Homework No. 1.1
The performance requirements for an ordinary building are defined as follows:

· Near Collapse performance, under a seismic action with a mean return period of 2.475 years, corresponding to a probability of exceedance of 2% in 50 years. Ductile elements should not exceed their ultimate deformations for this performance level.
· Life Safety performance, under a seismic action with a mean return period of 475 years, corresponding to a probability of exceedance of 10% in 50 years. Ductile elements should not exceed 75% of their ultimate deformation for this performance level.
· Immediate Occupancy performance, under a seismic action with a mean return period of 225 years, corresponding to a probability of exceedance of 20% in 50 years. All elements should not exceed their yield deformation for this performance level.

Suppose that deformation demands in ductile elements are proportional to the elastic response spectral acceleration Sa(T) at the fundamental period, T, of the building. 

The mean return period, TR(Sa) of spectral acceleration Sa(T) at the value of natural period T of interest is equal to: TR(Sa)=1/(sa(Sa), where (sa(Sa) is the annual rate of exceedance of spectral acceleration Sa(T). (sa(Sa) is normally taken as a function of Sa(T): 
(sa(Sa) = Ko (Sag)K 

where Sa is in g’s and g=9.81m/sec2 is the acceleration of gravity.

Suppose that the values of Ko and K are not constant, but depend on Sa(T) as shown by the fine (blue) lines in the following figure (representative of T=0.4 sec over stiff soil in Patras), approximated by the thicker (red) line and the quadratic expressions under each figure.
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If ductile elements have a ductility supply factor (: ratio of ultimate deformation to yield deformation) of 4.0, please determine (through iterations) which one of the three performance levels governs in the design.

NOTE: The probability of exceedance, PR, in TL years of a specific level of the seismic action (in this case of the spectral acceleration Sa(T)) is related to the mean return period, TR, of this level of the seismic action as: TR = -TL/ln(1-PR). So, for given TL, the seismic action may equivalently be specified either via its mean return period, TR, or its probability of exceedance, PR in TL years.
Homework No. 1.2
The design values of flexural capacities of beam moments are (in kNm) displayed in the figure below, next to the corresponding tension side of the beam (top or bottom). Please calculate the minimum design flexural capacity for the columns, to fulfill the capacity design condition Eq. (1.4) for γRd = 1.3, assuming that columns have symmetric section and reinforcement and that, if the cross-section and the reinforcement above and below at joint are the same, the higher axial load below the joint increases the flexural capacity by 10% compared to the section above. 
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Homework No. 1.3
For the beam flexural capacities of the frame of Homework No. 1.3 and for the column flexural capacities shown in the figure below, please indicate where plastic hinges will form, if the response to the seismic action is: 

i. from left to right; 

ii. from right to left. 
For each of these two senses of the seismic response, please calculate the ratio Σ(ΣΜRb)/Σ(ΣΜRc) and comment on the likelihood of a storey-sway mechanism.
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Homework No. 1.4
Please calculate the capacity design shears at the two ends of a beam having a clear span of 5.0 m, a positive (sagging) moment capacity along its full length M
[image: image4.wmf]+

Rd

=90 kNm, a negative (hogging) flexural capacity at the left end (1): M-Rd1 = 180 kNm and M-Rd2 = 120 kNm at the right end (2), using a value γRd = 1.3. The calculations should be performed for two values of the transverse load:

(a)    15 kN/m or 

(b)    24 kN/m

considering the possibility that a plastic hinge in positive bending will form not exactly at the end section.

M+Rd1=90 kNm




M+Rd1=90 kNm
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M-Rd1=180 kNm





M-Rd2=120 kNm
Homework No. 1.5
A large building in a region of moderate seismicity has 3 to 5 storeys over different parts of its plan. For architectural reasons, there are continuous concrete walls over most of the perimeter, with openings of various sizes at an irregular pattern. What is the best option for the seismic design of this building: low strength and high ductility or the opposite?

Homework No. 1.6
A concrete cooling tower, having circular horizontal section and a shell thickness of 120 mm is designed for wind action having design value  (including the partial safety factor) equal to p = 2 kN/m2 of projected vertical surface area. Τhe design ground acceleration (including any importance factor) is ag = 0.20 (in g’s). Assuming that the fundamental period of the tower lies in the constant pseudo-acceleration region of the spectrum where a magnification factor of 2.5 on design ground acceleration applies, and that the tower shell, due to its double curvature, responds to the earthquake like a rigid body, developing a uniform response acceleration over the height of the tower, beyond which value of the behaviour factor q does wind loading start to govern the design for lateral actions? (unit weight of concrete: 25 kN/m3)
Homework No. 1.7
A concrete building in a high seismicity area has aspect ratio (or “slenderness”) in elevation (ratio of height from the foundation to base width parallel to the seismic action) equal to 2.5. The design ground acceleration at the site is ag = 0.30 (in g’s), the total design lateral force may be taken equal to the total building mass M, times 2.5ag/q. Suppose that the building is designed according to Eurocode 8 and that the default value of q is equal to 5.85 for Ductility Class (DC) H, or 3.9 for DC M, or 1.5 for DC L. Please suggest the appropriate DC for the design of the building, if one of the design requirements is that the resultant of the seismic lateral force (acting at 2/3 of the building height from the foundation) and of the total weight of the building  

(a) is applied at the edge of the foundation in plan, 

(b) acts at a distance from the centre of the foundation equal to one-third of the foundation width.
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