
















































Engineering Tripos  Part IB Civil Engineering Elective 
 

Data sheet  Soil Mechanics 
 

General definitions 
 

 
 
 
Specific gravity of solid sG  

Voids ratio sv VVe   

Specific volume e1VVv st   

Water content  sw WWw   

Degree of saturation  eGwVVS svwr   

Unit weight of water (although we assume ) 3
w kN/m81.9γ  3kN/m10

Unit weight of soil w
rs

tt γ
e1

eSG
VWγ 











  

Buoyant (effective or submerged) unit weight saturated) soil(γ
e1

1G
γγγ w

s
w 











  

Unit weight of dry soil w
s

tsd γ
e1

G
VWγ 









  

Relative density 
 

 minmax

max
d ee

ee
I




  

 
where  is the maximum voids ratio achievable in the quick tilt test (for sands), and  maxe

mine  is the minimum voids ratio achievable by vibratory compaction (for sands). 
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Classification of particle sizes 
 
 Boulders larger than   200 mm 

 Cobbles between 200 mm  and 60 mm 

 Gravel between  60 mm and 2 mm 

 Sand between 2 mm and 0.06 mm 

 Silt between 0.06 mm and 0.002 mm 

 Clay smaller than 0.002 mm (two microns) 

D equivalent diameter of soil particle 

6010 D,D etc particle size such that 10% (or 60%) etc.) by weight of a soil sample is composed 

of finer grains. 

 
Stress components 
 
Principle of effective stress (saturated soil): 
 
 total stress σ  = effective stress  σ+ pore water pressure  u 

   =  τ τ+  0 

and 

   = vertical stress vσ

   = horizontal stresss hσ

   = shear stress 

 

Strength of clays (undrained behaviour only) 
 
Under constant volume (undrained) conditions only, the strength of clays can be characterised by 
the undrained shear strength which is mobilized when the shear stress .   This conforms 

to Tresca’s criterion, and the active and passive total horizontal stresses,  respectively, 

are given by  

uc ucτ 

a σandσ p

 
 

uva c2σσ   

 

uvp c2σσ   

 

where  is the total vertical stress.  vσ

 

 

c
u

v
pa





 
 

 

IBPaper8datasheet_ver3_may2005 



3 

Strength of sands 
 
Mobilised angle of shearing   
where   tanστ  
 

 
 
 
 

 
 

 
  2σσ

2σσ
     

OSTSsin

31

31






 

 







































 

1σ
σ

1σ
σ

sin

3
1

3
1

1  

 

 
Earth pressure coefficient K:   vh σKσ   

Active pressure:   hv σσ  v1 σσ   

   h3 σσ   

     sin1sin1Ka  

Passive pressure:   vh σσ  h1 σσ   

 
 [We assume principal stresses      v3 σσ   

are horizontal and vertical]             
a

p K

1
sin1sin1K   

 
Angle of shearing resistance: 

  at peak strength 
max3

1
max σ

σat 







  

  at critical state after large strains. crit
 
 
Sand strength data:  friction hypothesis 
 
In any shear test on soil, failure occurs when max   and 

 

dilatancycritmax   

 
where is the ultimate angle of shearing resistance of a random aggregate which deforms at 

constant volume, so the dilatancy, which indicates an increase in volume during shearing, 
approaches zero  

crit

  critmaxdilatancy as0  . 
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crit  is a function of the mineralogy, size, shape and distribution of particles.  For a particular soil it 

is almost independent of initial conditions.  Typical values (±2): 
 
 crit  max  

 
 feldspar 40 
 quartz 33 53        ( 1Id  , and mean effective stress OS < 150 kPa) 

 mica 25 
 
 
Seepage 
 
 
Excess pore water pressure 
 
 
 
Head wγuh   

 

Potential zhh   

 
 

Total pore water pressure head at A:   zhγhγu ww   

  B:    zhzhγhhγuu ww   

   

[Excess pore water pressure at A: hγu w  

  B:  hhγuu w  ] 

 

Hydraulic gradient AB 
sγ

u

s

h
i

w






  

Darcy’s law v  =  ki 
 v  =  average or superficial seepage velocity 
 k  =  coefficient of permeability 
 
Typical permeabilities 
 
    : non-laminar flow mm10D10 

 10 mm >  : μm1D10    smmminD01.0k 2
10  

 clays   : sm10to10k 119   
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Design of reinforced concrete 
 

Data sheet for use in Part IB Civil Engineering Elective Course. 
 

 

d' 
Compressions face 

Neutral axis 
d 

A s 

A s ' 

Tension face 

xd 
h 

b 

 
Design Stresses 
 
Cube strength for concrete  .  At failure in bending, stress in concrete  =   over whole area 

of concrete in compression. 
cuf cuf4.0

 
Tensile yield stress of steel .  At failure in bending, stress in bars in tension  =  , stress in 

bars in compression  = . 

yf

yf

yf87.0

75.0

 
Design Equations 
 
Moment capacity of singly reinforced beam 
 

 M    2
cubdf15.0  

 M  =   2x1dAf87.0 sy   

 x  =     bdA.ff175.2 scuy  ( 0.5 to avoid over reinforcement) 

 
Moment capacity of doubly reinforced beam 
 
  ddAfbdfM sycu  '75.015.0 2  

 bdfAfAf cusysy 2.0'75.087.0   
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Shear capacity of all beams 
 
Total shear capacity   bdvvV sc   

 

Where,      225.033.0
sc mmNd400.bdA10068.0v   

 
and  bsAf87.0v sqys   

 
in which  s  =  shear link spacing, Asq is total area of all shear bars in a link and As is the total area 
of effective longitudinal tension steel at the section. 
 
Standard bar sizes 
 
Diameter  (mm)    6       8      10       12        16       20      25       32         40          50 
Area (mm2)          28      50      78     113     201     314     491     804     1256     1963 
 
 
Available steel types 
 

Deformed high yield steel 2
y mmN460f   

Plain mild steel   2
y mmN250f   

 
 
Lap and anchorage lengths 40 bar diameters 
 

Density of reinforced concrete: 3mkN24  
 
Reinforcement areas per metre width 
 

 Spacing of bars (mm)        
 75 100 125 150 175 200 225 250 275 300

  Bar Dia. (mm)      
6 377 283 226 189 162 142 126 113 103 94.3
8 671 503 402 335 287 252 224 201 183 168
10 1050 785 628 523 449 393 349 314 285 262
12 1510 1130 905 754 646 566 503 452 411 377
16 2680 2010 1610 1340 1150 1010 894 804 731 670
20 4190 3140 2510 2090 1800 1570 1400 1260 1140 1050
25 6550 4910 3930 3270 2810 2450 2180 1960 1790 1640
32 10700 8040 6430 5360 4600 4020 3570 3220 2920 2680
40 16800 12600 10100 8380 7180 6280 5580 5030 4570 4190
50 26200 19600 15700 13100 11200 9820 8730 7850 7140 6540

      
     Areas calculated to 3 significant figures according to B.S.I recommendations  
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