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Answer all questions (1)～(5) on the 
separate answer sheet. The density 
of water is ρw=1.00(g/cm3) and the 
water unit weight is γw=9.81(kN/m3). 

Fig.2 

(1) A 1.50 (kg) of dry soil is poured into a 

Eureka can and displaces 600 (cm3) of 

water (see Fig. 1). Find the density of soil 

particles ρs (g/cm3). 

A 160 (g) of the same dry soil is poured 

uniformly into an empty impermeable 

metal container and occupied 180 (cm3) (see Fig.2). The area of the inside cross section of the container is 

A=30.0 (cm2). Find the void ratio e of the dry soil in the container. 

Fig.1 

600cm3 

1.50 kg 

 
Table 1 

Types of test Results 

Density of grains

Water content 

Wet density 

Volume of the soil particle                     11.00 cm3 

Mass of the wet specimen and container          92.50 g 

Mass of the specimen and container                

after drying at 105°C                         78.90 g 

Mass of the container                         49.30 g 

Volume of the wet specimen                    26.20 cm3

(2) Table 1 shows the results of the density test and water 

contents test of soil. 

Find the density of soil particle ρs(g/cm3), wet density of soil 

ρt(g/cm3), water content w(%), dry density of soil ρd(g/cm3), 

void ratio e and saturation ratio Sr(%). 

 

(3) Fig. 2 shows the state of stresses in an element of soil. 

(Positive shear stress and angles indicate counterclockwise 

direction.) 

1) Calculate the maximum and minimum 

principal stresses σ1(kPa)and σ3(kPa). 

2) Calculate the angle α(degrees) formed 

by the plane of the maximum principal 

stress and the horizontal plane.  

3) The angle between plane A and horizontal 

plane within an element of soil is +45 degrees 

as shown in Fig. 2. Calculate normal and 

shear stresses σA(kPa) and τA(kPa) acting 

on the plane A. 

 

(4) The clay deposit in Fig.3 has unit weight γsat=20(kN/m3) and the soil remains saturated if the pore 

pressures become negative. 

1)When water table is 6 m below ground level as shown in Fig.3(a), find the normal effective stress 

σ’zA(kN/m2) at a depth of 3m. 

2)When water table is 3 m above ground level as shown in Fig.3(b), find the normal effective stress 

σ’zB(kN/m2) at a depth of 3m. 

 

(5) Fig.4 shows the one-dimensional water flow in the sand specimen. Datum line of potential water 

head z is at the central depth of the sand specimen. 

Find the total water head ha(m), hb(m) and water flow volume Q(m3/s). 

End of questions. 
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Question No. (1)  

ܛ࣋ ൌ
1500ሺgሻ
600൫cm3൯

ൌ ૛. ૞൫g/cm3൯,  

vୱ ൌ
ଵ଺଴ሺ୥ሻ

ଶ.ହሺ୥/ୡ୫యሻ ൌ 64ሺcmଷሻ, v୴ ൌ 180 െ 64 ൌ 116ሺcmଷሻ, ݁ ൌ ଵଵ଺
଺ସ

 ؑ 1.81 

Question No. (2)  

ܛ࣋ ൌ
ૢ. ૜૙

૚૚. ૙૙
ૠૡ. ૢ૙ െ ૝

ؑ ૛. ૟ૢ൫g/cm3൯, ܜ࣋ ൌ
ૢ૛. ૞૙ െ ૝ૢ. ૜૙

૛૟. ૛૙ ൌ ૚. ૟૞൫g/cm3൯,  

࢝ ൌ
ૢ૛. ૞૙ െ ૠૡ. ૢ૙
ૠૡ. ૢ૙ െ ૝ૢ. ૜૙ ൈ ૚૙૙ ؑ ૝૞. ૢሺ%ሻ, ܌࣋    ൌ

ૠૡ. ૢ૙ െ ૝ૢ. ૜૙
૛૟. ૛૙ ؑ ૚. ૚૜ૡ൫g/cm3൯, 

ࢋ ൌ
૛૟. ૛૙ െ ૚૚. ૙૙

૚૚. ૙૙

 

ൌ ૚. ૜ૡ, ܚࡿ ൌ
ૢ૛. ૞૙ െ ૠૡ. ૢ૙
૛૟. ૛૙ െ ૚૚. ૙૙ ൈ ૚૙૙ ൌ ૡૢ. ૞ሺ%ሻ 

Question No. (3)  

(1)ો૚ ൌ ૟૙૙ሺ܉۾ܓሻ, ો૜ ൌ ૛૙૙ሺ܉۾ܓሻ,  

ሺ૛ሻ૛હ ൌ ൅૟૙° હ ൌ ൅૜૙°,  

ሺ૜ሻોۯ ൌ ૝૙૙ ൅ ૚૙૙√૜ሺ܉۾ܓሻ,  
ૌۯ ൌ ૚૙૙ሺ܉۾ܓሻ 

Question No. (4)  

ሺ૚ሻોۯܢ ൌ ૛૙. ૙ ൈ ૜ ൌ ૟૙ሺܕ/ۼܓ૛ሻ,     ۯܝ ൌ െ૛ૢ. ૝ሺܕ/ۼܓ૛ሻ , ો’ۯܢ ૟૙ െ ሺെ૛ૢ. ૝ሻ ൌ ૡૢ. ૝ሺܕ/ۼܓ૛ሻ,  

ሺ૛ሻો۰ܢ ൌ ૢ. ૡ૚ ൈ ૜ ൅ ૛૙. ૙ ൈ ૜ ൌ ૡૢ. ૝ሺܕ/ۼܓ૛ሻ, ۰ܝ ൌ ૢ. ૡ૚ ൈ ૟ ൌ ૞ૡ. ૢሺܕ/ۼܓ૛ሻ , 
ો’۰ܢ ൌ ૡૢ. ૝ െ ૞ૡ. ૢ ൌ ૜૙. ૞ሺܕ/ۼܓ૛ሻ, 

ൌ

Question No. (5)  

ࢇࢎ ൌ ૙ ൅ ૚૙ሺܕሻ ൌ ૚૙ሺܕሻ, ࢈ࢎ ൌ ૞ሺܕሻ,  

ࡽ ൌ ૙. ૙૞ሺܕ
࢙
ሻ ൈ ૚૙ሺܕ૛ሻ ൈ ૚૙ି૞

૞
ൌ ૙. ૞ሺܕ૜/ܛሻ 

 

4×5=20 

3×6+2=20 

10×2=20 

3×6+2=20 

×2=20 10
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