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Specialty A

Problem 1

(1) Answer the following questions. If you judge that some characteristic values of materials are
not provided for solution, you may solve the problems by defining them by yourself.

a) Calculate the ultimate flexural capacity “Mu” of the cross-séction (see Fig. 1) when the axial
force is zero.

b} The ultimate flexural capacity varies according to the axial force, which is first applied to the

cross-section as shown in Fig. 1 prior to flexure. Compute the axial force WhJCh leads to the
maximum ultimate flexural capacity.

b=0.3m, H=1.0m.

Compressive strength of congrete
fc' =35MPa.

@ indicates reinforcing bar.

Yicld strength-of rebar fy=400MPa.

H Elastic modulus of rebar Es=200,000MPa.

‘ Total cross-sectional area of rebars .

As=40 cm?

Cover s= 3cm.

Stress-sirain relation of
coucrete in compression

-9 &6 @ @ l for b

«wfE)- )}
£,=0.002 i,
V strRine

]
1
1
]
]
1

0.002 0.0035

Fig. 1 Reinforced concrete section and characteristic values of materials

(2) Answer the following questions.

a) Explain within 5 lines how the slump value of fresh concrete just afier mixing, drying
shrinkage of the hardened concrete and the compressive strength of concrete at 28 days vary
when cement content is increased under the fixed unit water content and sand/aggregates
voluine ratio (s/a) as shown in Table 1.

Table 1 Mix proportion of concrete

Max. size | Slump | Waterto Air Fine Unit content  (kg/m®)
of coarse {cm) cement conten{’ | aggregate | water | cement | sand | gravel | admixture
aggregate 1 ratio (% ratio: s/a w C S G

(mm) (%) (%)

20 8 55 2 44 187 | 340 | 800 { 1050 o

note} normal Portland cement used

b) Figure 2 shows a wall which is newly constructed above the massive concrete slab whose
strength has been sufficiently developed. Hllustrate how the principal stress and the tensile
strength at Point A and Point B vary according to time after casting concrete of the wall.



10m

- L.5m
< Newly cast concrete wall :
@ Point A '

@ Point B -

2m

Joint between the massive slab and the wall was properly processed
and constructed according to codes for practice.

Age of slab concrete exceeds 100 days

The structure is exposed to 100% relative humidity.

Point A and Point B are located on the surface of concrete body.

Fig. 2 Concrete wall constructed above the massive slab.

¢} Figure 3 shows a simply supported reinforced concrete beam subjected to repeatedly travelling
traffic loads on the beam through a deck slab. Explain with about & lines which one of the
following cross sections A and B (See Fig.3) may bring about longer service life. The concrete used
for consfruction is shown in Table 1. Concrete placing and curing are well done according to
standard specifications and codes for practice.

Simply supported beat.

Moving heavy traffic on the beam through
a deck slab.

N . Mnuch flying chloride comes every year.
Section A Section B Average temperature and humidity in
Tokyo is assumed.

No need to consider the shear failure of
the beam.

The same reinforcement ratio (=1.2%) for
both section A and section B is arranged.

100cm

Fig. 3 'Reinforced concrete beam subjected to moving traffic loads



Problem 2
(1) Answer the following questions.

a)

b)

Explain the reason why rapid construction of high embankment using soils with low
permeability and high water content causes higher risk of failure of embankment, within 6
lines.

Explain the reason why the time required for consolidation is proportional to square of the
thickness of the consolidating soil layer, within 6 lines. Conditions other than the thickness of
the consolidating soil layer are supposed to be the same.

(2) Limit equilibrium method uses Coulomb’s earth pressure theory to calculate the total earth

pressure on a retaining wall for every 1 m of width, as well as the angle of slip surface. In Fig.
4, the wall tilts to the active direction with a hinge at its bottom. Show the process of this
calculation following the questions below. The backfill soil is a dry sand with cohesion ¢ = 0
(kIN/m2), friction angle ¢ > 0, and unif weight ya (kN/m3). The height of wall is H (m), and
the friction between the wall and the backfill soil is ignored.

Suppose that the angle of the slip surface is 0. The forces applied on the triangle block
between the slip surface and the wall consist of gravity force W (kN), total earth pressure P
(kIN) on the wall, friction force S (kN) on the slip surface, and normal force F (kIN) on the slip
surface. Show the equations of equilibrium of these forces in the vertical and horizontal

_directions.

Solve the equations of a}, and show the formula to calculate the total earth pressure P from the
friction force S and normal force F. ' | *
Based on the Mohr-Coulomb failure criteria, calculate the maximum friction force Smax (KIN)
which can be expected on the slip surface when a normal force F is applied.

Calculate the safety factor SF = Spax / S for the slip failure along the slip surface using o and P.

The total earth pressure P reduces while the wall tilts to the active direction, and the backfill
soil fails along a slip surface for which the safety factor SF becomes 1. Calculate the total
earth pressure P and corresponding angle of slip surface o when active failure takes place.

Slip surface’, Wall

—

Gravity Tilt to active direction

Total earth pressure
- P(kN)

Normal force
F (kN)

Angle of : Unit weight of sand
slip surface, o & /e kN/m?
e Pl Yo (KNm?)

7 o e

Fig. 4. Wall tilting to active direction and corresponding slip surface.



