  

 

3 The girder in Fig. 1 of Question 1 acts compositely with a concrete deck in a 

simple span bridge.  

 

(a) List (without calculations or explanations) all the design checks you would carry 

out to arrive at a safe design for the girder (i.e. list all the limit states). Only 

consider the final, constructed state of the bridge.               

 

(b) A bolted splice connection needs to be provided in the girder somewhere along 

the span. Make a conceptual sketch of the connection. 

 

(c) List (without calculations or explanations) all the design checks you would carry 

out for the connection devised in 3(b).             

 

 

 

4 A 5 m long UB 610×305×179 beam is subject to an unfactored dead load 

(inclusive of the self-weight of the beam) of 16 kN/m and an unfactored live load of           

24 kN/m. Design a flag plate connection between the beam and the adjacent columns. All 

steel components are to be grade S355 (fu = 490 MPa). M20 grade 4.6 bolts are to be used. 

Determine the flag plate dimensions, the bolt layout and the fillet weld size between the 

flag plate and a column.                  

 

Note: The effective length of a fillet weld is the total length minus two times the throat 

thickness. 

 

 

 

 

    END OF PAPER 
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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



4 4D10 Structural Steelwork 2014/15

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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b t

• 

K

K

 

 

𝜎𝑐𝑟 = 𝐾
𝜋2𝐸

12(1 − 𝜈2)
(
𝑡

𝑏
)
2
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• K = k
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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

 



 12          
 

 

 

 

 

 

 

 

 

 

 

 

 

 

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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M

ri

Fi

 

 

                                                                                           

 

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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ni 

i 

 

 

 

 

 

 

 

 

 

 

 

  

𝑛1
𝑁1

+
𝑛2
𝑁2

+
𝑛3
𝑁3

+⋯
𝑛𝑖
𝑁𝑖

+⋯ ≤ 1 
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• 

• 

 

 

 

 

fu

d

fck

Ecm

V

• 

                                                                                     

 

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 



                                                                                                                                                                                    17 

 

Ea Ecm

𝑛 = 2𝑛0 𝑛0 = 𝐸𝑎 𝐸𝑐𝑚⁄  


