| O (S Ol Mg gl 81 9 CblungS

@

< PN G S 4 )3 (Fw) 9 S IS *"'L_'u/;.v;-‘—%f
BK12 BARAN C/ ,,,,
T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
053 073 _ 9184 0398 | G G | odiidle | Obled | 4y | Sadegs | Jig | e 49 ;I 1 amioo)lois
BK BK12 PEDCO 110 GT RT 0001 D00

03500 2T agf Gl 331 5 CoblagS 2

GEOTECHNICAL INVESTIGATION REPORT- BK12

S (S Gloaae ddgi G381 o CulblugSS

D00 JUN.2022 IFC BKP Co. M.Fakharian | M.Mehrshad

Rev. Date Purpose of Issue/Status Prepared by: Checked by: Approved by: CLIENT Approval
Class: 3 CLIENT Doc. Number: F0Z-708309
Status:

IDC: Inter-Discipline Check

IFC: Issued For Comment

IFA: Issued For Approval

AFD: Approved For Design

AFC: Approved For Construction
AFP: Approved For Purchase
AFQ: Approved For Quotation

IFI: Issued For Information

AB-R: As-Built for CLIENT Review
AB-A: As-Built —Approved




b

O (S Ol Mg gl 81 9 CblungS

PVl Cad G S a0 w9 B Culed

@

A

:?: it
B K 12 GEOTECHNICS 7777
T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
053 073 _ 9184 0398 | G G | odiidle | Obled | 4y | Sadegs | Jig | e 49 ;I 2 amivo)lois
BK BK12 PEDCO 110 GT RT 0001 D00
REVISION RECORD SHEET
PAGE D00 D01 D02 D03 D04 PAGE D00 D01 D02 D03 D04
1 X 66
2 X 67
3 X 68
4 X 69
5 X 70
6 X 71
7 X 72
8 X 73
9 X 74
10 X 75
11 X 76
12 X 77
13 X 78
14 X 79
15 X 80
16 X 81
17 X 82
18 X 83
19 X 84
20 X 85
21 X 86
22 X 87
23 X 88
24 X 89
25 X 90
26 X 91
27 X 92
28 X 93
29 X 94
30 X 95
31 X 96
32 X 97
33 X 98
34 X 99
35 X 100
36 X 101
37 X 102
38 X 103
39 X 104
40 X 105
41 X 106
42 X 107
43 X 108
m X 109
45 X 110
46 X 111
47 X 112
48 X 113
49 X 114
50 X 115
51 X 116
52 117
53 118
54 119
55 120
56 121
57 122
58 123
59 124
60 125
61 126
62 127
63 128
64 129
65 130




& Sy (i Ol g a1 3 g O
. [
5 PV et ST S A 53 (o) 9 S cdl J'L;‘,;f,;-,zf
BK12 GBéERHAN ,,,,
 olows 0 lous GEOTECHNICAL INVESTIGATION REPORT- BK12
053 073 _ 9184 0398 | G G | odiidle | Obled | 4y | Sadegs | Jig | e 49 ;I 3 amioojlois
BK BK12 | PEDCO | 110 | GT RT 0001 | DOO
o cuw 99

T e et 28RS AR50 RS8R TRV
O et eseeee e ettt e e e et Seeeeeee ettt e ettt ettt 2 ettt 059y (P9eE Slasin -1 J.«:S
O e s eSS SRS SRR Slllas Glonl -1-1
O et et eSS RS eSS ot o Cosgasme —1-2
100 e e e e b S lasie 123
13 ............................. °l§-*-"LM’6)-*-"°))JQSMSBC)L’°W‘§WL“M)‘L5“W6“L“W)'2J“s
13 ......................................................................................................................... dslaio SRGE LSMLM“’U"‘A) Sldlas —2—1
L0 e e s e dilaio oges (gio0;,) -2-2
16 .............................................................................................................................. axJlao S0 odsd.?m (5LQJ.M5 —2—2—1
LD e weveesesssssssssssssssessesseees sessssessssssssssssssssssessssns s t_s"‘)M LgLCbuibglf -3 ‘_J,as
LD e e s s sile slales g la> ollee -3-1
7 o slo_tale;] -3-2
22 e e et e (SPT) o, laslie 3985 g 00 iule;l -3-2-1
O (Geoelectrical Resistivity Test) o xSl cuoglie pts iolol -3-2-2
2D ettt e e s s s (Plate Load Test) axan s135,L isle;l -3-2-3
B0 e e s sssssse (California Bearing Ratio) CBR il ;1 3-2-4
B0 e e oo sesssessesssssessssssssss s Sl 6bo 6)':5 o)’|..&.3‘ -3-2-5
30 ........................................................................................................................ k_)T C.’a.w )|).: Coxog —3—3
B e s SRR eRs Sersssses s 2abeyl sla iolesl -4 Lad
B e s s s s S sy 6““"“-"-‘-]"3“-"-’-"’9-’_4_1
B0 e oo M;;awmwmg‘;\#@u;ﬁbgé@
B0 e b sl el g S slay Sols 5 (b Sleogas -5-1
36 et et ettt et Sy, il -5-2
BT et e wesessesssssessesssssssssssesses emsmmsmmsenesseeneneesnesnnenes (d’)")ﬂjs)g;ijbﬁojﬂi)’ 5-3
37 ........................................................................................................................................................ '3)94 JM;L_: Q)E‘).: —5—4




“ w5 0o g Rl 9 g @‘
. [E3
< PN G S 4 )3 (Fw) 9 S IS J'L:‘,;,;:.J,f
BK12 GBéERHAN ,,,,
T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
053 073 _ 9184 0398 | G G | odiidle | Obled | 4y | Sadegs | Jig | e 49 ;! 4 axioo,leds
BK BK12 PEDCO 110 GT RT 0001 D00

38 ........................................................................... wﬁwwb‘f)w5@%6f)bwﬁ)buw—62
B0 e e eSS om0 oot S Conis -6-3
30 e ettt e s t_s""b"“ Lgl.e‘.bo}ll.w )l.z,o 6)-.’)L.’ u.d).b—6—4
Q0D e oo es e ees seeeeeseeseseeeseesesssesesreeen seeeesessesesssssmmeeeeseeseee Ks) pyowe JMJ‘ d&c w).»o -7-¥-\
42 ........................................................................................................ A_i.ul.a..w‘ cJ= B ).M...u JMJ‘ u...ic JBJ.A —6—4—2
A3 (@35 6,38,0) eolall 553 6,138,k el 45 iy ol LuSe Jgoo ~6-4-3
B 365 &3k aly 05z 5 ile Lid ol Cymns 7
44 ............................................................................................................................... besl.uskj)m)w‘sw)).’—7—1
Ao e Sl cll s S il Lid (gl s e -T2
Ao e (W35 £589) (Seolns > o0 S Lil> jlad Colps s -7-3
QUOoeeeeeoeeeeeeeeeeeeeeeeeeeeseessees eeeeeeesesssemee et et e e et reeeeen seeeeeseseseseessesssemmeeesen s LS)L)*.’.L.{. 9 LS)L))-P?S -7-4
BT oo s s ‘5‘3 LSL‘DM&’BGJSW ‘6“—.’&“—?‘8&45
BT et s eSS SRS LS)"*?W 9 IR Ee= -8-1
AT e s s e s b dpogi 82




s PIY A & P ‘
O (S Ol Mg gl 81 9 CblungS
b o . . .Q/
< PN (G S A 93 (Suwe) 9y S Cled Iyt
BARAN
BK12 GEOTECHN: ,,,,
olows 05lad GEOTECHNICAL INVESTIGATION REPORT- BK12
053 073 _ 9184 0397 | G M | oaiidle | e | 4y | Soaegy | Jbe | 4 49 I 5! axiv o)l
BK BK12 | PEDCO | 110 | GT RT 0001 | DOO
Jl‘.&‘ Cau}gé

11 ... Google Earth ;o BK-12 (gaius Coundge 13 059, Jome (cuble slodiled (5,5 )1,8 comdge -1-1 IS
OB p o e &S L5 5l Lol asds ~Google Earth 1o 659, JS 4 Cas BK-12 gaitus Candge -2-1 S0
L et weveeeeeeseesseseeseesessseseees sesssssesssssesssssesesesesseens e et seeeessesesssssssssessssssssees 6))4‘
L oo s s sisses s ol mds ez coi Liales -1-2 S
LS s s s 2004 JLs Alavi b 51 o 315 (gosspeds -2-2 S
17 et et e e e e e ee e e eas Seeessaee e e s et ae e e s e e e e s eates Serteeeeetaeeeesraaeeesraaaeans axJllas Oyg0 00gde le-e,luj 3! Lg’L‘“ —3—2 J&w
18 ........... 1 100000 wmm&ym)o ).Q.wy GM:LA.M:U.A.A)) )OBK 12 L w.:.Sﬂ.A—4 2J&w
1O oo e BK-12 gaiun Comdge jo dndle sboailed o> oo gleil> -1-3 S
Sipl OB e oo &8 )0 5l Jlo | i —dlg) bas glo s a5 s -BK-12 gt By -2-3 S
21 s e SRR AR SseRS SRR SRS BK-12 (gains Coadge
21 ... Sl O e o i &S 0 5 Il ) s Ayl bas e 4 Gl BK-12 (gt Cousbae -3-3 S
25 BK-12 (gdins o oy ,blie 3585 o5 g (00uis Mal) SPT &b o gl il puss-4-3 s
20 e e s il oS gl (oS Caglio sg0> -5-3 IS
2 e eeeseseeen seeeeeessesesessesneessese BK-12 G )0 (08 o> 61»,&.” ngOA “"‘)“"‘""_6_3 Js.w
32 e s BK-12 saus CunBgo dnlllas 5,90 035050 ;o ile slaasled -1-4 IS
G JC TSSOSO 5Pl OB p e &S L 5l Jlo ) s —-BK-12 (gaiws Cundge —2-4 S
S i 5l Jlol asds - o Y Con it slbaieg ple 4 Cans BK-12 (gaius (6,5 ,)1,8 Cundge -3-4 S
T2 0000000000000 00000000000 Lg))ﬂ ulf).,_:b P e
B ] e et RS SRR SRR Aoy 8 osldoe -1-6 S
B ] et s SRR e absS slo,i8 g5l Jow -2-6 s

B2 st et s s JosS ads g, 50 (o gk (G s —3-60 IS



file://file-srv/Engineering%20Department/Projects/Company%20Projects-1401/589-Binak-HirganEnerji/3-ProceduresDocs/1-Technical/1-Geotechnics/Report/ProcerureOfReport/BK-12/14010321-589-Binak-Hirgan-BK-12-Rev01.docx%23_Toc105849867

“ w5 0o g Rl 9 g @‘
. [

< PN G S 4 )3 (Fw) 9 S IS J'L:‘,;,;:.J,f

BK12 GBéBHAN ,,,,
T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
053 073 _ 9184 0398 | G G | odiidle | Obled | 4y | Sadegs | Jig | e 49 ;I 6! axioosled
BK BK12 PEDCO 110 GT RT 0001 D00
Jali> Cuw yed

) U BK-12 (sdins CoaBgo sudile slaailed IS Slasin 1-3 o
R Seed et al. (2003) (solgin SPT olacl ZMol ol o .2-3 Jgox
24 ................................................................. (1948&.”9(595);) Nspr .)..\.csdj‘o &.L;’:)o S p.ﬂ).s A.E.:b 3—3 t.Jﬁ"\'?'
R (1967&25655‘)3) Nspr sae g dilogy ) S o515 alal, 4-3 Jgo
27 e o M‘Wﬁk}zﬁﬂ)omdw‘ &l oals C81,8 L Sils 059 Cunglio 5-3 Jous
A U (British Standard BS-1377) S <SJ1 Caaglie 3o S5 Faiy95 6-3 Jgox
29 ........................................................................................................ doo 6)‘..\.?)L: wLo)] C.!L.s 9 Slaseiw 7—3 Jg».&?
30 eeteteresteetntteteenttas sentstesteretesetrstrstttstnstas sarssassarsrasansrens ceeeessrassenstastensrnssnnsrnes CBR w;Lo)T G:Lu 9 uLa.?b.M.A 8—3 de.?
B e e s s 2isle;l slo ioles] Slaseine . 1-4 Jgo
36 . b S g S GLQQYGi,,SlSAgGSi}ﬁé‘SL%;Al)LiLSQLQJ..‘;‘%)%QLEA—I—S Jgo=
B s s eSS R S 10 Ssss s £9 Jomils (g0 ail -2-5 Jgux
R )"‘°‘5"Md‘f&)‘fﬁ&w‘s’uﬁ@)""‘“”J“”’J‘U“S'cgjﬁ"\”_l_6gbd‘>
43 ................................................... ﬁd)dasé‘fcbﬂfgwd@‘w&chM—z—6 de.?

A5 sl 5 S5 las ety (05 5 (28 L (b S laaY gl il b o -1-T Jsu




A S (S Ol Agi 1381 9 CllngS @

A

< PN G S 4 )3 (Fw) 9 S IS i s

NISOC S o ol 4 by o S>Mol plxil 9 Gl & Sihgud CH

BARAN
BK12 CEOTECHN 7777

T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
0398 | G G | odiidle | Obled | 4y | Sadegs | Jig | e 49 ;I T amio ojlois

053-073-9184

BK BK12 PEDCO 110 GT RT 0001 D00

do 0o

Slkos )b 5oy Joe 1o smipe sladel 5 (pRilesT i pl o Sliles @l syl y2l 155

bl g 85wl 0glS liw el pedgr bl po @ly (S (5 Gl o Gl g Sl SS9
el 00 g8 5351 SIS o e S 5 Sl

gl 5 Y o i 50 4 g @8ly oglS i el (28 Jlod (5 yeskS 20 alold o S (28 (e
sy B2 s g gl Lo e “5@1},“, ol Coles 10 Lol (o W1 s iy el 0 s o,V
4 eisy W) Lo eskS 44 Jsb 518 Janl gl 8 (cesn g b fels oV e o il
Lol oz (5515 )Lad Cogl o] g Jlew Jlisl g

30 swile AleZ 98 (o VI s i o sudle ailed 55) Slulis sbeailed sows g SasSTy 4 4z b
Oley B 3l (6 Sty gz (G )Lad o9 ol = 2, ¥l grlans 150 50 (ndle LS 6 9 o Wl mhas s
Sllllas SL3)S 5 mls wo)S jiie 551 QB 2 priome &850 S 5l 0l zrhas slacaglgl 4 Ly 5 039
1398 &Ll p5 sloakze 58 & e S g & 250 0 S5

(Sl dgd b3 pons g ol (39,0 (B gy Do (Bl Slacul Jol2) WOLBS (geins 1 Jol ol

(Sl g b e g (8l 009)0 (Br o o (Bl Slaesl Jol) WO28 gty 190 ol

5 Sz Wyl b s (ol (950 (B e @ e (Bl e Slucal Jol2) WO4BS sats ipgus ol
(abgyo (Slo) 32 yomne

(Sbyz Wy b3 e 5 (Bl 09,0 (B gy O3 (Bl Slacesl Joll) WO3S (s 104z ol

(Sl g b e g (ol (09)0 (Br ooy oy (2l p Slacesl Jol) WOOBN (getians spomniy ol

5 Sbz o b s Bl 09)0 (B gy 4 e (Bl e Slaceal Joll) WOOTS (gaiins ipid ol
(b yo (Glo) 30 yomne

(abgryo dlg) baz oo 5 ool (49,0 (Br oo 4 e (2l p Dlarl Jold) BKIA (gt sptin al>
gl by 9 (Blr 1950 (S w0y 4 0 (B pw Sl Jol) BKIZ (gaswmn ot ulr
(abg o

(abogoyo dlg) baz jowo 5 (2l (49,0 (Br oy & oome (2l p Slerl Jol2) BKIS (s g ol
(abgryo dlg) Loz jowe 5 (Bl (4950 (Br ey 4 e (Blr po Sleel Jold) BKOS (gt 1o ol
P Y g i -0 jLid Lo ol ol ey alr

il 8 54 g Lo s o05lgs ol




b

S (S Ol Mgl gl 381 9 CublngS
PVl Cad G S a0 w9 B Culed

&
Q

Ciyrad S

LW =
BARAN ( /
BK12 CEOTECHN 7777
T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
053 073 _ 9184 0398 | G G | odiidle | Obled | 4y | Sadegs | Jig | e 49 ;I 8 amivojlois
BK BK12 PEDCO 110 GT RT 0001 D00

Loy Jow jo S (Sl g (o8 sl yiol )b end 5 (v 5 sloaY bl wigp 5l (i cnl e
05 g7 5 g Sl 00l E j5lko (rrmiie (ol & plnil S 5 et 581 OB e e 2550 basgs
ol yo 4 alislo)] Slislejl 5 (ol o Slislejl  cntile b8 4 (5 la> 5l Jol> gl sl « (3,155 ol
42 2ol (BH-WH-9, BH-EL-6, BH-EL-7, BH-EL-8) BK-12 (caius Conadge 15 loge slaayssl 5 laslioe
Joe 0SB sleaY @ byype byl aRaglejl lagialesl plnil 5 Slikes (nl 5l Jol> b ol

s 525 7 ad 4 A g0 4y 45 Cansl 0 &l 5 args Jad 9 LB o

W55 kil i Cumdas g z,b S Slasie sl (gl Jad v

o Seelns 5 Sl Lyl 5 48 aglie § o e 0 ysSis lls o S il s (o

adlhio oges wlid ae) Cundg ipgd Jad
e Sldes 5l ovnl uwsy gl (pgu Juad
bl sl 2,5 )lez Jab
b sl el )l ey Juad

Slloges Al g Candd dulme ol o 4y (o Gloosglll loe (g5 Cudyb e il Jad

AN N NN

.&%}4

<\

(o baogi § (6 pTAl (Sabge e fad v
S Sas ot i ¥




Wy B Ol A5 a1 9 cablugSs Q‘
A . . . [
< PN G S 4 )3 (Fw) 9 S IS "”L_“!/;.v;-'—f/'f
BARAN
BK12 GeoTECHN C 7777
T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
053 _ 073 _ 91 84 0395 L™ oS y3le S g L>3) i g Jb A 49 )‘ 9! axio °)w
BK BK12 PEDCO 110 GT RT 0001 D00

039 (0G0 Olaseine -1 Juad

QT zo s 4 aslol jo aS Al o 059 (Sl pe CuxBas g )b (IS Clasie Blaal 0ns 115 10 fad )
ol 0 wlo);
Olalte Slaal —1-1
Slaal 4 slows jelate a4 aBisle;l 5 olmo Gldes 5l Jols gl bl 039 SiST ¢35 Slalllas
0395 doe g alaie coges (g5 03)) 5 (olid ooy Jlozl (o) VY
S gy i 1 ST g s (g5 s
St LS 0524 3l Jaie 5 b ) S sba¥ SUG 5 (SO5d Slogas s
o Ll glailed wlul p S o1 Slgy Joasly o)
03 S 5 5lg5 e sl o (6l 005l il g jlme (5 ,,b b B o gl
wodglls (sl yims STy o po
Sl g (Sobiwl bl s o Pl Jlgs 7ok cpr S Ll sl lid Col s s
ULM &9; O g (.. 5804" «CL- ‘pH JALM: ‘0)9.5).3 S0 )O) g_j 9 S G;me, A_JLMW O
Looogdlss iy B e
Gl Jome a3l calpd (el 5 A3y oo Slas g azyo 5l ] uail 5 (e €95 e Y
3 UBC97 ASCE ¢API650 sladasl ol wlulp g s o Slagwls 038 4,65 2800 o ok
Ay G Slawlbxe cye Near Feild aloss p3Y sla ol )by adS” s

AN N N N N

5ls 9,50 (8 slaaog &)l V

b codgamo —1-2
Sladgaze g lulyd oluly Camlion 5 ol 003 5 angd ralend oadiais 0lo )18 sl 2 (3155
s bl 5 5158l 5o 0als eols 7,8 slas yuSamas § Claslin 0,5 1,8 ol 5,90 (] jo 0l (573
) g wloasa 5 audats oloyl 3 j0 eud SO Slens 0dguze sluw g Bro g 059 SiSUgs5 Olallas 5l ol
3,0 iz olo ] 8 sogame 3l B Dleas ploil wiejls a5 Slag S e g Ll b LS jo st &S L0
O ) S (8 Ol adgi GRSl g Sl XS ik oggn b bLS I s (g Lassl eslatul (sl 8155 !
el 00l ag (655 8 cwadige OS5 pE Canlg o bl a8 ail oo BK-12 gai Cosdse o 5 Vil
Fhb o slael 5 6550 O e (owiige 0S8 5l 8 (65N S L Gt bawgd 1S cal Sl ool




A S (S Ol Agi 1381 9 CllngS @

A

s— PVl Cad G S a0 w9 B Culed igsiet

m = m(.f_ﬁ

NISOC S o ol 4 by o S>Mol plxil 9 Gl & Sihgud CH

BARAN
BK12 GeoTECHN 7777

T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
0398 | G G | odiidle | Obled | 4y | Sadegs | Jig | e 49 51 10 axiuo o)l

053-073-9184

BK BK12 PEDCO 110 GT RT 0001 D00

Ol 55 Bl e gton (5581 O e S50 5l (o5 Seme b e R0 sleo )5 5 Blaal g (1L L e
Olodez 0975 5 Boe 3lasi 03,5 oo j5loly il gad <8 10l onge S 5 (B udgis 45T gr & j50
ol 4385 2ol (6501 S pep pyime S 0 B Slons 7y b Slalllas tile slaailes
w5 Sloalie slie o] Gos 5 bay Slasie 5 goi 5l ael olfilo Lyld 0aiiS LuSate i)liS ol
e ile AT 4 oo o balyY Cands 4Ll 6y B, o 5 )55 (il oolol o), odel Cews 4y
35 g o) CebdS el o dgs BK-12 (ats Canxdga ,o BH-WH-9 5 BH-EL-8 , BH-EL-7, BH-EL-6
oolitusl 5)50 (5595355 e o il pgd) 515 oSSl Iyl yd 50 (it 4 yzmie ol (Sa 0595 (6121 50
Iy b cud,b Glslxe puoran SY wozge 0,55 (sbdaog il a glaisS 4 00,5 (golaidl Ll b 4
a8 sl anals Hla o Cunbos sl oad s ol sl G55 45T (6,503 09,5 b Lo IS conlpl ams s
D8 5155 eedass o 1o 039 Jal il Dl ks JLS jo (Ll stae <50 )l
T L5 wlaxin -1-3
iy ) So (S8 Gl adg Gl Bl g CllagS 059 6551 O e <S8 5l (8L s Sledll 3illas
G e 9 Shr bl s 5 (alr o Slucli ol Cundge cle Bua b SV Cod i3 o (Se
gl 8 dgd bl JUil ooy gl 4 dg) byl il Baa b o)V mhw (25 ) 5 abgipe Sl
3 Fadle AleS 55 Jolis (o )V Cowi idn el 0dd i ya (655 JLad Cugis oKl g 8 JLal e
sle 6lleS 89 ol (o Wl il i il oo Sy By semme 9 5] b e ¢ 2Lz o Sl 2l 10
FagheS 512 Jsbo ar gl 4 (rejs; ) b 5o edle allaT 9 gl A4 b 4y gl 8 (e g dly) b 4o
s Catbge M Slalllas zuls 003 15 )0 Jol> 40,155 el o jlad Co g olfiw] jo iile a5 6 4
o sime S 1 s 51 o] oo sogame )0 lbatdi 4y dxg by il so o Y pxlans iy ;0 BK-12 (5
i 655 5 eiime gniyo (o sl 5 520 20x20 510x10 12520 slasl L os e sy ecs il o5 o
sl tatle sloailed 51 Slei 2-1 5 11 S8 o el sids 43,5 Jai 0 6,5 g 0] ;5 b
eS8 5 oyl sloaids 5 Glojlgale asds ;o BK-12 gty Cundse aslllas 390 (Slo) 350 jone 5 (22

Lol 00l &1l oS0 Coluw ;o (65,3l B e o yine




b

G (K Ol AgF (a1 9 g

-

= PV G S i )3 (Jue) 9 Sl Il it
d ! h jol>w b S-Sl plxsl 9 Sy @ g < ;| N CH“‘G:’2
NISOC ‘_Sx.&a:b > 4? %)Ou f ? 5‘53 )dﬁuw :AQ ‘L’NER —
B K 12 GEOTECHNICS
:OL“-.':L a)lo.si': GEOTECHNICAL INVESTIGATION REPORT- BK12
053-073-9184 | 2 | @ee [ ewsislo | ke [ o | gy | Som | o | 4950 15 anhonsied
BK BK12 PEDCO 110 GT RT 0001 D00

03928 Joo (il glaailes
BK-12 satu curBge 50

Google Earth ,s BK-12 saiws cosxdse ;0 039, Joe cuile bailed 5,5 )15 Conbae -1-1 JS&




Sy (S Oloe M5 a1 5 g @‘
“ . . . . e

— PV G S i )3 (Jue) 9 Sl Il it
d : h 5 olo 4 bag yo OloMol plosil § s B Shaes | T CH'RG:
NISOC S om0 Ol 4 g o plxil 9 Glwy &y Sdhgud ;\;ﬁ & ZC)

B K 12 GEOTECHNICS
L obows oyl GEOTECHNICAL INVESTIGATION REPORT- BK12
053_-073-9184 | 2 | @ee [ ewsislo | ke [ o | gy | Jom | o | 4950 120 anhonsled
BK BK12 PEDCO 110 GT RT 0001 D00

PERSIAN GULF

G55 OB b e S 0 5l Jlul azas -Google Earth ;s o34, JS 4 o BK-12 gy cosdge -2-1 IS




Wy B Ol A5 a1 9 cablugSs Q‘
“ . . . . [ S
< PV G S w53 (o) 9 S Il J'L;‘,;?,;-J
BARAN
BK12 EEEEEEEEEEE 777
T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
053 _ 073 _ 91 84 935,‘, SIU A oS yole OVgud by & 5 é"’ Jli}“ Al 49 )| 131 axio °)L°'&
BK BK12 PEDCO 110 GT RT 0001 D00

03 5 Cumdy 9 T5b 0y Sl (a0 ogae (ol o —2 Juad
s lw s

ailiio cogas cwlicdhpro ) Olaillae —2-1

LSMJL.M:M) éu‘;fsd\;bybd\.gw‘ w;)‘)ﬂﬂ.wy ‘SNJL.M:W) EOWE-H) ’)0 MLE.@Q)BAOQBW
Oligay sl e 955 oo predl ey a8l (Jlods Jb 5l (o5 9 (g 5 552 aigy () i a4y (S5
JeSias Sad g (MUd) s g oy cdsle 51 LIl oo @y bnaiingd (pl oo co JSid (gow g 52 digy | dalaie
leads

cyz ole slaciss jo (ornb Gobpends 5l Gl Gy i o Caal atly 5 oL bl e
Marginal) la sl b0 Sy oy8 gl 0500 (250 550 52esks 600 51 i ()6 mels b g 48,5 518 ]
5200 mds pl ol Hlos zds 50 o1 (SIOPE) (oot g 3 10 1368 oMb (59, JolS j5b 4 a5 cowl (Sea
5 70 33 3995 ol (2Sile 518)35 0500 (g 31y e sk 226000 S0 o (a5 Ly tesks 300
A el e 92 574 e slao,lS o )] (nKiko g 50 165 50,0 a5 Slplails o ol alais o 50845
alyS el (o) Gl dobo 51 Jell ol () e dobo ot 5 )l )8 els (ouliiicsn
2Ly L SOl dole cin S ahauwly b g oo sl Jas (i, b aily g coew ool 5o cpl Sl
o 3hiilose ) (SHp (S8 slaglane cdel (i e Siw g 3g)) 6550 i — Gpgls Jled U o9
3ot o b a8l glaaiy oS cewl (3L Jlod Wy, b Sl sS glail S cmds cpl Slpl 4l ST K0
al,S 50 a8 amil b owaie o8 aus 5l )b mds Il 41,8 slalisle (s fped 4 aiee e 1500
w‘ 0l 0ol QLM..: uu)lﬁ @.l})gm LSM:LM..: L)'“'A) Ja;‘;».sz 2 1 2 le.&b Jim)é d)b ugL‘u S| L5’9“'>

190 50 oo (SLinsS 5 SISz Coond 93 4y guily 5 Sy S I el (L]

g 0 ol oy &S oyl 18 )6 s olaselyo g pliwl ol S8 iy a4 AeSles glall> Coond
395 0,9 olael o yieghST140 & 2STas 5wl co Lialidl (B8 g Ceond @ (pbo o axl) o, Jlod
3 &8ly (Alei Al 51l adl LSCad wie g g0l el Sl glasgy Slgas 5l 553 aSl> sy 0 M
] u;).’ B |) QL._...J‘ Jl.o._u )‘ (—9 c.’a_.u 45&; o)l_..u‘ ub)‘)"ﬁj'et—“’ﬁ" o L u‘ys.c d.il.‘> g_)"‘
el el el cpl o pde Gliwl cixex ST g b gl ST 09 ol 9 ool ol U bl oyl
3,18 dalol )b mds g lbain g CugS U baSl> oyl




l S (S Ol MgF gl P19 ClugS @‘
i

7 PVl Cad G S a0 w9 B Culed '-'/r{u/'r.«;.;J/A
BARAN b
B K 12 GEOTECHNICS
T obow o le GEOTECHNICAL INVESTIGATION REPORT- BK12
053 _ 073 _ 91 84 535}1 SIU A ouis yole OVgud by & 5 65" Jli}"’ Al 49 )| 14 axio °)L°'&
BK BK12 PEDCO 110 GT RT 0001 D00

R u‘)‘}o L ul.u.u‘ J}J& ).m‘).m 30 aS 09...06.4 J,-.iw.; oot 055 AL, 9o )| A9 ul.u.u‘ g_g’L‘-‘*&ﬁs Caomni8

Slods 009050 ;0 ol aS Sl wSg Slelar )l g 5 &S Olela )l o Josine baogSats ) ol aslaisly slacl
Sspeten 33158 5 0000y (n Fpte csloyl> (398 dibate ;0 by pliwl Ll a4 dzgi b ails S8 bl 3,5
arg BB Sw,l adls g o)l 18 hwgie slasie ol jled 5t cov asl ol il b5 T onld
Ohb 9 L plss (crlin 1o 5 T (358 Ceom & Wlinae b0 5 (Sl 0 slga (slodger (By0aS 5 pyzna
Sz 5 )5 Lo glacand jo g osbye 5 )5 olo g 0 wds lan g O (IS sk 4 wle sszsey
(yode 660 3] laole Juli ST [C Ol 13,0 3529 ugmire fad g0 g Ll jo el Hls

g
!
|




3
= .
A <\ =K W
Yy Fa) |
3 0
.rVr -~
/ By 25 =
C: -
VY Ak
3O
: .wm
3
3 ) (8
s I IR
. s a) %
/u m .
N )
J a0y 99"
a Q a 2
'Mw a Z | A
34 ¥ |85
23 Y93
er MKHWO
M~ BS ﬂ__
K] K g9
39 7 |z
DY 2130
b\l < |3
ué WJ w}m
¢ X NwE
A
RN
sVﬂ Il
LM
s 9
3
6 *.Wunw

907

NISOC

T obow o le

053-073-9184

- ———
-

———

Strixe-citn faul

e Thrust

o\ =~ —d| A

~ Antdne

— -~ ~ o~

- —_ & S~

D,
g Siructural
e depression

OF Niedd

-
llllll

2004 Jlo Alavi L 5l e ST5 s -2-2 JSCo



Wy B Ol A5 a1 9 cablugSs Q‘
A . . . [
< PN G S 4 )3 (Fw) 9 S IS "”L_“!/;.v;-'—f/'f
BARAN
BK12 GeoTECHN C 7777
T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
053 _ 073 _ 91 84 0395 L™ oS y3le S g L>3) i g Jb A 49 )| 16 axio °)L°'&
BK BK12 PEDCO 110 GT RT 0001 D00

dilbin goges 5u50),) ~2-2
axdllo 5590 00 gaxe b Jus -2-2-1

Syla,0 1y liwis g Gluw ) (o)l gloe S A Cel ool mBly oS 50 s (6 5L g 0w )5S
5 FL 50 09l (S 50 e oS o)l i aites (Sow (g la el laaig (ol eaisSTae 55
ads Sl b Gl Ol otz 50 5 05T kel (Sl o)l ot e el s o Ol JuS
SlosS Sk wyr andle | L85 b &5 p s Bl laaig L LLS )| g (aldlar oS ) adl oo o)l
w8 5 Ohgo Sldllae ol oyl j18 0B mds (LS jo g lelas)l ol SlinsS ap> j0 a5 Conl )51
31 U855 Llg 8 oaisSlaz jre a5 (935 a8 (KiSenS 5 WS o0 S5 53 J58ye (Sl 8 5l st ) et
sanlice aslllas 5 50 00g05e sl Ju 5l Sled 3-2 JSo jo el odd (5,8 g Hol5 50 el oyl 0 a0
sl 00y 5] Sy allare o BK-12 Candgo clidh oo 4 42 IS0 05,8 o
09238 Jus

a Jlos 5l g 0l yeslis 235 4 Suo sk olnl (45 5 sl slejbisle 5l S plsie 4 09,58 S
o Dga23l 5 st B Jlad peite (sl b 09,305 e il go sl (o)l el b ogiz 1 g b SisenS
1) Slosnss plod j0 Lo,i .cwl Lislas BB goonio glodalad & ool (plp g o)l slasel a>,0 340 & 25
Alols ) a8” Conloads (Byme aabid 1 S gtz (lyie 4 Olasly axkad (49,515 (S argy (ainanlad S ond
2 ey dibate 4 s 5l e Gl S8 A8 (oo jgae g AL Hgl5 (5 yeskS 40 250) o3 L
Slalllas b S (oo ol 5L 9 S5l i3 99 @ |y pebe dbhaie cpsir- Jled (i 5 05 Wg, S
b Job ;0 Eress 99) Sowl ol axBlAS 2 4y &y dw Jobo j0 a5 pdg Ll )3 0ad plowil (S 53455
S b (loj ) sloosls ulul ) (ol (roos Sobs dn d(pedgn (03l 970 (55190 g oSl bog 5ue o AL
09238 Ssbssi3 5 sl Sskisiio2 eds Sl il onds (et wslite (gloj)) et izmen 5 Js0
oS5 s

ot Sy Al (bl o)) (e shat (Dbl Sz oy 8590 05T sSae Sla S (0 5 el
lisS A S ilons olaeld yliansS agur S alies Slabad g o STy 1065 iy S cilises Slalad
| Golewl Wil (b (505, 6230 Cyiz w5 00g Golate (lisS A (e (o yB 5k 055
098 bl oS 5 po a5 canl Lol (Bl 5555 ager o 0 ST plrsS A JuS 0SS oo e
Dgdisn pazie 5o 500 Gl5S ot alows 4 pliw ) 4l )0 055,05 230 j0 5 )l 4l o Gl
axdllas 350 0,08 50 losls ) el 4y (lwrsS A oS alidee Dlalad o 5605 (65, 0 (200 e
ol 03503 s Lol aabd 3 a1 o 515 liasS ad Ju c culidicsn ) dmleds ofg ) alize walsd 4y 5




b

G (K Ol M gi ([ 9 g
P o G S A 0 (S 95 S Clad

-

W A
iiyrad ot

N AR -~
BARAN
B K 12 GEOTECHNICS
T obow o le GEOTECHNICAL INVESTIGATION REPORT- BK12
053 073 _ 9184 0398 | G G | odiidle | Obled | 4y | Sadegs | Jig | e 49 ;I 17 amio ojlois
BK BK12 PEDCO 110 GT RT 0001 D00

& peipr b lalsd ol alols aiaS 3 921 17 o)les olakid 1w le j5h 4 ol 51 LaF (slaankss ol
e o dy9lp yagls 145 349 92 5

LEGE ND
oA Zorun 2002
Norn Sagroe

Ceonirual Zugros
Erowry €500 Bl

S5

G2t

asllao O yg0 6390 GLQM )| G’LQJ —3—2 J.iw

baic i §

- AN

3TN

- 22X N

27N




i
Y2

NISOC

G (K Ol AgF (a1 9 g

PV S G S d 30 (e 9y S b

‘S)gWSOQ-Q-bgtps9h>ﬁo|fbﬁ'ggéhugﬁﬁsbyﬁys

BK12

-

ST g A
iiyrad ot
A

oo @mﬁ — =

ARAN

T obow o le

053-073-9184

GEOTECHNICAL INVESTIGATION REPORT- BK12

039y ™) oW yale OMagud Ay e £ Jb A
BK BK12 PEDCO 110 GT RT 0001 D00

49 31 18 axio oylais

'
TRAN 1 100,000 SERIES SHEET No. 20845 W
) .
H .
alor
R
ez
@ ’
< R
e N,
2 g
-
2%l - L o
w‘x : : t\u} é ; u._:‘,

BANIAN (8. COTAATING COMPANITS
A A PTLAATIN VS T AN

BINAK
GROLOGICAL COMPMLATION MAP
1: 300

1:100000 ulio a5 Sy dilate ;o gy (swlbidsipmo; 4 jo BK-12 sainy coadge -4-2 S




db
LY

G (K Ol AgF (a1 9 g
PV C S S A 90 (Swe) 95 S Cled

gsxaﬂclgqb,g)oﬁél’ﬁplflqd'geu)éﬁaw

-

- A
iyt

L

HIRG )
NISOC el Ok 1=
B K 12 GEOTECHNICS
L obows oyl GEOTECHNICAL INVESTIGATION REPORT- BK12
053 - 073 - 9184 0393 | S G | owiislo | Nhed | &y | Sowegy | Jum | G 49 51 19 axivoo)lais
BK BK12 PEDCO 110 GT RT 0001 D00

stlyo o aals -3 b

G5l O e pyime ©8 1 banagi oad e glaJome 50 dias (5 S oshe gy 4 dlo 4ileS 4 (5 la

et Sl S s et 5 Y it glite 42,5 ol BK12 (505 el o
pladl il sloailed jao e 10 aliBre lo 1i3 3l 00 550 s 5 00,95 Cawd Srdiges A3 4 s S
Camdge ,o o] Sleil> 3-3 -3 Ko 0 uiomen wile slaailed S lasie 3-1 oo jo 0

BK-12 G&n CoxBge ;0 il bailes o> oo oleil> -1-3 S

e 00y 51| BK-12 gy

o

B ".i
‘h

.
< %
~y

. B
N
L
. ’

-
e

D AN




Sy i oo g a9 9 il @‘
“ . . [ S
< PN (G S A 93 (Suwe) 9y S Cled JL_,‘,;E,;;J,?
BK12 GEOTECHNICS ,,,
T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
053 073 _ 9184 0398 | G G | odiidle | Obled | 4y | Sadegs | Jig | e 49 ;I 20 amio ojleis
BK BK12 PEDCO 110 GT RT 0001 D00
| e
I&}BH-PL-G f’||\aH-FL-|s
II ",“ /\-\.,
\ ‘\, }/ .
| \ &
' 'l\ /\ ,—’f% -4G-2
dane :’\‘{jH-FU N WF/LA - ‘.'\\\
III A / / N
X \ | ] =7 I 463
I:-I \& - . H-FL-10 ( \_WH_ fll i J
] FanbL e = (] = \ {
[ \ \
N \ N\
'\._ \%H-.\E-A
HFL-19 3 ¥N IFL-32 \“
\A{H.N..s ||
N Wi HFL- } /_,o{“ s \ﬁwnﬁ.ﬁ—s
-l e i |
\EQH-PL-L ) iG
\\y-\gH-Pl 3
\\
- N
ll"______\___\ 500
Cﬁ 1400
3t

BK-12 & & g«..\.:.eg.o




b

G (K Ol AgF (a1 9 g

-

= PV G S i )3 (Jue) 9 Sl Il it
m . . o e . | . HIRG )
BARAN f é )
B K 12 GEOTECHNICS
T obow o le GEOTECHNICAL INVESTIGATION REPORT- BK12
053 - 073 - 9184 0393 | S G | owiislo | Nhed | &y | Sowegy | Jum | G 49 ;1 21! axivoo)lais
BK BK12 PEDCO 110 GT RT 0001 D00
2\
2
% BK
— 4 2
A
)
= (o]
9 A= W-046
el
N
% W-028
). W=008N
W—01185
BINAK—DU
X =
o
BINAK—CLUSTER
BK-12 (say sy
BINAK—GCS

PERSIAN GULF

BK—-15

37 0 e Sy ) o) 85 Ay) S s 4y o B2 (s miye 33 S5

BK-12 et cumdge ccilo slaailed IS Slasin 1-3 Jgox

BH NO. Depth (m) Location
E N
BH-WH-9 15 440692 3288580
BH-EL-6 3 440493 3288742
BH-EL-7 3 440793 3288510
BH-EL-8 3 440607 3288524




Wy B Ol A5 a1 9 cablugSs Q‘
A . . . [
< PN G S 4 )3 (Fw) 9 S IS "”L_“!/;.v;-'—f/'f
BARAN
BK12 GeoTECHN C 7777
T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
053 _ 073 _ 91 84 0395 L™ oS y3le S g L>3) i g Jb A 49 )| 22: axio °)L°'&
BK BK12 PEDCO 110 GT RT 0001 D00

L » slagialesl -3-2
(SPT) & ,lasbuw! 3485 g 4 o yiwlol -3-2-1
«S> (Consistency) iiw b (DENSity) o515 oylime o39,5] Cawdy jakate ) ciile slaailed 5 lo> >

(Standard Penetration Test) o lasbwl 3485 iolejl .l 050,35 (S.P.T.) o laslil 3g&5 ytale;] ploxil a4y pladl
8 Cunds byl slate 4 g alize lasl ,o (ASTM D-1586 90) o,lusliwl b sillas SPT chisee yobo & b
2 el 76 glis )| 5l oo, SolS 6315 15> o1 Lgis 1 Lialesl ol HI5 olol el 0033,5 alnil S slo
15 alols 3 Ll Soi Jlae .50,5 oo S S35 ;5 (o0Vgh (SLLaS 3gi5 sl a5 3l 1,38 olKiws SN 55,
Dy o plesl @ ialesT ] 51 e g o el pienil 15 345 al> 1o 1o (gl b o Slows b o 6yl
5| Jol> SPT slael ogi o 48,5 a3 ;0 3585 Caaglie yloie a4 olpl jtawiln 30 3545 gly o5 b o sloss
CN Ly ,Lid 0ol 00,5 1,8 axg5 3,50 b SPT sue 2ol j0 a5 Jole (0 yiage iylo #dlol 4y 5L ioles]
el 003,85 ool 15 s abal, 5l Lxl jo 5,18 Sezs Mol al 6l ilie oym Lails, il o

1-7

- N' = CyxN
P0’+0-7) N

Cv = |(

Slcwl oo C)LA SPT sue N’ oais 2ol SPT sue N ‘uiuLo'T B 10 35350 yige S P Q] 40 aS
0/75 ﬁ\ﬁ oo 4 U es leﬁ o> alo Jobo L§>)Lc:| oo ke 09 r:L?p‘ Ql L bls,l Lglap)lwl Qb
ua)s Qo )0 60 ).3‘).3 olKws uLo..\A‘) e FLV) 4\.4-.9; )b.a 30 0/95 J.g‘).g o 106 9 0/85 ).3‘).3 g 6L4
ol oo 43| Seed et al. (2003) slpin (wlolp SPT sae Mol colys 2-3 Jgaz 0 .ol 00
2 o il 30 JolS 3985 L a5 bolss Gocls il oo NSPT>50 b o slass glylo a5 0g oo ploul olaasy
Al o 50 LT by olaws a5 500 slaa b plgd 5 sthw Ll 5l aailoanw, yiin b 50 @l po slosws 4 ggome
3,510 50 adgl slalae 51 (S olgie a4 auslio cpl 5l il Gglite oo, a0 50 a4 JolS 3445 g0 Jo
sSages g b Gialesl daas¥ og ails b yd g o515 @ axg b 00,5 e soliinl S Sl sle il
olis Hbls sl sl o Jolee SPT 4 0/6 oo Jloel b o] ol 5 418,35 olxil (Cone) Loy 5o 45 SPT
Sl il (S o)l (59, 1 SPT oliws SS9 (6,5 )18 (Sl g Joeo S il 23,5 o 1o bojle oo
Al o3 (23 5l 590 SPT &l po olows




b

KU

G (K Ol M gi ([ 9 g
P o G S A 0 (S 95 S Clad

Lsxoﬁolg#bgg)oﬁ:b%‘flqd'g@u;éjﬁéw

-

g = e, A
Clyrad )

N

NISOC Gt o
BARAN U
BK12 SIS LATAM _Q
T obows o5l GEOTECHNICAL INVESTIGATION REPORT- BK12
053 073 _ 9184 0398 | G G | odiidle | Obled | 4y | Sadegs | Jig | e 49 ;I 23 amio o)l
BK BK12 PEDCO 110 GT RT 0001 D00

Seed et al. (2003) (soloiws SPT slacl #Mol colyps.2-3 Joox

Cg Borehole diameter Correction (Cg)
65 to 115 mm 1.00
150 mm 1.05
200 mm 1.15
Ce
ER
= 3 Eq. T-2
T 60% EqT2

where ER (efficiency ratio) 1s the fraction or percentage of the theoretical SPT impact hammer
energy actually transmufted to the sampler, expressed as %

e The best approach 1s to directly measure the impact energy transmutted with each blow.
When available, direct energy measurements were employed.
e The next best approach 1s to use a hammer and mechanical hammer release system that has
been previously calibrated based on direct energy measurements.
e Otherwise, ER must be estimated. For good field procedures, equipment and monitoring,
the following guidelines are suggested:

Equipment Approximate ER (see Note 3) Cg (see Note 3)
-Safety Hammer" 0.4t00.75 0.7to 1.2
-Donut Hammeri 03006 0.5t0 1.0
-Donut Hammer~ 0.7t0 0.85 11to14
-Automatic-Trip Hammer 05t 0.8 08to14
(Donut or Safety Type)

¢ For lesser quality fieldwork (e.g.: irregular hammer drop distance, excessive sliding
friction of hammer on rods, wet or worn rope on cathead, etc.) further judgmental
adjustments are needed.

S3 S el oo 00,51 (2 Cwg) (cuble sladiled 70 0 calise Gleel o islesl ! 5l ol s

L ot & S HBLe 3585 ol g (NSPT) sais 2ol SPT iulesl bl &l s jloges sdsms Lioles 4
BH- _oile 68 ;o 5 e 1/5 Gos b o 51 BH-EL-7 _oile sailed o ool oile sloailed SSis
oas oadlice cwy aildy ) S 500 112 Geas U g yio ilo 40 culies 4 v S 51,35 51 e WH-9
S oy sy Jlg coile aled g0 0 ol b anlol jo 0.5 o 13 (Hard) coes oogase jo oS
BH- g BH-EL-6 il slaailed ;o .col ouds oanlin (SiltStone) ol Siw g (Marl):y,L (ClayStone)
O3] Cawds S o,ls 18 (SiltStone) olew i g (Marl) L «(ClayStone) S w, sloasy Jlss EL-8
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(19485, 5 (313,5) NPT sae g ails o0 S o515 alasl, 3-3 Jgor

ol oais Llod SPT iolejl gl jloges 5o

SPT resistance value (N) Relative density
0-4 Very loose
4-10 Loose
10-30 Medium dense
30-50 Dense
Over 50 Very dense
(1967, 5 31;5) NPT sue 5 ails gy, S o515 alasl, 4-3 Jgur
SPT value (N) Type Remarks

0-2 Very soft Not suitable for civil structures, good for park.

2-4 Soft ’

4-8 Medium Stiff | Good for very light structure using proper methods.
8-15 Stiff Good for low load bearing structures.
15-30 Very Stiff Good for moderate load bearing structures.

Over 30 Hard Good for high load bearing structures.
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Granite

Diorite
Andesite

Basalt

Gabbro
Homfels
Schists

Marble
Quartzite

Slate
Conglomerates
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Station No.
a=1lm a=3m
BH-WH-9 9.48 103.67
BH-EL-6 18.37 141.03
BH-EL-7 4.88 14.82
BH-EL-8 12.02 99.44
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Soil resistivity(2.m) Corrosivity
0-5 Very corrosive
5-10 Corrosive
10-20 Moderately corrosive
20-100 Mildly corrosive
>100 Negligible corrosive

-3-2-3
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Depthm)
1.0

Test No.
PLT-BK-12(BH-WH-9)

Plate Diameter (cm)

30
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(California Bearing Ratio) CBR w3l -3-2-4
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Penetration

2.54(mm) 5.08(mm)
CBR-1 Ground Level 7.3% 10.8%
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Layer type according to Unified cL Marl/ClayStone Marl/ClayStone Unit
method (CL) (CL)
Depth 0.0-4.0 4.0-10.0 10.0-15.0 m
Soil cohesion (Cu) 0.7-1.3 1.3-2.5 2.5-4.5 kg/cm2
Soil wet density (yw) 1.85-1.95 1.90-2.00 2.00-2.10 g/cm3
Soil module of elasticity (Es) 130-230 350-550 600-800 kg/cm2
Soil Poisson ratio (v) 0.35-0.40 0.30-0.35 0.30-0.35
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Degree of expansion Swelling potential (%)
Very high >25
High 5-25
Medium 1.5-5
Low 0-1.5
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BORING NUMBER BH-WH-9

GEOTECH BH COLUMNS 14010321-589-BINAK-BK-12-REV00.GPJ GINT STD CANADA LAB.GDT 6/11/22

Barangeotechnics PAGE 1 OF 1
CLIENT PROJECT NAME _Binak-BK-12
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 CHECKED BY AT END OF DRILLING _---
NOTES _X:440692 Y:3288580 AFTER DRILLING _---
L o ; : < ATTERBERG
) T, |3 wm |8 | _|us LIMITS
I-lZo 58 B3| 222 |og|5E Rt MEE
oE|ZO MATERIAL DESCRIPTION s |>2| 952 |we|Zzs|hm O ox |z
H= |z 35 [8%| 232 |8%|22|8%|3E|BE|RY|ET
o =2z |3 oz z= 2|22 |9
25 |8 e |& |=§|83|35 |42
o
X2 Fill Material
| | ' Lea_m Clay, (CI__) 2.3%gravel, 3.8%s§md, 93.9%fines, brown, dry to CR | (0) 181] 9 45 | 16 | 29 | 94
moist, hard, with some gypsum particles
| SS 45-67/0.03
7 Lean Clay (completely weathered Marl), (CL) 4.1%gravel,
- b 0.5%sand, 95.4%fines, brown, dry to moist, after 24 hours soaking
2 % in water the sample is classified as CL CR | (0) 1.68| 9 |46 |18 | 28 | 95
| B Lean Clay (completely weathered Claystone), (CL) 5.4%gravel, S5 67/0.09
0.5%sand, 94.1%fines, reddish brown, dry to moist, after 24 hours
= —/ soaking in water the sample is classified as CL CR | (0) 44 | 14 | 30 | 94
- Y Lean Clay (highly weathered Marl), (CL) 4.5%gravel, 10.2%sand, SS 67/0.08
B i 85.2%fines, greenish gray, dry to moist, after 24 hours soaking in
4 % water the sample is classified as CL
B _é CR [ (35) 1.89 38 | 14 | 24| 85
- 4% % SiltStone, (CL) 0.3%gravel, 11.8%sand, 87.9%fines, gray to white, uUD | (50) 196] 6 | 35 | 13 | 22 | 88
X X dry to moist, highly weathered, after 24 hours soaking in water the
B 6 1% % sample is classified as CL, with some gypuse and calsit layers
2 2 miEs 67/0.04
| i ClayStone, (CL) 5.2%gravel, 2.8%sand, 92%fines, brown, dry to
moist, completely weathered, after 24 hours soaking in water the
- E sample is classified as CL, with some gypuse particles
[ 5 l CR | (12) 193| 4 [ 38| 14 | 24 | o7
SS 67/0.07
[0 | ]| CR | (0) 185\ 7 | 41| 18 | 23 | 87
ClayStone, (CL) 1.7%gravel, 4.7%sand, 93.6%fines, brown, dry to
- h moist, m_oderatgl_y weathered, after 24 hours soaking in water the . uD | (70) 188 7 38 | 14 | 24 | 92
| i sample is classified as CL
S SiltStone, (SC) 26.2%gravel, 41%sand, 32.8%fines, dark gray to \ SS 67/0.05
| x x brown, dry to moist, highly weathered, after 24 hours soaking in . uD [ (87) 24 4 20 | 33
X X . ‘o
12 |x X water the sample is classified as SC
= X X
X X
B _ X X
X X
X X
[~ 11X X
X X
B ‘7 Marl, (CL) 3.7%gravel, 8.3%sand, 88%fines, dark gray, dry to
14 moist, moderately weathered, after 24 hours soaking in water the
/ sample is classified as CL il uD |65 37 | 13 [ 24 | 88
Bottom of borehole at 15.06 meters. LSS 67/0.06




GEOTECH BH COLUMNS 14010321-589-BINAK-BK-12-REV00.GPJ GINT STD CANADA LAB.GDT 6/11/22

s

BORING NUMBER EL-6

Barangeotechnics PAGE 1 OF 1
CLIENT PROJECT NAME _Binak-BK-12
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATE STARTED COMPLETED GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR _Baran Geotechnics GROUND WATER LEVELS:
DRILLING METHOD AT TIME OF DRILLING _---
LOGGED BY CHECKED BY AT END OF DRILLING _---
NOTES _X:440493 Y:3288742 AFTER DRILLING _---
w o ; : < ATTERBERG
o S, |3 wm |8 | _|us LIMITS
E_|Zo Cd |Ea| 252 |Ew|EE|RE = |85
oE (%0 MATERIAL DESCRIPTION s |>2| 952 |we|Zzs|hm O ox |z
W= g g5 |0%| @3> |g2|22|8c|Se|CE|RE|ET
o =2z |9 oz i g2 |22 |a
& i £ |& |=8|853 é e
o
Y Fill Material
"W/, Wear, (CL) 2.2%gravel, 2.7%sand, 95.2%fies, dark gray, dry o
B 4 moist, completely weathered, after 24 hours soaking in water the
/ sample is classified as CL
% CR 184 6 |47 | 22 | 25 | 95
A SS 67/0.07
- h ClayStone, (CL) 0.0%gravel, 1.5%sand, 98.5%fines, brown, dry to
moist, completely to moderately weathered, after 24 hours soaking
B 7 in water the sample is classified as CL
1.5
B 7] ub 190( 5 [ 31|10 [ 21| 98
2.0
SS 67/0.04
| i ClayStone, brown, dry to moist, highly weathered, with gypsum and
calsit particles
25
ClayStone, (CL) 23.8%gravel, 10.8%sand, 65.4%fines, brown, dry
B 4 to moist, completely weathered, after 24 hours soaking in water the
sample is classified as CL, with gypsum and particles
CR 188 7 [ 30 | 13 | 17 | 65
3.0
SS 67/0.05

Bottom of borehole at 3.05 meters.




N BORING NUMBER EL-7

Barangeotechnics PAGE 1 OF 1

CLIENT PROJECT NAME _Binak-BK-12
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATE STARTED COMPLETED GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR _Baran Geotechnics GROUND WATER LEVELS:
DRILLING METHOD AT TIME OF DRILLING _---
LOGGED BY CHECKED BY AT END OF DRILLING _---
NOTES _X:440793 Y:3288510 AFTER DRILLING _---
w o ; : < ATTERBERG
o S, |3 wm |8 | _|us LIMITS
E_|Zo Cd |Ea| 252 |Ew|EE|RE = |85
oE (%0 MATERIAL DESCRIPTION s |>2| 952 |we|Zzs|hm ($) ox |z
3= g 5 |8%| 382 [5%|22|3%|35|ks (8|5
o =2z |9 oz i g2 |22 |a
& i £ |& |=8|853 é S |<=
o
X2 Fill Material
i LeanClay, (CL) 2.0% gravel, 2.0% sand, 96%fines, light brown, dry
B 4 to moist, hard
0.5
CR 179 7 |44 | 19 | 25 | 96
1.0
SS 67/0.08
1.5 /
/ LeanClay, (completely to highly weathered Marl), (CL) 1.6%gravel,
B 4 2.6%sand, 95.8%fines, dark gray, dry to moist, after 24 hours
/ soaking in water the sample is classified as CL
% CR 45 [ 21 | 24 | 96
% SS 67/0.05
D
ClayStone, (CL) 2.5%gravel, 2.9%sand, 94.6%fines, light brown,
B 4 dry to moist, completely weathered, after 24 hours soaking in water
the sample is classified as CL
CR 1791 5 [ 35 | 13 | 22 | 95
3.0
SS 67/0.06

GEOTECH BH COLUMNS 14010321-589-BINAK-BK-12-REV00.GPJ GINT STD CANADA LAB.GDT 6/11/22

Bottom of borehole at 3.06 meters.




Ly BORING NUMBER EL-8

Barangeotechnics PAGE 1 OF 1

CLIENT PROJECT NAME _Binak-BK-12
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATE STARTED COMPLETED GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR _Baran Geotechnics GROUND WATER LEVELS:
DRILLING METHOD AT TIME OF DRILLING _---
LOGGED BY CHECKED BY AT END OF DRILLING _---
NOTES _X:440607 Y:3288524 AFTER DRILLING _---
w o ; : < ATTERBERG
o S, |3 wm |8 | _|us LIMITS
) nE |Eg| 322 |tg|EE |2t z |8
nLE %9 MATERIAL DESCRIPTION ?% Sg 98§ e %g "’_’E o c':J'_ G zx
= =| @ |2 |0z|35s|uns|Ea|k
i =z |O oz |9 |=x g2 |22 S
& i £ |& |=8|853 é S |<=
o
Fill Material
lean Clay (Completely Weathered Marl),(CL) 1.4%gravel,
| 2.6%sand, 96%fines, light gray, dry to moist, after 24 hours
soaking in water the sample is classified as CL
CR 189 6 [ 30 | 12 [ 18 | 96
1.0
SS 67/0.08
1.5 /
Gravelly lean Clay (Completely Weathered ClayStone), (CL)
B 4 33.5%gravel, 4.7%sand, 61.8%fines, brown, dry to moist, after 24
hours soaking in water the sample is classified as CL
CR 180 7 | 46 | 18 | 28 | 62
2.0
SS 67/0.05
25
7 Marl, (CL) 2.6%gravel, 4.0%sand, 93.4%fines, brown, dry to
B 4 moist, completely weathered, after 24 hours soaking in water the
/ sample is classified as CL
% CR 29 | 11| 18 | 93
/A SS 67/0.06

GEOTECH BH COLUMNS 14010321-589-BINAK-BK-12-REV00.GPJ GINT STD CANADA LAB.GDT 6/11/22

Bottom of borehole at 3.06 meters.
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N

Barangeotechnics

CLIENT

KEY TO SYMBOLS

PROJECT NAME _Binak-BK-12

PROJECT NUMBER _589

PROJECT LOCATION _Booshehr

LITHOLOGIC SYMBOLS
(Unified Soil Classification System)

VA MARL: Marl

CLAYSTONE: Claystone(CL)

X X X
X X X

SILTSTONE: Siltstone

RN

TOPSOIL: Fillmaterial

Vi

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

= Drilling, or as Shown

Water Level at End of

= Drilling, or as Shown

Water Level After 24
= Hours, or as Shown
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N ® Geoelectrical Resistivity Test

BARAN

GEOTECHNICS

CLIENT PROJECT NANE S S35 Slllas
PROJECT NUMBER 589 PROJECT LOCATION by

Variation of Apparant Electrical Resistivity in BK-12

p (2m)
0.01 0.10 1.00 10.00 100.00 1000.00

0.5

15

Depth (m)

2.5

BH-WH-9
EL-6
—o—EL-7

EL-8

35




~

axdio (5,105,b pu ol



e
ey Plate Load Test Results

=2 ==

s9blduo Cramsdigo

Client: Plate dimension: 30cm
Consultant: &3S Ll i (rwaige oS0 Testpit No.: BK-12 (BH-WH-9)
Project: IR KVIRVUS LI »;‘:Qi 059y SuiST g5y Silalllas Depth: 10m

Stress (kg/cm2)
0 5 10 15 20 25 30 35
0.00

2.00 \\\

3.00
A\

4.00 \

5.00

6.00

Settlement (mm)

7.00

8.00

9.00 \
10.00 \ \

11.00 e

12.00




CBR bl



g D D
Standard Test Method for CBR (California Bearing
SIolo

: Ratio) Of Solls in Place (ASTM D4429)

2 9=

J9Lldio Cramsdigo /

Olse adg iali8l 5 CllagSS ey ST 55 Slalllas

Project Name: ) Location: BK-12

Client: Depth: 0.0 cm

5.0

4.5

4.0

3.5

3.0

2.5

Stress(MPa)

2.0
1.5
1.0
0.5
0.0

00 10 20 30 40 50 60 70 80 90 100 11.0 12.0 13.0 14.0 15.0 16.0

Penetration(mm)

i - [0)
CBR VALUE: Penetration-2.54 mm 7.3 Y%

Penetration-5.08 mm 10.8 %
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Soil Tempreture Measurement

Ol Lo
S =

ST " ppnis S

Client:
Project: S 059 1 ST 935 Olalllao
Date: 2-8 Feb 2022 / 7 June 2022
Site: Heo g
NO. Date Location Time Depth (m) | Tempreture (°C)
7:00 AM 1 21
X: 440493
EL-6 2-8 Feb 2022 Y 3288742 12:00 PM 1 24
7:00 PM 1 22.3
7:00 AM 1 20
X: 440793
EL-7 2-8 Feb 2022 y- 3288510 12:00 PM 1 23.1
7:00 PM 1 215
7:00 AM 1 41.8
X: 440607
EL-8 7-Jun-22 v 3288524 12:00 PM 1 45.6
7:00 PM 1 43.3
7:00 AM 1 41.6
X: 440692
BH-WH-9 7-Jun-22 Y 3288580 12:00 PM 1 447
7:00 PM 1 42.3
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N GRAIN SIZE DISTRIBUTION

Barangeotechnics

GRAIN SIZE 14010321-589-BINAK-BK-12-REV00.GPJ GINT STD CANADA LAB.GDT 6/11/22

CLIENT PROJECT NAME _Binak-BK-12
PROJECT NUMBER 589 PROJECT LOCATION _Booshehr
U.S. SIEVE OPENING IN INCHES I U.S. SIEVE NUMBERS I HYDROMETER
6 43 2 1oy 12 3 4 6 g10 1416 50 30 44 50 5o 100 4,,200
100 I § iﬁ@tl s b T LT g I NE
95 : B e | '
: : : e : :
90 : : : e i N :
: : : 5 Nk
o i i i z ;
70 \ X
65
— . . N : :
T : : : : : &
O 60 \‘
[11]
=
> 55
o
04 : : : : :
z % : z z ; ; \
L : : : : :
E 45 : : : : : P
[11] . . . . :
& 40 : : : : :
L : : : : :
o : : : : :
3 ; ; ; @ @ X
2
20 =
15 : : : =
10 : : : : :
5
0 N N N 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-9 0.50 LEAN CLAY(CI) 45 16 29
X | BH-WH-9 1.50 LEAN CLAY(CI) 46 18 28
A| BH-WH-9 2.50 LEAN CLAY(CI) 44 14 30
*| BH-WH-9 4.50 LEAN CLAY(CI) 38 14 24
©| BH-WH-9 5.00 LEAN CLAY(CI) 35 13 22
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
®| BH-WH-9 0.50 19 0.01 0.003 2.3 3.8 67.1 26.8
X| BH-WH-9 1.50 38.1 0.011 0.003 4.1 0.5 72.8 22,7
A| BH-WH-9 2.50 19 0.012 0.002 5.4 0.5 66.5 27.6
*| BH-WH-9 4.50 19 0.019 0.004 4.5 10.2 64.3 20.9
®©| BH-WH-9 5.00 9.51 0.019 0.004 0.3 11.8 68.2 19.7




GRAIN SIZE 14010321-589-BINAK-BK-12-REV00.GPJ GINT STD CANADA LAB.GDT 6/11/22

N

Barangeotechnics

GRAIN SIZE DISTRIBUTION

CLIENT PROJECT NAME _Binak-BK-12
PROJECT NUMBER 589 PROJECT LOCATION _Booshehr
U.S. SIEVE OPENING IN INCHES I U.S. SIEVE NUMBERS I HYDROMETER
6 43 245 Tay 12 3 4 6 g10 1416 50 30 44 50 gy 100 4,,200
100 : n § : :
I 1T : I t%J\“‘_ I i _1_# I [ I_H
90 \\H‘~—L~ e : Na
W T ere—a A
85 : : :
70 §
™Y ? ?
. 65 (] : :
5 60 LN 5
w 1Y :
= : :
> 55 -
o :
14 :
L 50 -
Z x :
[ :
£ 45 \ :
L :
2 40 :
& 5
35 : A
oy \
30 iy *\
20 N
K|
15 \#«\’\k
10
N
; ]
>>%
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-9 7.50 LEAN CLAY(CI) 38 14 24
X | BH-WH-9 9.50 LEAN CLAY(CI) 41 18 23
A| BH-WH-9 10.37 LEAN CLAY(CI) 38 14 24
*| BH-WH-9 11.38 CLAYEY SAND with GRAVEL(SC) 24 4 20 | 1.19 n44.04
©| BH-WH-9 14.00 LEAN CLAY(CI) 37 13 24
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
®| BH-WH-9 7.50 9.51 0.011 0.003 1.3 1.9 71.7 25.1
X| BH-WH-9 9.50 19 0.012 0.003 9.1 3.7 62.3 249
A| BH-WH-9 10.37 9.51 0.012 0.002 1.7 4.7 66.2 274
*| BH-WH-9 11.38 19 0.392 0.036 0.003 26.2 41.0 24.6 8.2
®©| BH-WH-9 14.00 9.51 0.012 0.003 3.7 8.3 62.9 251




N GRAIN SIZE DISTRIBUTION

Barangeotechnics

GRAIN SIZE 14010321-589-BINAK-BK-12-REV00.GPJ GINT STD CANADA LAB.GDT 6/11/22

CLIENT PROJECT NAME _Binak-BK-12
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
U.S. SIEVE OPENING IN INCHES T U.S. SIEVE NUMBERS I HYDROMETER
6 43 245 Va4 1255 3 6 210 1416 5 30 50 go 100 41,5200
100 T ; T |$‘Fi==;g I |*|I; T ¥ T8
o5 : : ; 5 -
: A\ : : : :
90
o ,
80 : : :
§ N _
& iam A A A—
0 RN
e ';‘\
S 60 ; ; ; @ @
= | | | | TN %
> 55 - - - : - I\
@ : : : : ;
& s0 : : : : : A
Z : : : : : \A
w : : : : :
E 45 : : : : : \A
L : : : : :
2 40 &
L
F
. 35 N
30 A
§ § § @ @ Pt
* RN
20 § § § @ @ \%
' i i i
. N N : : >>A
10
5
0 N N 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
@®| EL-6 0.50 LEAN CLAY/(CI) 47 22 25
X| EL-6 1.53 LEAN CLAY/(CI) 31 10 21
A| EL-6 2.50 GRAVELLY LEAN CLAY(CI) 30 13 17
*| EL-7 0.50 LEAN CLAY(CI) 44 19 25
®| EL-7 1.50 LEAN CLAY/(CI) 45 21 24
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
®| EL-6 0.50 19 0.009 0.003 2.2 2.7 68.0 27.2
X| EL-6 1.53 4.75 0.01 0.003 0.0 1.5 75.1 23.4
A| EL-6 2.50 50.8 0.046 0.005 23.8 109 46.2 19.2
*| EL-7 0.50 19 0.009 0.003 2.0 2.0 68.6 274
®| EL-7 1.50 19 0.011 0.003 1.6 2.6 73.1 22.8
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Barangeotechnics

GRAIN SIZE DISTRIBUTION

CLIENT PROJECT NAME _Binak-BK-12
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
U.S. SIEVE OPENING IN INCHES I U.S. SIEVE NUMBERS | HYDROMETER
6 43 245 Tay 1255 3 4 6 10 1416 50 30 44 50 5 100 4,,200
100 T : T iﬂ S Al I I r ISR
o5 : ; — &-‘—F*‘i
85 A
80 RE
™
75 \-
70
65
% A, N
Y }
E 55 3
% [ ®
z °\
w 50
= )
w N
£ 45 \
3)
40
i A
35 )\
30
N[ ™
2 \
A+
15
A
10 >S
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
®| EL-7 2.50 LEAN CLAY(CI) 35 13 | 22
X| EL-8 0.50 LEAN CLAY(CI) 30 12 18
A| EL-8 1.50 GRAVELLY LEAN CLAY(CI) 46 18 | 28 | 3.38 (325.67
*| EL-8 2.50 LEAN CLAY(CL) 29 11 18
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
®| EL-7 2.50 19 0.011 0.002 25 29 66.9 27.8
X| EL-8 0.50 19 0.009 0.003 14 2.6 68.6 274
A| EL-8 1.50 38.1 0.062 0.006 0 33.5 4.7 471 14.7
*| EL-8 2.50 19 0.012 0.002 2.6 4.0 66.0 27.4
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ATTERBERG LIMITS 14010321-589-BINAK-BK-12-REV00.GPJ GINT STD CANADA LAB.GDT 6/11/22

N

Barangeotechnics

ATTERBERG

LIMITS' RESULTS

CLIENT PROJECT NAME _Binak-BK-12
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
60 rd
@ © | @ yd
50 %
P /
2w -
: /
; pd
\T( 30 :% 7
| o |, 0 /
N 20 %'9 //
E
X
10 /
CL-ML e @ @
0
0 20 40 60 80 100
LIQUID LIMIT
Borehole Depth LL| PL PI|Fines | Classification
® | BH-WH-9 0.50| 45| 16| 29| 94 |LEAN CLAY(CI)
X | BH-WH-9 1.50| 46| 18| 28| 95|LEAN CLAY(CI)
A |BH-WH-9 250 44| 14| 30| 94|LEANCLAY(CI)
* | BH-WH-9 450 38| 14| 24| 85|LEAN CLAY(CI)
©|BH-WH-9 5.00f 35| 13| 22| 88|LEAN CLAY(CI)
2| BH-WH-9 7.50| 38| 14| 24| 97|LEAN CLAY(CI)
O|BH-WH-9 9.50| 41 18| 23| 87|LEAN CLAY(CI)
A| BH-WH-9 10.37| 38| 14| 24| 94| LEAN CLAY(CI)
®|BH-WH-9 11.38| 24 4| 20| 33|CLAYEY SAND with GRAVEL(SC)
©|BH-WH-9 14.00f 37| 13| 24| 88|LEAN CLAY(CI)
O|EL-6 0.50| 47| 22| 25| 95|LEAN CLAY(CI)
© | EL-6 1.53| 3 10/ 21| 98|LEAN CLAY(CI)
@ |EL-6 250 30| 13| 17| 65|GRAVELLY LEAN CLAY/(CI)
* | EL-7 0.50 44| 19| 25| 96|LEAN CLAY(CI)
S| EL-7 1.50| 45| 21| 24| 96|LEAN CLAY(CI)
m EL-7 250 35| 13| 22| 95|LEAN CLAY(CI)
¢ EL-8 0.50| 30| 12| 18| 96 |LEAN CLAY(CI)
<|EL-8 1.50| 46| 18| 28| 62|GRAVELLY LEAN CLAY(CI)
X|EL-8 2500 29| 1M 18| 93 |LEAN CLAY(CL)
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N SUMMARY OF LABORATORY RESULTS

Barangeotechnics

CLIENT PROJECT NAME _Binak-BK-12
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-9 0.5 45 16 29 19 94 Cl 8.9 1.81
BH-WH-9 1.5 46 18 28 38.1 95 Cl 9.3 1.68
BH-WH-9 2.5 44 14 30 19 94 Cl
BH-WH-9 4.5 38 14 24 19 85 Cl 7.5 1.89
BH-WH-9 5.0 35 13 22 9.51 88 Cl 6.1 1.96
BH-WH-9 7.5 38 14 24 9.51 97 Cl 44 1.93
BH-WH-9 9.5 41 18 23 19 87 Cl 7.3 1.85
BH-WH-9 104 38 14 24 9.51 94 Cl 6.8 1.88
BH-WH-9 114 24 4 20 19 33 SC
BH-WH-9 14.0 37 13 24 9.51 88 Cl
EL-6 0.5 47 22 25 19 95 Cl 57 1.84
EL-6 1.5 31 10 21 4.75 98 Cl 5.1 1.90
EL-6 2.5 30 13 17 50.8 65 Cl 6.8 1.88
EL-7 0.5 44 19 25 19 96 Cl 6.6 1.79
EL-7 1.5 45 21 24 19 96 Cl
EL-7 2.5 35 13 22 19 95 Cl 5.3 1.79
EL-8 0.5 30 12 18 19 96 Cl 5.5 1.89
EL-8 1.5 46 18 28 38.1 62 Cl 6.5 1.80
EL-8 2.5 29 11 18 19 93 CL

LAB SUMMARY 14010321-589-BINAK-BK-12-REV00.GPJ GINT STD CANADA LAB.GDT 6/11/22
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BKP- Lab- UCT

e

GEOTECHNICS

CLIENT

PROJECT NUMBER 589

Uniaxial Compression Test

PROJECT NAME

PROJECT LOCATION

St 039 S35 Slalllne

Py

Unconfined Stress (Mpa)

H
[

1.3

1.2

1.1

1.0

a.9

088

0.7

0.6

0.5

0.4

0.3

0.2

-1.5

@
®

-1.0 -0.5 0.0
Lateral Strain (%)

0.5 1.0
Axial Strain (%)

Sample Specification

Initial Condition

Borehole 1D: BH-EL-06 |Bulk Density (kN/m?): 20.03
Depth (m): 153-1.9  |Dry Density (kN/m®): 19.06
L (cm): 17.70 Moisture Content (%): 5.1

D (cm): 8.90 Strain Rate (%Per min.): 1.00

Test Results

Unconfined Compressive Strength(MPa):

11

1.5
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Uniaxial Compression Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 059 SuST955 Sldlas
PROJECT NUMBER 589 PROJECT LOCATION OV
1.8
1.6
1.4 A
T N\
2
w
g 1.2
&
e}
(]
£
£ 1.0
]
[ =
S
0.8 /
0.6 /
0.4
0.2
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

Lateral Strain (%)

Axial Strain (%)

Sample Specification

Initial Condition

Borehole ID:

Depth (m):
L (cm):

D (cm):

BH-WH-09

Bulk Density (kN/m®):

5.0-53  |Dry Density (KN/m°):
20.00 Moisture Content (%):

8.45 Strain Rate (%Per min.):

20.93
19.71
6.2
1.00

Test Results

Unconfined Compressive Strength(MPa):

1.4




BKP- Lab- UCT

e

GEOTECHNICS

CLIENT

PROJECT NUMBER

589

Uniaxial Compression Test

PROJECT NAME
PROJECT LOCATION

St 039 S35 Slalllne

Py

»
®

Unconfined Stress (Mpa)

3.6

3.2

2.8

2.4

20

1.6

1.2

0.8

0.4

@
®

/N

-1.0

-0.5

Lateral Strain (%)

0.0

0.5
Axial Strain (%)

Sample Specification

Initial Condition

Borehole ID:

Depth (m):
L (cm):

D (cm):

BH-WH-09
10.37-10.7

Bulk Density (kKN/m°): 20.16
Dry Density (kN/m?): 18.88

21.57 Moisture Content (%): 6.8

8.22 Strain Rate (%Per

min.): 1.00

Test Results

Unconfined Compressive Strength(MPa):

3.4

1.0
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Point Load Test Result

Project Name:

Sz 039 SeiSig; Slalllas

e

Client : BARAN
GEOTECHNICS
Project No.: 589
Borehole No. Depth (m) Load (kgf) W (mm) D (mm) Is (Mpa.) F I5 (Mpa.) e ( ap()&rg:)mately)

BH-EL-07 2.5-3.0 44 83.2 86.2 0.05 1.28 0.06 1.35
BH-EL-08 2.5-3.0 35 82 81 0.04 1.24 0.05 1.13
BH-WH-09 11.38-11.65 190 82.8 82 0.22 1.25 0.27 6.04
BH-WH-09 14.0-14.30 100 81.6 83 0.12 1.26 0.15 3.20

Note:

D.=4Al LOAD

A=WD

Is= Calibrated Load/Area

F= (D/50)**
Iso= IS*F
UCT = 15*22

v

A
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BKP-Lab- DST
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Direct Shear Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S o5 SeiSgl Slallas
PROJECT NUMBER 589 PROJECT LOCATION A%
90.0 105.0
750 90.0
75.0
60.0 /
o
o <
% < 600 -
= £
:c:’ 450 g /
s 7]
5 § 45.0 /
e Z /
30.0
| A
] 30.0 /
/./ﬁl/lk—l"—-"". ’ r
| = /
15.0
| oo 15.0 /
0.0 & 0.0
0 2 4 6 8 10 12 14 16 18 20 o 2o 0 0 %0 100 120
Shear Strain % Normal Stress kPa
Borehole ID: BH-EL-6 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 (%): 57 5.9 5.9 [Moisture (%): 13.8 14.0 145
B*L (cm*cm): 6*6 6*6 6*6 Saturation (%): 3349 3419  34.72 |Saturation (%): 81.57 81.02 85.40
Ya (kKN/mP): 18.31 18.18 18.31  |Vvoid Ratio: 045 046 045 |Void Ratio: 0.45 0.46 0.45
Test Results
C (kPa): 7.50
¢ (Degree): 284
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Direct Shear Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S o5 iS55 lalllan
PROJECT NUMBER 589 PROJECT LOCATION Hebs:
700 70.0
60.0 60.0
50.0 50.0
©
g /
40.0 40.0
3 S
g & /
= 7]
S 4 30.0
%o 30.0 % /
2 —A
5 ]
5 = /./_,,i/"“" = ik 200 e
——@
) 4‘:,//.// ./.,/0——0- N /
10.0 //., 0 7
0.0 0.0
0 2 4 6 8 10 12 14 16 18 20 0 20 40 60 80
Shear Strain % Normal Stress kPa
Borehole 1D: BH-EL-7 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 (%): 6.6 6.7 6.6 |Moisture (%): 15.4 15.3 15.2
B*L (cm*cm): 6*6 6*6 6*6 Saturation (%): 35.81 37.36  35.85 |Saturation (%): 94.48 93.12 92.94
Ya (kN/m®): 17.83 17.99 17.65 |Void Ratio: 0.49 047 0.9 [Void Ratio: 0.43 0.44 0.43
Test Results
C (kPa): 8.23
¢ (Degree): 26
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Direct Shear Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S o iS55 lalllan
PROJECT NUMBER 589 PROJECT LOCATION b2
90.0 90.0
75.0 75.0 /
60.0 60.0 /
S <
20 >
§ 45.0 § 45.0 /
pi | A @
5 /a/ﬁ" g /
b I— 5 /
v r_/./l/r*" 00 /
/‘;/l/ | _o——o—Tro /
15.0
/.//./ il 15.0
| o
00 00
0 2 4 6 8 10 12 14 16 18 20 o 25 0 75 100 125 150
Shear Strain % Normal Stress kPa
Borehole 1D: BH-EL-8 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 (%): 5.4 5.7 5.6 |Moisture (%): 12.9 11.7 12.5
B*L (cm*cm): 6*6 6*6 6*6 Saturation (%): 34.82 37.31  36.06 |Saturation (%): 81.91 81.03 86.28
Ya (kN/m®): 18.81 18.88 18.85 |Void Ratio: 0.41 040  0.41 [Void Ratio: 0.42 0.38 0.38
Test Results
C (kPa): 6.7
¢ (Degree): 30
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Spliting Tensile Strength Test Results (Brazilian Test)

N

BARAN
GEOTECHNICS
Project: S 0595 SeiST 655 Dlallas
Client: PROJECT NUMBER: 589
D H P Tensile Strength
Borehole No. Depth
mm mm N MPa
BH-WH-09 4.5-5.0 84.0 494 3000 0.46
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Chemical Test -BK-12

%E Soil
BH No: Depth > -Z(gi/:)water) > (2/()T " %’/IJ) at ?2? c
(m) (BS1377) (BS1377) (BS1377) (ASTMA4972)
EL -6 0.50 0.31 0.43 0.22 8.1
EL -6 1.53 0.35 0.39 0.19 8.0
EL-7 1.50 0.42 0.49 0.12 8.1
BH-WH-9 1.50 0.39 0.54 0.11 8.2
BH-WH-9 4.50 0.41 0.53 0.15 8.0
BH-WH-9 9.50 0.38 0.46 0.21 8.1
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BK-12 - el Ko 5 S sloa Sile 5 Soed csloyielly olpiton yolie

Layer type according to Unified method CL Marl/ClayStone (CL) Marl/ClayStone (CL) Unit
Depth 0.0-4.0 4.0-10.0 10.0-15.0 m
Soil cohesion (Cu) 0.7-1.3 1.3-2.5 2.5-4.5 kg/cm2
Soil wet density (yw) 1.85-1.95 1.90-2.00 2.00-2.10 g/cm3
Soil module of elasticity (ES) 130-230 350-550 600-800 kg/cm2
Soil Poisson ratio (v) 0.35-0.40 0.30-0.35 0.30-0.35 -
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Allowable bearing capacity (kg/cm?2)

Settlement (cm)

3.00

2.50

2.00

1.50

1.00

0.50

0.00

0.00

0.50

1.00

1.50

2.00

2.50

3.00

Shallow Foundation -BK-12
1\
—e— | /B=1
L/B=2
== L/B=5
L/B=10
0 1 2 3 4
Foundation width (m)
4\
——1/B=1 \\
L/B=2
"""""""" L/B=5
L/B=10
0 1 2 3 4
Foundation width (m)
Fato+ abin
D=1m
Df=1m
Notes:

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




Mat Foundation

Allowable bearing capacity (kg/cm2)

BK-12

2.50

2.00

1.50

1.00

0.50
—12X20 m
10X10 m
20X20 m
0.00
0.00 1.00 2.00 3.00 4.00 5.00

Settlement (cm)

P:In'ﬂ- ablm

D=1m
Df=1m

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




BK-12— o S Gos sl 55199 5 (hainns e po (o2 yims ol poSe Jouto

B(m) Kg/em?®) ozl (o1 pus Jorl| S Julo
L/B=1 L/B=2 L/B=5 L/B=10
1.0 2.29 1.68 1.38 1.29
2.0 1.18 0.95 0.86 0.84
3.0 0.87 0.74 0.69 0.68
4.0 0.73 0.63 0.60 0.59
5.0 0.64 0.57 0.55 0.54
BK-12 - ;0 Sy o gl 00508 (g s Joddl (S e
1emM?® oo pews, o o2 !
Bl (M) Sem) KQ/ICM® )00 paeS” ot s |y Jguko
st S ot 2 by
12x20 5 1.64 0.82 0.41
1010 5 1.84 0.92 0.46
20x20 1.44 0.72 0.36
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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
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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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Hoek et al, 2013 (wlw! 93 GSI dmilno —F
g oo oolatul y ) alal) 5l K 0055 (5,5l jLitel 0,91 5 (50

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

V¥



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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il o ) Saoglin oSl (A8 (et — A

(RO 53905) s 005 033 ywass GSI=35-45 ¢ 12

SURFACE CONDITIONS

WERY VERY
G000 GOOD FAIR POOR POOR

DECREASING SURFACE QUALITY —

INTACT OR MASSIVE - intact ///
20

rock Specimens of massive in /’/& NIA NIA
si_lu rock wﬂh few widaly spaced s
discontinuities A /7/

0w BLOCKY - well interlocked un- d /
"o disturbed rock mass consisting 70 /
/ 60

4"

/

/ 40 ',r’

49,

/ N
/A

(i VERY BLOCKY- interlocked,
| partially disturbed mass with
S A multi-faceted angular blocks
YAl formed by 4 or mone joint sets

o ] BLOCKY/MDISTURBED/SEAMY
il rd| - folded with angular blocks
" | formed by many intersecting
Wb discontinuity sets. Parsistence

- of bedding planes or schistosity

?gﬁ DISINTEGRATED - poorty inter-
ko] locked, haavily broken rock mass
}%ihf: with mixture of angular and

f%‘ﬁ rounded rock pieces

=7 —= DECREASING INTERLOCKING OF ROCK PIECES

¥ [
LAMINATEDVEHEARED - Lack / 10
of blockingss due o close spacing MIA MIA
of waak schistosity or shear planes /
i
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ol 00 @) FF g )0 a5 Cansl 00 5,51 GSIZ3L

Prv=T R [ e g — 2::2:’2;:; ':l:lgh Rough ?:z}'ﬂy Smooth Siickenaided
? :g Waeathering Nono wim:’ryod Shoderately. cother D
+ Rating (Rw) & 5 3 1 9
g SR=-17.5 In(J,) + 79.8| S ol i
(g_, 5 r==1.0 'R"‘:‘;::‘: D N%na < s‘mm >5 e <5mm > somm
£ 80 5\-- SCR=R_+R, +R,
I3
& so 3 By $
g 40 2 £ 5 2 £
g 30 £ g. 8
s g 3 3
20 N =25 <
? 10 > % ,g 25 % 3]
0 4 g = ié 57 g £
%5 3
. o>
0.1 1 10 100 1000 ‘gé §§§ - § Eg. : §§
Volumetric joint count, J, (joint/m®) E §' 5 SES % S gﬁ 5 $23%
SURFACE CONDITION RATING, SCR
74
oA 1A | / ,/
] /]
INTACT OR MASSIVE- Intact °%71_o06 // A NOT APPLICABLE
rock specimens or massive o6 4 ; / /
in-situ rock masses with very few // 7 / / /, /
widely spaced discontinuities sG]
// /// 7 / // / /
[ bs] |/ A 1/ / £ 1/
BLOCKY-very well interiocked Ve VI X1/ 71/ Y|/
undisturbed rock mass consisting /
of cubical blocks formed by three 2 = J
h I di ridks
orthogonal discontinuity sets @ es 1 / / 7 / 4 /
Nisd VTV o6 7
4

P | VERY BLOCKY-interlocked
#Liwoof  partially disturbed rock mass with

N RN
N

=2 | multi-faceted angular blocks formed 0z so / / £ / / /
- )‘5‘” »:_| by 4 ormore discontinuity sets o V4 /
TN W a5 74 /
= / £
© 7 7 V)
P
1A 1A 1A / / #
BLOCKY/DISTURBED/SEAMY ke d / / / /
-folded with angular blocks -
formed by many intersecting 74

AN
N
N
N
™\
N

discontinuity sets. Persistence

of bedding plane or schistosity =5 PO /
/
/ / / ,
DISINTEGRATED-poorly inter- 16 7
locked, heavily broken rock mass 20
with a mixture or angular and 10 7 / 4 y 4
rounded rock pieces / /
Lo 7
/ / 19

Sonmez & Ulusay, 2002 igy 4 BK-12 i ol ko o as¥ GSI o5 3,91 9 :FF 3 g

14



Cai et al, 2004 wlw! 3 GSI Ao —Y—o

GSI=34 BK-12 i ol> 5yl gl a3 ol o Conglio sasLs Cail et al, 2004 55, wlol 5

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

Joint or Block Wall Condition

GS/

Block Size

Massive - very well interlocked
undisturbed rock mass blocks formed

by three or less discontinuity sets

with very wide joint spacing 150 -
Joint spacing > 100 cm

Slickensided, highly weathered surfaces with
compact coatng or fillings of angular fragments

|
%
£
it

Very good

Very rough, fresh unweathered surfaces
Good

Rough, siightly weathered,

ron staned surfaces

Fair

ahtered surfaces

’oe%
\9 Smooth, moderately weathered or

AT 10E+6

7 /// o)
/7

100 cm)

Blocky - very well interlocked -
undisturbed rock mass consisting 7o

of cubical blocks formed by three go
orthogonal discontinuity sets 50 ,é
Joint spacing 30 - 100 cm

Opn. N
SN
w

\

100E+3

: /", / /// /
s, /// 1/F
/

40 / 0
J0cm|

Very Blocky - interlocked, partially
disturbed rock mass with mulltcohqm
angular blocks formed by four or more /

discoutinuity sots

Joint spacing 10 - 30 cm

g8

<
Block Volume Vb (cm?)

B

Joint spacing 3 - 10cm //

3

Disintegrated - poorly interlocked, /
heavily broken rock mass with a

mixture or angular and rounded 2 . / 10
rock pleces
Joint spacing <3 cm / 0

1cm A y y / /

FoliatedNaminatecd/sheared - thinly AT A I )
laminated or foliated, tectonically sheared ] 4

™~
~
~
~
=

8

weak rock; closely spaced schistosity N/A VA Vs s S /5
prevails over any other discontinuity set, J/ o b K . !
resulting in complete lack of blockiness 0.1
Joint spacing < 1 cm 12 45 1.7 067 0.25 0.09

Joint Condition Factor Jc
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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 GS| based on the descriptions in
the row and column headings. Alternatively,
from logged RQD values and Joint Condition
ratings (from Bieniawski, 1989), estimate
GSI = 1.5 JCondg,+ RQD/2 based on the
scales attached to the chart axes.

For intact or massive rock with GSI > 75,
check for brittle spalling potential. For
sparsely jointed rock with GSI > 75, failure

will be controlled by structurally defined blocks
or wedges. The Hoek-Brown criterion should
not be used for either of these conditions.

This chart applies to tunnels of about 10 m

lickensided, highly weathered surfaces with compact

tings or fillings of angular fragments
Slickensided, highly weathered surfaces with soft clay

Smooth, moderately weathered and altered surfaces
coatings or infillings

Rough, slightly weathered, iron-stained surfaces

Very rough, fresh unweathered surfaces

VERY GOOD
VERY POOR

SURFACE CONDITIONS

span and slopes < 20 m high. For larger 8 - g

cavemns and slopes consider reducing GSI o < o

to account for decreasing block interlocking. o uw aw
STRUCTURE DESCREASING SURFACE QUALITY —>

BLOCKY - well interlocked

undisturbed rock mass made

.| up of cubical blocks formed by
1 three sets of intersecting joints

* ‘.| VERY BLOCKY - interlocked,
“=2 | partially disturbed rock mass,
A multi-faceted angular blocks
formed by 4 or more joint sets

RQD/2

~..'| BLOCKY, DISTURBED/SEAMY
“4 - folded with angular blocks formed ©

by many intersecting joint sets. (=]

| Persistence of bedding planes or

~] schistosity

(i’ \f DISINTEGRATED - poorly inter-
locked, heavily broken rock mass

.| with mixture of angular and rounded

[-.| rock pieces

ECREASING INTERLOCKING

45 40 35 30 25 20 15 10 5 0
1.5 JCond,,

Hoek et al, 2013 9, 4 BK-12 & ol> Jbo sla ¥ GSI 05 5,91 9 :¥Q 5 guai

Yy



S awlo b Y—-Y—F—A

il o ) Saoglin oSl (A8 (et — A
w35 GSI=00-60 (S avle (25 g,y ds (swlids () Ceoglin Lals Slawe Slaslin wlul

(O f}@)w 03 03}

SURFACE CONDITIONS

VERY VERY
GOOD GooD FAIR | POOR POOR

DECREASING SURFACE QUALITY —— =

INTACT OR MASSIVE - intact /// /
oy s [/ 7 -
VAN Y Y

% I‘/ /{
/ //3// /
AV

F
LAMINATED/SHEARED - Lack / 10
of blockiness due to close spacing N/A NIA / /

S BLOCKY - well interlocked un-
il disturbed rock mass consisting
<< of cubical blocks formed by three
~- 4| intersecting discontinuity sets

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

Ty BLOCKY/DISTURBEDISEAMY
= folded with angular blocks
+| formed by many intersecting
sl discontinuity sats. Parsistenca
- of bedding planes or schistosity

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

N

=—— DECREASING INTERLOCKING OF ROCK PIECES

of weak schistosity or shear planes
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rock specimens or massive o6 4 ; /
in-situ rock masses with very few v v / 3 /
widely spaced discontinuities sG] /
i /
v % f / /
[ bs] |/ A 1/ // £ 1/
BLOCKY-very well interlocked e // / / ¥ / y /
undisturbed rock mass consisting /
of cubical blocks formed by three 2 = J
orthogonal discontinuity sels 7 4
gV | XV A4 /
<o |/ /| eo /
> A 1/ /
42" | VERY BLOCKY-interlocked = ¥ // / / / /
sl partially disturbed rock mass with ©
=2 | multi-faceted angular blocks formed 0z so 4 / / £ / / /
5" | by4 or more discontinuity sets o V4 /
‘.?‘?‘v’ > a5/ // 24 / / /
‘g 40— © / g /
g8 LA LA LA /|
»=as{/ 74 Y
BLOCKY/DISTURBED/SEAMY (/2] / >A /
-folded with angular blocks -
formed by many intersecting / / / / /
discontinuity sets. Persistence | / / 30
of bedding plane or schistosity =5 /
/
St o g // / / A
=741 DISINTEGRATED-poorly inter- 15 7
§"?:§: locked, heavily broken rock mass 20
"] with a mixture or angular and 10 7 4 s 4
E %“” rounded rock pieces / /
"Q'??\:? s / /
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Joint or Block Wall Condition

GS/

Very rough, fresh unweathered surfaces
Slickensided, highly weathered surfaces with
"| compact coating or filings of angular fragments

|
?
§
i

Rough, skghtly weathered,
m clay eolm or filings

ron stained surfaces

€1 Smooth, moderately weathered or

/

e
/
/ A

Block Size g
Massive - very well interlocked 5 g \E 5
undisturbed rock mass blocks formed F - 10E+6
by three or less discontinuity sets /& 4
with very wide joint spacing 150 - @ S [ g /
Joint spacing > 100 em £ o X

199 oo A : 1E46

Blocky - very well interlocked - 75 /S / (1 md)
undisturbed rock mass consisting 79 - J@
of cubical blocks formed by three go - & /s
orthogonal discontinuity sots 50 A4S /

Joint spacing 30 - 100 cm @ / 4 / / /

30 ¢ < T — Ax. T | [—" — .
Very Blocky - interlocked, partially / / /
disturbed rock mass with mult 5

angular blocks formed by four or more 4 =0 - 10E+3 Ag
discoutinuity sets 8
Joint spacing 10 - 30 cm 50 / s / s

10 cm Vi / o / 1000 g
Blocky/disturbed - folded and/or / A (1.am?) 3
faulted with angular blocks formed by =
many intersecting discontinuity sets / - / 3
Joint spacing 3 - 10 cm [ 100 x

w7 ////

5
Disintegrated - poorly interlocked, / / / / éo /
heavily broken rock mass with a / ]

mixture or angular and rounded 2 19
rock pieces
Joint spacing <3 cm / 0

1em Vi y y /

FoliatedNaminated/sheared - thinly
laminated or foliated, tectonically sheared

I 1 4 ! ‘' P
weak rock; closely spaced schistosity N/A N/A ;S ',’ i o
prevails over any other discontinuity set, / A A
resulting in complete lack of blockiness 0.1
Joint spacing < 1 cm 12 45 1.7 067 0.25 0.09

Joint Condition Factor Jc
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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 GS| based on the descriptions in
the row and column headings. Alternatively,
from logged RQD values and Joint Condition
ratings (from Bieniawski, 1989), estimate
GSI = 1.5 JCondg,+ RQD/2 based on the
scales attached to the chart axes.

For intact or massive rock with GSI > 75,
check for brittle spalling potential. For
sparsely jointed rock with GSI > 75, failure

will be controlled by structurally defined blocks
or wedges. The Hoek-Brown criterion should
not be used for either of these conditions.

This chart applies to tunnels of about 10 m

tings or fillings of angular fragments
Slickensided, highly weathered surfaces with soft clay

lickensided, highly weathered surfaces with compact
coatings or infillings

Rough, slightly weathered, iron-stained surfaces
Smooth, moderately weathered and altered surfaces

Very rough, fresh unweathered surfaces

VERY GOOD
VERY POOR

SURFACE CONDITIONS

span and slopes < 20 m high. For larger 8 - g

cavemns and slopes consider reducing GSI o < o

to account for decreasing block interlocking. o uw aw
STRUCTURE DESCREASING SURFACE QUALITY —>

BLOCKY - well interlocked

undisturbed rock mass made

.| up of cubical blocks formed by
1 three sets of intersecting joints

* ‘.| VERY BLOCKY - interlocked,
“=2 | partially disturbed rock mass,
A multi-faceted angular blocks
formed by 4 or more joint sets

RQD/2

~..'| BLOCKY, DISTURBED/SEAMY
“4 - folded with angular blocks formed ©

by many intersecting joint sets. (=]

| Persistence of bedding planes or

~] schistosity

(i’ \f DISINTEGRATED - poorly inter-
locked, heavily broken rock mass

.| with mixture of angular and rounded

[-.| rock pieces

ECREASING INTERLOCKING

45 40 35 30 25 20 15 10 5 0
1.5 JCond,,
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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.
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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
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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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DEPTH FACTOR
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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

Bowels gslao by ojlw jlxo Canlis ¢l o

(550,5ke0) o0 Comalsi |
— ' S
iy, cdlaf o iied
Ta \E Sile g 9
- i aule
& T-I.‘ i ad :,.._L.j" g ,;51'&&_”, "-
50 Yo | sshgnsin
: ” I ' L
$-1- - ) | eop 5 s

ool o &l o widd Eno bl B (o1 3lome Comnit ol

& 9SS b


Tabeiy
Text Box


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.
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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

-
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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
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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
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