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& ] @) a) Thermal conductivity of a granular media such as soils is the ability of the material to conduct

heat. It depends on both the solid soil particles as well as the pore water, Expressed normally as A it
has the units of W/m/°K.

Volumetric Heat Capacity (VHC) is defined as the ability of a given volume of soil to store heat energy
for given change in temperature. VHC has the units of J/m*/K.

The thermal diffusivity of a material o can be viewed as the ease with which heat can flow through
the soil. 1t is defined as the ratio of the therma! conductivity to the volumetric heat capacity. Thermal
diffusivity o has the units of m%/s. [15%)]

4. 2 b) In dry soil, much of the heat flows through conduction at the contact points between the soil

grains. The air within the pore space does not conduct heat effectively. In saturated soils, heat can be
transferred through conduction at contact points but also through the pore fluid present in the void
space. The thermal conductivity values are therefore higher for saturated soil compared to the dry soil
[2~4 W/m/°K for saturated soil verses 0.15~2.0 W/m/°K]. [10%)]

1 4 ii)

Leakage rate = g = K A 1L = 42X 107 X 6.5 x 15 = 6.825 X 10-+2 /m

z
For a 100 m long tunnel this will be = 58.968;% X 100

This is 58968 litres per day.

Pressure distribution along the base:
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Pressure distribution along the left tunnel wall: v ;
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308 Environmental Geotechnics & Building Physics (Cribs April 2016)

i @»f a) When soil that is formed by rock fragments get transported by water flowing in a river into a
;L ' lake or the sea, it starts to sediment. The soil gets naturally separated into layers depending on
particles sizes. Also, when the flow is high larger fractions get transported and can form coarse sand
layers. During winter months, when flow is low, only smaller fractions arrive forming a fine sand or
clay layers. It is therefore natural to have altg\rnating layers of coarse and fine fractions in such varved

deposits.
[10%]
Qb) Consider vertical flow through a soil deposit of three horizontal layers with differing
hydraulic conductivity.

l Q Assume unit length into the page. Continuity of mass flow
T b rate requires that the volumetric flow rate of water
o attd | through layer 1 be the same as that through layer 2 and so
l/: Laver 1‘ K1 PRLIIILI AP, 1 OI'I

, 0=0=0,=0;
2
| A=4 =4, = 4, =v constant
l L3 — _— —_ — — —_ —
- Ahy # Ah, # Ahy  but  Ah +Ahy + Ahy= Ah

> Darcy’s Law for layer 1 gives the specific discharge:

0 Ak - L
Z =K = and AR =v=L
woo' L and &% "X,

where A/’ll is the difference in potential head between the top and bottom of layer 1.
Similarly for layers 2 and 3:

L,
2 2 ]
K,

Al +Ah, v[ﬁ-+£1—+£:|
"% "k, &,

AR,

v

or

v = L+L+1L (AE"'AF’;"'AE]
L L L\ hrhth
K, K, K,

bt (AE + Al + AR,
L+L+1,

deposit, and so the effective vertical hydraulic conductivity of the deposit is:

} is the average or effective vertical hydraulic gradient across the whole






L+L+L

chm'cm'=
L L, L
K K, K

For flow perpendicular to the layers, the specific discharge v must be the same in each layer.
’ [20%]

&c) For a falling head permeameter, the flow rate in the tube must be the same is the soil sample.

If the water level changes by —dh/dt, then applying Darcy's law, we can write;

dh Ak h
T L
Reorganising; —a :12 dT:g =ﬂi{£ I:f dt

h
_at G

Integrating, we can write; =
A (ta—tq)

[25%]

gd) In the above equation, the first set of terms are all apparatus dependent, and the second set are
results from the falling head test. We can plot
falling head {m) the data given {avoiding initial points and

-20
o 1 n outliers) on a semi-log plot and obtain the
0= PR slope, as shown in the graph.
¢ Therefore;
20 9
d-' K= 98.4 x 1073 y 1
- ~ 76000 52.14
£ ]
S 6o g_,""' E The hydraulic conductivity of the soil sample is;
E Se
= o K = 3.14538x 1077 m/s
80 : y = -52.14In(x} - 3.5896
R?=0.9962 125%)]
wo @
120 &
140
(ie) Using Part b} result, we can see that Ko = L+l +L <
[.f.’::.+ L L |
Kl KZ KJ 4

3.14538 x 1077 = % = K, = 3.4959 x 10™8 m/s (Hydraulic conductivity of ‘rogue’

33%X1079 Ky

silty clay layer).

Although we can work out the hydraulic conductivity, we cannot know the location of this ‘rogue’
silty clay layer. This 10 mm thick layer can be present anywhere within the sample and the two
sandwiching silty sand layers can make up the rest of the thickness of 88.4 mm. {20%]






| (a7 - Paobve Arcer 8 Lpocil
A ) i /
- C enrn mf ? by, LS 5 ok Julodsve

14
2 ora  Arptiu, st AFipied Ko/d:a—z_,

— Fored el 2o ?f P2 NI S &U-’ia/‘_i.l;

P Taz--»{ume;wJ- ? L T c’,fp:j' CC L,

= (T ) (e GI(E ) - #7 (R-T)

Gt oren 7-:,, = T o+~ T a0 L= T - T
J i >
i T, = _E/ + A orcl "U = o A






"‘I/

l/"

(b) (i Gir'ven

T -T = 15 ord. TZZTT

2
Pony o AN v k-l.-im Lvediings ?"n K edlrrn

|
A
I
o
!

Ly 15 e

0 + 273- 15 = 2T73- 0y
A = (i -Ti/, =
E ioeer = ] / ?/,
7. 7 2-
27345 ) 1o
f ™ . i 1]
L) 'F mwa's b aba. ook e }’_mr.- -3 '{'f*x al— E/, / ;“r_.? PR Ae
- E = ) U
/,_/:_c{t, U I S Zar ija L A GO/'RE

4. = I"rAr(T:"‘T.:-.)

_.,
15

— 2
e I"V = 4‘512_6- 7;.2.-4

= —— o+ Ao -

_. €,

arel T

éll.

it

—

L]

+ T,

2

& = &67 rx 167t W " ( é,t:ﬂcu— —~ b8 lfzrramrs_ a—r_u:u.fl:)

G—:f v Doty

effé:.l, = Jlg::)-}‘ EJF: E-;(-— = GI 7/; —r—ll - !S.C- /‘
Lo+l 215 28215 £

T,lfg-d- = 1, + 1z = 28215 &« (22¢ )

! &
Heok T?-ﬂr,&,{-’_}{, Wittt Fedd

- = Lo L = [-22 ,-: £, =

TP 643 89

T, = (2eens+ 2725) /a2 = 22205 k.

r, o= (zee 272+15) /2 5, 3

y = 4 w D RIB x E-£7 a” ¥ x {2 2 ’5_) -

h 2
Q,I_B;g,.,rf};_j_ = 4.5 w 1D = AIZ.'/ w re







%

CC,) Heod Tizw efth 4 S {\—34,L
7
Lo / TN €, = 00417
— = L= J
Y ¢
=> 285565 Ik

I,C{,
s Top = (z2es15 + 278:15)/2 => 280 - 65 k.
hy = 4 x 0049 X 557 %o = *A CZ%E'GQ"B: De 26 W/t
4 = 026 X 5 = ' W m*
g -3¢ ;
= | he = hx 049 x 547 %07t x (280°65) 2 025 Vfer
& = 025 x % = 125 9/ m*
éG"‘r.'-_}-,'.JJm’: 0 widay i ./ ' 8&& 57": (?.-”-—‘"—4"é/ ﬂ 2Ll 7“@1‘ -\Lb/"-ﬁa olaa__
= Lsvrprant. e oL-L phre-, AL A e LE Lha
o -e /’a(l N/ L}LL Aaf (et b ook
) .
rost  6f e ool mafg oru~E laal
ﬁcch%w Ffrvanels  Hae o It Ewbb ( the  Wall
YN YT A neloer™

revlel  alen Rellp wn

fca.fgyvai‘uu/ fc‘h?,{_’/v cmu—,\ lvu'l‘—’l;“ e Shut A
Cd) & = ApLlm  of ub’f—/o.ce, / OIz/aJ-“ + el er-._uyoy, e
ol ¥ iaoll alichw

Aojov Heat r:/,n.L-J @oﬁfﬂ ceanls  pepmeithll Ao

IASRl"

For (jloce
well o 9last  blocka Aot frorn g e jﬂf. 3t
(n cluoled ¢ ’V'act%'mr & celtos ( .g,cu:LL aktirv YV o Ausetl
Frormedlicl . + Hhot ' abetirbtel L j,ccz».e ya
e sudit ?a{_u\L ihiaud  cramiole |
ot hae loy-e m-t:u?; alet fend Fo
Wa T L. fthe case

C{cuka.b? [{IO-H:
hoort lowi SHGC . Hevertsr A M_aa/
at”  alk .
| = ‘ tHe ol
mpriis Y P gl

&"/‘-UJ{L[} IJ.?— ’0 h*f ang ] ‘{[u_, L f-‘-iﬂf‘;&"\}g P
SH&aC tectuers  prigal” Veston il ol

INENTY TS Y






;f—(;u:k_ L_{W 8  khUoyancy datrery W‘—L"O-U-O'Pv
f-z courted by Wd dy‘f«c&ma ralole  anol
sukiiole  a v WM . A ﬁs»qn._//m.(:wq— difpoancy,

£ » ‘

""7'“1"""‘ derwidy Mkm. M inkrnal aLr

B e W 4 P VU&{__TT&:«': ale,hi.b Mo~ srhkuele
ol . Internal @b thn  tends o iiae,
g eur o gy o/wv,%‘*% arel dnaunng
exfrnid  aly "‘ﬁx}ﬂ%{-?/tv | i o;amu\e,& ¢
(7 dade w4 o mebod e
o thob  pats  pressirt M@m aensts  hewgaa )
LY bdg b pu oy HMmough e Uud_y.
v U
W ot ain Uua‘td.ﬂ- i%i-!- d-UL 'f‘D &uﬂywmc/ ¥ s
- ew proveuaL vt oultiole AU, _—
L I " = :






W ()

Steep pressure gradient

due to high density cool air

Milder pressure gradient
due to less dense warm air
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Figure 2: The buoyancy-driven stack effect (after CIBSE Guide A Figure 4.9)

The equations for stack effect can be derived by consideration of Figure

l)
which shows a tall room with two openings, one at the top and one at the bottom.
The external temperature is T, (in Kelvin) and the internal temperature is 7,
everywhere through the room.

Assume that that the air is moving so slowly that kinetic energy terms (i.e
dynamic wind pressures} can be neglected everywhere except across the orifices.
The pressure p,(H) outside the upper opening is thus:

pr.'(H::l — Pa - PogH

(12)
pressure inside the upper window is:

where p, is the density of the external air at T, g is the gravitational constant
and H is the distance separating the 2 openings. Similarly, inside the room, the

pilH) = p; — pigH

(13)
where p; is the density of the internal air at 7;. The pressure differences across
the bottom and top opening respectively are:

Apy = po = Pi

Ape = pilH} = palH) = (pi = pigH) = (Do — pogH) = pi = Po + (po — pi)gH
Thus, the total pressure difference between the two openings is:
Aps = Apy + Apy = (po — pi)gH

(14)






Assuming that the air expands linearly with temperature, the density decreases
as the reciprocal of temperature, thus

1
— &)
Px = (15)
and taking conditions at say 273K as a benchmark, then
p 273
N Y 16
P273 T (16)
whence
273 -
= Py T (17}

The buoyancy-driven pressure difference Ap, driving the flow may thus be written

273 273
Aps = paragH - — 18
Ps = porag ( T T ) (18)
Equating this to the pressure losses thronugh the two orifices, we obtain
1 Q2 1 Q?
Ap=cp et 50 70— (19)
2 (;riﬂA% 2 ;r:fEA:’:)
which rearranges to give a flow
AjAy 2Ap,
— =\ 20
Q T O p (20)

with Aps given by Equation 18.
This equation predicts the flow rate one might obtain from a stack-driven flow
through two orifices separated by a height H.
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