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Cy Borehole diameter Correction (Cg)
65 to 115 mm 1.00
150 mm 1.05
200 mm 1.15
Ce
_ER
= (Eq. T-2
T 60% Fa=)

where ER (efficiency ratio) is the fraction or percentage of the theoretical SPT impact hammer
energy actually transnutted to the sampler, expressed as %

The best approach is to directly measure the impact energy transmitted with each blow.
When available, direct energy measurements were employed.

The next best approach 1s to use a hammer and mechanical hammer release system that has
been previously calibrated based on direct energy measurements.

Otherwise, ER must be estimated. For good field procedures, equipment and monitoring,
the following guidelines are suggested:

Equipment Approximate ER (see Note 3] Cz (see Note 3)
-Safety Hammer' 0.4 10 0.75 0.7t0 1.2
-Donut Hammer' 03t 0.6 0.5t01.0
-Donut Hammer” 0.7t00.85 11to14
-Automatic-Trip Hammer 051008 0.8t0o14

(Donut or Safety Type)

For lesser qualify fieldwork (e g : irregular hammer drop distance, excessive sliding
friction of hammnier on rods, wet or worn rope on cathead, etc ) further judgmental
adjustments are needed.
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4-10 Loose
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SPT value (N) Type Remarks
0-2 Very soft . .
24 Sofi Not suitable for civil structures, good for park.
4-8 Medium Stiff | Good for very light structure using proper methods.

8-15 Stiff Good for low load bearing structures.




GO (S Ol i ol P g CablngS
PV Gl b duy 53 Swe) 95 S CuWled

&

V) ib o baks > v Ol o> Curdgo oSl )

RaPS (FU 7 balas ((Alr po Slupli ol Curdge oS o 'Coalli=

NISOC drwgd gWO07S CuxBao 4 bgs o (Sloy & 3 OMgud RABAN [ -

O s
2 oybous 05l GEOTECHNICAL INVESTIGATION REPORT- W007S
Y VY — aAF 039y | GO A | cowile | e | &by | gy | Jbw | 4 8O 51 VP amboo)leds
BK | W007S | PEDCO | 110 | GT RT 0001 | D00
15-30 Very Stiff Good for moderate load bearing structures.
Over 30 Hard Good for high load bearing structures.
Nepr Penetration (cm)
0 10 20 30 40 50 1] 70 BO ] 15 30 45
0.0 0.0
20 20
40 40
6.0 6.0
;:' 80 § 8.0
10.0 100
12.0 120
14.0 14.0
BH-WH-05 BH-WH-05
EL-05 EL-05

16.0 16.0

W-007S (i Copdyo G oyt ,blite 555 (50 5 (00t Mol) SPT oy gl ol pii-F-¥ IS

(Geoelectrical Resistivity Test) S xSl Cooglio cpumas o lojl -V-Y-Y

SL (S8,05 Glie g S (S8l Canglie (rnd jelaie 4039 Jore 50 (So Sl Canglie (rns iabo]
el 00y plowsl ASTM G537 asls u...sT Sollas
sloa (a5 Slposs 4695 0 Wb oo JEI (e 4 loog iUl alowg & by &5 (S0 xSl sla by, o
756 Gl 09b g0 (oS il osd b ey JBI0 50 (oSl 0l Colas egmi )0 ks Sl s
Oyl Cawd w4 1 s S b g glaaY (SO ST Caglie g CumBae (JSb wojlasl 4 398 Jolge
u,ue) w‘ ).n.b ulio‘ u.../a) cJa.m )é ‘;;)..S.” J.ua.:Lg (_gj..fo)‘..b‘ L: ‘_,;‘Z_E.m);) (_glbéby L L!yfo s.)LCB’Ua‘




) (S Ol M98 391 9 CaligS 31
“ PN o5 (7 S dws 33 (G 95 S Clle L3

NISOC drwgd gWO007S CuxBan 4 b gy o (Sl &y DMgud BARAN C/
O s

L olow 0yle GEOTECHNICAL INVESTIGATION REPORT- W007S
039 G 4 | owTiole | ke | 4y | amwEe | Jbw A 80 31 YV I axiio o leds

QY - - VY — QVAY

BK WO007S PEDCO 110 GT RT 0001 D00

95 O Jemily S8l (6 S 0slsl g 0 xSl vae 90 aliwg &y oy S5 51 (S Sl Gl sz jeee SIS cnl jo Blee
loads ools 1,8 adsl slasg wSUl Lo (o das SO slael jo aS el S0 54,25

1o 5 g by o ¢SS Colan ¢ 5o da KLkt il o S by S5 Calize sladY Caoglio
3 S 9 S calizes glgil (6l (oSl Canglite (o y85 905 098 g0 (5 ko Dl i Shgciws S gl
Sl ooy ools ylis 0-Y Sl

Resistvity in ohm m
S 6 T ] 9

s
10 10 10 10 10 107 oot o1 10 10 100 1000 w0t 10 10 10 10 10
| | e Dy |

. III |.|

95% PyTrhotite

Lignite |
0.01 Molar KC1 |
0.01 Motar NaC1 |
0.01 Acetic acid |
'rvﬂ‘ i

5
'--l l || I ||
| ¥

3, - 7 0* 10”

10 . 10 10 10 10 4 19° oot 0.3 10 10 100 1000 10! 10 10 10

iz S (gl (S Sl Canglia Sgam -0-T S

gyl ilyT 5 islosT plowil sgzs —F—Y—Y—

ey e po ety 5 Ol gloog 2SIl pols 1 el lsie 1) (Salie lagial)T Gialejl plSa o
glsw gl oo 00ls 13 ez (G slaiel o laog iUl acgeme 90,0 Lo ol,T ol el jo ks )8 solatul 5,40
g2 o Loy iSUl (ols 3 (usSae o wiz pa S oo ) Jemily laog 2SIl g 5 Gl sleog 2SI
G Cordgo ;o (Line) Jowo ¥V jo (S Sl Cwglio (s ialesl 0,5 walgss sl alol> o ol Sl
ey ¥y Sy losl o o3 b (ile AlS o Slaises S o) EL-S 5 BH-WH-5 cy5ie b W-007S
sl 00 alol ASTM G57 aals oyl illae ST S y65 lme § SB Ko Sl Canglio (ypnnd sliie

oolatwl 35 Jgey® 5l 5y byl b (Apparent Resistivity) s ol So 3 5SI Caglin olie cpumad S
P, = 27mrM s

1 (o) ooy xSl alols= a




G (KB Ol I g gl 381 9 CublagS 31
“ PV G Gl A 53 (Swe) 95 S Cull T
\/ : . . . s .
NISOC 4xwgd gWO007S CuxBgn 4 by yo Sy &y Odlagud 2ARAN C/ LS
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
VPR 039y | G My | cowile | e | by | S gg | Jbw | 4 00 51 VAL amioosleds
BK WO007S PEDCO 110 GT RT 0001 D00
. = - = . . AV
(o p2) ol S Sl cwoglan= pg (p2)) oKiwd Jawgs ool (6,50 3lil Caaglin= -

al,l 5l solawl b g VES 5lasgm Jbg, 5l oolatwl b bl 51 S yo 0 SO iS55 slaiale;] cpol> 059, o
FoY USs B-Y Jgoz 0 ol 5l Jols mlis g ialesl Jome Slaseine .28 pds plil 5,50 ¥ 6 S5 Glesl [0 g

o 1ol i o 2 0 Al Glasl (gl oo L3 LSSl 059 Caaglde BT oo

) Pa (2m)
Station No.
a=Im a=3m
BH-WH-5 16.18 104.10
EL-5 5.95 10.64

S Nyes —V-Y-Y-¥

6 o 53 b ey Plowes] & e 45 SLLI Loma b 18 S alants S L oot oall oS
SowlS cblas b, 5o 0,08 o)Ll 5 4o ol g SGuslS lolie g9 4 S99 il e Swiye> 1y 003
bome | peiitae (oSGl sl alewg 4 SLLI Laise 0us 95 Mm-Sl 58 S5 (55le (el slagts)
055 cliblne ol o5 (Sl b 055 0e Jlasl ols x5 (S ez S G ST 2y i)
aalgss Joe &1 Glore as ojle 5l cemd e ails B o3lail a4 b, lade STl Jee SIS SO lgie
gl

S S S Cenglio olin 5 0052 o (S Cunglin ol by Gl 5| oo ST S p55 ol
el Gl Gl Bl L ols lizes Blael jo eos Cash) 5 JT g (Sure el 35 ped 4y (S 095 a5 4
03981 (S0 Sl Canglie W) (S Sl Colon Sl e 1 s ol Zakaw ol YU g S )0 04>50
O BLEl (s sk 4 (lgies yg0 nl )3 b wales (G STl Cuwglie falS cge amil )3 9 S9d o
Shelse ey (rmb Cugh 5 Ml Glime oo 09ed phkas 1) (bt (S5 Gl 5 (S S Cenglia
Wsi s SBSE o5 y5b 4 il A S Cangli Sl 5 505 sanals g5 5 o515 Jed 51 S
S 3,555 8 ey (52 S Cunglie o (ST &y s 00,28

iy Wlgiee oS Cal 0apn F &l LS Saies Jewdly odgaone £V Jgu> o
polie ams co Lis ool Joo ar sla gy 005 1,8 solii il 0590 059, oo 0 0o plaul sl s o5l
5l yeS EL-5 oisle gaile o H-007S )5 i ;0 juviin Oygo 4 S0 S 6,0l slacslio
Voo (2m) 3l S Shle Soew 4 0,95 0 o 4 BH-WH-5 _oils ale3 10 g 00i 95 08gamme ,o )+ (£2m)




S (B Olebwo g8 (BT 9 uiligsS

PV Gl b dy 50 (Swe) 95 S Culed

\Y7 . " .
m (S bybs (Al g Sl 0l Cubgo Sl | B e
NISOC 4xwgd gWO007S CuxBgn 4 by yo Sy &y Odlagud RARAN C/ LS
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
AF V¥ — 1A o39r | oo wm | owarisle | Otkes | wdy | wamegs | Jbm | o 80 51 YL axdoo)lad
BK W007S PEDCO 110 GT RT 0001 D00

@ Wlgoe (Sye> oS (blE o 35d 00 Sleiden 0)ls B 52l (FWyes U hawgie (Saijs esgaoe )3
4 o lie glagb; plo b (2l y8 slaghs, 5l ookl b il Gle; ol oo Sl b boosles

¢ pladl (Coating) cladle



S (B Olewo M gT (a1 9 CuiligsS
PO G B 4 53 () 95 SIb e

g o

\/, . . . . .
m (S bobs (Al p Sl 0lr cuge el | NI e o
NISOC drwgd gWO007S CuxBan 4 b gy o (Sl &y DMgud BARMN C/ LIS
O s
L olow 0yle GEOTECHNICAL INVESTIGATION REPORT- W007S
AF VY — \AF 039y | GO A | cowile | e | &by | gy | Jbw | 4 08 5 Y.l amioosleds
BK WO007S PEDCO 110 GT RT 0001 D00

0.01

Variation of Apparant Electrical Resistivity in W-007S

p (2m)

0.10 1.00

10.00

100.00

1000.00

Depth (m)

—o—WH-5 —=—EL-5

W-007S (geiny CosBgo 10 Gos oz 5 (50 Sl Canglin Ol uss-Y-Y S

Soil resistivity(Q2.m)

Corrosivity

(British Standard BS-1377) S xS Cunglin Gub S (S0, #-Y oo




S (B Olebwo g8 (BT 9 uiligsS
PN S B i 55 (S0 95 S Cullid

N/ .
NISOC 4xwgd gWO007S CuxBgn 4 by yo Sy &y Odlagud 2ARAN C/ =]
O S i
2oybowy oylos GEOTECHNICAL INVESTIGATION REPORT- W007S
A% Y a1A o395 | S d | owiiolo | ke | @by | Wimgy | Jbm | LIPURRER S
BK | W007S | PEDCO | 110 | GT RT 0001 | DOO
0-5 Very corrosive
5-10 Corrosive
10-20 Modera.tely
corrosive
20-100 Mildly corrosive
>100 Negligible corrosive

(Plate Load Test) axéwo 515 ,L pulojl —¥-Y-¥

sbay spdcais byl & Slows ¢ Elastic Soil Modulus) clos )l oo i johaie 4
Py Sl Jomo [0 amio (5,135 L iale;l SO w5 ) ihe o ime sle 85 Cnlgs o b gillae (S5
Ol @ls g pbwl BH-WH-5 _oile sailed oo 4o damio (6,135,L iolosl ol 1) w09 plosl ()5 sy ;o
@ S slopls axmio 59, p ASTM DI1194-72 o, lasbwl b @ollae iolel cpl .l oo 1)) pol> 5,155 4o
O BlLbl 8 g sl oo Coghl (6 5SgS Slmio lawg (5,135 ,b amio Cusl osw] Jos 4 yiewtle Yoo s
Josde il s amine 1) Cads Glie a5 wilbass § cal jiadoe +/+) o L (Gauge) Slis 4w
ad> V-V Jga o .AJGA Cawd g Coii i bl blas 51 690 das 0 s 0310 L ST ac Yl

Sl oo @l T 51 ol slajloges g bt 55 Y=Y Canga 10 5 Giulosl 5l Jol> ol

omis (5 J3S b inlej] bt 5 laeie VT g

Depth(m)
1.0

Test No.
PLT-W-007S(BH-WH-5)

Plate Diameter (cm) Esy (kg/cmz)
30 466

(California Bearing Ratio) CBR gl )‘T -Y-yY-¥

L Gllae S g 0dy o515 Sluogas g (olul 5 yg; GloaY (o Cuoglie (i jsliie 4 CBR ilo]
G AT Jsaz 50 555 he Caxdgn ey inlej] 5l Lol mulis 4odls el ot plowl W-007S aimy ala oo
el 00U dj‘)‘ L)T )‘ J..al.’> 6&)‘09@.} 9 C"L"' Y-y Cewgus 50

Test No. Depth i) Penetration
2.54(mm) 5.08(mm)

CBR-1 Ground Level 16.9% 15.2%

CBR-2 Ground Level 19.7% 16.8%

oo 10 S g canlin [l ags oliws el 5l e gl Okl K0S 5l caslie Juolgd b ol 3985 sl



G (KB Ol I g gl 381 9 CublagS 31
“ PN GO Gl diw 52 (S 9 S cdld "
(S g (P Sl 0l LoBge LSl | NI g —
NISOC 4zsg5 9 WO07S cﬁgés.o 4 bgg}n S éﬁ O Mgud BARAN C/ =]
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
Y YT AIAF o38p | o ws | owurisle | Ohew | aly | wimeey | Juw | 4k 00 I ¥V axiooyleds
BK WO007S PEDCO 110 GT RT 0001 D00

e dgbsa plnil S9i5 g 0,8 co 515 (G398 g pj (P 9kS VIO) (Gigy 00 Sl dmio IS 5)9e
g on drmlne S9i 38l 2 sl gty a2 oad Jlesl (595 s b (53985 (5
S slod g5 03I —F-Y=0
30 Gy S Gas ;0 W-007S iy )0 EL-5 ¢ BH-WH-5 o ile 43S Y jo S Lo (5,050l
15 o (12 Jan 2022-18 Feb 2022) olo iyage Y& Jols 63 VY Sloj o5l 15 (e s eno) cilideo (e dum
el 0 &) FY g o ST slos (6,0l 51 Lol zmlis ¢ b plowl 29May2022 g 6

O g 15 Camsg -¥-¥

SoleS i e 3 ol Slas ey 3 o] s st Al ¥ i ) ol ks 4 425 L
5 Jad yows e 4 ol (S O law a5 Col S5 4 a5 00 55 soalin e VO iSlas Ges b idle
iled s Jlo cilizes Jpad j0 aihaie 92 Ll S




S (B Olebwo g8 (BT 9 uiligsS
PN S B i 55 (S0 95 S Cullid

LR

\Y7 . " :
m (S bybs (Al g Sl 0l Cubgo Sl | B e
NISOC 4xwgd gWO007S CuxBgn 4 by yo Sy &y Odlagud 2ARAN C/ L3
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
VR 039y | G My | cowile | e | by | S gg | Jbw | 4 08 51 ¥Y I axio oyled
BK W007S PEDCO 110 GT RT 0001 D00

P bojT sl iolosl -F had

'J‘:’.L‘ﬂ S SOl g leend (o8 Sleogasr o jghaieds (il g)la> Slles plasl I
w..\...@(c L)"‘ oliw;Lo)—‘ )Q LQ‘DY U’“‘“} lJ &Ua.,o 9 L_B)M (_QLQAJ}QJ S99y 2 ‘SA.OBLQ-A 9 QS’L‘M ‘u’_i.’).aﬁ (_QLQ
oas a3l abgs o o ol o,leds ol o as i LEiole;l sloole;l V-F Jgaz 10 .oum; pll 4 j5lie

Pl gla bl clasie )-F Jour

Olesyi 3, Jiliw] o ylos slojl ol
ASTM D2488 S oo il
ASTM D4318 S 5l g0
ftf:;;vii:ti :‘ii " ASTM D421-422 o alls
ASTM D7928 & g e
ASTM D2216 gy w0 5 dteals
ASTM D854 oRg LPFATR ()9
Publication No.737* S (5570 ST
ASTM D5731 S gl b
BS-1377 SB oot
ASTM D3080 s 5

Sl ool a8 5 a5 0 55 ol a0 g ael g lejle YTV @ i

S baY gus b g oy -F-)

or—ole railed Galizee Glec! 3l ool 2l slodige (59, p oo plxl o Jdow ¢ 4500 ulal
sy (oSSl cwile laailed alols 5 allisle;l sloolesl mls .5,k 0 b EL-5 3 BH-WH-5
9 op gt Sq Sged ganaiib (LS 50 eud Al 258 Billas plgioe | atas (nl 00gazme ;0 S92
Lol 0als Byxe 00gumme (pnl 10 9> a0 gudile sladaileS g &Sl)] jeS e coguse YT JIV-F S o g lie
&l L 3,15 gou 3l axlllas oy90 didlaie 3l 5 ere5 aiis W-007S (gaiws Couxdge i)l38 @l Loy b S5 a4 63y

el o0is



G (KB Ol I g gl 381 9 CublagS 31
“ PN GO Gl diw 52 (S 9 S cdld "
(S g (P Sl 0l LoBge LSl | NI g —
NISOC 4zsg5 9 WO07S cﬁgés.o 4 bgg}n S éﬁ O Mgud BARAN C/ =]
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
LOY - VY — 9VAF 039 GO Ay | ovus ole Ohged | athy | SHe g Jb A 00 51 P axioo,led
BK WO007S PEDCO 110 GT RT 0001 D00

b BH-WH-5 il 6leZ ) o alEiyle;] oligles] bl s a18,5 & )50 slags,lim 5l ol gl olul
slay Jlg 550 VY Goe U (SiltStone) olow S 50§ Gac U aslsl 0 () S 656 ¥ Gos
slay cul oads snalin (ClayStone) s ), cwile a3 okl jo S o 3 Marl)y,le S
0 R Sz 9 g Stz G Sl 5 ) gui diib o0 O o il cell Yl Gy (S
Kgd oo dudinl CL-ML g ML .CL 55, 1 Gowe (USCS) S aoie goiainb gillas 5550 slaay 05,5
G ¥ owile AleF Gl b alsl ,5 o (SO) s, ssl> dnle S 5,00 ¥ fas b EL-5 il aileF o
el 00 salics (CL) v, S




S (8 Olee Mgl ol 381 § Sl

PV Gl b duy 53 Swe) 95 S CuWled

Spyraict
m (S babd (Al Ol 0l Cubigo el | WD @Mﬁ =]
NISOC 4xogd gWO007S CuxBan 4 bgy o Sy &y DMgud BARAN b
ECw S Ay
Slows 0 ke GEOTECHNICAL INVESTIGATION REPORT- W007S
AF VY — \AF o39p | G s | swiiole | OBl | 4y | e gs | Jh | 4k 08 5 Yo axboo)leds
BK | Wo07S | PEDCO | 110 | GT RT 0001 | DOO

039 Joro (ilo slrailes
W-007S (s caxdgo o

W-007S gy CoxBgo axlllas 5,90 00game 10 (il sloailad -1-F S

BH:F#22




S0 (B Ole Al gi gl 31 9 CallingS 3!
“ PV e (G Sl w10 o 9y BB Cudled S
m (S > balas ( Al g Oluswl ol Cudgo oSl Byt »E'l]}k —
NISOC dxgi 9WO07S Cuxbge 4 Loy go Sloy By Sged | BORAN ==}
O s
obows 0 yled GEOTECHNICAL INVESTIGATION REPORT- W007S
Y YT A1AF o3ep | G dw | cwiiole | hhes | @by | megs | Jbw | 4 00 51 YF L axio oyl
BK | woors | PEDCO | 110 [ GT RT 0001 | Doo
A&
L
;g
3
5
@
g
&
- ‘/
g
T
v
T
ul
B8 RN et
- i
5\ L




) (B Ol Mgl 1 9 CablngSS :3!
&b PV GO S A 55 o) 95 S Clled i
e
m (S Lol (Al o Sl ol Cubdan Sl ;ﬂﬁ ‘E-'L'E-E ==
NISOC Azl § W007S Qg@,.o 4 bs.g)o 55;"“) é)g O Magud BARAN b
O S adl i
L olow 0yle GEOTECHNICAL INVESTIGATION REPORT- W007S
Y VY — VA oiy | o ww | ewsle | Shbew | @by | Woaegy | Jbm | o B8 51 YV amdo o)l
BK WO007S PEDCO 110 GT RT 0001 D00

—_—

p s slod 551 Lol 4t ~W-007S (gainy Condse ~Y-F S

PERSIAN GULF

p e (5lo,d 8 51 Jlo s - o Yl Co idu sbbdinn plo 4 Caws W-007S gaw, -¥-F S

:GST el SRQD pysen uoLw‘ ¥ 00guZxo ‘Slqi’o.w LISV L SRIeE 1

Gojre CutS (K ladiges A3 5l o e co plil Jlygo G5 Aled S 4 S 5l (g uS05me

oy lie wlol p ROD a3l gl oo anegs (Rock Quality Designation) ROD sas ol ooy 35




G (KB Ol I g gl 381 9 CublagS 31
“ PV G Gl A 53 (Swe) 95 S Cull T
(S g (P Sl 0l LoBge LSl | NI g —
NISOC 4xwgd gWO007S CuxBgn 4 by yo Sy &y Odlagud RARAN C/ LS
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
Y YT AIAF o38p | o ws | owurisle | Ohew | aly | wimeey | Juw | 4k 00 51 YA axiooyleds
BK WO007S PEDCO 110 GT RT 0001 D00

T 50 S aY ;8 ROD sas & oo Cawdds ) Joo,8 b Gillas 5 S 030 (59, Sl Sinslls 5 oS 5
el 0ol SI1V-Y Cangn dle loailed Jsb iolew
ok 100 51 2555 Jobo b ool Cewody (Ko sloojre Job gg0e

Sx5 oo Jsb
Sl oogase 0 BH-WH-5 ile 43 [0 b 8 5 Oj50 slag > 5l Jol> mls glas

(ROD) (5 55 o5ho ZosheS=

&5,ls 1,8 Highly Weatherd & Completely Weatherd




S (B Olebwo g8 (BT 9 uiligsS
PN S B i 55 (S0 95 S Cullid

LR

\/ . . . " .
S¥ (S Lol g Sl ol e Sl | NIW g
/=
NISOC 4xwgi 9WO07S Cuxdgo 4 b gy g0 (Jlwy 8 9 OVagud BARAN C/ -
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
VR 039y | G My | cowile | e | by | S gg | Jbw | 4 00 51 YA amdooyleds
BK W007S PEDCO 110 GT RT 0001 D00

LS 955 OlanMo wy 1 9 o2 b (b yiolyly —O Juas

b 8 ol 3 T (oY Kl § oKy 5 Slpogas —5-)
i D3lad bl g allinles] slagilejl dap lagiule)] @l S sl iz 4 425 b
Ceoglie fprd S (Sl 5 (SO o bl polas J-007S sains o sl S Y i 5l ol
Cootl s s el 00l &L V-0 Jgaz 55 4 SiS3ei by mlb 4o oolital gl mb S lre
03gaze ;3 )5 de (gl el il 0 )T S 10 iy aF AisSiles woud ol il slaaileS o alold g 059y
o ol )b ol cod yglinn oage s 03g0mme IS as )] pend Codgiuns 9 ol oolatul B ile slaailes i
S V-0 Jsaz 35 W-007S (ot 0350me 15 smmb i 5 S oty Silse 5 (Suud Sloogas
UinlesT plosl (sl canlin g 00,456 Cawd diges 33| Kl laas¥  sthw JuJo a0 ax 51005 o 9l ol .l o0
@ 0l Egmy g i Jloizl o 4 Ll 60y 0558 Cuplo g oY iz ) gl (S Sl 3929 0S5
Slowles )3 ey b 5l e ¥ 2Slas Gae U S (6l lodlnd Ll il jo 0S8 Codd dosgllts 515 55

b S 5 S gl Sl 5 (58 sl el solerinn polae V-0 Jgo
Layer type according to Unified method CL Marl (CL) Marl (CL) Unit
Depth 0.0-4.0 4.0-12.0 12.0-15.0 m
Soil cohesion (Cu) 0.8-1.6 2.0-3.0 3.0-4.0 kg/cm2
Soil wet density (yw) 1.9-2.0 1.95-2.05 2.0-2.1 g/em3
Soil module of elasticity (Es) 160-320 400-600 600-800 kg/cm?2
Soil Poisson ratio (v) 0.35-0.40 0.35-0.40 0.35-0.40 -

<2159y Jemily -0-Y
285 dghse UL 35355 (Sl glsel 5l (06 S b (Seelas slal pln o S STy 4 IS,
@ gl anle Sy oS (Jhge 50 055 o0 05 A sl (e g aid) ) S5 sk 4 S Cueglie ) s
a5 @ b 5l ey 4 Wlgs OF STl iz o 0930 anlS ol ezl g 0ad 65T e il o5 )
Slad ol sdiie O Jlid a5 By 0gd oo gdite ol jlad (il cel g malS wgh iSe) oMol
39 w3 Cewd I 093 LBy Suaglie oS jeb 4 anle aiiS jho S O3 o Fee A5 5D by




i (B Ol Ml g7 1 9 CadluigS 31

“ PV G Gl A 53 (Swe) 95 S Cull =
(S g (P Sl 0l LoBge LSl | NI g —
NISOC 4zsg5 9 WO07S cﬁgés.o 4 bgg}n S éﬁ O Mgud BARAN C/ i ;’ff_l

O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
Y VY VA oisy | @ e | ewirsolo | otkes | @by | whmegs | Jum | aks b0 5 Fe it andso)led
BK W007S PEDCO 110 GT RT 0001 D00

as ai,ls o S yas a55] slamiwl lime 0 (godmie cwlid (o) Jolge S oo log 46%] Cl> Az
g s o pli] o Bas o quulidiren) 4z ,b cogmy (om0 )18 Ggusy a1 5l ol ST (et
Cgmy Cpw il b el s ST maw SO A Soop 0,3 VL g aels cud (Al Hgdde Ges S gg
o8 ooy ey b sy (39 Sl 2 S (Saihe el nl e e GRS G pad aisST sl
5 0515 5l aS sal gLl g aloy ) lawle slacd ] ol dolo (>lg jo (S5e0T slowiwl o ydos .oib oo
g g0 0338 A4l 195 1 oS Ly lie

el Gldas Glog 10 W-007S gty ;o o oo Zudle Al Y [0 0,5 53 50§k a5 dsSilen
057 2>l G odle el e « 0l SKlg, £58g Jumily 1 Gl said 0,95 5 o)) ol w4
SPT &l gl s sloay 1o S s ol Sils, olaiasl YA+ + doli 5T VY-8 0ty b ollas o DY a4y
Jleizl yol> so39 50 am ;5 05 i Bro 21Kl 9y oy il OlFer 9 Sl 05 Sl Tl A
ShS Gl 8550 o3gaze 13 (ISl Jeilly S92y pas A g b Grizres 005 o0 e (21,Kls; €58

(U9323959) (S dioy Jomiliy 0,591 —0-Y

@ oyl o ol ez s Cugb, ol Oyge jo 4 wiee bl L S suiw, S
“SB iz g9, & beesgdly il b asl LSl L Jleel 5l b wilg e o s onl loe 097
OSee Zusb) (nl gh 0y 5 (SIL Canits Jlars Sl (S S ad gledl Dj90 0 35S 0 )8 2l
Ol 5Ly ol YU L ol 5 5l cutd aannss ol ol sladly) sl bk als sl el
Jodss lyls a5 sie Jole gloaule b g0l awle pdas cé ol oviwe, oS 58T 008 ool 3 i)y
Slay Gz aarg Loyl S o el bl o Wl (Satez 5 il o5 (ogate G5 9 0b;
sl o Jaims b oY i gl 51,0 (53,08 b Saiee, £od «ooebans

£385 Jomniliy 050 5 ~0-F

Goe U S e allis hugin lpw il o § = 2,16 X 1073 (P1)?** Seed (1962) alyl, 3l
g oad 2,51 o5 00gaze )3 V-0 Jouz ik pys8 iy j55he alaly (bl ailoo VY (620 B )
9 (e dey (ol o Y langed 00,5 o0 ooy

£255 el ganail V-0 Jgoor

Degree of expansion

Swelling potential (%)

Very high

>25

High

5-25




S (B Olebwo g8 (BT 9 uiligsS
PN S B i 55 (S0 95 S Cullid

\/ .
m (b bolas (Al g Olupul ol Cuxdge sl < “Ellllll_ﬁ :’_f_,_ﬂ_.-'
NISOC 4xwgd gWO007S CuxBgn 4 by yo Sy &y Odlagud RARAN C/ LS

O S i
2 ybowy o slecd GEOTECHNICAL INVESTIGATION REPORT- W007S
Y VY VA oign | G G | owiiolo | hhew | ady | Womegy | Jbm | ek 80 51 FY: amdeoyled
BK | woo7s | PEDCO | 110 | GT RT 0001 | DOO
Medium 1.5-5
Low 0-1.5




i (B Ol Ml g7 1 9 CadluigS 31

“ PN S S 4y 55 (o 93 S Cudled T
(S g (P Sl 0l LoBge LSl | NI g —
NISOC 4xwgd gWO007S CuxBgn 4 by yo Sy &y Odlagud RARAN C/ LS

O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
A% Y a1A o395 | S d | owiiolo | ke | @by | Wimgy | Jbm | 80 51 FY L axio oled
BK WO007S PEDCO 110 GT RT 0001 D00

b sosglll jlxo (g )k codyb —F Juad

doddo —F-)
JrsS 5 bl Jole ¥ oaS el 0¥ o o gloosglls glsil (sl S jlme (655l byl it Sl
23,5
SL Shp KFenS e
@t Jsd JB slaceis e
A0 SB 2l Gl Cedib gl eS prlie Glaebl cupo Jlosl b gl SB lre g2k cu b
bl S sl cud )b gy ol aleis 59l slome et 5l 5 eael Sg2g i iznen g 09 b S
5y e 5 ee S iKzsS e 5 ool ey glie sl b slass sly gd Jole 5 5 S o S
S ars by @Rl 5 Ly glagseil @bs 5 bl 5l osel cossy Sledbl iy 5 Jab cnl o
P d dsb S b (bt (o ye slag sl 009llS lre )k il e 4 by pe Sl w0l
8 b g o] s e b ol e e VYT - ol U 6,ieS o 5V ¢ Lpye 4 Jsb s b (6l 05l o 5Y
Shge 5o Lol 0030 5 Al g)le o slp el VIO 5 00 plS o slp el O e i Cudgae
Sed )b Slewlre ;3 (b gy 9 CoiS 0 3l @eS stes Sl (B caals Sl (pied S S92y
205 Jloel gl joliwe Lawss (s )b
Gl s sleosgdls 3l eolaiul Cosgaoms g ooyl (L 5L o) o S sloaY SuSSe5 Jow
SLIN-0 gz j0 Olawlrs ;o oals eolaiwl 28 Slasin .Cul ouls b,8 L8 Jead [0 ouls &)l Slorosss

g S Comog jo daxgi LB Ol o svaliv Ojeo 0 Cul p3Y 05 Caedl 4 axgi L SO il 000 )F
Gl S5 a5 p3¥ 00 5 Jol uled jgliee i (pl b doosgllls il 515 50 Cans slaasy a4y 5,55
Sl b cubl (le 4 g g walys pitae S SB 65; p o IS Ll S)so 53 Bro jeie Sleslo
Lol 00 (s (JB (5LAS g 0yi WS 5o 5 (s ¢SS S S92y pae 5 S0 S

2 (SIS bl 2 5lme 9 (LS 6 25b Sty (s PV

oo S Cenl oals w285 a3 50 S Bee 50 ool anb S (59, w039l &S (6518 515
3B 39> 5 Szge slaaY al oad td)S S 10 ¥ (658l Al Jgde 4 (551, Al

Aol oo V-0 ojleds Joa 5o golprinn su aY Billhe o 515 55 0 0oglll




G (KB Ol I g gl 381 9 CublagS 31
“ PV G Gl A 53 (Swe) 95 S Cull T
(S g (P Sl 0l LoBge LSl | NI g —
NISOC 4zsg5 9 WO07S cﬁgés.o 4 bgg}n S éﬁ O Mgud BARAN C/ =]
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
LOY - VY — 9VAF 039 GO Ay | ovus ole Ohged | athy | SHe g Jb A 00 51 FY L amdo o)l
BK WO007S PEDCO 110 GT RT 0001 D00

b g og el pine S SB 6y, p o S LR D50 o t’f" 9o Olawlore Cawl S5 4y 03
0595 Coedl 4 4z gl b ol oud sl (1> (6LA 5 0 jio AT 8 3925 pae 5 S0 Sl sk ced)b
Dl e (JBslad bojis 4 0,55 5 5 S Candy )0 azg BB Ol svalin &jso o conl p3Y
SE slre Seglie (sl Sz 005 1B 65k )90 SB e 625k udib g LS e )0 laosglls
Lol 00l dpnloes S Laslgy wluly g Hansen g, 4 (Shear Failure) S\> oy KouenS (Jow b
Lol 0als GV G jo S Lailg,

S canis —F-Y

IS s ) 5b Boe baosglls conts o cwile sbailed g lis oo 0 SB iz 6,5,k L
e bl 0 b oS ooz 1 6,8 e e 5l SBgd 2 ¥y g (Elastic Settlement) S5 slaasy el )|
Jles! b Timoshenko & Goodier SNl alal; 51 ST (slacanis aulre cqa ol oo 4185 s o el
Sdsie pdlae Hai gl a5 cwl S5 LLL Lcwl oal solaiul (Fox Fes o po ),_ab L) Stein Brenner s o
o Ol e pias Corw o e Cendd 4 bgi e Jola> g USSR asls o) Bowles alo> | &0 S g
gl ) s s oS (55, 2 55 o slme e 25T Jpans cslooile 5 S35 5 ot ~olaiS L
Cond Glme 00,5 0 )Ll F ot laaiy )0 a5 AsSlen 0gd oo a8 5 a5 o &Ll VU wloy, slbS> ly g
Sl oo 48,5 a5 10 anSle YO ol (6)ls5 00glis (gl g yiawlo O/ ply 00 S 00l (5l lxe

S Oz pd Lawl 485 alnl bag¥ 35290 Condg 4 4z g b )k Cudib Slasle Cunl SS @ p3Y
255 R 65R3k 9550 Sl Sloslre gy & Sl cii by (s O Sl

Olye 5 ol (L) a4 s eewlaisd G Jou8 LB (Differential Settlement) S| cuis ol
B /2Y o loges o0l SO sl o) lade S0 5508 o5le (g)lere Slasie 9 o) g pdy Gllasl § coido
5wl o Cado 4 Stws Goluel i 380 Jlade a5 Canl oty Sgbce 0y9lp (S St /YO
SO a4 ey ol acule LB (Finite Element) sgome sy o9,y 5l oolatwl b g ojle ¢ S coew bl
Alp e sy 69,y p logte Sl 58 L s Gplasle sl e Goluwl Conis Gl el
Sl Glaglisle glp uioran il o /0 YL 005lS o (59, p Bgw lyiwl 536 g +/e - VOL
2 (el sslrs s 33 Alold L) gdie 48,5 L1540 [ TYL Ll e (sslanels e olie (5308
5 Gl a3 TY lse 2 g i Conle o 411, S Some Canglie oo 4135 5,35




G (KB Ol I g gl 381 9 CublagS 31
“ PV G Gl A 53 (Swe) 95 S Cull T
(S g (P Sl 0l LoBge LSl | NI g —
NISOC 4zsg5 9 WO07S cﬁgés.o 4 bgg}n S éﬁ O Mgud BARAN C/ =]
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
LBF - -VY — A)AF 038y Gl iy | o iole | Mg | ady | SHow g9 Jb LE 00 51 FFIaxiooyled
BK WO007S PEDCO 110 GT RT 0001 D00

P GLodgIlls jlro (5515l cad b —F-F

(e s sl blie Canti g b )b bl Glajloges (b slag gib Sdsem Holie 4
by VWXV olal b0 yind o9V e 2y Jsb Cond L s)lg 009l i 5 ¥ (550 0 Jsb i b aies
25 B g oS Gae D jS3e sla i 4o .ol oal 08,51 O Cowgn o b S g, 4 6 58 8
BH-WH-5 e _lo aaile (5 ,1,b cusd b Slnslona 45 onsl o 38,5 1135 )0 038lLs (y5000 Gas Dy 5 o
Lol ool a8 )3 ai 1o e Gl 00 5uS 009l g (6l ¢ ldaine (0 s0dgILE (6410,.5 Bes EL-5 4
Syse Sl (e lag 6k byl Slsle 305 12 e Sl S (610 1S Bes oS (Sy9e )0
SRR

plys ssb & (@ ehp (KBS 5 Cendd ele 50 )l5 Glan sk Sedyb @ by sl loged 4 o
5 0558 glosy sy yiexiile & Jole (gyl0ke 4 o ot I 45 (i 5 ol d ansl 0 423F L5 o
@ P 4 S Hlid SSTa Lo (l g 00 S Sgaome (5l g (el (e slag sl rentle YO
5 e o3ly GUES b el 48,5 18 U5 Sy0e s o5 (KeeS (5bbylonn s ol 00 dpslne
(st )y (B gy g S polie (05 atine e a4y (SiSenS gbjlae o)l 50 bl e ol
el o 418 S L 50l lisabsl oy

b i gla, X g (Bl slog s 380 polie ol JLisl o bk sl b b (waige 95,5 o0 arogs
Al sl Ll cpl 5o asles pladl oogllls jloee (6 05b o)l 380 dnlone 4y Cod 00l &)1 Laslg, 51 oolasl
st s sl R, =1—\/% abal, 5l eslinul b (pies S 51 226 S 5l zg5 slajl (Sosels
S,logai jo oad wlf jlme 65k Cod b polie (o ot GlaSLE Gl R, =1- 2% abl; 5 oo

Lol (MIP) §55700 S350 0 (o S S plp Jb Cu3S e 3l gesP € G50 Laily) )3 09 Jlosl abgy

b oo slasly b (Bl (6955 929 Djge ;0 sl B S Sl o o Alp @B S fSlas 095 0 drog

Joe cul o jloslitul &jso jo 09d ax8)5 Hla 50 60k Cedyb (read Lally, 5o b L e ST eesglll 0ol
P

Pp asb s, H<Vigo+4,C, +S_§7 byl Gl 009l (i5a) 5l (6 S sl jskaie 4y Hansen g,




) (S Ol M98 391 9 CaligS 31
“ PV (G S diy 33 o) 95 S Clled =
\/, . . o b e -
(b= bobs (Al g Oluswli ol Curdge Sl ~ “5;11}&: =
NISOC drwgd gWO007S CuxBan 4 b gy o (Sl &y DMgud SARAN C/ =]
O s
L olow 0yle GEOTECHNICAL INVESTIGATION REPORT- W007S
LOY VY — QVAF 313 GO A | o yole g by | SHue g Jb R 08 5 FO L axbo olads
BK WO007S PEDCO 110 GT RT 0001 D00

(Ks) yims Jordl guSe cu o —F-F-)
Sl aed p (e sla s, 5l b goae (iledae ;o IS ss 5 KT G a5 b g Jodod
Jlo 50 Sy bawgs Jb Geinds oy, (nl oges oolaitul 039l slojlu 25 Cuz ol Oloie 4 28 L
(Ks) S Joall oS Joo e, ol 5o Sl Bgpne SVl jiy 55 (g, 49 )5 oleiiey VAPV
g o0 dlone () Condd ke p (@a) S jlme S e b a0 0500 Sl b (o 612
ol dgai olitul o 5 o ISy jsb 4 K5 e 5l olgis ko lmosgllis gl iedio groogIli
(Das,2008) sg; walg> g, yim Jolaz 10 00l B,xe Ks laie 5l Jin ao )0 VB s90> lode
Wb ooy ) canis b el g 0058 zuimo K5 gl e lens Jlade Ol 1 pdy Bllaxil glroo gl

235 (o0 dpogi ad o (S JlHElaS sess

Sy e
Aiilgl o 28 Comdly 1o aS 009y iy Bllaxsl 00gllls jo o ,id Jdiuw o Slae 0,8 JJSCug adsl (5,855 )0
OV =F JS8)0g wales jolore s 28 130 Cow ahads G j0 o p) 5Lid g anled Jos K00S0 51 s

23N
-

AT S - 2 T
% e e B = BS
3 2 | L %
$ g_\\,]_ - / J%

: N i

i -

e b9
OS5l B g e ooliiuwl V-7 S gl SLol (sla i3 51 ISy by, (ables b ablie cga (b, cnl o
a e S00Sy Ll blie O3l g @B sla i 9,88 Joo Jitus 00,5 Jloel Jao j0 35 0SS b8




) (S Ol M98 391 9 CaligS 3'1
&b PV S S dig 55 (e 95 S b =
(Flr Labs (A g Sl 0l Lo 5l | D A o)
NISOC drwgd gWO007S CuxBan 4 b gy o (Sl &y DMgud BARAN LS
O s
L olow 0yle GEOTECHNICAL INVESTIGATION REPORT- W007S
Y YT A1AF 039y | G wm | owiile | otlgd | wdy | gy | Juw | ek 08 I FF L axbooyless
BK WO007S PEDCO 110 GT RT 0001 D00

JisS o yid gl esasy Ks jlade bl (S oo g0 Guli8l 1) Olalee oy ouls 5 o28ly IS0 055
Al oo 059 slayli8l o 5 Jawgr (goue slagldoe diels 5 Canes ool o

Mat

L \\/ /N/ (/N/# \/
‘e A g,

DA N

B hsS Joe o Sspew sbml 5 SISy Joo slalhs als Bas b o0dhe A+ as sl ;o bs, (nl
Jine D90 @ 8 ) (ol )0 el 485 13 0l 090 ACT 2002 5 bl jo J195 4l (bg) 05
L g9o90 (nl o smlys Sigline Coadye i b o] (s ol (S S e Jas JIS0s Jae (Solo &
ACT avogi plo az S1.05,5 o0 5 H8lg L3, j9 0 4 yoie 9 00l Jloel Ly dy Connd o LS o (5 a8l
55,5 4l L ol 1 zyb a5 aliblone g 08 i o1 il O B K Sloslrs Jlaie o 5l ol jyolie
sl Al pln ¥ oogas B (o 8 50 (P & S laad (S5 ST ams oo s Slidod s oS
g 00l dlgriog Luly o1 )0 s 0o, 0 VYO 4 paie ACT solpiing 5,L8; Jow 0 005 o Jol> Joud LB
Y s Joddl Se oo Jlaie (Zone C) 4 ladl o o cl Sy 2 50 am caal (o S 0 el sl
2 0 Ks lade .ol 0ass I sloring 5550 Ks ol VIO (Zone B) Slw waw ;o 9 (Zone A) 35 50 Ks il y
4 S gl ae jo o5le ee plid bl sl oli8l o LS Caos 4 (o 3 0 3l 20,0 Dygar b 4l
30 B syl bl g o ad o &8l slaladl )0 Kis ol 3L g0 00 S o o (Winckler) JSog s,

Syh S L

Vertical Spring

absS sloyd il Joo V-7 JSS




) (S Ol M98 391 9 CaligS 3!
“ PN o5 (7 S dws 33 (G 95 S Clle L3

= " e

m (b bobs ( Py yo Ol olr Cubgo b i
NISOC drwgd gWO007S CuxBan 4 b gy o (Sl &y DMgud ROBAN /7“_

O s

L olow 0yle GEOTECHNICAL INVESTIGATION REPORT- W007S
039 G s | oSiole | Shhew | &by | g | Jug A 8O 31 PV axio oleds
BK WO007S PEDCO 110 GT RT 0001 D00

QY - - VY — QVAY

/V L ,!.r

/// !/.‘///t//l.ff//ttl/)l.’ COLIILLLI ISP LI IS SIS RLY

LIS TS MASU‘! ILLILI I IISY IS

i
i
i
|
N

\\W\\%

MRARRRR RS

‘4({\:
~ e

=

Area=(BxL)y4

N
N
%

1
’ Zone A ‘
I 1
] 1

////////////////////////////////////////////////

SIS SIS SIS, /// 7 7

3 :
!
e
I
§ |
§ L

koS and (hy) ) (o g S e TP S
$Ew Jgse &S g 5l @GRS Gm e 50 (GlaSl 5 00 S oy o seite (S iy i a0
Sl 0g0i dmlys is slaly g ST Dyga 5 00ls Cawd Sl 9g5 (S 55 (g 25 G 55l S g i
slas cpl g ood yiin Slawlre C85 05,5 iy i o2 4 Soojp g ok yuss] g slows aS sl o] Jloss)
75 O S g el oY e s Jos 50 £5090 al & litws &5 LT I S sy JBlas 4y goue
Gilas 35,5 o y3loly Ioazme 15,5 18 azgs 5,00 g s> ol & Gip g 25 (ST e nl S
w0z b1 (Ks) SB Jasdl GuSe Jpoo ke clonlns 5505 skite 45 Canl jlome o5l zl,b ACT olgiiy
305 ol saze Jolowi g 3ol abgpe ()l Ced b logad illae adgl w50 oel sy Gt (50
S il o 30 yiams Jodd] s Jguho —5—F Y
69, 3 b ambo 8L Gralesl @l 5l eslial (g, ¥l Glgise e Jeddl 8o Jgoo 351 cuz
Ot ol ALdgl (o (pwdite g2 e Sty Billae Sged uend Sl g lre )b Syl Dl ks loges
Saze 3 ((VTF ojleds & ,00),985 4209 5wl lojle p5 S 5 S5 (5,0 ambo SIS,k 4,8
S &5 Sl jlome (b Sla gy sl Se Jgoo Guetd 50 amio IS L bl mls 5l ool
03,15 oy 4y (el (Sloodglll sl 5 amio (8w azg L I adls ool i amas Jhb 4y g oye
“oSe Jgte (el Sz D5 sed dpogi amie ()51 lalosl @l 5l Jole Jesdl uSe Jgoe I oolil
oslawl (Ky) S Jasdl oSe Jgow (5) s Jlade 3 (@) S jlre i puel 31 lgi o0 e ol
s sl sV e a ok S b )lg 5 bt (orpe Slag e Joddl Se g 0900




S (B Olebwo g8 (BT 9 uiligsS

PV Gl b dy 50 (Swe) 95 S Culed

\Y7 . " :
S¥ (S Lol g Sl ol e Sl | NIW g
NISOC 4xwgd gWO007S CuxBgn 4 by yo Sy &y Odlagud 2ARAN C/ =]
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
VR 039y | G My | cowile | e | by | S gg | Jbw | 4 00 51 FAL amiooyleds
BK W007S PEDCO 110 GT RT 0001 D00

38,5 o0 Aoy Zuwl 0uls &I Y-F 4 V-F Jslom o e SO LRl Ges gl o) VX Ve olal b ooo S
23,5 Sgaze oS yiawile 5 p Sl S T @ i el pSe Jgun iSTos
S Su Goe Sl )lg g el (e (o e ol S Jgoe N-F Jgu

Bam) keg/em3) b (ot yiuss Jodl|pSs Jgeto

L/B=1 L/B=2 L/B=5 L/B=10

1.0 2.75 2.04 1.67 1.57

2.0 1.44 1.16 1.04 1.01

3.0 1.06 0.89 0.83 0.81

4.0 0.89 0.77 0.72 0.71

5.0 0.79 0.69 0.65 0.64

o S o sl 07T (g ot oall oS Jpie YF Jyor
BoL (m) Sem) (kg/cm3 )oo w4 st Jodll puKs gl
2 isS o2 R )

1220 5 1.68 0.84 0.42

(4315 5,195 ,L) oolall 398 (5,15 ,L Clo 50 yiwn Jodl puSe oo —F-F-¥
S, eogazme 13 S sla 5,5 obsS slagle) )0 pdyeeiS p sla)l Jlesl cle a4y al s (6,185,050
L SB b e cdls ol 50 amsse olis 593 5 65 S L, S g o0 (V07 B V2T S
e gl prizen 5 SlSew ()57 dw 5 ol Ggte ol (2R LT lajtolel 5l eslazal
g g asliy lojle Y8 05 50 oloidy by, 5l e B9 slapialesl Clé 10 00,5 oo (et Lai e

5 Al St 4 (W33) oolall Gob )58 b o 5 s Jenl] oS Jpoke dmmilne g 0505 soliil 58
ol 00 o)L.i':‘ Y-)-V-fF-¥f o




G (KB Ol I g gl 381 9 CublagS 31
“ PV G Gl A 53 (Swe) 95 S Cull T
(S g (P Sl 0l LoBge LSl | NI g —
NISOC 4zsg5 9 WO07S cﬁgés.o 4 bgg}n S éﬁ O Mgud BARAN C/ =]
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
LOY - VY — 9VAF 039 GO Ay | ovus ole Ohged | athy | SHe g Jb A 00 51 FAL axbo ojled
BK WO007S PEDCO 110 GT RT 0001 D00

395 Silwylasly 0z g (il HLiS ol pd (pxi -V Juad

zhe a8 (S i 0 aS placile gl Casb, s Sl e S JLis s bl e les g S
uJUa.A).: OBBLC .QQ;GA )‘9{&).3 oa)b )Lw..% )‘J..Q.A L.)LQ.:j Sk uoya:u u)jju.:.: u.cla wjlo) A_J‘)J_A.!J !

09.“)‘5@ )‘yo).: oé)‘g Jl.’;-j ;_:T )L.MS).A...:.: u.cl;)...,)b_)o wsjb)o B3] u] GE“" u‘).u..x.s cYL’
"o 2S5 bl Gee 5l (b (aS Ojso 4 Jles Cudy plie 5 S e LS a8 09
P,=K,(yh+q)+2cK,

P =K,(yh+q)—-2c\K,

1398 Lalg, 5o

/M’ s 5 @3B b, 1 S s> jlas s Kp g Ka

t/m2 > )‘5.:.) » 0)‘3 ‘aﬁLa.n )Lms Pp t/m2 > 3 )‘9;.) » 0)15 LS).?LA )LAMS Pa

@ opej a5l P2 jlad Jlesl alais 515 h tm’ ssly 4 S b pogase 039 4

SHlewl cdls )0 S (Ll LS ol s i V-

L 2SE g o8B iy azg b Jlnes sl cdsS gy 4 (Kp 9 Ko) S polie 5 S o L2 C3lpo polis
W 00)91 \s W}u B (Kp) PBLM 9 (Ka) J).?r./a )LMS s_,\.‘a‘)..o Ml.?Ln 6LmJ5AJs 9 \-Y Jsu\} g9 693‘ cJa...A

Qgly A 5 oo Cos(0ta) o alol> slacl Wl S pglan by g S o [lid Lol o 28] adlie s Sl
30 s S o Slasl 44515 0 9 381 4 Cod lgs Cly 3,5 maw o agly B @8l 4 G g s
yton 455,553 o il pliebl g 55 (9) o] e o al o




G (KB Ol I g gl 381 9 CublagS 31
“ PV G Gl A 53 (Swe) 95 S Cull T
(S g (P Sl 0l LoBge LSl | NI g —
NISOC 4zsg5 9 WO07S cﬁgés.o 4 bgg}n S éﬁ O Mgud BARAN C/ =]
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
Y YT AIAF 039y | G G | owisole | OSgd | @by | imegg | Jbw | 4o 08 51 Bt axbooyless
BK WO007S PEDCO 110 GT RT 0001 D00

(W35 989 Solos o o SL (il Ll cal pb uni -V -F
5 B8l g B slaslaal jo oyl slog s el dgm g s a4 Ay e o polie g S e jlid LilLo
&l 50 Lalg, cnl 55,5 oo dulore il o Bgpme ST augigige daily, a4 a5V Cang o ol &l Ll
L Sy S j0 cwedsS 085 (Sl as slacbis 51 Lol ol jl 6,5 a0 b cwlsS alayl) las
5 Jlad o po dnile gl (A7 Jlm Jsl (6 ,5550) )3 azog g anliy (ylojles Yo A o jlods 4 05 Billae
Dgd aid 5 I 3 Kpmod Ojge a8l Ay po laie a5 0ad drosi « SSblul Ojse a4 A5 Ll 0 o
Slylg0) 0.5 A o Jade ol abbioe s BB Bl o5l 81 S o oS G asg Lo oo
(u-uO))-’) LSLQ)‘S"‘) ssle Sgdzs @bul} ;a...l.ulﬁ L’ ;A.La LSL&)JyJ) 1.0 4 9 (6‘ o).lo le.m)‘yo sosle ).v..)u Blass!
> o pglae jlid Colps ) colainl allin jo 04d oo Aoy wib o b sl Ol b 4 Ll e
Gllae 05l Jloel cnlin gl o po Gow il b SaeolisS (6 138 )1 bl ph b cenlite (Sealins 5 (Sl

90 )5 o0 dwlne 0 aygly p 5 alal,
¢9=t.am'1[1 th( }

0 aygly Jlade cwl S8 p3Y Cnl 00y, 23 (S g g0 o SKasl ay4l3) 0=0 ool &l Slawlxe 4o
FB cole oy Jles Glzlogod g 3 S sbbaY (ST waisS 5 las uis aile olo,lae Wl 5

S ooy jo il cud o wWlae 5l Jlgs iy 50,5 5 Cuz 09d o doy Sl yige o Sles jolaie 4
S asl e Gyap0 Hlme Cuiy 0 Jsb LiSe) (6l dnd uzren gl ool SPy SW L GP,GW sl
Wl Jos & 55l Bl sloo s 4 05,y JLad aal3l bonts § o goss

PR L W-007§ sty Joro ;0 55w § S o pglie WY 0 S ol Lid olpo V-V Jaao o
0393 S g, oY oo oligS o Slae a3l Loyl b o el oals &il)f glails 3 S L g ety 0,5 5
S bl lid Colps il oo yhe ooy Al )l o S (LBl SKhasl gl aSul 4 axgi g
Fgo 03y slag s jrals ;o S Sas Ll la)lis dubw jo (ST 0g wales SO Jolw 35 c>
2005 sy dlal, Il oS bl e

P =K, (yh+q)-2c{K,
P, =K,(y-h+q)+2cK,




i (B Ol Ml g7 1 9 CadluigS 31
“ P ST G A 53 (o) 95 S b —
(S LS Pl S ol Ladge Sl | NER g
NISOC 4xwgd gWO007S CuxBgn 4 by yo Sy &y Odlagud RARAN C/ LS
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
A% Y a1A 039y | G G | odiriolo | Chhgud | &by | Sodegy | Jbm | 4k 80 51 8Y: ez ojleds
BK W007S PEDCO 110 GT RT 0001 D00

@lails 5 S L less ety (95 5 28 b b S slaa (ol il lid olpo VY Jga

e JLiS eyl (goue polio
ol s oo datdw Codle D=30°
o cyd p SB wY sy
095w (o8l jlid o Ky 1o
Sl b 5o S e (il jLad oyl K, <Y
Sesliwl el s pslie ils jLad ey o K, -

o §ylml 9 5l g5 -V-F
b o3 o)lgo b gloosS 5l plgige ol (VL 50 5 05 035950 ;0 Cge @B (500,055 isS 0 g
12,5 00laul 095 SGa3 Jbyw e Lulpd 5o g 0 aluly 4 g b el Gee 2STao

H, =c& H = H
4 “ F.S
ie,ld 398 aloles o
slre 03B (5,10 065 Gee iSlas=H, Slawlre 5B (5153055 3os jiSla>=Hc
Goluly HeS =N R
S opae 35 =7 il oy im ES.

(FS=15) plosbl oo 28,5 53 1o by doe (b S Ll il (50,56 Gas 05,k 0 L

Ol e 2 Rl MO Pl peal dlols o Cunlioe @3B (58S Ol 455550 5 pliSle S92 &5
S 1A o b S sloa¥ (sl 0078 Cuanbsa 13 oo, oma s 2 2y ol 5 s 5 ool
ol e 1 (5,5 55 gy Ky (5 o o3y o EL-S 5 BH-WH-S 2l latiled )5 (s 5o
00l 35l D oligS ;o @B Djge 4 i slaaY Lulyd 4 axg by A Syl gl glre e
Y Jlgte (ol SaS 5 5 izes (Sojlse 1] Gl S g J8 el Jdo 4 o s 0 (g el
Pldds 4 65100065 51 Faw CdS 5l g 09 a8 T Jlas o anil g aay cdadbre Dldes 098 oo diogi o
b oo 5o )0 adlios Joime (rdge slaghin ) £989 « S Gl S g 83 2alS g Cagb) S0k ( F3jlen
Syoly a3 YO-As )90 4 sy So 2SI G U )05 e o i slaaY Lalpd 4 4z g
Jods @ S sl oo @3B o j90 4 De oligS 50 o ks 4z ST )l i (%0 ST Y )0 g 09b s




i (B Ol Ml g7 1 9 CadluigS 31

“ PN S S 4y 55 (o 93 S Cudled T
(S LS Pl S ol Ladge Sl | NER g
NISOC 4xwgd gWO007S CuxBgn 4 by yo Sy &y Odlagud RARAN C/ LS

O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
A% Y a1A 039y | G G | odiriolo | Chhgud | &by | Sodegy | Jbm | 4k 80 51 BY: amiso ojled
BK WO007S PEDCO 110 GT RT 0001 D00

Sl Y 1A 0 0529 o9 o iy 0l 69, Jleizl s ok jo g Y (pl o BIKS ¢ 5,0 9e2
Saejlys ll gl 00 )T pladl (LSS ojle Slasl pae O jge 5o jlre ol GralS 4 Coed ol 1 e
ol 30 0,8 Sygo LAY o atwd g Ol Fow, 5l GaSsl> Glp e glhable> Wb jSae slacwd

D510 0929 Bl o daaddly o oge 9 LS Do 4 Siny £989 Sl O jgay]




S (B Ol Igi 1 9 CuiliagS @1
“ PV G Gl A 53 (Swe) 95 S Cull T
(S g (P Sl 0l LoBge LSl | NI g —
NISOC 4zsg5 9 WO07S cﬁgés.o 4 bgg}n S éﬁ O Mgud BARAN C/ =]
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
Y VY VA o39r | oo wm | owarisle | Otkes | wdy | wamegs | Jbm | o 00 51 8Y 3 axdoo)lad
BK W007S PEDCO 110 GT RT 0001 D00

b GLarog g (6 S Azl (Gauge A Juad

G5 Al 9 Giuzes —A-)
il 5 7 4 adlllas 0y50 00gues @
Gyo ¥ Gos B BH-WH-5 _ile cloailel ,5 aily o yio V0 1iSTos Gos 4y ipdle alaF ¥ ol
S (SiltStone) ol s ((Siw oY Jlg 650V0 oile ailed glol b anlol jo o, SI>
dwle S 650 ¥ Goe U EL-S5 oile aile [ .l 0uls oanlins (ClayStone) S ) 5 Marl)y )l
el 0as odalie (CL) o, S (0 ¥ guile aileS sl U anlsl 1o 4 (SC) () s9l>
ol maw e VO piSlas Ges b g EL-5 g BH-WH-5 il slaailed o)la> lles plxil (o> @
el ooz eamlice s )
aab Gl b gollae Lol ol sais somlie a5l ol cpl cuile claailed jo aSul o Jlas @
Al g Jeizme 21 Klg,y €935 SPT Ol o 090 YU e 4
(YA s laibinl) dify ply o baplasle b aslio sl o)lez iolpg 5l i)y Q8o pns Cg> @
Sl aS 8l 18 ol o ot b edgamme 10 059 e bS] ol Bllae sl oo ool
Y slo v,y 5 SPT olo Slisles] ol wlulpy ol ool Byae + /Y Jobe 7,k sl
Db o Il g9 3l 4o andllas o y90 dilaie S YA« (gloj ) o lasbin] gasl oyl o e ;o oo odaline
o dmogi —A-Y
5992 b slojles JLail sla,0 grammo sl Al 51 (38 sl 4lS ol n aosglls syl o @
S ladoe 0 09h Soley (eal O)lse plu g (s Y ide Cale) i R el 5o 03glll 15
FNICROU PN N AR RO SVERE FARRSUCIC JERPRRS PR JRNEREC S pore
S92 0Ly mw )yl Vo Blas cwls 4y (Lean Concrete) Ko cyin w03l (3, o
Dgd Al odd (g5l S mlans
W-007S i swile LS 10 0als odplice i 5 oS1iie S sloa jo 6pd3s85 e @
aslige 502




S (B Ol Igi 1 9 CuiliagS @1
“ PV G Gl A 53 (Swe) 95 S Cull T
(S g (P Sl 0l LoBge LSl | NI g —
NISOC 4zsg5 9 WO07S cﬁgés.o 4 bgg}n S éﬁ O Mgud BARAN C/ =]
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
LOY - VY — 9VAF 039 GO Ay | ovus ole Ohged | athy | SHe g Jb A 00 I OF: axioosleds
BK W007S PEDCO 110 GT RT 0001 D00

loosglls Bkl (gun sl 05 5 (oo drog 009l ) S Cugh (ptlud 55l 6 el slaie a0
39i5 Jloiol aziliz § 05 (6,55l 00glls 5 4 (orbaws Glac] 35i 5 gaz 5l a5 05l 2] (920 &,
95 (655 sl 05l Bagazme 4 Ol 3585 5l cenlin Lo 2S5 b b ols g2 sVl 5l

19V sz ol abond Ghalesl gl 5 o) @ls oo 13 o350 Je 653 azsil @
e Olysie i o ;58S (25 2o )0 s llph 6ln o elst g bole )b Lyl 4
2 9rge oyl (50 laosle (V=AY 05) bl = lnl i ael el sl izren (lois b
9 oiib b byo Ol L peitae (wled (3 5 192 )0 99250 0l SlacSled (oyma 40 (I slaojlu oo,
g Lo She (59, (fu Lidy Cwbro Pl Cole) Shgo o il S8 ol Soop slaole aslis
bl Rl jshaie 4 ofpg (Blix s ple ST 5 calie (Sone 9 (aliond (599381 Sl 51 osliiu]
Glie g lsp ;0 09250 o GlaSad (oyme ;0 i slaojle 00 ;0 wszse dayl (2 laojle (o
33,5 (oo Sleiinn wqeilio (xhaw by g 5ol sl esliinl (B2 LS oo JB Jobe 5 jes slaesle
kg/m’ Slasms olge ke Sl b aidene] (gloylos b ol by Vsje Olso b T g5 il yy oyloes 3
oolztwl C25 (aasive Canglie) o (500, JBlas g (aiS 5ol +/00 5l wuls yloww 4 ol Cond) Yo o
el ol slodog aldS (28,5 Ji00 b 2o (58 08 b bagi wgas LIS 25b 55 coled )0 05d
3 bin Glosm QLG Cgar U cunl p3¥ 098 a8 57 513 50wl pateine Suglie b o 2l Cur
sy s ol mls Sole ble o iy o) olnl o asl Gl 5o eal S5 5 e e, o
s FYA b yis wisle ;525 gz Jolow 5o pal (nl b oo slafoalljgins 9 Db a5 plo g (Olee
bl sl 8 e (g5l s § s i lejles FYF




i (B Ol Ml g7 1 9 CadluigS 31
“ PN S S 4y 55 (o 93 S Cudled T
(S g (P Sl 0l LoBge LSl | NI g —
NISOC 4zsg5 9 WO07S cﬁgés.o 4 bgg}n S éﬁ O Mgud BARAN C/ =]
O S i
L olow oyle GEOTECHNICAL INVESTIGATION REPORT- W007S
Y VY VA oisy | @ e | ewirsolo | otkes | @by | whmegs | Jum | aks B
BK WO007S PEDCO 110 GT RT 0001 D00
- Jad
beow




ojgﬁ’ 2] KOSy 9 ﬁ'gbaa



R ey \.)\ k I FRo 5 % [~ 74 R : 'y
] 0. 54 Too |l o |12 8oy o 050
oo [ - ‘ — s
grioe 1oo 0|13z £
S
15| 1eo | [35)14 2 [e
,\ foo | |35 [12/7'

: e ;
BQI&- 1 % ‘\ ,‘\559 ! oo 1 . 'Y
: 4 s s [ o 101 aag/-—-» .-g-'-—f;f—-'

5

o oo

| (oo ==
. D{\ﬁro..l-{.a‘o:k ‘ .00 oo = [1es[{ o |10 :
> i ¢ ‘ ": . “ ‘ \ Al 3 04 i e ] : :

.

0w N =

6, 1:60
/_-—. i

= - 2 — > s -
y‘v{
> = -, - = e « Soio TR
; L
o S e < - = — ot
- [ 5
e e = T — s v
R < =——. S ':-'F_-:—- e st”" s L
----- T N = e
-

% T

m)

0-8.0




R




EL-05-CoreBox 1-Depth (0.0-3.0 m)
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BORING NUMBER BH-WH-5

GEOTECH BH COLUMNS 14010309-589-BINAK-W007S-REV00.GPJ GINT STD CANADA LAB.GDT 5/30/22

Barangeotechnics PAGE 1 OF 1
BARAN
GEOTECHNICS
CLIENT PROJECT NAME _Binak-W-007S
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATE STARTED COMPLETED GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR _Baran Geotechnics GROUND WATER LEVELS:
DRILLING METHOD _Continuous Coring AT TIME OF DRILLING _---
LOGGED BY _S.B. CHECKED BY AT END OF DRILLING _---
NOTES _X:437425 Y :3290543 AFTER DRILLING _---
L x ; = = ATTERBERG
_ e Q. > @ E S _ I&J% LIMITS
Et 29 Fuo 1Bl 223 |Es|EE|2E R
aE %0 MATERIAL DESCRIPTION WS [>¢| 952 |(we|Zs|hila ($) ox |z
a7 |%” 3 |8%| 832 |5%|22|0z|35|kE|R8|E
[0} b4 (&) é ~ o= =
& i £ |& |=8|853 é S |<=
o
Gravelly Lean Clay, (CL), (completely to highly weathered
B h CIaySton_e) 27.3%gravel, 11.1%sands, 61.6%fines, grayish brown,
—_— dry to moist 1 AU 179 11 [ 27 [ 19 | 8 | 62
B b Lean Clay, (CL), (completely to highly weathered ClayStone) SS ) (0) ) 67/0.07
| i 4.6%gravel, 5.6%sands, 89.8%fines, grayish brown, dry to moist
9 B Au [ e5) 35 | 21 | 14 | 90
X SiltStone, (CL-ML) 16.2%gravel, 16.5%sands, 67.3%fines, grayish
- % x brown, dry to moist, completely weathered, after 24 hours soaking
I fole in water the sample is classified as CL ]| AU | (0) 1941 6 |28 1 22| 6 | 67
I
X X
X X
B X X
41X
Y/ Marl, (CL) 10.7%gravel, 18.5%sands, 70.8%fines, gray, dry to SS 67/0.06
B '/ moist, completely weathered, after 24 hours soaking in water the AU | (10) Ll I A I I A
B _% sample is classified as CL
| —/ Marl, (CL-ML) 11.5%gravel, 16.1%sands, 72.4%fines, gray, dry to j|
6 % moist, completely weathered, after 24 hours soaking in water the AU | (10) 182] 9 28| 2 ! "2
/ sample is classified as CL-ML
B _/ Marl, (ML) 10%gravel, 25%sands, 65%fines, gray, dry to moist, j| AU | (30) 185 11 | NP | NP | NP | 65
highly weathered, after 24 hours soaking in water the sample is
§ 8 _/ classified as ML
/ Marl, (CL) 4.3%gravel, 13.5%sands, 82.2%fines, gray, dry to | SS 67/0.05
B T moist, completely weathered, after 24 hours soaking in water the
n _% sample is classified as CL ]| AU | (0) 192( 9 (34 | 20 | 14 | 82
Marl, (CL) 0.25%gravel, 2.55%sands, 97.2%fines, gray, dry to
- - moist, highly weathered, after 24 hours soaking in water the
| _/ sample is classified as CL . ub | (25) 1.86| 8 38 | 24 | 14 | 99
- _% Il uwo [Ge) 190 7 [ 39 ] 23| 16 | 96
/ Marl, (CL) 0.0%gravel, 2.0%sands, 98%fines, light gray to light \ SS 67/0.04
B 7 brown, dry to moist, completely to highly weathered, after 24 hours
| i soaking in water the sample is classified as CL
/ Il UD | (50) 1.86] 11 | 45 | 26 | 19 ]| 98
[ 14 _é B Au [ (10) 193] 9 [ 39|25 | 14 | 98
ClayStone, (ML) 0.0%gravel, 2.1%sands, 97.9%fines, brown, dry
B b to moist, highly weathered, after 24 hours soaking in water the
B | sample is classified as ML 1 AU | (35) 47 | 29 | 18 | 98
SS 67/0.06

Bottom of borehole at 15.06 meters.
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BORING NUMBER EL-5

Barangeotechnics PAGE 1 OF 1
BARAN
GEOTECHNICS
CLIENT PROJECT NAME _Binak-W-007S
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATE STARTED COMPLETED GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR _Baran Geotechnics GROUND WATER LEVELS:
DRILLING METHOD _Continous Coring AT TIME OF DRILLING _---
LOGGED BY _S.B. CHECKED BY AT END OF DRILLING _---
NOTES _X:437352 Y :3290532 AFTER DRILLING _---
L o ; : < ATTERBERG
o S, |3 wm |8 | _|us LIMITS
F-|Zo C |Ea| 252 |ts|EE|RE = |8
nLE %9 MATERIAL DESCRIPTION ?% Sg 98§ e %g "’_’E o c':J'_ G zx
o = @ “|~2|0z |53 |n=s|Fa|%
i =z |O oz |9 |=x g2 |22 S
& i £ |& |=8|853 é e
o
/ 5% CLAYEY SAND WITH GRAVEL, (SC) 16.1 % gravel, 48.6 % sand,
B VL% 35.3 % fines, light gray, dry , Compacted
AU 188( 5 [ 27 | 19| 8 | 35
SS 67/0.12
CLAYEY SAND WITH GRAVEL, (SC) 28.2 % gravel, 33.6 % sand,
B 38.2 % fines, gray to dark gray, dry to moist
AU 18110 [ 27 | 18 | 9 | 38
| SS 67/0.13
LEAN CLAY, (CL) 0 % gravel, 3.7 % sand, 96.3 % fines, brownish
B N gray to dark gray, dry to moist
25
AU 171 15 [ 35 | 19 [ 16 | 96
3.0
SS 67/0.10

Bottom of borehole at 3.10 meters.
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Barangeotechnics

BARAN
GEOTECHNICS

CLIENT

KEY TO SYMBOLS

PROJECT NAME Binak-W-007S

PROJECT NUMBER _589

-PROJECT LOCATION Booshehr

LITHOLOGIC SYMBOLS
(Unified Soil Classification System)

VA Marl: Marl

CL: USCS Low Plasticity Clay

SC: USCS Clayey Sand

X X X
X X X

SILTSTONE: Siltstone

SAMPLER SYMBOLS
I Core Sample
Split Spoon

l Undisturbed Sample

WELL CONSTRUCTION SYMBOLS

LL  -LIQUID LIMIT (%)

Pl -PLASTIC INDEX (%)

W  -MOISTURE CONTENT (%)

DD -DRY DENSITY (PCF)

NP -NON PLASTIC

-200 - PERCENT PASSING NO. 200 SIEVE
PP -POCKET PENETROMETER (TSF)

ABBREVIATIONS
TV -TORVANE
PID -PHOTOIONIZATION DETECTOR
UC -UNCONFINED COMPRESSION
ppm - PARTS PER MILLION
Water Level at Time
= Dirilling, or as Shown
Water Level at End of
= Dirilling, or as Shown

Water Level After 24
= Hours, or as Shown
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(> Geoelectrical Resistivity Test

BARAN
GEOTECHNICS
CLIENT S i e algs el 5 Bl 0 iS5 il
PROJECT NANE O 5 Gl g tlag o5y 5
PROJECT NUMBER 589 PROJECT LOCATION Sy

Variation of Apparant Electrical Resistivity in W-007S

p (Qm)
0.01 0.10 1.00 10.00 100.00 1000.00

Depth (m)

--WH-5 —=—EL-5
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g
S Plate Load Test Results

2 9 S5

9l Cramsdigo

Client: Plate dimension: 30cm
Consultant: @ 956 ohb jslive waige &Sy Testpit No.: W-007S
Project: Ol a5 Galil g CblagSS o9 S5 g8 lalllas

. Depth: 1.0m

Stress (kg/cm2)
0 5 10 15 20 25 30 35

0.00

1.00 N1

2.00 \ rrrrrrrrr

3.00 \ rrrrrrrrr

N
o
o

Settlement (mm)

o
o
S

6.00 \ rrrrrrrrr
7.00 \\ rrrrrrrrr

8.00 MESAUNEEENEEE

9.00
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Standard Test Method for CBR (California Bearing
Ratio) Of Solls in Place (ASTM D4429)

~N

Project Name:

Client:

Ol 355 I3l 5 SSS o SeiSissy Slalllas

) Location: W-007-CBR1

Depth: 0.0 cm

3.0

2.5

2.0

1.5

Stress(MPa)

1.0

0.5

0.0
0.0

10 20 30 40 50 60 7.0 80 90 100 11.0 12.0 13.0 14.0 15.0 16.0
Penetration(mm)

1 - 0,
CBR VALUE: Penetration-2.54 mm 16.9 Y%

Penetration-5.08 mm 15.2 %
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J9ldio Cramsdigo

Standard Test Method for CBR (California Bearing
Ratio) Of Soils in Place (ASTM D4429)

~

Project Name:

Client:

e 955 G331 g SublgS o S35 lalllne

} Location:W-007-CBR2

Depth: 0.0 cm

3.0

2.5

2.0

1.5

Stress(MPa)

1.0

0.5

0.0
0.0

10 20 30 40 50 60 70 80 950 100 11.0 12.0 13.0 14.0 15.0 16.0

Penetration(mm)

1 . 0
CBR VALUE: Penetration-2.54 mm 19.7 )

Penetration-5.08 mm 16.8 %
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Soil Tempreture Measurement

rac) PN
-l

ST paans DG

Client:
Project: S 05951 ST 935 wilallae
Date: 12 Jan 2022-18 Feb 2022
Site: Hew g
NO. Location Time Depth (m) | Tempreture (°C)
7:00 AM 1 215
X: 437425
BH-WH-5 Y- 3290543 12:00 PM 1 23.1
7:00 PM 1 224
7:00 AM 1 20.8
EL-5 X: 437352 _
Y 3290532 12:00 PM 1 21
7:00 PM 1 22.3
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[} GRAIN SIZE DISTRIBUTION

Barangeotechnics

GRAIN SIZE 14010231-589-BINAK-W007S-REV00.GPJ GINT STD CANADA LAB.GDT 5/21/22

BARAMN
GEQOTECHNICS
CLIENT PROJECT NAME Binak-W-007S
PROJECT NUMBER _589 PROJECT LOCATION Booshehr
U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS | HYDROMETER
6 43 2 Tay 28 3 4 6 10,16 50 30 44 50 gy 100 4,200
100 I § ﬁ I N\I\L‘ T g I ILRRE
o5 i _— s ;
90 : SN = TR
WP z z
85 . ; ; : Iﬁ
'\\( %\X\@"\ : :
80 ' ; B :
. : Al g :
: : L : : p
75 : : ] LE¥ § ﬂ
: : - : A
70 : : et el
| | | e || AR
65 : z z : :
I . . . %
9O 60 : : : - :
g | § § @ T ¢
> s ; ; ; ; s a
£« Qx
. | | | | | o
g | | | | @ *
g 40 z z z : : i
o z : : : : X
35 : : : : : q |
% f f f z z L
20 p
: e
10 : : : . .
5
0 . N N . .
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES . . . SILT OR CLAY
coarse fine coarse medium | fine
Borehole Depth Classification LL | PL Pl Cc | Cu
®| BH-WH-5 0.50 GRAVELLY LEAN CLAY(CL) 27 | 19 8
X | BH-WH-5 1.60 LEAN CLAY(CI) 35 | 21 14
A| BH-WH-5 2.50 SANDY SILTY CLAY with GRAVEL(CL-ML) 28 | 22 6
*| BH-WH-5 4.06 LEAN CLAY with SAND(CI) 31 19 | 12
©| BH-WH-5 5.50 SILTY CLAY with SAND(CL-ML) 28 | 21 7
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
®| BH-WH-5 0.50 38.1 0.063 0.008 27.3 1.1 45.0 16.6
X | BH-WH-5 1.60 19 0.019 0.003 4.6 5.6 64.8 25.0
A| BH-WH-5 2.50 38.1 0.04 0.005 16.2 16.5 48.7 18.6
*| BH-WH-5 4.06 19 0.033 0.004 10.7 18.5 48.0 22.8
®| BH-WH-5 5.50 19 0.022 0.003 11.5 16.1 50.7 21.7
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Barangeotechnics

GRAIN SIZE DISTRIBUTION

BARAN
GEQTECHNICS
CLIENT PROJECT NAME Binak-W-007S
PROJECT NUMBER _589 PROJECT LOCATION Booshehr
U.S. SIEVE OPENING IN INCHES T U.S. SIEVE NUMBERS I HYDROMETER
6 4 3 245 Tay 1255 3 4, 6 10 1,16 50 30 44 50 5 100 ,,200
100 T : TT1 iﬁ\ FTTH T T T = =
% : : i A
: : N X : :
85 l\‘_ \m\ PN
IR w1
80 * %o : E§X
75 : \ N\E \*
70 \
: K
;> NI
O 60 .
[11] :
: %9
E 55 N
5 g d
Z
[V
% 45 }Q« \
2 40 X
L
. 35 *\
X
NIEANT
20 \.\‘\
10
5
0 N . .
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
RAVEL AND
COBBLES G - ,S - SILT OR CLAY
coarse fine coarse medium | fine
Borehole Depth Classification LL | PL Pl Cc | Cu
@ | BH-WH-5 7.00 SANDY SILT(ML) NP | NP | NP
X| BH-WH-5 8.50 LEAN CLAY with SAND(CI) 34 20 14
A| BH-WH-5 10.45 LEAN CLAY/(CI) 38 24 14
x| BH-WH-5 11.50 LEAN CLAY(CI) 39 23 16
®| BH-WH-5 12.80 LEAN CLAY(CI) 45 26 19
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
®| BH-WH-5 7.00 19 0.049 0.007 10.0 25.0 46.8 18.2
X| BH-WH-5 8.50 19 0.016 0.003 4.3 13.5 57.4 24.8
A| BH-WH-5 10.45 0.15 0.01 0.002 0.0 1.3 68.5 30.2
x| BH-WH-5 11.50 9.51 0.008 0.002 0.5 3.8 63.3 324
®©| BH-WH-5 12.80 0.15 0.013 0.002 0.0 2.0 69.7 28.3
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Barangeotechnics

BARAN
GEOTECHNICS

CLIENT

GRAIN SIZE DISTRIBUTION

PROJECT NAME Binak-W-007S

PROJECT NUMBER

589

PROJECT LOCATION Booshehr

U.S. SIEVE OPENING IN INCHES

U.S. SIEVE NUMBERS

HYDROMETER

6 43 245 Tau M35 3 4 6 10416 5 30 45 50 gy 100,200
100 T I‘!\&II TETIT T T TS %
: \n i sﬁ
90 . .
85 *
S : :
80 : r r
1R z |
0 hd b\E
' A z A
65 : :
N N Y
n % 1 5 n i
& s0 5
£ : “R.\
= 45 - i
z (| e
Q4o : >>®
o - 4
i N
. HEN '
30 \‘\‘
25
X e
20
1K >>
15 "
10 \A\
5
>>%
0 : :
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
RAVEL AND
COBBLES G - ,S - SILT OR CLAY
coarse fine coarse medium | fine
Borehole Depth Classification LL | PL Pl Cc | Cu
@®| BH-WH-5 13.60 LEAN CLAY/(CI) 39 25 14
X| BH-WH-5 14.50 SILT(ML) 47 29 18
A| EL-5 0.50 CLAYEY SAND with GRAVEL(SC) 27 19 8 |1.10 [119.23
x| EL-5 1.50 CLAYEY SAND with GRAVEL(SC) 27 18 9 |0.10 485.12
®| EL-5 2.50 LEAN CLAY(CI) 35 19 16
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
®| BH-WH-5 13.60 0.15 0.01 0.002 0.0 2.0 68.7 29.3
X| BH-WH-5 14.50 0.15 0.013 0.003 0.0 21 729 25.0
A| EL-5 0.50 254 0.343 0.033 0.003 16.1 48.6 28.1 7.2
x| EL-5 1.50 19 1.42 0.02 0.003 28.2 33.6 31.5 6.7
®| EL-5 2.50 4.75 0.005 0.0 3.7 51.5 44.8
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ATTERBERG LIMITS 14010231-589-BINAK-W007S-REV00.GPJ GINT STD CANADA LAB.GDT 5/21/22

Tl

Barangeotechnics

ATTERBERG LIMITS' RESULTS

CLIENT PROJECT NAME Binak-W-007S
PROJECT NUMBER _589 PROJECT LOCATION Booshehr
60 rd
@ © | @ yd
50 %
P /
2w -
: /
¢ /
;30 -
Y
| /
N 20 /6/
*
10 e
CL-ML } @ @
0
0 20 40 60 80 100
LIQUID LIMIT
Borehole Depth LL| PL PI|Fines | Classification
® | BH-WH-5 050, 27| 19 8| 62| GRAVELLY LEAN CLAY(CL)
X | BH-WH-5 160, 35 21 14| 90 |LEAN CLAY(CI)
A |BH-WH-5 250 28| 22 6| 67 |SANDY SILTY CLAY with GRAVEL(CL-ML)
* | BH-WH-5 4.06| 31 19| 12| 71|LEAN CLAY with SAND(CI)
©|BH-WH-5 550 28, 21 7| 72|SILTY CLAY with SAND(CL-ML)
2 | BH-WH-5 7.000 NP| NP| NP| 65|SANDY SILT(ML)
O|BH-WH-5 850 34| 20| 14| 82|LEAN CLAY with SAND(CI)
A |BH-WH-5 10.45| 38| 24| 14| 99|LEAN CLAY(CI)
®|BH-WH-5 1150 39| 23| 16| 96 LEAN CLAY(CI)
© | BH-WH-5 1280 45| 26| 19| 98|LEAN CLAY(CI)
O|BH-WH-5 13.60( 39| 25| 14| 98|LEAN CLAY(CI)
© | BH-WH-5 1450 47| 29| 18| 98 SILT(ML)
@|EL-5 050, 27| 19 35| CLAYEY SAND with GRAVEL(SC)
*|EL-5 1.50| 27| 18 38 | CLAYEY SAND with GRAVEL(SC)
€| EL-5 250 35| 19| 16| 96 |LEAN CLAY(CI)
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LAB SUMMARY 14010309-589-BINAK-W007S-REV00.GPJ GINT STD CANADA LAB.GDT 5/30/22

—— SUMMARY OF LABORATORY RESULTS
Barangeotechnics
DOARAN
CLIENT PROJECT NAME _Binak-W-007S
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
Sheet 1 of 1
- . - Maximum | Water Dry Satur- .
sorenoe | Depn | 0| Pl | Pty | o™ H0re | Shee | corent | cenaty | aton | 430
BH-WH-5 0.5 27 19 8 38.1 62 CL 11.2 1.79
BH-WH-5 1.6 35 21 14 19 90 Cl
BH-WH-5 2.5 28 22 6 38.1 67 CL-ML 6.4 1.94
BH-WH-5 4.1 31 19 12 19 71 Cl 11.0 1.81
BH-WH-5 5.5 28 21 7 19 72 CL-ML 8.8 1.82
BH-WH-5 7.0 NP NP NP 19 65 ML 10.7 1.85
BH-WH-5 8.5 34 20 14 19 82 Cl 9.1 1.92
BH-WH-5 10.5 38 24 14 0.15 99 Cl 7.8 1.86
BH-WH-5 115 39 23 16 9.51 96 Cl 6.9 1.90
BH-WH-5 12.8 45 26 19 0.15 98 Cl 114 1.86
BH-WH-5 13.6 39 25 14 0.15 98 Cl 8.8 1.93
BH-WH-5 14.5 47 29 18 0.15 98 ML
EL-5 0.5 27 19 8 254 35 SC 54 1.88
EL-5 1.5 27 18 9 19 38 SC 9.7 1.81
EL-5 2.5 35 19 16 4.75 96 Cl 15.4 1.71
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BKP- Lab- UCT

e

BARAN

GEOTECHNICS

CLIENT

PROJECT NAME

PROJECT NUMBER

Uniaxial Compression Test

St 039 S5 g35 Slalllne

589 PROJECT LOCATION T

Unconfined Stress (Mpa)

-3.0

/ Y
2.5 / \
/ N\
2.0
15
1.0
0.5
-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Lateral Strain (%) Axial Strain (%)
Sample Specification Initial Condition
Borehole ID: WH-5 Bulk Density (kN/mS); 20.92
Depth (m): 10.45-11.85 |Dry Density (kN/m®): 19.50
L (cm): 19.00 Moisture Content (%): 7.3
D (cm): 8.50 Strain Rate (%Per min.): 1.00

Test Results

Unconfined Compressive Strength(MPa): 2.6
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Uniaxial Compression Test

e
CLIENT PROJECT NAME S o SriS5g55 lallla
PROJECT NUMBER 589 PROJECT LOCATION R
4.5
4.0 / \
_ 3.5 N
@©
[= X
2
g 30
&
©
(]
=
& 25
8
=
5
2.9
1.5
1.0
0.5
2.0 ‘15 -1.0 -0.5 0.0 0.5 1.0 15 2.0

Lateral Strain (%)

Axial Strain (%)

Sample Specification

Initial Condition

Borehole ID: WH-5
Depth (m): 12.8-13.0
L (cm): 15.50
D (cm): 8.50

Bulk Density (kN/m3):
Dry Density (kN/m?):
Moisture Content (%):

Strain Rate (%Per min.):

20.48
19.28
6.2

1.00

Test Results

Unconfined Compressive Strength(MPa): 4.0
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Point Load Test Result

o

Project Name: S 059, SewiST g5 Silalllas
Client : BARAN
GEOTECHNICS
Project No.: 589
Borehole No. Depth (m) Load (kgf) W (mm) D (mm) Is (Mpa.) F I5o (Mpa.) = (a;():\)/lrgzl)mately)
BH-WH-5 2.50-3.0 32 80 82 0.04 1.25 0.05 1.05
BH-WH-5 5.5-6.0 65 82 81 0.08 1.24 0.10 2.10
BH-WH-5 8.5-9.0 60 82.3 82.2 0.07 1.25 0.09 1.92
Note:
D.=4A/ 7
A=WD LOAD
Is= Calibrated Load/Area
F= (D/50) *
5= IS*F
UCT = Ig*22
[a}

A
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BKP-Lab- DST

S

GEOTECHNICS

Direct Shear Test

CLIENT PROJECT NAME S 039 SeiSigi5 Slalllas
PROJECT NUMBER 589 PROJECT LOCATION SS9
100.0 100.0
90.0 90.0 /
80.0 80.0 //
70.0 70.0 //
o /|
60.0 [ 60.0
: /
o 2
50.0 g 50.0
£ ,A/H/ 5
S 400 2 400 /
2 : o
4 /(A/
[
[
£ 300 4 30.0
20.0 o 6009 20.0 /
10.0 v 10.0 4
0.0 2% 0.0
0 2 4 6 8 10 12 14 16 18 20 0 20 40 60 80 100 120 140 160
Shear Strain % Normal Stress kPa
Borehole ID: EL-5 Sample Type: Remolded
Sample Depth (m): 0.5-1.0 Test Type: Fast
Sample Specification Sample Condition Before Test Sample Condition After Test
Sample No.: 1 2 3 Sample No.: 1 2 3 Sample No.: 1 2 3
Height (cm): 3.0 3.0 3.0 Moisture (%): 55 53 5.4 ]Moisture (%): 13.0 11.9 111
B*L (cm*cm):  10*10 10*10 10*10 |Saturation (%): 36.64 35.94 35.58 [Saturation (%): 99.84 96.18 92.97
Ya (kN/m?): 18.67 18.77 18.60 |Vvoid Ratio: 0.39 039 039 [Void Ratio: 0.34 0.32 0.31
Test Results
C (kPa): 6.72
¢ (Degree): 30
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GEOTECHNICS

Direct Shear Test

CLIENT PROJECT NAME S 039 SeiSigi5 Slalllas
PROJECT NUMBER 589 PROJECT LOCATION SS9
150.0 150.0
135.0 135.0
Vi
120.0 120.0 /
105.0 105.0 //
©
90.0 [ 90.0
£
(=2
g 750 & 750 /
* 5 Ve
S -
-§° | A g /
g 600 F— = 60.0 v
Z el /A//./II/L*J- "
§ 45.0 e 45.0
2 P ———0
Lo—] /|
30.0 //,, 30.0 /
15.0 W 15.0 ,/
0.0 0.0
0 2 4 6 8 10 12 14 16 18 20 0 20 40 60 80 100 120 140 160 180 200
Shear Strain % Normal Stress kPa
Borehole ID: EL-5 Sample Type: Remolded
Sample Depth (m): 2.5-3.0 Test Type: Slow
Sample Specification Sample Condition Before Test Sample Condition After Test
Sample No.: 1 2 3 Sample No.: 1 2 3 Sample No.: 1 2 3
Height (cm): 2.2 2.2 2.2 Moisture (%): 15.6 15.4 15.3 |Moisture (%): 18.5 18.4 18.7
B*L (cm*cm): 6*6 6*6 6*6 Saturation (%): 76.99 78.09  75.55 [|Saturation (%): 95.30 96.32 97.55
Ya (kN/m?): 17.05 17.17 17.12  |Vvoid Ratio: 0.53 051 053 [Void Ratio: 0.51 0.50 0.50
Test Results
C (kPa): 11.84
¢ (Degree): 29
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GEOTECHNICS

Direct Shear Test

CLIENT PROJECT NAME S 059 SeiSigi5 Slalllas
PROJECT NUMBER 589 PROJECT LOCATION SS9
120.0 120.0
110.0 110.0
100.0 100.0 //
90.0 90.0 //
80.0 80.0
[+
70.0 X 70.0
=
) /
& 600 & 600 v
4 A—A &
= _A/A/A-/a— 2 /
2 500 L 3 500 v
9 /A/ 2]
2 f/ /
£ 400 400
v
30.0 > oo 30.0 /
20.0 4 / ‘/,./ s00 //
10.0 V/' 10.0
0.0 &4 0.0
0 2 4 6 8 10 12 14 16 18 20 0 20 40 60 80 100 120 140 160
Shear Strain % Normal Stress kPa
Borehole ID: BH-WH-5 Sample Type: Remolded
Sample Depth (m): 0.5-1.0 Test Type: Slow
Sample Specification Sample Condition Before Test Sample Condition After Test
Sample No.: 1 2 3 Sample No.: 1 2 3 Sample No.: 1 2 3
Height (cm): 2.2 2.2 2.2 Moisture (%): 115 10.6 11.0 [Moisture (%): 14.3 13.6 13.8
B*L (cm*cm): 6*6 6*6 6*6 Saturation (%): 89.15 81.94  85.23 |Saturation (%): 98.62 98.61 99.33
Ya (kN/m?): 19.48 19.47 19.46  |Vvoid Ratio: 0.33 0.34 033 [Void Ratio: 0.38 0.36 0.36
Test Results
C (kPa): 11.44
¢ (Degree): 30




V—f’w%&

(GS) (pguatn ¢339 Comui iy bo ]



Soil Specific Gravity Tests

Project: < ojgn SuSSgi5 Slallas

Project No. : 589-W-007S

Client:

Depth Specific Gravity
BH No.
(m) (Gs)
EL-5 0.5-1.0 2.65
EL-5 2.5-3.0 2.68
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W= 007S Ehwms Cordgo 10 ol S slaasy  SGG 5 (558 sl il )l golpinn polie

Layer type according to Unified method CL Marl (CL) Marl (CL) Unit
Depth 0.0-4.0 4.0-12.0 12.0-15.0 m
Soil cohesion (Cu) 0.8-1.6 2.0-3.0 3.0-4.0 kg/cm2
Soil wet density (yw) 1.9-2.0 1.95-2.05 2.0-2.1 g/cm3
Soil module of elasticity (ES) 160-320 400-600 600-800 kg/cm2
Soil Poisson ratio (v) 0.35-0.40 0.35-0.40 0.35-0.40 -
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Allowable bearing capacity (kg/cm?2)

Settlement (cm)

3.00

2.50

2.00

1.50

1.00

o
ul
=)

0.00

0.50

=
o
s}

=
3]
o

2.00

2.50

3.00

Shallow Foundation - W-007S
4
—
—o—1/B=1

L/B=2

L/B=5

L/B=10

0 1 2 3 4

Foundation width (m)

—e—L/B=1

L/B=2 —
"""" bB=5

L/B=10

1 2 3 4
Foundation width (m)
Fatow abin

D=1m
Df=1m
Notes:

D : Depth of footing with respect to ground surface
Df :Depth of footing embedment




Allowable bearing capacity (kg/cm?2)

2.50

2.00

1.50

1.00

0.50

0.00

Mat Foundation-12m*20m

W-007S

0.00 1.00 2.00 3.00 4.00 5.00

Settlement (cm)

Fasow abim

6.00

D=1m
Df=1m

Notes:
D : Depth of footing with respect to ground surface
Df :Depth of footing embedment
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(KQICM3) (gxbans (g7 iy ol J3oao
B(m)
L/B=1 L/B=2 L/B=5 L/B=10
1.0 2.75 2.04 1.67 1.57
2.0 1.44 1.16 1.04 1.01
3.0 1.06 0.89 0.83 0.81
4.0 0.89 0.77 0.72 0.71
5.0 0.79 0.69 0.65 0.64
W-0075- jio Sy o (sl 0058 g iy ol (oS Jgote
(KI/IeM3)es yiw o1 yins Jord| guSs Jguo
BxL (m) Scm)
T < & g
12x20 5 1.68 0.84 0.42
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https://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%AF%D8%A7%D9%86%E2%80%8C%D9%87%D8%A7%DB%8C_%D9%86%D9%81%D8%AA%DB%8C_%D8%A7%DB%8C%D8%B1%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D9%85%D9%84%DB%8C_%D9%85%D9%86%D8%A7%D8%B7%D9%82_%D9%86%D9%81%D8%AA%E2%80%8C%D8%AE%DB%8C%D8%B2_%D8%AC%D9%86%D9%88%D8%A8
https://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D9%85%D9%84%DB%8C_%D9%85%D9%86%D8%A7%D8%B7%D9%82_%D9%86%D9%81%D8%AA%E2%80%8C%D8%AE%DB%8C%D8%B2_%D8%AC%D9%86%D9%88%D8%A8
https://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D9%85%D9%84%DB%8C_%D9%85%D9%86%D8%A7%D8%B7%D9%82_%D9%86%D9%81%D8%AA%E2%80%8C%D8%AE%DB%8C%D8%B2_%D8%AC%D9%86%D9%88%D8%A8
https://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D9%85%D9%84%DB%8C_%D9%85%D9%86%D8%A7%D8%B7%D9%82_%D9%86%D9%81%D8%AA%E2%80%8C%D8%AE%DB%8C%D8%B2_%D8%AC%D9%86%D9%88%D8%A8
https://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D9%85%D9%84%DB%8C_%D9%85%D9%86%D8%A7%D8%B7%D9%82_%D9%86%D9%81%D8%AA%E2%80%8C%D8%AE%DB%8C%D8%B2_%D8%AC%D9%86%D9%88%D8%A8
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D9%88%D9%87_%D8%AE%D8%A7%D9%85%DB%8C
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D9%88%D9%87_%D8%AE%D8%A7%D9%85%DB%8C
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D9%88%D9%87_%D8%AE%D8%A7%D9%85%DB%8C
https://fa.wikipedia.org/wiki/%D8%B3%D8%A7%D8%B2%D9%86%D8%AF_%D8%AC%D9%87%D8%B1%D9%85
https://fa.wikipedia.org/wiki/%D8%B3%D8%A7%D8%B2%D9%86%D8%AF_%D8%AC%D9%87%D8%B1%D9%85
https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%D8%AA%D8%A7%D9%86_%D8%A8%D9%88%D8%B4%D9%87%D8%B1
https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%D8%AA%D8%A7%D9%86_%D8%A8%D9%88%D8%B4%D9%87%D8%B1
https://fa.wikipedia.org/wiki/%D8%A8%D9%86%D8%AF%D8%B1_%DA%AF%D9%86%D8%A7%D9%88%D9%87
https://fa.wikipedia.org/wiki/%D8%A8%D9%86%D8%AF%D8%B1_%DA%AF%D9%86%D8%A7%D9%88%D9%87
https://fa.wikipedia.org/wiki/%D8%AE%D9%84%DB%8C%D8%AC_%D9%81%D8%A7%D8%B1%D8%B3
https://fa.wikipedia.org/wiki/%D8%AE%D9%84%DB%8C%D8%AC_%D9%81%D8%A7%D8%B1%D8%B3
https://fa.wikipedia.org/wiki/%D8%AE%D9%84%DB%8C%D8%AC_%D9%81%D8%A7%D8%B1%D8%B3
https://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%AF%D8%A7%D9%86_%D9%86%D9%81%D8%AA%DB%8C_%DA%AF%D9%84%D8%AE%D8%A7%D8%B1%DB%8C
https://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%AF%D8%A7%D9%86_%D9%86%D9%81%D8%AA%DB%8C_%DA%AF%D9%84%D8%AE%D8%A7%D8%B1%DB%8C
https://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%AF%D8%A7%D9%86_%D9%86%D9%81%D8%AA%DB%8C_%D8%A8%DB%8C%E2%80%8C%D8%A8%DB%8C%E2%80%8C%D8%AD%DA%A9%DB%8C%D9%85%D9%87
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GEOLOGICAL STRENGTH INDEX FOR

JOINTED ROCKS (Hoek and Marinos, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI| = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a resuit
of changes in moisture content will be
reduced is water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

STRUCTURE

SURFACE CONDITIONS

Very rough, fresh unweathered surfaces

VERY GOOD

DECREASING SU

Rough, slightly weathered, iron stained surfaces

GOOD

RFAC

FAIR

Smooth, moderately weathered and altered surfaces

POOR

m

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

Slickensided, highly weathered surfaces with soft clay

VERY POOR
coatings or fillings

QUALITY —>

INTACT OR MASSIVE - intact
rock specimens or massive in
situ rock with few widely spaced
discontinuities

BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
intersecting discontinuity sets

/
80

2%

/

N/A

N/A

o
/

SR

/

VERY BLOCKY- interlocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

AN

/)

N\
\H‘

~

BLOCKY/DISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

/
/

N/

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

/

LAMINATED/SHEARED - Lack
of blockiness due to close spacing

of weak schistosity or shear planes

«<—— DECREASING INTERLOCKING OF ROCK PIECES

N/A

N/A

/

/

R

/

(Hoek, Marinos and Benissi, 1998)
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ROD/2

P WP oolaiwl Voo lels Jguz g 3 dailg, 5l Giwyub ‘inb.w Lyl b sl o)ﬂ).; yolate 4
1.5 Jcond e

2 Jeond 7
RMRsgy wlw! 1 Kowgm U o oy 3Lsol :Jcond 89

RMR76 (wlu! 1 Sowr gy b gebaw Lol s 3Latol :Jcond 76

o Sughtly
CORAAR] o & Smooth  Siickenaided
wacTor | swocxy] e Ratag R e Rovel ouph 5
1 Sugnty  Mode: Highiy
Waathering  None A e
9 S e ——————} Ratng (Rw) ) 5 EY 1 o
Hara Hara son son
=1.0 Infilling None <5 > 5 mm <& mm -
Rating (Rn) s i 2 °z T
SCR=R +R,+R,

%g i
5§ §§§§ §§§§

L1 N RATING, SCR
7 ¢| ¢ 4|3 2 1 o

[T

NOT APPLICABLE

Structure Rating, SR

0.1 1 10 100 1000 g S
=
Volumetric joint count, J, (joint/m®) E §'

v 0
:o

INTACT OR MASSIVE- Intact o */ / /
v

1
rock specimens or massive S 20
In_-sltu rock masses with very few

/
widely spaced discontinuities ] / / / / / /

BLOCKY-very well interlocked 75— BO
mass i
of cubical blocks formed by three 7
orthogonal discontinuity sets -
oS
w-co
o v 66 4
“x”.| VERY BLOCKY-interlocked ;—E s 7
=1 partially disturbed rock mass with © /
L] multi-faceted angular blocks formed 80~ - sl - 1
by 4 or more discontinuity sets L)
I=- a5
3. £
BLOCKY/DISTURBED/SEAMY 7 A/ / / /
~folded with angular blocks -
formed by many intersecting
discontinuity sets. Persistence S Gk

of bedding plane or schistosity

Y

a
g
DISINTEGRATED-poorly inter- 15
locked, heavily broken rock mass y
with a mixture or angular and 10
] rounded rock pieces

2/l

70

Sonmez & Ulusay, 2002 gy 4 GSI o5 3,51 31V s guai
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GSI

Block Size

Massive - very well interlocked
undisturbed rock mass blocks formed
by three or less discontinuity sets
with very wide joint spacing

Joint spacing > 100 cm

150

100 cm
Blocky - very well interfocked =
undisturbed rock mass consisting 7o
of cubical blocks formed by three
orthogonal discontinuity sets
Joint spacing 30 - 100 cm

60
50

40

30emi

Very Blocky - interlocked, partially
disturbed rock mass with multifa
angular blocks formed by four or more N
discoutinuity sets

Joint spacing 10 - 30 cm

10 em

Joint or Block Wall Condition

Smooth, moderately weathered or

altered surfaces

Fair

Very good

Very rough, fresh unweathered surfaces
Good

Rough, slightly weathered,

iron stained surfaces

Very poor

- soft clay coatings or filings

_ | Slickensided, highly weathered surfaces with
compadt coating or filings of angular fragments

8/,
/|,

10E+6

*4 Slickensided, highly weathered surfaces with

[

Bnd
W\

F 10E+3

Blocky/disturbed - folded and/or

faulted with angular blocks formed by
many intersecting discontinuity sets

Joint spacing 3 - 10 cm s 5

Block Volume Vb (cm?)

(1 dm3)

Disintegrated - poorly interlocked,
heavily broken rock mass with a
mixture or angular and rounded
rock pleces

Joint spacing <3 cm

&8

1cm

8

Foliated/laminated/sheared - thinly

laminated or foliated, tectonically sheared

weak rock; closely spaced schistosity

prevails over any other discontinuity set,
AWia in

N/A N/A

lack of
Joint spacing < 1 cm

12

45 1.7 067
Joint Condition Factor Jc

0.25

0.1
0.09

Cai et al, 2004 gy 4 GSI o5 5,51y :A y g

Joint Condition Factor jC

- 10000000

:

Block volume Vb (cm®)

8

-10

AN




GEOLOGICAL STRENGTH INDEX (GSI)
FOR JOINTED BLOCKY ROCK MASSES

From the lithology, structure and observed
discontinuity surface conditions, estimate the
average GS| based on the descriptions in

B >

s | 8| 2

@ £ b=

8 5 | 8 ]

I O -

3 o E E

the row and column headings. Altematively, § - 2 § @ §

from logged RQD values and Joint Condition 8 2 5 85 8

ratings (from Bieniawski, 1989), estimate 2 g 5 5 E, 2

GSI = 1.5 JCondgy+ RQD/2 based on the o 1 © o8 3

scales attached to the chart axes. e e s 2y &

For intact or massive rock with GSI > 75, v % E % % E 'F(a

check for brittle spalling potential. For z 2 o g s 2
sparsely jointed rock with GSI > 75, failure B i s > >0 >0
will be controlled by structurally defined blocks 5 = g g 5% f-_:.‘_:
or wedges. The Hoek-Brown criterion should  Z| | @ > o = £z
not be used for either of these conditions. o| o £ é g |SEs
(@] = o © O
This chart applies to tunnels of about 10 m o] @ g @ = g @ 8 ° o
span and slopes < 20 m high. For larger g z = 86 | « 3 |Zsc [rSs
caverns and slopes consider reducing GSI 0:: w o o3 <E |O é 8 |wl g
to account for decreasing block interlocking. &»| == O Lo [@aw8 [>»8
STRUCTURE DESCREASING SURFACE QUALITY C— >

BLOCKY - well interlocked
undisturbed rock mass made
up of cubical blocks formed by
three sets of intersecting joints

/. #\| VERY BLOCKY - interlocked,
t=1 | partially disturbed rock mass,
“<| multi-faceted angular blocks
formed by 4 or more joint sets

.+/| BLOCKY, DISTURBED/SEAMY

i - folded with angular blocks formed
by many intersecting joint sets.
Persistence of bedding planes or
schistosity

<1 DECREASING INTERLOCKING

15| DISINTEGRATED - poorly inter-

%] locked, heavily broken rock mass

5| with mixture of angular and rounded
.| rock pieces

Hoek, et al., 2013

1.5 JCond,,

Hoek et al, 2013 gy 4 GSI o8 5,97 3 1)+ i guas
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63)‘0 Glb QY—\—Y—A

il o ) Saoglin oSl (A8 (et — A
BK- s ol oo yle gl a3¥ S g, 4 clidh o Cenglin Lailis Slage lanlive bl

(VY pgad)ius oo 00) yess GSI=40-50.07

< BLOCKY - well interlocked un-

oA disturbed rock mass consisting

04 of cublcal blocks formed by three
<] intersecting discontinuity sats

SURFACE CONDITIONS

VERY VERY

aonp | €900 | FAR | POOR| oonp

DECREASING SURFACE QUALITY —=>
INTACT OR MASSIVE - intact L / / /
rock specimens or massive in 90 NIA NIA
situ rock with few widaly spaced L
discontinuities / / /

4 BD

.4
/

S| VERY BLOCKY- interlocked,
=74 partially disturbed mass with
[l multi-faceted angular blocks
A formed by 4 or more joint sets

BLOCKYDISTURBED/SEAMY
- folded with angular blocks
formed by many inlersecting

5 dizcontinuity sets, Parsistenca
of bedding planas or schistosity

DISINTEGRATED - poorly inter-

; o leckad, haavily broken rock mass
3 with mixture of angular and

ﬁ:ﬁ “| rounded rock pieces

< —— DECREASING INTERLOCKING OF ROCK PIECES

‘ L
LAMINATEDVSHEARED - Lack 10
of blockiness due 10 close spacing NJA N/A
of waak schislosity or shear planes
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Sonmez & Ulusay, 2002 (wlw! 3 GSI dmilo—Y—o

BK-07 caiol> Syl lo aY cwlidsyn) Cnglan aLi Sonmez & Ulusay, 2002 g, wlw! 5

ol 00 @) YE e [0 a5 ol o0s 9,51, GSI=34

INTACTOR | peocxy] v ——— :::2:’;;": '\‘(52;- Rough ?:ugs::'.y Smooth Siickenaided
MASSIVE
! :g \g:uc'::og:g) Neno o o SR i Wr:?’s‘:¥“ Dsopmpossd
SR=-17.5 In(J,) + 79.8| S
g% r=1.0 Infilling Hard Hard Soft Soft
(g’ 70 o Rating (R N:nc < S‘mm > 52mm < 5zmm > somm
5 50 SCR=R +R,+R,
50 = °
5 4 B E 382 .
g a0 £ £§¢8
5] g §'
£ 20 o £ 5
: i | | B[ | om
0 = £ 5 1
0.1 1 10 100 1000 gg' 2 § zgwg. §§'§.
Volumetric joint count, J, (joint/m®) E §“§ g g g g g s Sz § % §§§§
SURFAC; CONI)/I'I'ICDN RATING, SCR
| 1] /]
o5 < /
INTACT OR MASSIVE- Intact 790 NOT APPLICABLE
rock specimens or massive |
/ in-situ rock masses with very few s Vi A / / . /
widely spaced discontinuities sl V| V e Vg /
7 7 7 / 7 / 4
| — 8({ // // ,/ /
BLOCKY-very well interlocked 75 / / / / /
undisturbed rock mass consisting / /
of cubical blocks formed by three %2 - / / / / |

orthogonal discontinuity sets

oz o | 7

w /
o |/ 60
o A 1/ L/ /
7] VERY BLOCKY-interlocked =55 . 4 // / /
*Siv | partially disturbed rock mass with ] v -/ ¥
9’:;;?’?5 multi-faceted angular blocks formed o so / / s / / /
- ?4,» ;‘} by 4 or more discontinuity sets 2 v % /
= /1 1/ / D /
g- 40— 4 ot /
i ay.ay, J /
BLOCKY/DISTURBED/SEAMY n>°7 4 /
-folded with angular blocks S0
formed by many intersecting N / / / / /
discontinuity sets. Persistence 1A | A / / 174
of bedding plane or schistosity =817 / /
/ A /

"f‘f’ DISINTEGRATED-poorly inter- 18 / / 4
i e L A A el 11/
;&g&?’: rounded rock pieces . / / / / /
4 f c
/ / / / i

Sonmez & Ulusay, 2002 _ig, 4 BK-05 @ oly )l b a¥ GSI o5 3,51 5 :¥F y g
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Cai et al, 2004 wlw! 3 GSI Ao —Y—o

GSI=37 BK-07 i o> 5yl gl a3 i oo Conglivo oL Cail et al, 2004 55, wlol 5

el 00 43‘)| Yo Rl )OASCA.M:‘ o0l 0)51).3

Joint or Block Wall Condition

GSI

Very rough, fresh unweathered surfaces
compact coating or flings of angular fragments

Stickensided, highly weathered surfaces with

|
:
;
i

Rough, skghtly weathered,
P :
mmmamm

Block Size 2 2
Massive - very well interlocked ; g E g
undisturbed rock mass blocks formed &p ¢ P ) 5 10E+6
by three or less discontinuity sets / /’ ," iy
with very wide joint spacing 150 - JLEREY KA
Joint spacing > 100 cm 7
100 cm

Blocky - very well interlocked o 75 /S / / // //- ('1E rr’g)
undisturbed rock mass consisting 79 - (&
of cubical blocks formed by three g0 . (& fos /
orthogonal discontinuity sets 80 . A
oo e BV /NS L ]
// / - 10E+3
/,

30 cm
Very Blocky - interlocked, partally / / / / / \7
disturbed rock mass with mullaoum“ 5
(1 dm?)

4
angular blocks formed by four or more
discoutinuity sots
Joint spacing 10 - 30 cm
/£

10 cm

Blocky/disturbed - folded and/or /

faulted with angular blocks formed by

many intersecting discontinuity sets

Joint spacing 3 - 10 cm &= /
3.

Disintegrated - poorly interiocked, /

heavily broken rock mass with a

mixture or .\9\" and rounded

rock pleces
Joint spacing <3 cm

Block Volume Vb (cm?)

8

0
V. = /4 10

1em
FoliatedNaminated/sheared - thinly A | B B
laminated or foliated, tectonically sheared ! A A A B A
weak rock; closely spaced schistosity N/A NA |7 Ly 2y 3
prevails over any other discontinuity set, ¥ LA A A
resulting in complete lack of blockiness e 0.1
Joint spacing < 1.cm 12 45 1.7 067 0.25 0.09

Joint Condition Factor Jc

Cai et al, 2004 _ig, 4 BK-07 o ol> ko b a¥ GSI 05 0551 15 :¥D 5 guai
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Block volume Vb (cm®)

100 10 1 0.1
Joint Condition Factor jC
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GSI=54 BK-07 i olz ke sl 4g¥ wlids yen) Cuoglite sasLs Hoek et al, 2013 s, Lol 5

el 00U 43‘) Yv )49.\4; )QASW‘ ol h))sT)J

GEOLOGICAL STRENGTH INDEX (GSI)
FOR JOINTED BLOCKY ROCK MASSES

From the lithology, structure and observed
discontinuity surface conditions, estimate the
average GSI| based on the descriptions in

t; >
ARRE
L)

5| S8 | %

o a £ E]

3 2| 3 s
the row and column headings. Altematively, § B 2 § @ §
from logged RQD values and Joint Condition 8 2 > 8 5 8
ratings (from Bieniawski, 1989), estimate 2 -3 S 3 £ 2
GSI = 1.5 JCond,,+ RQD/2 based on the o ! @ 2
scales attached 0 the chart axes. 8| & B | B: 5
For intact or massive rock with GSI>75, | & 3 §| 52| B
check for brittle spalling potential. For Z| ¢ 5 g | 85| ¢
sparsely jointed rock with GSI > 75, failure = 5 E ) >B 28
will be controlled by structurally defined blocks & £ e ‘E 58 5E
or wedges. The Hoek-Brown criterion should 5 ol > £E < %
not be used for either of these conditions. S| & = = g g |83 =
This chart applies to tunnels of about 10 m 3 8 Ed 7‘ £ g: g E % -3
span and slopes < 20 m high. For larger & E e 8 S « § % ] ,E E & £
caverns and siopes consider reducing GSI & EE 03| z& |32% w§§
to account for decreasing block interlocking. & > Ox Lo [aw8 |>o

STRUCTURE DESCREASING SURFACE QUALITY —>

BLOCKY - well interlocked

formed by 4 or more joint sets

RQD/2

|_"~~" | BLOCKY, DISTURBED/SEAMY
fiyd ¥ - folded with angular blocks formed
by many intersecting joint sets.

undisturbed rock mass made 2

.| up of cubical blocks formed by 5

1 three sets of intersecting joints o

-

[

* . »| VERY BLOCKY - interlocked, p
" | partially disturbed rock mass, Z
A multi-faceted angular blocks 0]
2

7}

<

w

o

]

w

(=]

| Persistence of bedding planes or
~~+| schistosity

| DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and rounded
*| rock pieces
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Joint or Block Wall Condition
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Very rough, fresh unweathered surfaces
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compact coating or flings of angular fragments

Block Size g g §
Massive - very well interiocked ; g n! S E
undisturbed rock mass blocks formed S 7 A4 7 7 F10E+6
by three or less discontinuity sets ,vép ’,’ ,” ',‘ P
with very wide joint spacing 150 - @ ATl POy
Joint spacing > 100 cm % 7

100 o 1 1€+

Blocky - very well interlocked o (1md)

undisturbed rock mass consisting :.',’ 3
of cubical blocks formed by three  go
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Jocm
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disturbed rock mass with mult
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Block Volume Vb (cm?)
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GEOLOGICAL STRENGTH INDEX (GSI)
FOR JOINTED BLOCKY ROCK MASSES

From the lithology, structure and observed
discontinuity surface conditions, estimate the
average GSI| based on the descriptions in

t; >
s | 8| %
[ =

5| S8 | %

o a £ E]

3 2| 3 s
the row and column headings. Altematively, § B 2 § @ §
from logged RQD values and Joint Condition 8 2 > 8 5 8
ratings (from Bieniawski, 1989), estimate 2 -3 S 3 £ 2
GSI = 1.5 JCond,,+ RQD/2 based on the o ! @ 2
scales attached 0 the chart axes. 8| & B | B: 5
For intact or massive rock with GSI>75, | & 3 §| 52| B
check for brittle spalling potential. For Z| ¢ 5 g | 85| ¢
sparsely jointed rock with GSI > 75, failure = 5 E ) >B 28
will be controlled by structurally defined blocks & £ e ‘E 58 5E
or wedges. The Hoek-Brown criterion should 5 ol > £E < %
not be used for either of these conditions. S| & = = g g |83 =
This chart applies to tunnels of about 10 m 3 8 Ed 7‘ £ g: g E % -3
span and slopes < 20 m high. For larger & E e 8 S « § % ] ,E E & £
caverns and siopes consider reducing GSI & EE 03| z& |32% w§§
to account for decreasing block interlocking. & > Ox Lo [aw8 |>o

STRUCTURE DESCREASING SURFACE QUALITY —>

BLOCKY - well interlocked

formed by 4 or more joint sets

RQD/2

|_"~~" | BLOCKY, DISTURBED/SEAMY
fiyd ¥ - folded with angular blocks formed
by many intersecting joint sets.

undisturbed rock mass made 2

.| up of cubical blocks formed by 5

1 three sets of intersecting joints o

-

[

* . »| VERY BLOCKY - interlocked, p
" | partially disturbed rock mass, Z
A multi-faceted angular blocks 0]
2
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| Persistence of bedding planes or
~~+| schistosity

| DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and rounded
*| rock pieces
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Bearing capacity and Settlements are computed using the following computations.
1. The Ultimate Bearing Capacity Calculation
Hansen’s Method:
General: quit = cNc ss dclegcbe + qQNgSqdgiggqbg + 0.5yB’ N, S,dyiygyby
When @=0
Use Quit = 5.14 Sy ( 14Sc+d’c —1’c- b’e- g°c) +q
Nq = € tan?( 45+D/2)
Ne=(Ng—1)cot®
Ny =1.5(Ng -1) tan®

The coefficient of shape and depth of foundation inclination of the forces, and the slope of
foundation are presented in tables 4-5a , 4-5b and 4-5c.

2- Elastic Settlement of foundations
Due to the low water table, the settlements are largely elastic. Therefore, in calculating the
settlements, the following equation, based on Elasticity Theory, is used:

1-p2

AH= qoB’ m I I¢ Es

AH= Settlement

qo= Load

B’ = Minimum Dimension of Footing
Is = Steinbrenner General Influence Factor
It = Fuchs Depth influence factor

Es = Secant Modulud of Soil

p = Poisson’s Ratio

m = Participation Factor

m= 4 for center of footing

m= 2 for edges

m= 1 for corners

In the above equation the units for AH and B’, and also qo and Es are similar.
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TABLE 4-5a

Shape and depth factors for use in either the Hansen
(1970) or Vesi¢ (1973, 1975b) bearing-capacity equations
of Table 4-1. Use s, d; when ¢» = 0 only for Hansen
equations. Subscripts H,V for Hansen, Vesi¢, respectively.

Shape factors Depth factors

d, =04k (¢ =0

B'
San = 02= (¢ =07
* L d. = 1.0 + 0.4k

Sy = 1-0+%‘1'% k = D/B for D/B = 1
NC B k = tan"'(D/B) for D/B > 1
Sevy) = 1.0+ .-
N. L k in radians
5. = 1.0 for strip
Sy = 1.0 + %Siw d, = 1+ 2tang(l — sin$)’k
Sqvy = 1.0+ %ta né k defined above
for all ¢
Sy = 1.0-0.4% = 0.6 dy = 1.00  forall ¢

Spevy = 1.0 — 04—?— = 0.6

Notes:
1. Note use of “effective” base dimensions B’, L' by Hansen but not by Vesi¢.

2. The values above are consistent with either a vertical load or a vertical load accompa-
nied by a horizontal load Hp.

3. With a vertical load and a load H; (and either Hp = 0 or Hg > Q) you may have to
compute two sets of shape s; and d; as s; p, s;;, and d; p, d; ;.. For i, L subscripts of Eq.
(4-2), presented in Sec. 4-6, use ratio L'/B' or D/L’.

9 SEolb

TABLE 4-5b

Table of inclination, ground, and base factors for the
Hansen (1970) equations. See Table 4-5¢ for equivalent
Vesi¢ equations.

Inclination factors Ground factors (base on slope)
"= - _ H; - Bo
=0T R 8 = 157
, , 1—i, g°
1‘: —hT C - 1.0 — e———
TN 8 147°
A P 0.5H; 1 _ o )
T [1 m] g = & = (1 —0.5tan B)

250{]55

Base factors (tilted base)
[, orH . -
b= [1 V+ Afc,,cotqu b = 147° @®=9
. _ [, _ 0.7 - 9°/450°)H; ]"’ b, =1- T (¢ > 0)
T [1 V + Ascycot 1472
= b, = exp(—2m tan ¢)
=m = b, = exp(—2.7ntan ¢)

7 in radians

Notes:

1. Use H; as either Hg or H;, or both if H; > 0.

2. Hansen (1970) did not give an i, for ¢» > 0. The value above is from Hansen {1961)
and also used by Vesié.

3. Variable ¢, = base adhesion, on the order of 0.6 to 1.0 X base cohesion.

4. Refer to sketch for identification of angles 1 and 3, footing depth D, location of H;

(parallel and at top of base slab; usually also produces eccentricity). Especially note
V = force normal to base and is not the resultant R from combining V and H;.
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TABLE 4-5¢

Table of inclination, ground, and base factors for
the Vesi¢ (1973, 1975b) bearing-capacity equations.
See notes below and refer to sketch for identification

of terms.
Inclination factors Ground factors (base on slope)
Y ~ o ” P
. mil,; . . .
f H, = Vtan o+ CaAf ip =1~ AfCaNc =0 g = m B in radians
—~ 1-1
6 = friction angle between i =i, - 1-14, (¢ > 0) g =ig— 2t ¢$>0
For: L/B <2 use ¢, base and soil (.5¢ < § < ¢) ¢ N, -1 5.14tan ¢
L/B>2use ¢ps=1.5¢,— 17’ A; = B'L' (cffective area) iz, and m defined below i, defined with i,
Pu < 347 use @ = Py ¢, = base adhesion (0.6 to 1.0c)
H.. 1]
=10 - —— " = = (1.0 — tan 8)?
B & [ V+Afcacot¢] 8 = 8 = ( A)
|
I AF = B'L
- e—ze Base factors (tilted base)
! +1
I . H; " b, =g =0
=|1l.0- —i—— 4 8¢
L, H_B.. by [ V+Afcacot¢] 28
bhy=1—- ———
l 2+ B/L 5.14tan¢
Hy 1+ B/L b, = b, = (1.0 — ntan¢)
I q v
| m == 2+ L/B
| B’ — L 1+ L/B
) o
col Nores:
] _e= M 1. When¢ = O{and 8 # O)use Ny = —2sin(*f3) in N, term.
[~~— 4 2. Compute m = mg when H; = Hp (H parallel to B)and m = m; when H; =
V| Hj (H parallel to L), If you have both Hg and Hy use m = _/m?% + m?. Note
; ! r
I l\ use of Band L, not B', L',
AN \Pp 3. Refer to Table sketch and Tables 4-5a,& for term identification.
\M=H]| 4. Terms N, N,, and N, are identified in Table 4-1.
B See q Y
= = Chap 11 5. Vesi¢ always uses the bearing-capacity equation given in Table 4-1 (uses B’
Has P in the N hen H; = H
Hmax"'PpZSFX(HB) in the N, term even when H; = Hj).

6. H; term =< 1.0 for computing iy, i (always).
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Calculation of consolidation settlement for fully saturated clays

The relationships used for the calculation of settlement due to consolidation of saturated,
normally consolidated clays, and pre consolidated clays are as follows:

CcH P'0+ AP
0og 7
1+e0 P'0

Normally consolidated clays: Sc=

Pre- consolidated clays:

CrH Pc CcH P'0+ AP
= log — + | For P'y< P, <P’y + AP
S 1100 P8 570 | 1+e0 08 or o< Te 0
CrH P'o+ AP
Sc= ge—; For P'o+ AP <P’.
1+e0 P'0

Sc= Consolidation settlement for clay layer

Cc= Compressibility index

Cr= Rebound coefficient

H= Thickness of clay layer

eo= Initial void ratio

P’o= Initial effective stress at the middle of the clay layer
AP= Effective stress increment at the middle of the clay layer

P. = Pre-consolidation pressure in clay layer

It should be noted that in the case of thick clay layer, it is subdivided into several sub-layers and
then the combined effect of consolidation settlement of each individual sub-layer is computed as
total settlement.

9 St
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IMMEDIATE SETTLEMENT COMPUTATIONS

The settlement of the corner of a rectangular base of dimensions B’ X L' on the surface of
an elastic half-space can be computed from an equation from the Theory of Elasticity [e.g.,
Timoshenko and Goodier (1951)] as follows:

1 — pu? 1-2up
AH = q,B’ I + I 5-1
q E, (1 = Z)IF (5-16)
where go = intensity of contact pressure in units of E;

B' = least lateral dimension of contributing base area in units of AH

I; = influence factors, which depend on L'/B’, thickness of stratum H, Poisson’s
ratio u, and base embedment depth D

E,, u = elastic soil parameters—see Tables 2-7, 2-8, and 5-6

The influence factors (see Fig. 5-7 for identification of terms) I; and I, can be computed
using equations given by Steinbrenner (1934) as follows:

1 (1+ M2+ 1)J/M? + N2 M+ VM2 + 1) J1 + N?
Ij = —|Mln + In (a)
m M + VM2 + N?+1) M+ JM? + N? +1
L = N ian! M (tan”! in radians) b)
2m N JM? + N2 + 1
LI
where M = 7

Figure 5-7  Influence factor Ir for footing at a depth D. Use actual footing width and depth dimension for this
D/B ratio. Use program FFACTOR for values to avoid interpolation.
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TABLE 5-2
Values of I and I, to compute the Steinbrenner influence factor I; for use
in Eq. (5-16a) for several N = H/B' and M = L/B ratios

55 5 daslixe 33 o3 (5o sl ol

N M=10 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2.0
02 5L =0.009 0.008 0.008 0.008 0.008 0.008 0.007 0.007 0.007 0.007 0.007
L =0.041 0042 0.042 0042 0.042 0.042 0.043 0.043 0.043 0.043 0.043

0.4 0.033 0.032 0.031 0.030 0.029 0.028 0.028 0.027 0.027 0027 0.027
0.066 0.068 0.069 0.070 0.070 0.071 0.071 0.072 0.072 0073 0.073

0.6 0.066 0.064 0.063 0.061 0060 0.059 0.058 0.057 0.056 0.056 0.055
0.079 0.081 0.083 0.085 0.087 0.088 0.089 0.090 0.091 0.091 0.092

0.8 0.104 0.102 0.100 0.098 0.096 0.095 0.093 0.092 0.091 0.090 0.089
0.083 0.087 0.090 0.093 0.095 0.097 0098 0.160 0.101 0.102 0.103

1.0 0.142 0.140 0.138 0.136 0.134¢ 0.132 0.130 0.129 0.127 0.126 0.125
0.083 0.088 0.091 0.095 0.098 0.100 0.102 0.104 0.106 0.108 0.109

1.5 0224 0224 0.224 0.223 0222 0220 0219 0217 0216 0214 0213
0.075 0.080 0.084 0.089 0.093 0.096 0.099 0.102 0.105 0.108 0.110

20 0285 0288 0.290 0.292 0292 0292 0292 0292 0291 0290 0.289
0.064 0.069 0.074 0.078 0.083 0.086 0.090 0.094 0.097 0.100 0.102

3.0 0363 0372 0379 0384 0389 0393 0396 0398 0400 0401 0402
0.048 0.052 0.056 0.060 0.064 0.068 0071 0.075 0078 0.081 0.084

4.0 0408 0.421 0431 0440 0.448 0455 0460 0465 0.469 0473 0476
0.037 0.041 0.044 0.048 0.051 0.054 0.057 0.060 0.063 0.066 0.069

5.0 0437 0452 0465 0477 0487 0496 0503 0510 0516 0522 0526
0.031 0.034 0.036 0.039 0.042 0.045 0.048 0.050 0.053 0.055 0.058

6.0 0.457 0474 0489 0502 0514 0.524 0534 0.542 0550 0.557 0.563
0.026 0.028 0.031 0.033 0.036 0.038 0.040 0.043 0.045 0.047 0.050

7.0 0.471 0490 0506 0.520 0.533 0.545 0556 0.566 0575 0.583 0.590
0.022 0.024 0.027 0.029 0.031 0.033 0.035 0.037 0.039 0.041 0.043

8.0 0.482 0.502 0519 0.534 0549 0.561 0573 0.584 0594 0.602 0.611
0.020 0.022 0.023 0.025 0.027 0029 0031 0.033 0.035 0.036 0.038

9.0 0491 0.511 0529 0.545 0560 0574 0587 0.598 0.609 0.618 0.627
0.017 0.019 0.021 0.023 0.024 0.026 0.028 0.029 0.031 0.033 0.034

10.0 0.498 0.519 0537 0.554 0570 0584 0597 0610 0.621 0.631 0.641
0.016 0.017 0.019 0.020 0.022 0.023 0.025 0.027 0.028 0.030 0.031

20.0 0.529 0.553 0.575 0.595 0614 0.631 0.647 0.662 0.677 0.690 0.702
0.008 0.009 0.010 0.010 0.011 0.012 0.013 0.013 0.014 0.015 0.016

500.0 0.560 0.587 0.612 0.635 0.656 0.677 0.696 0.714 0.731 0.748 0.763
0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.001
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TABLE 5-2

70 o dwlxe 0 o3V byl polie

Values of I; and I» to compute the Steinbrenner influence factor I; for use
in Eq. (5-16a) for several N = H/B' and M = L/B ratios (continued)

N M=25 4.0 50 6.0 7.0 8.0 90 100 250 500 1000
02 I =0.007 0006 0006 0006 0006 0.006 0006 0.006 0006 0.006 0.006
L =0043 0044 0.044 0044 0044 0044 0.044 0.044 0044 0.044 0.044

04 0.026 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0024 0.024 0.024
0.074 0.075 0075 0.075 0.076 0.076 0.076 0.076 0.076 0.076¢ 0.076

0.6 0.053 0.051 0.050 0.050 0.050 0.049 0.043 0.049 0.049 0.049 0.049
0.094 0.097 0.097 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098

0.8 0.086 0.082 0.081 0.080 0.080 0.080 0.079 0.079 0.079 0.079 0.079
0.107 o0.111 0.112 0.113 0.113 0.113 0.113 0.114 0.114 0.114 0.114

1.0 0.121 0.115 0.113 0.112 0.112 6.112 0.111 0.111 0.110 0.110 0.110
0.114 0.120 0.122 0.123 0.123 0.124 0.124 0.124 0.125 0.125 0.125

1.5 0.207 0.197 0.194 0.192 0.191 0.190 0.190 0.189 0.188 0.188 0.188
0.118 0.130 0.134 0.136 0.137 0.138 0.138 0.139 0.140 0.140 0.140

20 0.284 0.271 0.267 0.264 0262 0.261 0.260 0.259 0.257 0.256 0.256
0.114 0.131 0.136 0.139 0.141 0.143 0.144 0.145 0.147 0.147 0.148

3.0 0402 0392 0386 0382 0378 0376 0374 0373 0368 0367 0.367
0.097 0.122 0.131 0.137 0.141 0.144 0.145 0.147 0.152 0.153 0.154

4.0 0.484 0484 0479 0474 0470 0466 0464 0462 0453 0451 0451
0.082 0.110 0.121 0.129 0.135 0.139 0.142 0.145 0.154 0.155 0.156

5.0 0.553 0.554 0.552 0.548 0543 0.540 0.536 0.534 0522 0519 0.519
0.070 0.098 0.111 0.120 0.128 0.133 0.137 0.140 0.154 0.156 0.157

6.0 0.585 0.609 0.610 0.608 0.604 0.601 0.598 0.595 0.579 0.576 0.575
0.060 0.087 0.101 O.111 0.120 0.126 0.131 0.135 0.153 0.157 0.157

7.0 0618 0.653 0.658 0.658 0.656 0.653 0.650 0.647 0.628 0.624 0.623
0.053 0.078 0.092 0.103 0.112 06.119 0.125 0.129 0.152 0.157 0.158

8.0 0.643 0.688 0.697 0700 0700 0.698 0.695 0.692 0.672 0.666 0.665
0.047 0.071 0.084 0.085 0.104 0.112 0.118 0.124 0.151 0.156 0.158

9.0 0.663 0.716 0730 0.736 0.737 0.736 0.735 0.732 0.710 0.704 0.702
0042 0.064 0.077 0088 0.097 0.105 0112 0.118 0149 0.156 0.158

10.0 0.679 0.740 0.758 0.766 0.770 0.770 0.770 0.768 0.745 0.738 0.735
0.038 0.059 0.071 0.082 0.091 0.099 0.106 0.112 0.147 0.156 0.158

20.0 0.756 0.856 0.896 0.925 0.945 0.959 0969 0.977 0982 0.965 0.957
0.020 0.031 0.039 0.046 0.053 0.059 0.065 0071 0.124 0.148 0.156

500.0 0.832 0977 1.046 1.102 1.150 1.191 1.227 1.259 1.532 1721 1.879
0.001 0.001 0.002 0.002 0.002 0.003 0.003 0.003 0.008 0.016 0.031
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Fig. 12 Fox's CORRECTION CURVES FOR SETTLEMENTS OF FLEXIBLE
RECTANGULAR FOOTINGS OF L x B AT DEPTH D
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Isolated

Criterion foundations Rafts
Angular distortion (cracking) 1/300
Greatest differential settlement
Clays 45 (35)
Sands 32 (25)
Maximum settlement
Clays 75 75-125 (65-100)
Sands 50 50-75 (3565
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On sand or

On plastic Average max.

Strueture hard clay clay settlement, mm
Crane runway 0.003 0.003
Steel and concrete frames 0.002 0.002 100
End rows of brick-clad frame 0.0007 0.001 150
Where strain does not occur 0.005 0.005
Muliistory brick wall 25 LH=25

I/Hto3 0.0003 0.0004 00 LH=15
Multistory brick wall

I/H over 5 0.0005 0.0007
One-story mill buildings 0.001 0.001
Smokestacks, water towers, ring foundations 0.004 0.004 300

Structures on permafrost

Reinforced concrete 0.002-0.0015 150 at 40 mm/yeart
Masonry, precast concrete 0.003-0.002 200 at 60 mmyyear
Steel frames 0.004-0.0025 250 at 80 mm/year
Timber 0.007-0.005 400 at 129 mm/year
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TABLE 16-J—SOIL PROFILE TYPES

AVERAGE SOIL PROPERTIES FOR TOP 100 FEET (30 480 mm) OF SOIL PROFILE
Standard Penetration Test, N for
soiL T:;%gFILE SoIL PREE%ERNI#HEJEEHERIG Shear Wave xg:mi%. Vs ndard Pen s:illolgy:r:] :L_[f-'r ok Undrained Shm; f)lmngth. 5y psf
Sa Hard Rock > 5,000
(1,500)
S Rock 2,500 to 5,000 - -
(760 to 1,500)
S Very Dense Soil and Soft Rock 1,200 to 2,500 > 50 > 2,000
(360 to 760) (100)
So Stiff Soil Profile 600 to 1,200 15to 50 1,000 to 2,000
(180 to 360) (50 to 100)
Se! Soft Soil Profile <600 <15 < 1,000
(180) (50)
Sk Soil Requiring Site-specific Evaluation. See Section 1629.3.1.

1S0il Profile Type Sg also includes any soil profile with more than 10 feet (3048 mm) of soft clay defined as a soil with a plasticity index, PI > 20, wj,, = 40 percent
and s, < 500 psf (24 kPa). The Plasticity Index, PI, and the moisture content, wj,, shall be determined in accordance with approved national standards.

(F ialyrg —YAse 3 lailiowl 31 J&) cymo) £ 95 gy dinbs

— - - o &y
Cu(kPa) | Nisy | Vs(m/s) o) G 4Y Gnogd .
o)
oo e b 5 cians gellas e O iSTas b oSome
b Sl iy ooSTpte et dls 5 b ol e i b pS1ie LS S
>Y5- >8- | YVO_VO- Al S5 g & Gar il b o] SlSle Sl & e Ve jl ity calis | ]
Calbes b corw lo oy b awgio U o515 dle o o0 Jolds cdavgin b oS0 S
YooY | \o-b+ | \VA-YVA ’ . > ey I
St iy
U lawgs 15 L oo S Ll odins e S slo aY 05 b lawgie S
<y <\b <\ e p315 b oatrnz =S bhodinr 22 S sl a¥ ey o v
o5oxe b 5 o YlS S slo 4 (oS

9 St



g gy wlwl p (Kp) polie 9 (Ka) I yo jLid Sl po

K, = Sn?(a + ¢)
T i 12
Sn%a.Sn(a - 8)| 1+ Sn(g + 6).9n(¢ - B)
L Sn(a - 6).8n(a + B)
Ky = Sin*(a - ¢)
. i 3 5).9 72
Sn2a.Sn(a +8)| 1- n(g +6).Sn(¢ + B)
Sn(a +6).Sn(a +,3)_
e~ = $BD(AE)
iE - 4plinfe+ /)
AE= AR =P
BD = AB sin (z + p)
u-%
Sla S e ldi 5l Coulomb (i, ya sulitul o) ee (S550S 0 oS (a)
180° — @ — &
+d

-
f{g-p

S aglis ;L ) S 05 (C ) SLa p gl (59 (aad 151 40 palid a (D)



B=0° 9 01=90° (5l (endgS 9y ) SIS S oo HLiS Ll s Jgur

d(deg)

D(deg) 0 5 10 15 20 25
28 0.3610 0.3448 0.3330 0.3251 0.3203 0.3186
30 0.3333 0.3189 0.3085 0.3014 0.2973 0.2956
32 0.3073 0.2945 0.2853 0.2791 0.2755 0.2745
34 0.2827 0.2714 0.2633 0.2579 0.2549 0.2545
36 0.2596 0.2497 0.2426 0.2379 0.2354 0.2350
38 0.2379 0.2292 0.2230 0.2190 0.2169 0.2167
40 0.2174 0.2098 0.2045 0.2011 0.1994 0.1995
42 0.1982 0.1916 0.1870 0.1841 0.1828 0.1831

P=0° 9 A=90° (sl (caadgS (g 41) S pgliie HLid il o Jour

d(deg)

D(deg) 0 5 10 15 20
15 1698 1900 2130 2.405 2.735
20 2040 2313 2636 3.030 3.525
25 2464 2830 3.286 3.855 4.597
30 3.000 3506 4.143 4.997 6.105
35 3690 4390 5310 6.854 8.324
40 4600 5590 6.946 8.870 11.772




(W35 £689) (Soolas cdle yo SL (Hlar HLAS el o

Ko = KeCO$0+a,)
Kae = KeeSMo+ar,)
Sn*(a, +60 - ¢)

Snig+8)an(p-0-5,) |
Sn(a, +5+6).Sn(a, — S,)

K_ =

ae

Cosf.9n’a,.Sn(a, + 0 + 5){1+\/

K, =K Cog+a,)
Ky, =Ko SN +a,)
Sn(a, +4-06)

Sn(g+0).Sn(p+ 3, - 0) ]2

pe

Cosf.Sn*a,.Sn(a, —0—6)| 1-
Sn(a, -0 -0).Sn(a,-B,)

Kh
0 = Arctg(——
g(l_ KV)

Kn: Earthquake Horizontal Coefficient
Kv: Earthquake Vertical Coefficient

wagm ya lpadiy=W
e 85 0Ja = W,
Ba Gt S plin 88059 = W
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