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EGT3
ENGINEERING TRIPOS PART IIB

Tuesday 29 April 2025 09:30 – 11:10

Module 4D7

CONCRETE AND PRESTRESSED CONCRETE

Answer all 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
Graph paper

SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS EXAM
CUED approved calculator allowed
Attachment: 4D7 Data Sheet (5 pages)
Engineering Data Book

10 minutes reading time is allowed for this paper at the start of
the 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 reinforced concrete beam has a rectangular cross-section with a width of 400 mm
and a height of 800 mm. The bottom reinforcement of the beam consists of three ribbed
reinforcement bars with a diameter of 20 mm. Two-legged closed rectangular loops with
a bar diameter of 10 mm and a cover of 35 mm are provided as shear reinforcement. All
reinforcement steel has a design yield strength 𝑓𝑦𝑑 of 435 MPa. The design compressive
strength of the concrete 𝑓𝑐𝑑 is 25 MPa.

The beam has a simply supported span of 10 m and cantilevers out at one end by a futher
5 m. The design load consists of a uniformly distributed load of 22.5 kNm−1 acting along
any part of the beam. The self-weight of the beam can be ignored.

(a) Determine and plot the shear force and bending moment envelopes of the beam
considering the most unfavourable positions of the load. [15%]

(b) Determine the required spacing 𝑠 of the stirrups for the most critical section along
the beam. Use the variable truss angle method and assume the angle 𝜃 of the compression
struts such that 𝑐𝑜𝑡𝜃 = 2.5. [25%]

(c) Determine the positions at which one out of the three bottom reinforcement bars can
theoretically be curtailed as it is no longer required to resist the bending moment in the
beam (assume the beam to be acting as singly reinforced). [40%]

(d) What would the actual locations of these points be, taking into account the bond
length of the reinforcement? (No detailed calculations are required; rule of thumb
approximations can be used). [10%]

(e) How could the total length of the reinforcement be reduced further? Explain your
answer and give two examples. [10%]
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2 A 6 m span prestressed concrete beam has a rectangular cross-section with external
dimensions of 250 mm width and 350 mm depth. An initial prestressing force of 350 kN
is applied at an eccentricity of 70 mm by steel tendons with total area of 400 mm2.

The modulus of elasticity of the steel and concrete are 200 GPa and 33 GPa respectively.
Assuming slip in the anchorage is 1.5 mm, the creep coefficient in the concrete is 1, the
shrinkage strain of concrete is 0.0002, and the relaxation loss in the steel is 3%, find the
following:

(a) The initial stress in the tendon. [5%]

(b) The loss of stress due to elastic shortening of the concrete. [25%]

(c) The loss of prestress due to anchorage slip. [20%]

(d) The loss of stress due to creep and shrinkage. [20%]

(e) The loss of stress due to relaxation of the steel. [20%]

(f) The total loss of stress in the tendon. Comment on your result. [10%]
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3 You are designing a reinforced concrete tower in a seismically active region. The
proposed design has a total height of 400 m and is square on plan with a side length of
33 m. The tower is to have a central reinforced concrete core.

(a) Discuss how upfront embodied carbon could be minimised, considering strategies
for element design, material selection, and construction techniques. [30%]

(b) In a seismic event, the design value of the applied torsional moment, 𝑇𝐸𝑑 , at the
base of the tower is 200 MNm. Design the core to carry this torsion, assuming it to be a
hollow square on plan with an outer width of 21 m. You should propose a thickness for
the core walls, and calculate the longitudinal and transverse reinforcement area required. [60%]

(c) Without further calculation, discuss other critical design considerations that should
be accounted for in the design of the core. [10%]

END OF PAPER

Page 4 of 4



4D7 Michaelmas 2024 V1.5 

Page 1 of 5 

Module 4D7: Data Sheet 

Ultimate limit states 
It shall be verified that: 

 (1) 

The design value of the effect of actions, Ed, for a specific combination of actions should be 

calculated by: 

 (2) 

Material partial factors are normally γs = 1.15 for steel and γc = 1.5 for concrete; 

Partial factors on actions are normally γG,j = 1.35 and γQ,1 = 1.5. 

Serviceability limit states 
It shall be verified that: 

 (3) 

The characteristic combination is: 

 (4) 

The frequent combination is: 

 (5) 

Probability of failure 
Design values of actions: 

 (6) 

 (7) 

 (8) 

Where Fd is the design value; γf is the partial safety factor; Fk is the characteristic value, μs is 
the mean value, σs is the standard deviation, and CoV is the coefficient of variation. 

Design values of product properties: 

 (9) 

 (10) 

 (11) 

Where Xd is the design value; γm the partial safety factor; Xk the characteristic value, μR the 
mean value, σR the standard deviation, and CoV the coefficient of variation. 

Ed ≤ Rd

Ed = E

⎧⎨
⎩
∑
j≥1

γG,jGk,j“ + ”γpP“ + ”γQ,1Qk,1“ + ”
∑
i>1

γQ,iψ0,iQk,i

⎫⎬
⎭

Ed ≤ Cd

Ed = E

⎧⎨
⎩
∑
j≥1

Gk,j“ + ”P“ + ”Qk,1“ + ”
∑
i>1

ψ0,iQk,i

⎫⎬
⎭

Ed = E

⎧⎨
⎩
∑
j≥1

Gk,j“ + ”P“ + ”ψ1,1Qk,1“ + ”
∑
i>1

ψ2,iQk,i

⎫⎬
⎭

Fd = Fkγf

Fk = μs + 1.645σs

σs = CoV × μs

Xd =
Xk

γm

Xk = μR − 1.645σR

σR = CoV × μR
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Reliability index, β 

 (12) 

Probability of failure: 

 (13) 

Where Φ is the standard normal cumulative distribution function. 

The difference between two normally distributed variables is itself normally distributed, with 

mean equal to the difference of the means, and variance the sum of the squares of the 

standard deviations.  

Durability considerations 
Uniaxial diffusion into a homogenous material: 

 
 

(14) 

Solution: 

   (15) 

 
 

(16) 

Table of erf(z) 
z 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 ∞ 

erf(z) 0 0.11 0.22 0.33 0.43 0.52 0.60 0.68 0.74 0.80 0.84 0.88 0.91 0.93 0.95 0.97 1.00 

 

Deflections 
Interpolated curvature: 

  (17) 

Where α is a deflection, α| and α|| are the values for the uncracked and fully cracked 

conditions, ζ is a distribution coefficient: 

 
 

(18) 

Where σsr is the stress in the tension reinforcement calculated on the basis of a 

cracked section under the loading conditions causing first cracking; σs is the stress in 

the tension reinforcement calculated on the basis of a cracked section; β = 1.0 for 

single short term loading and β = 0.5 for sustained loads or many cycles of repeated 

loading. 

β =
μR − μs√
σ2
R + σ2

s

Pf = Φ(−β)

∂C

∂t
= D

∂2C

∂x2

Cx = C0 [1− erf (z)]

z =
x

2(Dt)0.5

α = ζα|| + (1− ζ)α|

ζ = 1− β

(
σsr

σs

)2
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ULS Flexure 

A doubly reinforced concrete section when flexural strength is reached is shown in Figure 1. 

It is usual to assume that failure occurs when the extreme fibre compressive strain in the 

concrete reaches a limiting value of 0.0035. Forces are found by equilibrium of the section. 

 

Figure 1 

 fck 50 MPa 50 MPa < fck 90 MPa 
λ 0.8 0.8 – (fck -50)/400 
η 1.0 1.0 – (fck -50)/200 

ULS Shear and Torsion 

For unreinforced webs at ULS: 

 
 

(19) 

           

 k = 1 + (200/d)0.5 2.0 
γc = 1.5 
ρ1 = As/bwd (ρ1 0.02) 
vmin = 0.035k3/2fck1/2

 

For reinforced webs at ULS: 

 
 

(20) 

  (21) 

 αcw = 1 for non-prestressed structures 

ν1 = 0.6 for fck 60 MPa and ν1 = 0.9 – fck/200 > 0.5 for fck 60MPa 
 

The shear stress in a wall of a section subject to pure torsion: 

 
 

(22) 

τt,i = torsional stress in wall i; tef,i = effective wall thickness (= total area of cross 

section / outer circumference), Ak = area enclosed by centrelines of the walls 

including inner hollow areas. 

 

VRd,c =

[
0.18

γc
k (100ρ1fck)

1
3 + 0.15σcp

]
bwd

≥ (vmin + 0.15σcp) bwd

VRd,s =
Asw

s
zfywdcotθ

VRd,max = αcwbwzν1fcd/ (cotθ + tanθ)

τt,itef,i =
TEd

2Ak
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The shear force VEd,i in wall i due to torsion is given by: 

  (23) 

zi = side length of wall i  

The required area of longitudinal reinforcement for torsion is given by: 

 
 

(24) 

Asl = reinforcement area; uk = perimeter of area Ak; fyd = design yield stress of 

longitudinal reinforcement Asl; cotθ = angle of the compression struts.  

Prestressed concrete 
Elastic analysis: compression is positive. Eq.(25) applies for both top and bottom fibres since 

Zi has sign: 

 
 

(25) 

To design prestress, stress inequalities take the form: 

 
 

(26) 

For fibre 1 (top): 

 
 

(27) 

For fibre 2 (bottom): 

 
 

(28) 

VEd,i = τt,itef,izi

∑
Aslfyd
uk

=
TEd

2Ak
cotθ
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P
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Cumulative normal distribution function 

 
 


