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 EGT3 
 ENGINEERING TRIPOS PART IIB 
______________________________________________________________________ 
 
 Monday 03 May 2021        9 to 10.40 
______________________________________________________________________ 
 
 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 and at the top of 
each answer sheet. 

 
 
STATIONERY REQUIREMENTS 
Write on single-sided paper. 
 
SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS EXAM 
CUED approved calculator allowed. 
Attachments: 4D10 Structural Steelwork Data Sheets (9 pages).  
You are allowed access to the electronic version of the Engineering Data Books. 
 
 
10 minutes reading time is allowed for this paper at the start of the 
exam. 
 
The time taken for scanning/uploading answers is 15 minutes. 
 
Your script is to be uploaded as a single consolidated pdf containing 
all answers. 
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1 Consider the 254 × 146 × 37 Universal Beam shown in Fig. 1 and made of grade
S355 steel. The length is 𝐿 = 10 m and the beam is initially simply supported. The ends
are free to warp but are restrained against lateral deflection and twist. A moment, 𝑀 , is
applied about the major axis at either end, with both moments being in the same direction,
as indicated.

(a) Determine the maximum value of 𝑀 that the beam can safely carry. [60%]

(b) A restraint to prevent lateral deflection and twist rotation is added at a distance
𝑥 = 3𝐿/4 from the left end. Calculate the factor by which 𝑀 can safely increase. [40%]
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2 Profiled metal sheeting is to be used to span between beams in a composite floor.
Although sheeting manufacturers provide design charts, describe suitable checks that you
could perform to establish that the choice of sheeting is adequate. State any assumptions
and include diagrams of the associated stress blocks. [20%]

Figure 2 shows a composite floor with a span of 10 m. The steel beams are 356× 171× 51
Universal Beams made of grade S275 steel. The beams run the full length of the slab
and are simply-supported at each end. The concrete slab has a total thickness of 100 mm,
which includes 50 mm troughs from steel decking. The troughs are perpendicular to the
supporting steel beams, as shown. The transverse spacing between beam centres is 3 m
and the decking has been properly designed to span between the beams. The concrete has
a design strength, 𝑓𝑐𝑑 = 30 MPa, and density, 2400 kg m−3. The floor is to support its self-
weight together with a uniformly-distributed live load, 𝑤 kPa, which is to be determined.
Partial safety factors of 1.35 for dead loads and 1.5 for live loads are required.

(a) Assuming full composite action, determine the floor load 𝑤 at the Ultimate Limit
State. [40%]

(b) Propose a suitable arrangement of shear studs to achieve full composite action under
the floor load just calculated. [10%]

(c) Devise and undertake a suitable serviceability check. [30%]

steel beam

concrete floor

50
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200

Fig. 2: all dimensions are in mm
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3 A column has a length of 1 m and is pin-supported at the centroids of both end
sections. Its uniform cross-section is shown in Fig. 3 and consists of an equal-leg angle
with a leg length of 100 mm and a thickness of 5 mm. The column is made of S355 grade
steel and is initially unloaded.

(a) Determine the effective area of the column in compression. Also calculate the shift
of the effective centroid caused by local buckling. [40%]

(b) Determine the effective cross-section in minor axis bending with the tips of the angle
in compression. [30%]

(c) Determine the maximum compressive load which the column can sustain. (Note:
take any factors accounting for the interaction of bending moment and axial force as 1.0.) [30%]

100

5

100

5

Fig. 3: all dimensions are in mm
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4 The bottom chord of a truss consists of an SHS 200 × 200 × 6.3 square hollow
section, made of S355 grade steel with 𝑓𝑢 = 490 MPa. The chord carries a tensile design
load of 1250 kN.

Design a bolted tension splice for the chord. [100%]

(Hint: Note that installing bolts requires access to both the head and the nut of the bolts,
and that a solution with simple splice plates is not achievable in this case.)

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
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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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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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𝛼𝑐 = 𝛼 +
0.09

𝑖 𝑒⁄
 

𝜆𝑤 = 0.76√
𝑓𝑦

𝜏𝑐𝑟
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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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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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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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+⋯
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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 



                                                                                                                                                                                    17 

 

Ea Ecm

𝑛 = 2𝑛0 𝑛0 = 𝐸𝑎 𝐸𝑐𝑚⁄  




