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STIFFENED MAT FOUNDATION
WATER LINE

SEWER LINE

/[

NASNA
NONEXPANSIVE FILL
OF AT LEAST 12 IN.

SLOPE=2 TO &%

CHLORINATED PLOYETHYLENE
MEMBRANE

EXPANSIVE SOIL

NOTE: POTENTIAL SOURCES OF WATER SHOULD
BE LOCATED ABOVE THE MEMBRANE.

AaaY) Apae Y aladin gadai (V-V) 0S4
(U.S. Army corps of Engineering, 2004)
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] Existing Foundation
As Required by Code [
|

Native Soii

p3
|

——- Attach Geamembrane to
Foundation with Mastic
or Battens to Provide
Waterproof Seal

Filter Fabric

Clean Sand Geomembrane

or Grave!
4" Perfarated PVC Pipe

Ll 1) A5k 1) al g (Y-V) JSd
(John et al., 2015)
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FOUNDATION WALL ~——w-

* -

- % a ®s w9~

s -é.,
-

PROTECTIVE EARTH WITH SLOPE

» W ™ PN e e N de o™
.

IMPERVIQUS MOISTURE
BARRIER WITH SLOPE

31010 J

DRAIN TRENCH WITH
GRANULAR MATERIAL

OPTIONA L
FILTER
FABRIC

PERFORATED PIPE

A86Y) g sl N L shasl) Sl g (F-V) S84
(U.S. Army corps of Engineering, 2004)
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PERFORATED PIPE s,

RETAINERY

BACKFILL -

4 s FOUNDATION

B >
<

e ~FLOOR SYSTEM

GEOMEMBRANE
ATTACHED TO WALL"

et FOUNDATION
WALL [-FLOC*R BYSTEM

|

Ei

VOID -

VOID SPACE
VAPOR RETARDER
~FILTER FABRIC

VOID SPACE ~—" i

-PERFORATED PIPE

()

LR (¢ La il (0 Aaaadl G jlaall (£-V) JS&

(John et al., 2015)
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T ——— NONEXPANSIVE
BACKFILL

WATERTIGHT SEAL 4" TO 6” DIAMETER
WITH MEMBRANE PERFORATED PIPE

GRANULAR

DRAIN IMPERVIOUS

MATERIAL MEMBRANE NATURAL
EXPANSIVE
soiL

N ASPHALT OR OTHER
IMPERVIOUS COATING %
- ON EXCAVATION 001\» <

A DISTANCE DEPENDS ON
SURFACE 0,258

SPACE REQUIRED FOR
COMPACTION AND OTHER
EQUIPMENT

IR Ga Asall Joa iy palil) @l 5 (0-V) J8
(U.S. Army corps of Engineering, 2004)
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BULDINGCODE | & | X
Bk 1 833%% | 10f
RC 5% | 54
B 5% | §f
RECOMMENDED FOR| .,
EXPANSIVE SOILS | 0% | 10T
X
Tt Y
""‘“l- . Z%W « %
ZPERFO‘RATED \ o
LANDSCAPE .. IRRIGATION KEPT BEYOND
EDGING BACKFILL ZONE
] DOWNSPOUT EXTENSION
BEYOND BACKFILL ZONE
BACKFILL ZONE

rall 08 I oluall (3815 (ySLal g Jandadi (1-V) S8
(U.S. Army corps of Engineering, 2004)
UBC Uniform Building Code (1997)

IRC International Residential Building Code (2012)
IBC International Building Code (2012)
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.(National Lime Association NLA, 2004)

3 Al il Syl sillg Ay gl Slsall mmyg iU gm0 sl aladia) die sl Gy
aaiind paall e Badie glal lliag L phd e i Al 6 8 0 Jeli Gigaa G
Lliay) 3§ sy WS . hydrated lime Ladl jally quick lime sl pall Jie 4ol dalled
I ¢ il et ) (s o el Aall splad 3ya s B 4y Al el aladid) die
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saliial aanll el meliydl 22y oy (Currin Allen And Little, 1976) oz & iyl
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Aadleall A5l e A& Clarall aladinly ~ L) J8 el (J8Y)

G gl el Aallaal) Y—¢—V
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s Qi e Jamd o pually Bl Aallead Alilee 06 08 bl of LS L galally ¢ alally ¢ gl
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i 4l o245 . (Chen, 1988) (sl %1 ) % ¥ (e zolyis dpslany) 45 dadleal da3d)
AL ¢ lanal) ) e Jlay Lae ¢ (SEMi—TIQId) A and 1D IS Cajam 445

el a s B Chgand Aiayra (50 8 el Aallaal) alsall o (Little et al., 2000) sl
olaall ST raniiy il g Lus) ) (o5 il 8 LY dag Dalall iy ¢ el olas
ALY e A5l iRl (e Jly 8 adnll 3 dulie Clgha gLl oSl ¢ DA sl
. (Perty and little, 2002)

) e Jdani calanil) JSUie e Jalsl) 35k

(3l Ayshl) ssine e i ole ssine vie CrianlL Aadled) Al elos (f Gany @

All IS Aallaal 50 A3led U AS el Agsil) e Jlaal g pac o

i) (ssine A Qi ¢ phandl o palud) Jlal) omy il e

Laal) Eudy dallaal) ¥—¢ -V

Aallall 8 axdiigs o o e sl o adl e aosl)l il Ciieay angell Cial) HUail ks
Aaglies Aysll dagliay Aball (e a4 LS L Al play) AulSals adlally Lgalll as il
adls Gl L Aahiae AleSs A0 pald ld ol Cud e it ¢ 1sl dlling Glalls deal)
el yulee paai) My, (B hlEA) malin paag aldll ag g lsl) a2 2l jlas) e
il agdn dasl) ad Aalia) (e (gpeail) 3356 Jguasll (g5 puall (o o Adlial) Asllaall 5l

(Little et al., 2000)aallaall 350 s Lol b aSailly lasll (pe S
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Ladal) -V
o oSaill lgaladin) (Sadll (s (John et al., 2015) Gl leape & Al 4l dallee Jily
Aaally o2asl 2y A llly L Al Gyl At 6 Sl Baa o aadiig a8y o lay) da

A e Tk s plasiuY ) Akl ¢ LY (8 oSl Al

- Agalaidy) Jalgall —

- Al Aadleal dabaall Jilad) Baadiiy cenall il 8 adgiall oSanll 5ylie —

cagilally ¢ ol Aap ¢ elal) sgina 0 ¢ amall il Al A6 Jie dsall Cag )l —
- gl Ayl —

cAglaal)l Wl g daglia —

bl dldadl) A8 all —

- Aalleall Z Gl gl —

peall (o - Aadleall diplal Cuuliall LU Gaels LAY malns Aigad) adgall CaliSI)
- sl gyl Alies HLEAY) gyl )5S of Laf

P ) e Jaiin (als alaa) cld Jalgall (any

c U adgall A8 —

- liadnlly #gpdl dags -

- el (b Al AUl ualas —

Al Les)) Jelal) —

L st e e LS GlSje dgay —

. hydraulic conductivity Aldl Juasills e lall (ggina allais) g2 —

» A staall 45 daglie —

op lalul) cad LA D ade of QB jeae 8 Lo gad Wisly 5okl Juadl Gl agend) o
b Wi oS Lualle Bi b Walu Lgad) jLial) @AY okl W . gAY 4y aladi)

) B Galud) cihliey) Blele ga
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]

Llaral) cifyladyly ciliall 387 — A

Field work cilisll 34 maliy Y —A

leie bl lmal 2 Al GSLYT sty bl dge delias lalall dgae o Jindl Gpdll B
O ) leanadi Wy . Lglilhaa) daad 5 dpal) Lgllay LBl ALGN Gl e JS oag
Al de penlly ¢ it Gleel e cilie V oy blall adse (e 5V degenall . Cilegens
W pal) mha e e Tove (s Gee o sl (3 3 adlse e Clie T amd
asSs cxaall alglly il he Wpiie (Sl e (A1 Clie 4 jliaa) & 8 BB de sanal
) g ind e e AT e Gleel e daallailly ¢g 8 g candil

Ol gie Alilie e Clie jumat e oSah ol Ak (SW e (A1 Glie zhatl W S
-l 03 mnd (V) ) Bysealls riage WS il @ o ) 2658 (e o W L) i
o2 3 oA Laall alipall mamgy (V=A) ) IS Gluald) 38T adlge ma g (Y) ad) 8y5eas

. Al o3a

() A e g gy iy gy A jaa JIS (1) 0 5 g

49




-

sl Auigl) g 4 ) WSuilSaa & gay g2

-

s Llly CSa) agad pagdl) JSal

I

Soi echanics & Gerechical Engness

= B4

ﬁ S wa
3

A .

,. .ww. .ILE,W,"-

7

3

\n \ﬁ. vhﬂ

& e
ﬁ.\* % = Q&

- .
N
&l 6ff @reeier |

\J

4-.F¥.. ot ’

Sl a8l ga () a8, 3 )50

50




X/ EL $ Ully ISaY) Eigad caghll 3Syall
A0 gaad) dnutigl) g 4y A1) LS4l & gag 2g2a

————
& S0l Heckanics & Getechvical Engresring aboratry
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amall S gl naas

| dadall Al il
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. |
a5 g gyl b
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sl i Cation Exchange
) gy
49 -
2k | Ash)ll (s5ina
FERERE

CBE)

5 i ‘ Saaall Jaal) )
i Al daliag Jlaal Goall Jasl Ayl a

[ | | Lgalll aa
L VA il G A3,k saa gll Al 44y )l Al s

de 1 A YY AR Le Y.
| | |

LA L) AY BEARER BES AL
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Laboratory Tests dlazall cilidy) Y-A

(odral) S Al GlLaA) mAlS V- YA

X-Ray Diffraction el 4l daiY) dpm 4 aladiuly Glelal) ad e sl 3l L
Caliglyypaiall b il Egall) oleal) of sl 8y ¢ lisll sl QS e Cael
ounll e 0sS Wld Al e oleal) Ll dibiie sy ol Aapn me DY)y i S
- Casaslsally Slaaly Sy i<

Gliglsl aandy datual) alaall Aoy 88 Candl) agans

Aaladl 5 (e Ly (rasall Aiphll Tk Aabal climl] Ahal) cpabeall i) Call ypaat
N Aalal) Edlelaall (any aladinlyg 480 ey da sl gl

dc sanay Silicate group ClSlull (o L84l Ao ganall alaad Ap@l) ol Claa 5
el Apad e Al Sl ggind) L e Taldie) Al il GSLL e aledl
JsSibia Gapadall jlan adiadl el (XRD) Slea aladinly  Saxall Jilasll x3 5 Hydrometer
.Glycolated pattern

sinas (Qal) Al gl sy (Samall S gy (Y-A) ¢ (Y=A) ¢ (V-A) Jsas
S Y o al aball

Ofaal ) 1ol . dibie lael ey anls glige e s2sale Cilie V e 0S5 1 ASY) Ao panall
D R i Lagr Culiglypaiiall Ay - %TY ¢ % © Cplall ssine (30 At OB Lags (2) ¢ (7)
amididl AL e Js ) Bay . gl e %34 ¢ %Y,0 aalial 2 il desd) il
EAY) Glie el %00 Y %Y e culidysdidl das Caglp .l
o S Ao O3 13y %AY ) VY e Culall (i B Cangli (V)6(T)e(£)(V)e())
&) Ca/Mg e alia) Jalal) Cagall (als - adgal) 130 8 aalgiall 455l & L Aallad) 4oLl

o (D8 € ) asanie b o andlS) Ca

Gsx Gae o ey Bl b ddbide adlse e 33ake Gl T e iS5 1 AED A ganal
.UAJQ\C_EMOAJLO—VQ_A
%YY ojlaia Guhall gginal A Jils %Y Culishyeaiio A J8 o ggiad A duall o Jasd
- i Flay) AL O e Jy Les
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S BTV e ol pe ulislpial A S (F) ) (B) 0o Resendl ia clie A
e Apwiy Culighyeaiiall s . %Y ) %oA Gule oS phall (ggiae das Law %14,V
asell€ Ca/Na o Jolall Cagal) sV OS5 o Fladld dallad) 2550 L6 e Juds 43kl cplal)

- Glial) J aalg 2 sdsa

(H) e s (G2)¢ (G1) Lnailly (pmige (e die ¥ 221 5 cilie 4 (o S0 1 AN de ganal)
Gl Gl e (1) Gl e oe Ries pal) mhe e e ¥ oGBee oyl a8 e
AN Gae oy Zaallall) (o (K) bl Zaalls Jin £ Bae (os 53 Aae e (J) Luslial) dually
T e gl Blesl e yaall sl (B Al adlse 0 LTL2L3 Clie S0 e
(L2) ¢ (L1) il po L) iamall oSl il L (L3) die e hLaaY) ehal 5 5 i
el Ao 3 %YY,0 (g degandl 338 Clie plane (B Culighysaiiall gl sl Cnglyiy
%0 e 75l desanall s3a b ulal) (sgine Ay dpallaill (K) due 3 %0A,Y ) (G2)
Gl Lials ¢ %A (1) Gyl Al Culish)saiial) dusy L (L3) dual %¥A oS5 %48
%A %Y Il e paiall lall gine Ly ¢ %YT(L3) paal)

() Galall 8 3D Cle sanall el Sl llis) il
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VGEL ¢ Ully OSy) Cigasd asdll 3l
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Sample code

@)

D
N
+

Fat Ges 4 (V)

Fa ¥ Ges Ade (V)

S Yo Gas dle (V)

S Ve as die ()

Ha YV Ges ade (9)

Sa Y Gas dle (1)

St Ges ads (V)

(.EQ:.“-UJJW 4s ganall) o ptidal) cilinll Jaeal) Gus ) gadls (Y-A) Jgaa

Clay content (particles Clay minerals

Exchangeable

cations

290 % (35%) Montmorillonite + (35.5%) Kaolinite Cca?*/Mg*
.0 % + (1.5%) lllite

(45.5%) Montmorillonite + (21%) Kaolinite Ca*IMg?*
+ (10.5%) lllite

less than 2 um)

77.0%

(3.5%) Montmorillonite + (1%) Kaolinite

5.0 % +(0.5%) lllite

@)

D
N
+

(37%) Montmorillonite + (27.5%) Kaolinite

72.0% + (7%) lllite

(19%) Montmorillonite + (11%) Kaolinite
+ (3%)lllite

2+ 2+
33.0 % Ca™/Mg

0O

Q
N
+

(33%) Montmorillonite + (46%) Kaolinite

80.0 % + (1%) lllite

(32%) Montmorillonite + (43%) Kaolinite
+ (6%) lllite

24 A 2F
81.0 % Ca™/Mg

54

Non clay minerals
(%)

28.0

23.0

95.0

28.0

67.0

20.0

19.0
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Sample code

el gl

(F)

(6l - 40U Ae ganall) o yidall ciliall Jamall oS Al gadda (Y-A) Jeaa

Clay content (particles Clay minerals Exchangeable | Non - clay minerals

cations

less than 2um)

22.0% Montmorillonite (17.0%) + Kaolinite (4.3%)
+ Illite (0.6%)
93.0 % Montmorillonite (69.7%) + Kaolinite
(22.3%) + lllite (1.2%)
58.0 % Montmorillonite (35.7%) + Kaolinite (20.8%)
+ lllite (1.5%)
83.0% Montmorillonite (68.5%)+ Kaolinite
(12.6%) +lllite ( 1.9%)
89.0 % Montmorillonite (57.3%) + Kaolinite
(27.6%) +lllite (4.1%)
63.0 % Montmorillonite (52.9%) + Kaolinite (8.1%)
+ lllite (2.0%)
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(A8 e SLal) A Ae ganall o pidall ciliall Jamall CuS ) gadda (Y-A) Joaa

Clay content Clay minerals Exchangeable Non clay minerals
(particles less cations (%)
than 2 um)

+ 2+ 2+
(31.6 %) Montmorillonite + (18.7 %) Kaolinite + Na'/Ca™/Mg

Sample code

k

54.0 %

Jmadl)
(G2) °

46.0

—~~
0]
|

N—r

(3.7 %) lllite

66.0 % (27.5 %) Montmorillonite + (13.6 %) Kaolinite + Ca*/Mg** 34.0
' (24.8 %) lllite '
(30.8%) Montmorillonite + (29.6%) Kaolinite + Ca®"/Mg*" 370
(2.6%) lllite '
Gl 0 (6.8 %) Montmorillonite + (20.7 %) Kaolinite + \EY
() 32.0% (4.5 %) lllite 08.0

+ 2+ 2+
(35.3%) Montmorillonite) + (44.5%) Kaolinite + Na’/Ca™/Mg

%ol
peis) oS 63.0 %

83.0 % 17.0

) (3.2%) lllite

g 94.0 % (58.3 %) Montmorillonite + (20. 1 %) Kaolinite + Ca®*/Mg?
(K) ' (15.6 %) lllite
aall gl 0 o 5 — —
Ll gl ol 38.0 % (26 %) Montmorillonite + (;0.5 %) Kaolinite + 60
(1.5 %) Illite

(L3)
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i gaal) ailadl) @f)lad) Y—Y—A
dalall (ailadll Y -Y-Y-A

- A Gle sanall gmplal) (ailiadl) &Il ma s (T-A) ) (£-A) 651 Jglaal)

48Uty Ayghl) ggina (|

Y desanall Clie wranl ASTM 2216-16 diualsall lida 435kl (g5ine il ¢lpa)
Bjiie Sl e e T e D eSally Al Ao ganal) Cilipaly Labiall adse (e il Ve A35Salls
c Al e dgyseen (e Adjtie (Slal (e Gle V(e dagSally A Ao penall Glie g Bhall
. ASTM D4546-14 4l sall Tl Lgipei 23 4alall 435S SIS,

Ceball g5l (@

A el « ECP 202/2-2001 (g peaall 35S0 ks fine s yauglly (ana) sl clia) eyl o
-yl Clisall s e ¥ e ial cplall (g5ina

() Gale 8 TN Cile sanall uall gl lylal

ST (d
Aaalpall Tiaks 2 e ganall 8 Byl clisal) psaad Lipallly A gand) 2 b 5

.ASTM D4318-17

Galasiy) aa (2
ASTM D4943-18 diualgall lah 4534 cile ganall 4 §pidial) 4l cilial (ELSY) 2 gl o
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SVAl:

S0l Heckancs & Gentechical Engrnesring aboratory

s Udly o) &igad agdll Syl
A0 gaad) dnutigl) g 4y A1) LS4l & gag 2g2a

(habad) — 590 Aeganall) ¢ SO ALY Ay cilind daphal) (ailadll (¢ = A )ad) Jsia

Y (dry) . L.L Non - ) 48
WIC % gmom? Geasll | ShL% | Pl |PL%| Clay % | C1ay % i) g |
- - LG D .
129 | 1.71 CH 9.6 42 26 68 28 72 oaaie Gelt sila el i St |1
(clay stone )
S Jras ld galay (eda (pha )
Y.
6.6 1.81 CH 6 40 24 64 23 77 (Clay Stone) sasie s sial e 2
55 1.84 CL 21.1 23 16 39 95 5 dadlate ye gala s jhial Cliihs s Yo 3
(Mud stone)
S s (o saaie b (pha )
\
10.6 1.74 CH 7 49 30 79 28 72 (Clay Stone) ol Vo 4
iy Jhal jaaia Gy oda il )
8.1 1.78 CL 17.5 17 16 33 67 33 (ilaic );fc)csiu)&\ J YV 5
10 1.75 CH 8 44 28 72 20 80 (clay stone) sasie i o (ph | Y | 6
Jrar 5ol s b (pha )
. . . ¢
12.1 1.72 CH 6.7 40 26 66 19 81 (clay stone ) 3 s ) i 7
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/G

J/

ol Weckaics  Geotechica Engnesrng Labor

by

s Udly o) &igad agdll Syl
A0 gaad) dnutigl) g 4y A1) LS4l & gag 2g2a

(83ad) — AN Ao ganall) &L ALY £ua0 cilial Aagdal) Gailadl) (0-A ) by Jgia

WI/C %

Y (dry)
gm/cm’

hua gil)

P.L L.L

0
Sh.L % % %

P.l

Non
Clay %

Clay %

il

& 5al)

158
Adal)

17.4

1.46

CH

33 84

78

22

) drar ek (b s
A ggun Jany Y C._!\AS\ |
( clay stone) sl 4

L - paes il

24.5

1.63

CH

11.5 55 35 90

93

LSJLA‘) ‘5.LAL u.\jn P
st e Jaiy Y ale
e (e T4 el
( clay stone) a=¥!

Bea - 2ggla g

21.8

1.72

CH

5.5 32 23 55

42

58

( clay stone)

Ll - Lagh

23.3

1.56

CH

14 48 30 78

17

83

( clay stone)

24.4

1.6

CH

7.5 49 31 80

11

89

dd&)ﬁkdﬂk‘);&

( clay stone) _a3a

Caall - e ).1\

21.4

1.66

CH

31 82

37

63

dd&)ﬁkdﬂk‘);&

( clay stone)
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SVAl:

S0l Heckancs & Gentechical Engrnesring aboratory

s Udly o) &igad agdll Syl
A0 gaad) dnutigl) g 4y A1) LS4l & gag 2g2a

(Ad)ite (Sla) — LAY Ao ganall) UL ALY A3 clial Lagdl) Gailadl) (1-A ) ad) Jgan

wi/C
%

Y (dry)
gm/cm’

v g3l

Sh.L
%

P.1

P.L

%

L.L
%

Non
Clay
%

Clay
%

il

(Fe) Gasd

& sal)

358
Al

4.74

1.88

CH

15

40

27

67

46

54

aade gl ek (pha
b e -
( Clay Stone )

il

Gl

4.45

1.93

CH

16

49

32

81

34

66

ade g ek (ph
dall e @ allas,
b s —aelll
( Clay Stone )

adll

G2

4.56

1.82

CH

12

79

46

125

37

63

e gl (e (b
dall e @8 allas,
( Shale ) sl

3.0

pas) .58

5.38

1.74

CL

14

23

19

42

68

32

ke paie el b
SR
( Clay Stone )

3.0

Aol o 8

6.65

1.87

CH

16

56

33

89

17

83

ke saaia o cph
s ) e
( Clay Stone )

3.0

8.79

1.8

CH

14

48

26

74

94

Bale (gala)
( Clay Stone )

4.0

Y dalladl)
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(Akia cSlal — AAMEY Ao ganall) ¢l ALAY 40 cilind Laghl) Gailadl) (1 = A ) 8 Jota auli

Non

wic | Y @ry) | | shiL PL|L.L Clay L . 255

% gm/cm3 Cha gil) % P.l % % C(I)/?y % Chlualf (Sa) Gandl & 5al) Al o
| s (3ale (2ol .

CL 13 | 23 | 17 | 40 | 60 | 40 é‘d*‘sz\ CT011.0-3.0 | () dsa)uaal st | L1
(Clay Stone )

CL 195 | 20 15 35 66 34 Gale ey aaia | 3.0-5.0 | () @dse)uaall gaigh | L 2
(Clay Stone )

3.44 | 1.86 CL 10 24 17 41 62 38 b sl 4.0-6.0 | (Y adsa)uaad il | L 3

(Shale)
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F LY ki Y-Y-Y-A

Giiphlly ASTM D4546-14 dialsall s jisesa ) 8 &Lyl b (s chlia) sha)
LeV) dBul S Y (s e dea e Glead) 8 diell gee 2 Al Gl Jaal) A3y
leana ) Aaell saleY il Jlaa¥l g o canall il (i il s (TS
Cle ¥ alaaiuly daphall (udyy HLEAY) eha) & bl daphally o Y daia ey Sl
- Al L) Ik (e (S ddey Jea JS die L) A (i Adlide Jleal ¥ cas

lie iy b Aptlly oY) diphll Lehast &5 G elon (J5Y) desenall chlis) sha) & S
Ll Al chlaaY) ela) Gu Gy e 2 Al deseaddl WL Jeaddl il Jsaasl
S oo (A Al b cpal Sl cliall Gkl sine 8 S ) o) e A1 Al
SV de sanall il Flany) Jais cjlas) sale) o5 Gllaly L Al gl Gliall e cypal
C LY e o 8 Ashl (srine B0 o ASEI gl g 358 LS5 2y

Gligal A5kl (ssiney A8lall Q80K FUY) hia @ mag (3-A) A (V-A) dsladls
L AN Cile sendll

- (z) Galall 3 LD Cle panall iy Jaaia l)las) il
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(Babadl =AY Ao ganall) F LY Jaiida (st Ay pha L5 (IV-A) a8y Jgan

Sample Ps1 Wc ¥d sample | Ps3 Wc ¥d
No kPa o, | gm/cm® | No kPa o, | gm/cm’
1 1500 | 12.9 1.71 1 1906 | 14.3 1.85
2 1000 | 6.6 1.81 2 1600 | 6.1 2.03
4 550 | 10.6 1.74 4 900 | 12.5 1.80
6 1400 | 10.0 1.75 6 1700 | 12.3 1.90
7 1100 | 12.1 1.72 7 1700 | 18.7 1.62

(dabadl — Y Ao panall) F LY b o Ayghl) ggiaa dpud A0 (QV-A) ad) Jsaa

Sample Ps1 Wc ¥d Sample | Ps3 Wc ¥q
No KkPa o, | gmjecm® | No | ,p, o, | gm/cm’
1 1500 | 12.9 1.71 1 5000 2.3 2.02
2 1000 6.6 1.81 2 3000 3.0 1.93
4 550 10.6 1.74 4 4000 3.7 1.95
6 1400 | 10.0 1.75 6 4000 3.1 1.98
7 1100 | 12.1 1.72 7 5000 3.2 1.77
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Lshll osina dpud ) ABLYY ¢ UGy Jaida (s A8y 80 (A-A) o) Jgaa

(B2l — AN Ao ganall )

Sample Ps1 Wc ¥d Sample | Ps3 Wc ¥4
No | kpa | % |9mjem’| No | yps | o |gmjcm’
A 290 2.8 1.44 A 220 17.4 1.46
B 3900 | 2.1 2.03 B 790 | 24.5 1.63
C 1000 | 2.0 1.89 C 390 | 21.8 1.72
D 3800 | 2.0 1.90 D 800 | 23.3 1.56
E 4100 | 2.3 1.91 E 880 | 24.4 1.6
F 3200 | 3.0 1.99 F 540 | 21.4 1.66

((ABjiia oSl — QAN Ao panal) ) ¢ LY Jabia (s ARyl 80 (4-A) B Jgaa

sample | Psl Wce b sample | Ps3 Wc ¥d
No KkPa o, | gm/cm’ No KkPa o, | gm/cm’
Gl 3000 | 4.8 1.93 Gl 600 4.7 1.88
G2 5000 | 5.5 1.93 G2 1250 | 4.5 1.93
H 2100 | 5.5 1.93 H 820 4.6 1.82
| 160 5.5 1.93 | 300 5.4 1.74
J 4000 | 6.7 1.85 J 4000 | 6.5 1.87
K 6000 | 8.8 1.84 K 2000 | 8.8 1.80
L3 264 3.4 1.90 L3 1100| 3.44 1.86
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110

For Classification of fine-grained soils and fine-
100 grained fraction of coarse-grained soils:
Equation|of "A"-line
Horizontal at PI=4 to LL = 25.5,
then PI1=0.73 (LL-20)

90 =EquationtofU!-lin
Vertical at PI= 7ta LL = 16,
then PI =0.9 (LL-8
80 /

nUn L]V

: /
/

o / /
[ "A" LINE
E‘ 60 / 4
E / CH (Tr OH /
o)
= 50 1
= / . y
= B 6
= / F T /
40 /2 v
/ /7
30
or OL /
Al3
20 = /1 MH or OH
Ed 5 / Legend
/ M Silt
10 C Clay ||
o o / L Lean clay
i L-ML | 7| MLorOL H Rich cay
0 ; :
0 10 20 30 40 50 60 70 80 90 100 110
Liquid Limit (LL)
Symb ol Symbol of
Boring No. /Depth LL PL PI
(m) Classification (USCS)
1 m 40m 68 26 42 CH
2 l@ 200m 64 24 40 CH
3 A 350m 39 16 23 CL
4 p 15.0 m 79 30 49 CH
5 h 27.0m 33 16 17 CL
6 m 30.0m v 28 44 CH
7 FI 40.0m 66 26 40 CH

Blall — AsY) Ao ganal) cilisal & LU ALY 48 Cidat (Y-A) &) J<&
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110
For Classification of ﬁne-maLned soils
and finetgrained fraction of goarse-
100 grained Soils:
Equation of "A"-line
Horizontal at PI =4 to LL = 25.5, y
90 1 then PI+0.73 (LLF20)
Equation of "U"-line /
Verticallat PI=7to LL =16 /
80 then PI=0.9 (LL- 5) "U"W
70 /
£ /
60 AT
E / A" TLING
£z F L 4
'S N
50 Sl Az
E / L)
z / CH or OH s
40 L/ /
/ AC /
30 g /r
20 A 1 /]
MH or OH Legend
/ M Ssilt
10 C Clay ||
- - Z L Lean clay
| __Z dL-ML ) ML or OL H Rich clay
; P 1
0 10 20 30 40 50 60 70 80 90 100 110
Liquid Limit (LL)
Sl Symbol of
Boring No. /Depth LL PL PI Classification (USCS)
(m)
A [ | 84 33 51 CH
B L 90 35 55 CH
C A 55 23 32 CH
D (] 78 30 48 CH
E 80 31 49 CH
F X 82 31 51 CH

Bl — A5l Ae gannal) il & Ui ALY Ay it (Y—A) ad JSE
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130
For Classification of fine-grained soils and fine-
120 grained fraction of coarse-grained soils:
Equation of "A"-line
Horizontal at PI=4to LL =255,
110 then PT0-73(E1-20)
Equation of "U"-line
Verticallat PI=7to LL = 16,
100 them PT+09(EE8) /
"U"LJNE
90 / /93‘
80 / / AH
s 70 A"LINE
=
E / / CH or OH /
,_r- 60
=
E / / /
= 50 // /
40 / Cl./
30 /
/ /KI MH or OH
20 Legend u
L M Silt
C Clay
10 L Lean [
T OL clay
l ]
0 1 4 1 4 T T T T T ] T T 1 T 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130
Liquid Limit (LL)
Symbol Symbol of
Boring No. MDepth LL PL PI
(m) Classification (USCS)
G1 | G 1aill [ | 67 27 40 CH
G2 | G2l | @ 81 32 49 CH
H ?,d. 9 p 9S A 125 46 79 CH
| | @il | %K 42 19 23 CL
J 1,8 (@) 89 33 56 CH
K 1 daladl) + 74 26 48 CH
43,814 Sl — A4 A ganal) cilind & il ALMAY A il 3 (£-A) aﬁ)d&m
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130

For Classification of fine-grained soils and finer
120 orained fraction of coarse-grained soils:
Equation of "A"-line

Horizontal at PI+ 4to LL +25.5,

Erwsd

110 them PT="0-73(EE-20)
Equation of "U"-line
Vertical at PI=7to LL = 16,
100 e PT="09(E8) /
"UyLINE
90 //

80 /
. / / CHor OH /

Plasticity Index (PI)

30
L3 /
/ B MH or OH
20 ¢ ~ 7| Legend 1
M Silt
/ CLorO C Clay
10

L Lean clay
s 3 ML ¢r OL H Rich clay
| |
0 1 i 1 ! 1 1 1 1 1 1 T 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130
Liquid Limit (LL)
Symbol Symbol of
Boring No. /Depth LL PL PI
(m) Classification (USCS)
L1 | waall gl i 40 17 2 CL
L2 [ waall gaigl o 35 15 20 CL
L3 | aall galgl A 41 17 24 CL

A it oSl — AAIAY Ao ganal) cilisd F UM ALY 4,580 Civiaad (£-A) A IS4 4l
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Lminie dyshally Tanfpa 1o YY) (e lan Jle(baals die) aladinl A6l ) Juia Culac
(1) Gopll ooy T anfan), A I Tanfaa) A Alle Aila)) Z8ESI %A A ) %084 O
SVl e Tan/an Y 67 5 Tanfaad) 1 FL i) Jaal o J8 cilaef (L3) maall sallls
(Glue ¥) diyl alasia) s g . dysluie dalal) 20N Ol Lygla)ll sgine o) a2l cllds
anfanS f L T afaaS 1 e Clil) alaaad # LY ek oIS
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Caany Cam FUEY) Aed 3 oSady Al o Jeal) gli (ST S e Y) (A0 daphll Al
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s 8y aga ol eV KU xilia G sliall Jsiay ey 3 il Alla 8 43la Gl
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o ofan€) T L) iy JISLl LS Y v e (1) Al CulS )

LU A AL saal yide Llera paal) 858 Gand O Oy (Bam Laa

(Bladl) AgY) ds ganall (aal) 558 cfjlis) =i (YA Je

il Ay | (KPa) Sl Gaall 38 | (%) Adall Aygha)l) (sgiaa (a) Al 3as Al
68.77 9200 12.9 4 1
52.23 11250 6.6 20 2
50.34 10210 10.6 15 4

57.7 9800 10.0 30 6
45.24 10500 12.1 40 7

(33ad) Al degagall (aall 59 Clad) milis (VY—A)Jga

el Aas | (Kpa) LAY (a5 | (%) Aall gl gsina | (p) i) e e
55.35 540 17.4 3.0 A
100 500 245 3.0 B
100 400 21.8 3.0 C
86.6 650 23.3 3.0 D
95.57 920 24.4 3.0 E
92.48 360 21.4 3.0 F
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(48)ite (SLal) A Ao ganall (aal) 5gd clfa) gilis (Y ¥—A)Jsaa

Gl Ao | (KPa) Sl Gaal) 3 | (%) Aball Aygha) oina | () A e Al
34.13 8400 7 A I —— G1
31.69 8000 450 | e G2
38.91 5400 4.6 3.0 H
27.30 1000 5.4 3.0 !
41.48 9600 6.50 3.0 J
49.66 12000 8.8 4.0 K
30.37 1500 4.7 1.0-3.0 L1

33.2 1850 5.1 3.0-50 L2
22.97 2500 3.4 40-6.0 L3

A cle ganall Apuilly & E0Y) b o Adlisal) Jalgad) 50 €A

) sl LAl Y -£-A

culih ) gaiiall Lot G V-V —¢-A
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st gl DEAY) WL el 8 asly opnl) of LS dilal) BESH dysh ) (ssine b Adasn
s s My %oY,4 (F) duall 8 Law %Yo,V (C) duall 3 gb Culishs)saiall dus
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( o Y—=A djh)
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. Ca/Na sa aglill b Lay
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daghl) pailadl) 56 Y-¢-A

Cuhal) ggina G V-Y—¢—A

o CulSy TanfpaS 0,80 (F) dimlly Tau/paS AA Lol desandlly (E) dipll Fliny) hia
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Odipall ddlal) 480y 4k )l) (gine (B Adaguy (358 d5ags 2aly (sdlSlly %07, 9 Cyliglys ) saiiall
(F) duadl & cphll (sgine das (o LB ST %AY (E) duad) 3 cplall gsine 4 oSy
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- Ol ggine A ga LYY dtda B CDEAY) Caa O ey Laa
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Alall A e HES JE (sanlsll Al ) Ayl Guldall F LY daiis OIS Adayll Al 3 Lay
Zlal) BB %1 Y,4 ¢ 1,7 Lghad ulS dshall (sginay TanfpaS V0 ) 0,0 ple ol (s
amfan VLAY Y)Y e
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i Ao ) Al ey B e ganal) clisal (ulial) Y diiia alina o (o

% 19,Y A % YV,o cule ADA Cilegenall il aliea 8 Culishsaiia) L sl -
- 283 Galaadl Luliall & ey Laral

OIS Al degenall L35 Ca L Ca/Mg (e (J5Y) deganall Cilie 8 dgagall (455lK0 Calis] —
lially Basase sBlE e gl 7 ollia (IS L) Ao genall 8 Laiy Ca/Na s 2aly ciliell S
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O 13y %4Y ) %ot e DA Glesanall Glie abhas A phll giae A Caglp -
Clas e ) e (e (clie ) diphy Gulid) #lasy) Tl of ciae] ) ciliall

Cingliis % Y£,0 ) VY, Cpnle Al Ao penall Clie alies 8 2ns dyshll ssinal pd el -
Gsina ail CulS ad Jils %Y, 9 1) %1 Gale AV e senall e alaeal dysh )l (sina o
c % AN Y EA Gule ) e sand) alaedd dysha)l

Gl Laiy amfan 1,9F 1) YVAY L BED e seadll chlial culS d)liie dbla 43U L8 ST -
degenall Ll anfan VLYY L Y,07 fle gd aglil Al degendl) culie L ddla) 486S))
Jamfan VL AE VLYY Gale Gl Lead Aala)) daESIG 1Y)

sinay (CslSly Culishysaiiall i) (Samall S e A cOlad) 3 maagl -
Cagud DU AL A5l Glial Guliall FLEY) daria a8 8 A8la]) LGS Ay gl (s5inay (plal
Gligll o3 & ()s8lSl e aaly g5 dgagl 4D de sandll (e (E),(D).(B) clie ¥ Llie A
AN Clial) gAY CDLalaall o i

e % oV,Y KHIA e % 4,V a5 (E),(D).(B) wlimll 8 4l culish)sdiidl s -
L sl
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e 1,0 ¢CTanfan 1,00 Tanfan Y0 6D e agl culS dala)) AaES) -
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Dglocia Lt ciliall 4Ly Jinaa Gl saly 08518 ilinlly Adlal) 430y Aygha)l) (g ginag
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=1 O o Gamaba JS O

(indicative) 4l #lasy Laéd a5 8 (el 358 (s —

(qualitative) Zall Flany o5 ani o Somall Sl et —
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CHERY) sha) a il il Zilal) ZHESY o8 alane 8 CiR) Al o) Losee B0 dle dduay,
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(Bl ) ¢l ALY 4,60 5 ghadl) day0 4l -4

e Ll G ol sl A8ty ¢ ) skl gine asSae Akl A5l B anall )
- Oshall (sgime Ay Sl Sl e adiay ST Aapug ¢ bl ey (o sSeoSeall Sl
opl oy A e it Aaphal) 3 sy M) ALY ol adsall Al Cag Rl DAY Dk,
» Alexall SHLERY) (4

b Jalsall aen 320 Cany ol aplile of Alalee 8 Ldipa) (KoY FUmY) dakiag A8l i
chlaay) o Talde) AUyl il dupat GlDle slayl ofall) g LIS ila S5 ey
Y odyade Yl ehal & oA adsall A e sy aids c¥ el o2 e (sF K5 dlaadl
 Adhie adlse (8 Banlsia) DU ALEN 5 AY) L) clesd) e Gy

bl (sgine day il dgan a o Ll Ll Bl sshd al Cuneaill Gyl iy
(el e el 5l aanail (8 Jaisil) e S ) 533 Lee Baleall duladl) (b manaill s
sinas il dsm FlaY) i o loldie] 8kl il Caiatll Gyl pasid Juadl) ey
e cplal

Lgall) g Ugaaad) an o o Uy F DU L8N 5 shail) A aglli V-V -4
(Dakshanamurthy & Raman, 1973)

— Y D e panal) ciligal # U Ll LG a5 Caaill 13g] ik

FEdU ALEL e days (7)¢(6)¢(2)¢(1) @l ekl :(labad) AgY) Acganall dpudlly —

L 3 (5) Aoy Aanssia 46 culd culs (3) due ¢ o dlle A6 @b culS (4) due Loy

C(0-9) JSd ¢ dmidia

lan lle 08 ke (F)o(E)o(D)s(B)+(R) il cdans 5(55a) Y Aoganall Fyuaily
(Y1) IS8 Ao g DU LG @l cailS (C) de Lty ¢ F il

e s Al & U A6 i) 2K (H) due copelal s(Ayite oslal) LAY 4o pagall dpudlly —
e A6 3 Laldadl) (K) ¢ usil) (G1) Lty las Ale 406 culael ay (J) 5 ¢ eadll (G2)
¢ Aaidie AL b (L2) duey dangio Flasdl ALE @y (L3)¢(L1)e(l) clial) Loy #ladll
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E &
23
Q
PR TEN Ao gia ide jaa Ate 43 53
120
i o U" LINE
80 A
= "A" LINE
q
60
X
x .
& ol ;’ﬁ
40 4 }

20
0 20 40 60 80* 100 120 140 160
(LL)( % ) #gpeslt >
Symbal Symbol of
Boring No. /D:I]r)lt)h LL PL PI Classiflestion (USCS)
1 i I 26 2 CH
2 I. 20.0m 64 24 40 CH
3 A 35.0m 39 16 23 CL
4 b 15.0m 79 30 49 CH
5 27.0m 33 16 17 CL
6 ? 30.0m 72 28 44 CH
7 h] 40.0m 66 26 40 CH

Ao ganall ciliad Aigalll Jalag Ugpadl 2 e 1o Uy U by Al it (V-9) o) (S
(Dakshanamurthy & Raman, 1973) ksl A3
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(PID)( % ) 4galih Julo

iyl 4L
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(o

28

Q
120
100 U" LINE \
80 -
"A" LINE

60 B
DEFA &
o
40
q
A /
20 T /

0 20 40 60 80 100 120 140 160
(LL)( % ) & gaasdh n

— Symbol of
Boring No. /])Zl:l';h LL PL H Classification (USCS)

A n 84 33 51 CH

B 90 35 55 CH

¢ 55 23 32 CH

D 78 30 48 CH

E 80 31 49 CH

F 82 31 51 CH

de ganall cilial Ajgall) Julag ddgacd) as s el F B el g 45 80 Ciuiaal (Y—“) ?BJ Jsd
(Dakshanamurthy & Raman, 1973) &l 400
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' gy 4
c .E
28
Q
120
166 U" LINE {
80 A
"A" LINE
60 - !
G2 L
K ¢
Gl m
40 A L.
3 /
of
N / v
0 /

0 20 40 60 80 100 120 140 160
(LLY( %) PATYWRIICN

S Symbol of
ymbol
BoringNo. | /Depth LL PL H Classification (USCS)
(m)
G1 n 67 27 40 CH
G2 ® 81 32 49 CH
H A 125 46 79 CH
| A 42 19 23 CH
J X 89 33 56 CH
X 74 28 46 CH
L1 . 40 17 23 CH
L2 + 35 15 20 CH
L3 X 41 17 24 CH

hlia ciliad Agall) Julag Algpead) aa o ey & 3 Wgililhg Al Cituat (Y¥-4) o, JS
(Dakshanamurthy & Raman, 1973) 43 iia
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Y oS O OB ol (s g Apady Aol ke YY) A8l pis Y- -4

(Seed et al.1962)
Cle ganal) Gl 500 ¥ e J) Gulal) (sgine dausdy el o oy #ly) dils a2
- SV aE)
a8k 1 o (7)¢(6)<(4)4(2)<(1) Aesanall oda e alana Cijelal : AY) S panall dpilly —
3l < (3) ey (%),0) dawgie #li) &l <3 ¢ (5) die Ly ¢ (%Y0) laa dlle L
(£79) U5 (%),0) (e i Aumiiie 5l
s Adle i Al <3 (F)e(E)(D):(B) Sl plaee culS + Al Ao gandl Lpuslly
(0-1) 83 (%e) e ¢l 43l i3 (C),(A) ey « (%)
(%Y2) Taa Adle #law] Bl (K)e(J)o(H)(G2) climd cupelel & AU doganall Ludlly
@l (L3),(L2)(L1), (1) dues (%Yo A %0) cule ddle (G1) duall #liy) 26l S Ly
(179) IS (%),0) A sia L) A3l

3 \ \</ Swelling Potential =25% L) - ij‘w e dasall
/

welling|Potential =5 %

¢ Swe\’xg Potential =|1.5 %
3

3 Ja A
2 -~ \
xaﬂﬂ \
1 \ \ T~ 1 6
“aan 5
] 2 |7
0
0 10 20 30 40 50 60 70 80 90 100

(B2 v v Y O 1) % el il Lo

4 bl Je el bbally J6Y1 de ganall Lﬂiauy*tuﬁymwm; S(8-9) ad, g8
( Seed et al, 1962 ) 48 gasa Azisha Cilial
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5 all - Al de ganal)
§Welling Potential =25 (%
5

A \ \ \flvelling Potential =5 %
= Swelling Potential 5 1.5 %
q
3
KENgA
oA
2 N

\h dh N
) \ \.{
D B
“sew T~ )
paddia \\\o C L ] ﬂ
0 .
0 10 20 30 40 50 60 70 80 90 100

(a0 vov o ¥ Oa J8) % ol il Aud

4l Jaldd e el 3 Jaadly A4l de ganall 4y i) ciliad LAY 4BUs Ciiual (0-9) ad ) JSG
(Seed et al, 1962 ) 4S gada dgish cilin!

\\ \t___SweII ng Potential =25 %
4

\/\&illing Potential =5 %
3
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5 i A
e \

-

48 it BSLa) - AR de gaall
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pdlaa S e S J
0
0 10 20 30 40 50 60 70 80 90 100

(ae vr 0 Y O )% ol Cilialia Ay
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(Seed et al, 1962 ) 4S gada diha ciliad 4 jil) Jaliis

Y Ga S Culall (s gina Ay Adgall) iy o ol Byshdl) Aagay fIY) A6 adi ¥ -4
(Van der Merwe,1964) GS
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(USBR, 1974 & Holtz and Kovacs, 1981)
— VIS (Y1) U D cle ganal) el 4l # Y a0 Caisd
Loty Tas Alle Fly) Ay (7)6(6)¢(4)¢(1) limd) abies cujelal @AY Ao ganall dpudlly —
s agdle ) Adle e L ALY day s (2) die
Ja2s las Alle Fli) Ay Ll (F)¢(E)¢(D)¢(B) il plino cuilS : Al 4o panall Aguadlly —
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- Tagie ) it 214 G L) (L3)e(1) Ll sl Ly (K),(9),(H).(G2).(G1)

DAl o—Y—4
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(V—9) Jsan AN clineaill oda il o 4Ll (3,540 alSy (Van de merwe, 1964) (5 S
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1% Geotechnical Engineering Conference, Cairo University, 1991
A CASE HISTORY OF FOUNDATION HEAVE AT A CEMENT PLANT

Khadiga I. Abdel-Ghani Ossama Mazen

Professor Building Research Center Professor Building Research Center

Abstraot A cement plant was constructed in an arid area near the city of Assiut. It
was situated on the high land bordering the Nile Valley on the left side of the river.
The construction of the plant began in 1980 and went into production at the end of
1985. After less than one Year, heavings were observed at the foundations of the
rotary cooler.

Investigation of the problem indicated that heave was caused by the swelling of
expansive clays underlying the foundations of the rotary cooler. Two conditions of
water infiltration were revealed.

As the availability of water to the foundation soil was the primary factor causing
heave, water control measures were taken. Levelling records indicated that remedial

measures proved effective.
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- Seventh International Conference on Case Histories in Geotechnical Engineering (2013)

STUDY OF TYPICAL CHARACTERISTICS OF EXPANSIVE SUBGRADE WITH
GEOTEXTILES AND CUSHION MATERIALS

Vaishali S. Gor L. S. Thakur Dr. K.R. Biyani
Geotechnical Engineer Assitant Professor ITM Retd. Professor

Mott Macdonald Pvt. Ltd. Universe, Baroda M. S. University, Baroda
ABSTRACT

Well-built and maintained roads play a major role in the development of a nation.
Hence considerable attention is required towards the widening of roads, their
stability and periodic repair works. Since the beginning of modern highways,
engineers have strived continuously to produce better pavement at lower cost. Most
state highways in the central part of India have problems of foundation due to
presence of expansive soil i.e. black cotton soil. For the improvement of such
problematic soil, conventional technique of soil stabilization, use of cushion, use of
moisture barriers, etc. has been adopted.

The main objective of the research work was to study the typical characteristic of
expansive soil and to control the swelling of expansive soil below flexible
pavements. To achieve this aim work has been carried out with reinforcing
geotextile overlain with cushion material. Effect of cushion material on swelling of
expansive soil has been investigated along with the ability of geotextiles in locked
and unlocked condition with cushion material was scrutinized. Better cushioning
due to use of flyash can be attributed to pozzolanic activity forming stable
compounds. It is observed that the use of flyash as cushion material provides better
swelling control as compared to quarry dust. Unlocked geotextiles did not prove as
effective as locked textiles with the use of either of the cushion materials. The
unlocked textiles proved advantageous with quarry dust but did not prove as

advantageous as only flyash. The most important two functions of geotextiles
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namely separating and reinforcement have been most effectively used in the locked

condition.
The study was further extended to stabilize the expansive soil with metakaolin.
Swell pressure test and UCS results on samples treated using 1% metakaolin
provided its effectiveness in controlling the swelling characteristics of expansive
soil as well as strength improvement.
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- Seventh International Conference on Case Histories in Geotechnical Engineering (2013)

Evaluation of Treatment Methods Used for Construction on Expansive Soils in
Egypt

Ahmed. M. Farid Ihab.A. Hamid

Housing and Building National Research Research Engineer, Riyadh, KSA
Center (HBRC), Egypt

ABSTRACT

The soil formation in the arid area is sometimes an expansive problematic soil. Due
to the lake of the construction experience on this problematic soil, many defects are
appeared in the new buildings established in these arid areas. In this paper, a
focusing on the treatment method using soil replacement for expansive soil
formation. In the other hand, some case studies were illustrated to show the different
types of problems appeared due to the different construction methods used. Finally,
a conclusion about how to overcome these defects happened due to this treatment
method for this problematic soil is mentioned. Some recommendations are given to
civil engineers to be taken into consideration during establishing any constructions

on this problematic soil.
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Third International Conference on Case Histories in Geotechnical Engineering (1993)

Successful Design of Expansive-Soil Foundation for a Large Modern Chemical
Fertilizer Plant

H. B. Qian
4th Design Institute of the Chinese Department of Chemical Industry, Wuhan, China

SYNOPSIS

Various methods of foundation treatment had been adopted in the design of
different parts of the plant according to it's particular needs respectively. The
adopted methods include: selecting rational depth of foundation; increasing pressure
on the base of foundation; replacement of soils; sand mat; pier foundation and large
diameter cast-in-place piles. In addition to the foundation treatments, measures were
also taken to prevent the infiltration of water and to protect the moisture of sub-

soils. The super-structure were also designed to have a greater rigidity.
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Second International Conference on Case Histories in Geotechnical Engineering (1988)

A Case Study of Success to Structures Founded on Expansive Soils

Zhang Shixuan

Guangdong Provincial Society for Rock Mechanics and Engineering of the People's Republic of
China

SYNOPSIS
Since 1979, in accordance with the design program given by the author, no more
than 3 storied buildings with an area of more than 200,000 square metres have been
built in the expansive soil area of Guangxi Zhuang Autonomous Region and
Guangdong Province in South China. The different measures have been adopted
according to specification of light, medium and heavy expansive soil. Through the
test of special weather and the deformation observation for 3 to 7 years, it has been
proved that the intact rate of the buildings has reached 90-98 percent .
This paper mainly expounds three cases and has summed up very effective
treatment methods from the practice.
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