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Seed et al. (2003) sslgiy SPT sloel 2ol yly5.2-3 Jso

Cg Borehole diameter Correction (Cg)
65to 115 mm 1.00
150 mm 1.05
200 mm 1.15
Ce
ER
= b
= S0 Eql2)

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

e The best approach 1s to directly measure the impact energy transmitted with each blow.
When available, direct energy measurements were employed.

o 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’ 0.4100.75 0.7t0 1.2
-Donut Hammeri 03100.6 05t01.0
-Donut Hammer~ 0.7t00.85 1.1to 14
-Automatic-Trip Hammer 05108 08to14

(Donut or Safety Type)

e 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.

-3 IS el oas 00,91 2 Cawgm) (sl odileS 7,0 0 @lbw slecl jo uil%Lo)’] ol el s

4 o & Cand ,Blite 39i lime g (Nspp) ooitd 2ol SPT iolesl gulis &l i Jloges saims ioles 4
wile S [0 g 60 15 Gas b o 5| BH-EL-7 _oile saleS o ool awiile slaailed S
saplice cw, wiloy, S sy 112 Gos b g o (5l 40 cwlses & (o S 51 )35 5| o BH-WH-9
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S oy sy Jlgg oile ailed g0y Lyl B aslsl (o 10,5 oo )18 (Hard) covw o3gamws 1o a5 ol
g BH-EL-6 .ilo slaailed o .Cunl o sanline (SiltStone) clow o g Marl);y,le (ClayStone)
C oyl 8 (SiltStone) ol S g (Marl) ¢yl (ClayStone)Soww o, sloasy Jlgs BH-EL-8

ms0 oL b il e cirogi BB 5z a4 -3 943 o )led Jshar) Sy 5 (Bl bawg oud wilyf oy
Conds > 9 009 (S Do 4 0o &l )] Slavogd il g0 (S D90 4 b)Y a5 Slayidy o o5l
Pl 5 0515 Logas ;0 0ad &l slackiog 4l ol loaY b 5 0515 (lime 4 o (IS 000 (504
csmiole GlaaileS ol glay | WS Cpm 4y cl S8 @ p3Y aiil go oauid PMal SPT slac! 3.l (S
Lol ooz Blod SPT jiolosl ol jloges ;o lag] 515 adus|

(1948&2 5 35,5 Nspr sas g ails i yo S (ST abayly 3-3 Jgo

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&2 5 $815,5) Nspr sas g ailos, S ST adal, 4-3 Jso
SPT value (N) Type Remarks
g:j Veg;;toﬁ Not suitable for civil structures, good for park.
4-8 Medium Stiff |  Good for very light structure using proper methods.
8-15 Stiff Good for low load bearing structures.
15-30 Very Stiff Good for moderate load bearing structures.
Over 30 Hard Good for high load bearing structures.




b

&Y

S (5 Ofdwo Mgl 1381 9 CudiligS

PV G5 b diy 53 Jwe) 9y S LIl

- - . . ” - . HIRG ! J
NISOC S o ol 4 b o OlNol plxil § ( Jley & Dagud Pl e
BARAN L]
BK12 =
Tobow oyles GEOTECHNICAL INVESTIGATION REPORT- BK12
0530739184 392 | S G | owiadle | hgd | €dy | Samgy | Jum | o 64 ;1 25: axiv o)l
BK BK12 PEDCO 110 GT RT 0001 D01
N, Penerration (cm)
0 20 40 60 80 0 15 a5
0.0 : . 0.0
by, _.»‘o
2.0 20 (" =
b J
ao } a0 f :
so b so |
‘f-:.: so b '.-é 80 ?
100 | o0 o .-'I.
a
12.0 12.0 |
—a—BH-WH-9 180 .! —o—BH-WH-9
we e | —e—EL-06
EL-07 L e EL-07
s EL-08
- == FEL-08 166

BK'12 R &o& o> )JoLu.o 09.04 u‘[,.un 9 [CXWa C)Lal) SPT ula)..o C’lL"‘ ulj.u.u'4*3 JS.«;

(Geoelectrical Resistivity Test) 5oy Ceoglio cpuxi Gilojl ~3-2-2
S L;‘»)ﬁ"’ u‘f“ 9 S g;‘)"S‘” wﬁl’“’ ] )5‘1““" 40592 J”"’ »° g;")"s’” wﬁl‘“’ ] u*‘l*)—‘
sl 00 ploil ASTM G57 aols oy ol
sloa¥ (a5 Ol g5 0 Wb oo JUSH e a4 baog Sl alewg @ (2 a5 (S6 Sl sla g 50
25U Gl 09 oo (S I onilly i b ey JB10 50 (S0 58U b 2 Colad 092 )0 ki el (e
O Cews 4 I ojls Sy daw o loasy (S aSUl Caglin 5 Comdgo (S ojlail 4y 348 Jlge
P9y Sl 23y Bl ey a3 (S Sl ey S 03Il b (a5 slaaY 4y g e DL
99 O Jiliy ZI (6 S0 3lwil g 09 xSl sae 98 by 4 ey S35 (S0 ST Gl e SIS cnl po Ble
Ailoads ools )13 adgl glaog mSUI Lo o Loz G slaal jo a5 cusl [0 09 2SI




e G Ol g5 131 9 uiligSS @'
“ . = v
— P e i S i 50 w9y S clkd Gyraits
m’ ) ) S > —
BK12 BARAY C/ =
2 obows 0 ylacs GEOTECHNICAL INVESTIGATION REPORT- BK12
053_-073-9184 039y | oW i | ouiisle | Mg | aby | i ge | Juw | 64 ;51 26 : axiv oylois
BK BK12 | PEDCO 110 GT RT 0001 | DO1

ax ;0 g haw ;o] (SO Sl Colaa (3 da SilSs 1 Kiw b S il slaasY Cunglio
5 S 9 S alizeo glail gl (S5 oS Cnglin o 185 Sga> 05 oo (s Ol yprd hgPiws S gl
Lowl 00l ool UL..M.' 5-3 JS.H:

Resistivity in ohmm

S v 7

L 3
* 10’ ? ‘ 90 001 01 10 10 100 1000 10* 10° 10° 10 * 10’
| Wet Dry

10 10 10 10 10 10 10

10
Granite ‘ e —— |
—

Andesite e —
—

Gabbro | | | ——

Conglomerates | | | | | —
Sandstone ——
R

er——rer——
Limestone e I
L
Car—

—
Alluvium ==
sres—acas—

—

Sea Water | '

Near Massive Galena '
95% Pyrite ]
Hematite ore | e ————
e

Lignite |
0.01 Molar KC1 ol
0.01 Molar NaC1 0
0.01 Acetic acid (B
ron [

. 001 01 10 10 100 1000 10° 10° 10° 107 10° *

10°% 10’ 10° 10° 10 10’

Log usIl iulyl 9 swlol plxsl sgas —¥-Y-Y-)

O b 50 iy 5 0l glwog 58U ols S8 gl Bl oo |y gl slagtal)T GalesT el o
f}!w g go 0ls 118 las (S slaisl jo oy iSdl dcgasms g0 2 lo o)l cpl cdel jo ol 1,8 soliiwl 5,90
g 5o o9 SSUl ()3l 13 (agSan a5 iz pe S (oo )18 il slaog i8I g 50 Ol 2 (slasg 2SI
BK-12 &z o (Line) Jomed 1o S pSI Canglin cymts ool 5,5 daless ooyl dlol> mlis jo |, Soles
5o 3B L (Geiile aleS o lass |US o) BH-WH-9 ¢ BH-EL-8, BH-EL-7, BH-EL-6 _y;5Ls L
ASTM  aab ol illae S Saie5 e g S S0 S Caglin cuts jokiie a4 (550 3 5 SO Glos!
Sl 00y plil G57

ooliiwl 35 Jgo, 5l 5y i1 b (Apparent Resistivity) s ol oS Cwglan e cpand >
Py s

(o) log xSl alsli= a

AV
=2ma—
P 7




o B Ol MlgT T390 § CublngSs @‘
“ . S )
— P e i S i 50 w9y S clkd Iypiraats
BK12 BARAN =
Tobow oyles GEOTECHNICAL INVESTIGATION REPORT- BK12
0530739184 392 | S G | owiadle | hgd | €dy | Samgy | Jum | o 64 ;1 27: axiv o)l
BK BK12 PEDCO 110 GT RT 0001 D01

(o) ol Lawss 0 (5 S 031l unglie= =

(e @) 5ol (628Ul Cglie= pg

al,l 5l oolaiwl b g VES 5laigm o, 5 eoliiwl b blas 51 Gy 50 G uSUlgs sl tolos « ol o5, o
96-3 S5 5-3 Jgam 0 o) 5l Jel> s oinleyl U Slasin b pdy pll (5 e 361 Gleel o 59
R PR 43‘)‘ 1—3 we.u

,ww.mlwlgh}m,a)omdwl 6‘)" 03 uj\)s u..i)l...a °}.’.9 weLﬂ-ﬂ 5—3 Jﬁ.)}

pa (@m)
Station No.
a=Im 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

Saiyes —V-Y-vY-v
Aot oably (2m o8 Poredl 4y e a5 Bkl bz L 56 S0 pbondg pSITL pliond ol oS
SoaslS cblas g, 50 0,0 o)Ll 58 j0 SLusT 5 SGuslS 3blio 9929 4 (50,55 el o (S,95 1, 005
Lo 3l s (S0 2SI Gl 2 Sloml alews 4 ST Lassre 055 SMex 515 G (3l el sl 29)
4 09 cladlne b o5 (glojlu b 09 oo Jlosl (pols S 5o (S0 SUl b2 o G 4 SlLbT oy 55Tl
2al3s Joe 0T lore 4 o5l o g dils S ojlwl b > Jlade STl Jee W5 G lgie

Sgel

S Ceaglie i 5 009 O (oSl Cunglie (alS L (Rl LS (e iy

el Ol Gl B L0 ls alize Glosl )0 ey Cusb) 5 (g (Some el S 05 4 (S 095 453 4 S

039381 (S 2SI Cuaglio o) (S Sl Culan bl (i (Snin ol gsbiw ael Wb g S5 50 9525

O Bl )8 b 4 Glgioe 990 (o o dalss (S0 SUl Cuaglie 1alS cge aS )3 g 0gd o

helos oy sl Cusb, 9 el Glie 2 odle 09ed ik 1) ploend (Swise Ol 9 (Sl Caeglie

alacdys glasSls oS 50k a4 wijlo S (S8l Cunglie plie 2 5 ganals g5 5 o135 Jd 5l S0
i 1393 5 (6 it (S S Cueglie sl il sy Slo S 4 S 03,25




Sy B Olwo g5 Bl § bl @‘
“ . . . . = ,
— P e i S i 50 w9y S clkd Gyraits
BARAN C/ L]
BK12
2oy lowy 0 5los GEOTECHNICAL INVESTIGATION REPORT- BK12
053_-073-9184 039y | oW i | ouiisle | Mg | aby | i ge | Juw | 64 ;1 28 : axiv oyleis
BK BK12 | PEDCO 110 | GT RT 0001 | DO1
Variation of Apparant Electrical Resistivity in BK-12
p (2m)
0.01 0.10 1.00 10.00 100.00 1000.00
0
0.5
1
1.5
E
L
=}
Q.
<))
(=]
2
2.5
3
BH-WH-9
EL-6
—o—EL-7
—=—EL-8
3.5




b

S (5 Ofdwo Mgl 1381 9 CudiligS

PV G5 b diy 53 Jwe) 9y S LIl

BK12 BARAN L]
Tobow oyles GEOTECHNICAL INVESTIGATION REPORT- BK12
053 B 073 _ 91 84 0395 S Ay [ES ST SVugud L=3) e g Jo A 64 3 29 axio ool
BK BK12 PEDCO 110 GT RT 0001 D01

bl i ;o Wlgh g0 a5 Cowl 0ays F &l b S Su,95 il oogusne 6-3 Jgo ;o
BH- ile slaailed sy | Gas U BK-12 gdiws ,0 yiie Oygo 4 (So Sl 6,0l slacioglio olio
5| yoS BH-EL-6 4 BH-EL-8 _.iole slaailed 1o 5 005,55 03505e 10 10(2m) ;| oS BH-EL-7 4 WH-9
20 ;| .S BH-EL-7 ol ailes e Bos )0 Cpiomad Wiyl 18 lawgie BEEYTERIPRC I 202 m)
R bl bawgie (Sai)5 03l ;0 (Sedle sloailed Lo 0dguzme ;s 5 Lawgin (F05595 03905t )3 5 Y ol
Sg pladl (Coating) Cdadlors 4y Cond cline s gy plw b 30 8 sl g,
(British Standard BS-1377) S yxSIl Cuoglia Gubo S Sa5,95 6-3 Jgo

Soil resistivity(2.m) Corrosivity
0-5 Very corrosive
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Very high >25
High 5-25
Medium 1.5-5
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WH-09-CoreBox 2-Depth (4.0-8.0 m)



WH-09-CoreBox 4-Depth (12.0-15.0 m)
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EL-07-CoreBox 1-Depth (0.0-3.0 m)



EL-08-CoreBox 1-Depth (0.0-3.0 m)
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BORING NUMBER BH-WH-9

Barangeotechnics PAGE 1 OF 1
CLIENT PROJECT NAME _Binak-BK-12
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATESTARTED _ ~ ~ ~~ COMPLETED _ _ GROUNDELEVATION _  HOLESIZE
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 _---
w Q ; : = ATTERBERG
o %m R wo |8 B wE LIMITS
o |Zo LE |E5] 222 |oT|5E|RE E |8s
qug ég MATERIAL DESCRIPTION i% Bg 5'8;( %9*; 5o ol o, <|:J|: Tk Eé
o =2 |3 °z |8 |zT|28|32 |22 |02
B [i4 & |a oS- |Z73=
o
X% Fill Material
| i ; Lean Clay, (CL) 2.3%gravel, 3.8%sand, 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,
- T 0.5%sand, 95.4%fines, brown, dry to moist, after 24 hours soaking
2 % in water the sample is classified as CL CR1 (0) 1.68| 9 46 | 18 | 28 | 95
| | Lean Clay (completely weathered Claystone), (CL) 5.4%gravel, SS 67/0.09
0.5%sand, 94.1%fines, reddish brown, dry to moist, after 24 hours
S B soaking in water the sample is classified as CL l CR | (0) 44 | 14 | 30 | 94
- Y Lean Clay (highly weathered Marl), (CL) 4.5%gravel, 10.2%sand, SS 67/0.08
B _ 85.2%fines, greenish gray, dry to moist, after 24 hours soaking in
water the sample is classified as CL
4 /
L _é CR | (35) 189| 8 [ 38 | 14 | 24 | 85
- 43X SiltStone, (CL) 0.3%gravel, 11.8%sand, 87.9%fines, gray to white, UD | (50) 196 6 35 113 | 22 | 88
X X dry to moist, highly weathered, after 24 hours soaking in water the
B 5 Bge sample is classified as CL, with some gypuse and calsit layers
x ~ss 67/0.04
| | 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
B 8 ] l CR | (12) 193| 4 (38 | 14 | 24 | 97
SS 67/0.07
[ 10 | ]| CR | (0) 185 7 |41 ] 18 | 23 | 87
ClayStone, (CL) 1.7%gravel, 4.7%sand, 93.6%fines, brown, dry to
B T moist, moderately weathered, after 24 hours soaking in water the . UD | (70) 188 7 38 | 124 | 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
12 % water the sample is classified as SC
= X X
X X
B a X X
X X
X X
[~ X 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 . UD | (65) 37 | 13 | 24 | 88

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

Bottom of borehole at 15.06 meters. LSS 67/0.06
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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 Q ; : = ATTERBERG
o %m R wo |8 B wE LIMITS
o |Zo LE |E5] 222 |oT|5E|RE E |8s
”DJE §9 MATERIAL DESCRIPTION i% ég 5'8;( §9£ 5o ol o, <|:J|: Tk Eé
S =z |3 °z |8 7|28 |32|42|22
S [i4 a |a oS- |Z73=
o
X% Fill Material
7 / Marl, (CL) 2.2%gravel, 2.7%sand, 95.2%fines, dark gray, dry to
| 4 moist, completely weathered, after 24 hours soaking in water the
/ sample is classified as CL
% CR 184 6 |47 |22 | 25 | 95
/ SS 67/0.07
- T 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 | (74) 190 5 [ 31|10 | 21 | 98
2.0
SS 67/0.04
| | 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
| 4 to moist, completely weathered, after 24 hours soaking in water the
sample is classified as CL, with gypsum and particles
CR | (0) 188 7 [ 30 | 13 | 17 | 65
3.0
SS 67/0.05

Bottom of borehole at 3.05 meters.
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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 Q ; : = ATTERBERG
o %n: R wo |8 B wE LIMITS
o |Zo LE |E5] 222 |oT|5E|RE E |8s
”oJé ég MATERIAL DESCRIPTION i% ég 5'8;( %9*; 5o ol o, <|:J|: Tk Eg
S =z |g °z |8 |x%|28|32|%2 |28
S [i4 a |a oS- |Z73=
o
X% Fill Material
i LeanClay, (CL) 2.0% gravel, 2.0% sand, 96%fines, light brown, dry
B . to moist, hard
0.5
CR 1.79| 7 | 44 | 19 | 25 | 96
1.0
SS 67/0.08
1.5
7 LeanClay, (completely to highly weathered Marl), (CL) 1.6%gravel,
| i 2.6%sand, 95.8%fines, dark gray, dry to moist, after 24 hours
/ soaking in water the sample is classified as CL
% CR| (0 45 | 21 | 24 | 96
% SS 67/0.05
ClayStone, (CL) 2.5%gravel, 2.9%sand, 94.6%fines, light brown,
| 4 dry to moist, completely weathered, after 24 hours soaking in water
the sample is classified as CL
CR | (20) 1791 5 [ 35|13 | 22 | 95
3.0
SS 67/0.06

Bottom of borehole at 3.06 meters.
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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 Q ; : = ATTERBERG
o %n: R wo |8 B wE LIMITS
o |Zo LE |E5] 222 |oT|5E|RE E |8s
UDJQ §9 MATERIAL DESCRIPTION i% Bg 5'8;( §9£ 5o ol o, <|:J|: Tk Eé
o =2 |3 °z |8 |zT|28|32 |22 |02
S [i4 a |a oS- |Z73=
o
X% Fill Material
7 / lean Clay (Completely Weathered Marl),(CL) 1.4%gravel,
B _ 2.6%sand, 96%fines, light gray, dry to moist, after 24 hours
/ soaking in water the sample is classified as CL
% CR | (0) 189| 6 [ 30 | 12 | 18 | 96
% SS 67/0.08
Gravelly lean Clay (Completely Weathered ClayStone), (CL)
| i 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
CrR| (0 1.80| 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
| 4 moist, completely weathered, after 24 hours soaking in water the
/ sample is classified as CL
% CR| (0 29 | 11| 18 | 93
% SS 67/0.06

Bottom of borehole at 3.06 meters.




- KEY TO SYMBOLS

Barangeotechnics

CLIENT PROJECT NAME Binak-BK-12
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr

LITHOLOGIC SYMBOLS SAMPLER SYMBOLS

(Unified Soil Classification System)

7 I Core Sample

/A MARL: Marl

CLAYSTONE: Claystone(CL) Split Spoon
] SILTSTONE: Siltstone
Undisturbed Sample

N

TOPSOIL: Fillmaterial

1,00,

WELL CONSTRUCTION SYMBOLS

KEY TO SYMBOLS 14010321-589-BINAK-BK-12-REV00.GPJ GINT STD CANADA LAB.GDT 6/11/22

ABBREVIATIONS

LL  -LIQUID LIMIT (%) TV -TORVANE
Pl - PLASTIC INDEX (%) PID -PHOTOIONIZATION DETECTOR
W - MOISTURE CONTENT (%) UC -UNCONFINED COMPRESSION
DD -DRY DENSITY (PCF) ppm - PARTS PER MILLION
NP - NON PLASTIC g Water Level at Time
-200 - PERCENT PASSING NO. 200 SIEVE = Drilling, or as Shown
PP -POCKET PENETROMETER (TSF) Water Level at End of

A Drilling, or as Shown

v Water Level After 24

= Hours, or as Shown
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BARAMN Barangeotechnics

GEQTECHNICS

SUBSURFACE DIAGRAM

PROJECT NAME Binak-BK-12
PROJECT LOCATION Booshehr

CLIENT
PROJECT NUMBER 589
00 BH-WH-9
1.0
2.0
30
4.0
5.0
+
Jr
+
60 |
+
m i
2
o 70
=
o
3
—_~
3
~—" 8.0
9.0
10.0]
1.0
+
Jr
+
1200
+
Jr
+
130
+
*,
14.0
15.0

Legend

Marl

ClayStone(CL)

Fill Material

Silt Stone
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S Geoelectrical Resistivity Test

Eanan
CLIENT PROJECT NANE Sy SiS555 lalllas
PROJECT NUMBER 589 PROJECT LOCATION AS

Variation of Apparant Electrical Resistivity in BK-12

p (Q2m)
0.01 0.10 1.00 10.00 100.00 1000.00

0.5

1.5

Depth (m)

2.5

BH-WH-9
EL-6
——EL-7

EL-8

35
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Plate Load Test Results

Client:
Consultant:

Project:

0.00

Plate dimension: 30 cm

o 3 S L jslice Cpwdige &S 58 Testpit No.: BK-12 (BH-WH-9)
S5 Gl adsi Gl g Sl g SiSS g8y Slalllae

Depth: 1.0m

Stress (kg/cm2)
15 20 25 30 35

1.00

2.00 | &

3.00

4.00

5.00

6.00

Settlement (mm)

7.00

8.00

9.00

10.00 \

11.00

12.00




V—ngﬁ

CBR sl



Y A
Standard Test Method for CBR (California Bearing
L

g, 9 Ratio) of Soils in Place (ASTM D4429)

Sk Cpaaaigo /

Mo 055 a5 CuBlagSs e SeiSissy 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 80 090 10.0 11.0 12.0 13.0 14.0 15.0 16.0

Penetration(mm)

7

B | [}
CBR VALUE: Penetration-2.54 mm 7.3 %

Penetration-5.08 mm 10.8 %
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by 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
g 4 3 2 g 3 4 6 104416 55 30 45 50 gg 100,200
100 [ g g\ _ \ U] E *\é_ NI g [ AR
= | =
: : : S :
: : : L] F .
» § § § TT [
85 . . . .
80
75
70
65
'_
T
9 60
w
=
> 55
m
04
w 50
Z
w : : : : :
E 45 : : : : : p
g : : : : :
g 40 : : : : :
L : : : : :
o : : : : :
35 : : : : : \&
: -
s g
20 >
L :
; : : : : :
5
O . . . . .
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL, ,SAND - 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 41 0.5 72.8 22.7
A| BH-WH-9 2.50 19 0.012 0.002 54 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
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\” GRAIN SIZE DISTRIBUTION
Barangeotechnics
CLIENT PROJECT NAME _Binak-BK-12
PROJECT NUMBER _ 589 PROJECT LOCATION _Booshehr
U.S. SIEVE OPENING IN INCHES I U.S. SIEVE NUMBERS T HYDROMETER
6 43 245 1 112 3 4 6 10,416 55 30 40 50 g5 100,200
100 [ : FTTTER | ‘1-%_1__‘_ [ [ : [ [ ] H
: S - @—H
o N gl Pl Ne
W o=
85 ; ; ;
g iy
70 ?
EX : :
> I
Q 60 *. :
w : :
= :
> 55 -
m :
v :
w50 -
Z X :
i :
£ 45 \ :
i :
g 40 :
g z
35 : 3
Y \
30 [k *\
25 \*\k
20 \ﬁ
¥
15 \#«\’\k
10
%
. e
>>%
O . . .
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL, ,SAND - 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 |1.19 144.04
®| 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 1.7 251
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 27.4
* | 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 25.1
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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 | U.S. SIEVE NUMBERS | HYDROMETER
6 43 245 134 V258 3 6 210 1416 50 30 40 50 o 100 440200
100 AT T e rET @ 75
9 : Y : : T A
90
&5 _
80 : : :
i "N :
75 = * A
& N
S 60 : : : : :
s z z z z LN
> 55 : : : : : \
@ : : : : :
§ 50 f f f f f A
=z : : : : : \
i : : : : :
E 45 : : : : : x
W : : : : :
g 40 &
L
2
= 35 N
30 A
z z z z z P
* T
20 : : : : : \%
15
: : : : : >>4
10
5
O . . . . .
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL, ,SAND : 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
x| EL-7 0.50 LEAN CLAY(CI) 4 | 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 27 68.0 27.2
X| EL-6 1.53 4.75 0.01 0.003 0.0 1.5 75.1 234
A| EL-6 2.50 50.8 0.046 0.005 23.8 10.9 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

CLIENT

GRAIN SIZE DISTRIBUTION

PROJECT NAME _Binak-BK-12

PROJECT NUMBER _589

PROJECT LOCATION _Booshehr

U.S. SIEVE OPENING IN INCHES I

95

6 43 245 1 124 3
100 I ; T e

U.S. SIEVE NUMBERS I
4 6 104416 59 30 44 50 6o 100 444200

HYDROMETER

90

X —

JELE

x

85

80

il

75

70

65

60

55

50

45

40

PERCENT FINER BY WEIGHT

35

30

25

20

15

10

£ g

>3,

100

10

1 0.1
GRAIN SIZE IN MILLIMETERS

0.01

0.001

COBBLES

GRAVEL

SAND

coarse fine

coarse medium | fine

SILT OR CLAY

Borehole Depth

Classification

LL | PL

Pl

Cc

Cu

EL-7 2.50

LEAN CLAY(CI)

35 | 13

22

EL-8 0.50

LEAN CLAY(CI)

30 | 12

18

EL-8 1.50

GRAVELLY LEAN CLAY(CI)

46 | 18

28

3.38

325.67

LA LA RK )

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

EL-8 0.50

19

0.009 0.003

1.4

2.6

68.6

27.4

EL-8 1.50

38.1

0.062 0.006 0

33.5

4.7

471

14.7

* b M@

EL-8 2.50

19

0.012 0.002

2.6

4.0

66.0

27.4
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Barangeotechnics

CLIENT

ATTERBERG LIMITS' RESULTS

PROJECT NAME _Binak-BK-12

PROJECT NUMBER _589

PROJECT LOCATION _Booshehr

60 e
@ © | @ yd
50 %
P /
2 4 v
; e
; e
\T( 30 A% /,
| 0 U
N 20 &2 A
: 3 e
X
10 /
CL-ML ) @ @
0O 20 40 60 80 100
LIQUID LIMIT
Borehole Depth LL| PL Pl |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)
< | BH-WH-9 750 38| 14| 24| 97|LEANCLAY(CI)
O|BH-WH-9 9.50 M4 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 14.00| 37| 13| 24| 88|LEAN CLAY(CI)
O|EL-6 050 47| 22| 25| 95|LEANCLAY(CI)
® EL-6 1.53| 31 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)
| EL-7 150 45| 21 24| 96 |LEAN CLAY(CI)
m EL-7 250 35| 13| 22| 95|LEANCLAY(CI)
¢ EL-8 050 30| 12| 18| 96|LEAN CLAY(CI)
< |EL-8 1.50| 46| 18| 28| 62| GRAVELLY LEAN CLAY(CI)
X |EL-8 250 29| 1M1 18| 93|LEAN CLAY(CL)
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Barangeotechnics

SUMMARY OF LABORATORY RESULTS

CLIENT PROJECT NAME _Binak-BK-12
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
Sheet 1 of 1
- . - Maximum | , Water Dry Satur- .
coronole | Depn | Kt | Temie | Pasioty | U™ | %0070 | Dl | contnt | persty | aton | 400
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 4.4 1.93
BH-WH-9 9.5 41 18 23 19 87 Cl 7.3 1.85
BH-WH-9 10.4 38 14 24 9.51 94 Cl 6.8 1.88
BH-WH-9 11.4 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 5.7 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







" Uniaxial Compression Test

BARAN

GEDTECHNITS

CLIENT PROJECT NAME St 59 51 St 585 Slallas
PROJECT NUMBER 589 PROJECT LOCATION Y

BKP- Lab- UCT

15
d

13

1.2

AR A
| N

0.9
08

0.7

Unconfined Stress (Mpa)

0.6

0.5

0.4

0.3

0.2

®
®

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
Lateral Strain (%) Axial Strain (%)

Sample Specification Initial Condition

Borehole ID: BH-EL-06 |Bulk Density (kN/m®): 20.03
Depth (m): 1.53-1.9  |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): 1.1
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Uniaxial Compression Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 059, ST 55 Sladllas
PROJECT NUMBER 589 PROJECT LOCATION e )
1.8
1.6
1.4 A
z N\
2
"
@ 1.2
&
-
()
£
£ 1.0
]
[ =
=)
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: BH-WH-09 JBulk Density (kN/m3): 20.93
Depth (m): 5.0-53  |Dry Density (kN/m’): 19.71
L (cm): 20.00 Moisture Content (%): 6.2
D (cm): 8.45 Strain Rate (%Per min.): 1.00

Test Results

Unconfined Compressive Strength(MPa):

1.4
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BARAN

GEDTECHNITS

CLIENT

PROJECT NAME

PROJECT NUMBER 589

PROJECT LOCATION

Uniaxial Compression Test

S 035 SeSi553 lallae

oy

Unconfined Stress (Mpa)

S
®©

3.6

\
/ AN

2.8
2.4
20
1.6
12
0.8

0.4

-0.5
Lateral Strain (%)

®
®

0.0 0.5
Axial Strain (%)

Sample Specification

Initial Condition

Borehole ID: BH-WH-09
Depth (m): 10.37-10.7
L (cm): 21.57

D (cm): 8.22

Bulk Density (kN/m3):
Dry Density (kN/m3):

Moisture Content (%):

Strain Rate (%Per min.):

20.16
18.88
6.8

1.00

Test Results

Unconfined Compressive Strength(MPa): 34

1.0
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BKP-Lab- DST

N d

Direct Shear Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME Sy 035y SeiSTg85 Slalllae
PROJECT NUMBER 589 PROJECT LOCATION S
90.0 105.0
75.0 900
75.0
60.0
&
8 x
x g 600 =
< =
g 45.0 & /
5 ® /
5 E 45.0
% A/ix——&——ﬂ"ﬂ @ /
30.0 /
sl 30.0
7/’ /./_/'.,m—l——' ' / g
|-
15.0 A
*—./ 15.0 /
0.0 0.0
0 2 4 6 8 10 12 14 16 18 20 0 20 40 60 80 100 120
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): 22 22 22 Moisture (%): 5.7 5.9 5.9 |Moisture (%): 13.8 14.0 14.5
B*L (cm*cm): 6*6 6*6 6*6 Saturation (%): 33.49 34.19  34.72 |Saturation (%): 81.57 81.02 85.40
Ya (KN/m?): 18.31 18.18 18.31 | Void Ratio: 0.45 046 045 |Void Ratio: 0.45 0.46 0.45
Test Results
C (kPa): 7.50
¢ (Degree): 28.4




BKP-Lab- DST

WS

Direct Shear Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 059 SiST e85 Slalllas
PROJECT NUMBER 589 PROJECT LOCATION A
70.0 70.0
60.0 60.0
50.0 50.0
©
£ s /
40.0 .
) d
g £
; '2 30.0
30.0 3 A
5 -
= ' AA—A
g el
& 200 /./_/H/I*"":'::' 20.0 Pad
/ = ./‘,/0—0——0—"
Lo
10.0 A ; e 10.0 1
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 ID: 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 (%): 154 153 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: 0.49 047 049 |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 0y SiSSg8§ Dlalllas
PROJECT NUMBER 589 PROJECT LOCATION Ay
90.0 90.0
75.0 75.0 /
60.0 60.0 /
© o
g g /
= £
% k=)
§ 45.0 E.’ 45.0 /
172 A (2]
& 7 ® /
30.0 /./_/./.‘/.( (m 30.0 /
/‘;/'/ | _eo—o—© /
15.0
o 15.0
Lo
o
0.0 ‘ 00
0 2 4 6 8 ) 10 12 14 16 18 20 0 25 50 75 100 125 150
Shear Strain % Normal Stress kPa
Borehole ID: 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: 0.41 040 041 |Void Ratio: 0.42 0.38 0.38
Test Results
C (kPa): 6.7
¢ (Degree): 30
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Mat Foundation

Allowable bearing capacity (kg/cm2)

BK-12

2.50

2.00

150 /

1.00

0.50

0.00

—12X2
10X1
20X2

Om
Om
Om

0.00 1.00 2.00 3.00
Settlement (cm)

P atow abim

4.00 5.00

D=1m

Df=1m

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




Allowable bearing capacity (kg/cm2)

Settlement (cm)

3.00

2.00

1.00

0.50

0.00

0.00

0.50

1.00

2.00

3.00

Shallow Foundation -BK-12
4\
—— e — \
—o—L/B=1
L/B=2
L-/B=5
L/B=10
0 1 2 3 5
Foundation width (m)
<>\
——L/B=1 \
L/B=2 3
L/B=5
L/B=10
0 1 2 3 5
Foundation width (m)
P atow abim
D=1m
Df=1m
Notes:

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

o] >

g | & | &

» & E 5

8 S 8 7]

o & S =

[} Q

to 37 is more realistic than stating that 3 2 = §‘g §

GSI = 35. Note that the table does not £ - 2 TE|l %

apply to structurally controlled failures. S » © » D n

Where weak planar structural planes are 3 S k3 B ®

present in an unfavourable orientation © = 2 .“c’% o

with respect to the excavation face, these % E ® T D ®

will dominate the rock mass behaviour. (ZD 2 o g g 5 g

The shear strength of surfaces in rocks £ £ © > >0 >
that are prone to deterioration as a result o - g 2 55| 55
of changes in moisture content will be % 4 > > €L ££
reduced is water is present. When O | 9<% £ 3 TE|STE
working with rocks in the fair to very poor EJ) o6 = £ 2910329
categories, a shift to the right may be & | © 2 oc g |g28|2 95
made for wet conditions. Water pressure & | Z ‘é 8 2 x 3 o %’ -;56 % X%
is dealt with by effective stress analysis. 8 g g o & X uE) 8 % 8 g % 8
STRUCTURE DECREASING SURFACE QUALITY =—>

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

7

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

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

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

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

/4
N/

<—— DECREASING INTERLOCKING OF ROCK PIECES

7
LAMINATED/SHEARED - Lack / 10

of blockiness due to close spacing N/A N/A
of weak schistosity or shear planes
i

(Hoek, Marinos and Benissi, 1998)
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SURFACE CONDITION RATING, SCR
he17 16 15|14 43 12 1110 B8 85 7 & 5 _a|a = 1 o
INTACT OR MASSIVE- Intact os 7 / |
rock specimens or massive e N0 1 NOT APPLICABLE
in-situ rock masses with very few /
widely spaced discontinuities S [
s A
BLOCKY-very well interlocked T 1
undisturbed rock mass consisting x
of cubical blocks formed by three Ll
orthogonal discontinuity sets -
es -
7] /
=) | 80
. 2. |2
VERY BLOCKY-interlocked =
partially disturbed rock mass with I+ / 1
multi-faceted angular blocks formed 0z so P
by 4 or more discontinuity sets @
57 A
g ! 4
in os -
BLOCKY/DISTURBED/SEAMY 7] / I / /
~folded with angular blocks. - |
formed by many intersecting
discontinuity sets. Persistence | A
of bedding plane or schistosity - / 30
) /}
DISINTEGRATED-poorly inter- 1o —t
locked, heavily broken rock mass 20
with a mixture or angular and A
rounded rock pieces
=
7 o

Sonmez & Ulusay, 2002 o, 4 GSI 05 5,91 31V 1 qua



GSl/

Block Size

Massive - very well interiocked
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 interlocked 20

undisturbed rock mass consisting
of cubical blocks formed by three
orthogonal discontinuity sets
Joint spacing 30 - 100 cm

80
70
60
50
40
30em |
Very Blocky - interlocked, partially

disturbed rock mass with multifacet

angular blocks formed by four or more
discoutinuity sets
Joint spacing 10 - 30 cm

30 om

Very rough, fresh unweathered surfaces

Very good

Joint or Block Wall Condition

Good

Rough, slightly weathered,

iron stained surtaces

Smooth, moderately weathered or
altered surfaces

Fair

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

Very poor
*+| Slickensided, highly weathered surfaces with

=4 soft clay coatings or filings

10E+6

1E+6
(1 m?

-+ 100E+3

r 10E+3

Blocky/disturbed - folded and/or
faulted with angular blocks formed by
many intersecting discontinuity sets
Joint spacing 3 - 10cm

/
Vel
/
/

Block Volume Vb (cm®)

1/
/

Di - poorly
heavily broken rock mass with a
mixture or angular and rounded

1em

/,

Foliated/laminated/sheared - thinly
or foliated,
weak rock; closely spaced schi
prevails over any other discontinuity set,

N/A

/
/

N/A

i

30 !
/1,
/
i
!

lack of

in
Joint spading < 1 em 12

i
45 1.7

067

Joint Condition Factor Jc

h
0.25

0.1
0.09

Cai et al, 2004 gy 4 GST o5 3,97 33 :A 19005

~A 100000

:

T
-

Block volume Vb (cm’)

~-100

-10

Joint Condition Factor jC

Russo, 2009 o3, 43 GST (05 0597 4y guai




GEOLOGICAL STRENGTH INDEX (GSI)
FOR JOINTED BLOCKY ROCK MASSES

From the lithology, structure and observed
discontinuity surface conditions, estimate the
average GSI based on the descriptions in
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
span and slopes < 20 m high. For larger
caverns and slopes consider reducing GSI
to account for decreasing block interlocking.

STRUCTURE

Slickensided, highly weathered surfaces with compact

j coatings or fillings of angular fragments

;

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

Very rough, fresh unweathered surfaces

SURFACE CONDITIONS
VERY GOOD
POOR

GOOD
FAIR

DESCREASING SURFACE QUALI

Slickensided, highly weathered surfaces with soft clay

VERY POOR
coatings or infillings

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

* ‘4| VERY BLOCKY - interlocked,
"= | partially disturbed rock mass,

multi-faceted angular blocks

formed by 4 or more joint sets

BLOCKY, DISTURBED/SEAMY
4 - folded with angular blocks formed
by many intersecting joint sets.
.-| Persistence of bedding planes or
-] schistosity

DISINTEGRATED - poorly inter-

| locked, heavily broken rock mass

-] with mixture of angular and rounded
| rock pieces

<1 DECREASING INTERLOCKING

Hoek, et al., 2013

1.5 JCondy,

RQD/2

Hoek et al, 2013 gy 4 GSI 05 5,91 33 :V¢ yguai
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SURFACE CONDITIONS

VERY VERY
GO0OD GOOD FAIR POOR POOR

DECREASING SURFACE QUALITY —=

Y
A(//m NiA
4%
¥
i
VAN /

AT T T
/, ANASY
LAMIMATEDVSHEARED - Lﬂdl:_ / 10
St | ww |/ / y
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INTACT OR MASSIVE - intact
rock specimens of massive in
Situ rock with few widaely spaced
discontinuities

| BLOCKY - well interlocked un-

| disturbed rock mass consisting
<+ of cubical blocks formed by three

2] intersecting discontinuity sets

(27| VERY BLOCKY- interocked,
s partially disturbed mass with
St multi-faceted angular blocks
YA formed by 4 or more joint sets

T BLOCKY/DISTURBEDVSEAMY
it - folded with angular blocks
L | formed by many inlersecting
discontinuity sets. Persistence
of badding planes or schistosity

7 DISINTEGRATED - poorly inter-

S locked, heavily broken rock mass
=245 with midure of angular and
wiirigy| rounded rock pieces

NN

<= DECREASING INTERLOCKING OF ROCK PIECES
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100

SR=-17.5 In{J,) + 79.8)

r==1.0

Very Slightly
Roughness h Smooth  Slickensided
Rating (Rr) | 6= o 5‘" '““3"" 1 o
s Highly
P lightly  Moderately -
Raling (Rw) 6 5 3 1 o
- Hard Hard Soft Soft
Infilling
Rating (Rf) N%no - s.mm > szmm - szmm > somm
SCR=R +R_,+R,

1 10 100

Volumetric joint count, J, (jeint/m")

1000

§
J
i

T
b

g
i

§
31

/

/

SURFAG/E CONDITIOIN RATING, SCR
ot A A A X
INTACT OR MASSIVE- Intact =1 28 ,/ // NOT APPLICABLE
/| EEmEEDe o /]
AV AV 84NV, |
.80 / // // / / / i // /
| ottt 7] 14V 4V.8D 4V, AR Ay
NP A of cubical blocks formed by three e Y / / / /
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— & AW / /| A 1/ w/ / )
=1 A | A 5% 44V AVavy,
] VERYBLOCKYintedocked s=t | S| A /1 ,/ ,«/ /
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PEEE] Sod by ey eeeschs. pADAVANARViIRVvIRViNaAN
S5 v5|  of bedding plane or schistosity st 74 / / f y f /
TV TV TV 1T T
%_é)@ DISINTEGRATED-poorly inter- 16 / / / 7 / /
27 Snanmeo w10 A—A 7o
e R ATV VA T T AT
o

Vi

/

1
¥ 4
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Joint or Block Wall Condition

GSI/

Block Size

Massive - very well interlocked
undisturbed rock mass blocks formed ; AT T A 10E+6
by three or less discontinulty sets /@b ‘

with veory wide joint spacing £ ik
Joint spacing > 100 cm ‘;‘ /‘

compact coating or filings of angular fragments

Very rough, fresh unweathered surfaces
Very poor

Very good
Shckensided, highly weathered surfaces with
soft clay coatings or fllings

«_ | Sickensided, highly weathered surfaces with

gs g23s8é

Blocky - very well interiocked
undisturbed rock mass consisting
of cubical blocks formed by throe

dnubodmumm;mumn
angular blocks formed by four or more
dscoutinuity sets

Joinl spacing 10 - 30 cm

“} 10E+3

\ N
SQ
'\\

:
4

S~
\\
; M~
Block Volume Vb (em?)

Blocky/disturbed - folded and/or
fuled with angular blocks formed by
many intersecting discontinuity sets
Joint spacing 3 - 10 cm s

3
Disintegrated - poorly interiocked,
heavily broken rock mass with a
mixture or angular and rounded
rock pieces
Jaint spacing < 3 cm /

1em 4 /
FoliatedNaminated/sheared - thinly ANV Y
laminated or folated, tectonically sheared N/A f by ‘ ¢ . £
weak rock; closely spaced schistosity N/A ; / ;
provails over any other discontinuity set, H ' A 2 '
resulting in complote 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 (GSl)
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 JCond,,+ RQD/2 based on the
scales attached to the chart axes.

For intact or massive rock with GS| > 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
span and slopes < 20 m high. For larger

caverns and slopes consider reducing GSI
to account for decreasing block interlocking.

SURFACE CONDITIONS

fillings of angular fragments

Slickensided, highly weathered surfaces with soft clay

coatings or infillings

Slickensided, highly weathered surfaces with compact

Smooth, moderately weathered and altered surfaces

:
i
:
:
:
:
:

Very rough, fresh unweathered surfaces

VERY GOOD
GOOD

FAIR

POOR

VERY POOR

STRUCTURE

1 coatings or

DESCREASING SURFACE QUALI

e
e

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

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

REASING INTERLOCKING

*..'| BLOCKY, DISTURBED/SEAMY
.4 - folded with angular blocks formed 3
“{ by many intersecting joint sets. o
2| Persistence of bedding planes or

|| schistosity
| DISINTEGRATED - poorly inter-
©¢] locked, heavily broken rock mass
| with mixture of angular and rounded
1| rock pieces

7
Z

7

RQD/2

45

25
1.5 JCond,,

40 35 30
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SURFACE CONDITIONS

VERY VERY
GOOD GOOD | FAIR | POOR POOR

DECREASING SURFACE QUALITY —>
INTACT OR MASSIVE - intact v / / 7
rock specimens or massive in o0 MIA WA
situ rock with few widely spaced L+
discontinuities A /

v / . /

4%
4

“0e BLOCKY - well interiocked un-
o) disturbed rock mass consisting
S of cubical blocks formed by threa
w4 intersecting disconlinuity sets

v+ VERY BLOCKY- interlocked,

4| partially disturbed mass with
501 multi-faceted angular blocks

7| formed by 4 or more joint sets

=] BLOCKY/DISTURBED/SEAMY

¢

w/ /g
Y
AL,
N/ N/

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

=—— of bedding planes or schistosity

H i DISINTEGRATED - poorly inter-
el locked, heavily brokien rock mass
F75) with mixture of angular and

i PEde| rounded rock pieces

RN

=— DECREASING INTERLOCKING OF ROCK PIECES

of weak schistosity or shear planas
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Joint or Block Wall Condition

GS/

Very rough, fresh unweathered surfaces

5
i
5
3

Rough, sightly weathered,
¥on stained surfaces
mmmum

Block Size E

undisturbed rock mass blocks formed R - 10E+6
by three or less discontinuity sets /SSP A
with very wide joint spacing 150 /{.’ it |k
Joint spacing > 100 cm y

100 :
Blocky - very well interiocked -
undisturbed rock mass consisting 7o
of cubical blocks formed by three g
orthogonal discontinuity sots 50
Joint spacing 30 - 100 cm =

We

Very Blocky - interiocked, partially
disturbed rock mass with mult
angular blocks formed by four or more
discoutinuity sots

Joint spacing 10 - 30 cm

Blocky/disturbed - folded and/or
fulted with angular blocks formed by
many intersecting discontinuity sets
Joint spacing 3 - 10 cm §

/35/
£
/7

/ / i
A
1em / /
Folisted/aminated/sheared - thinly A
laminated or foliated, tectonically sheared N/A A v 9 ,'5
weak rock; closely spaced schistosity N/A ‘.‘ H "' O
provails over any other discontinuity set, A A |
resulting in compilete lack of blockiness 0.1
Joint spacing < 1 em 12 45 1.7 067 0.25 0.09

Joint Condition Factor Jc

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

Jaoint spacing < 3 cm

Cai et al, 2004 gy 4 BK-12 & oo Kiws duslo sl 4¥ GSI a5 57 1 14 3 9ucs



Russo, 2009 wlw! 9 GSI awilxo —¥—o

GSI=57 BK-12 i olo Kios dslo (6l 4y¥ olidsyoe; Conslive LasLs Russo, 2009 s, ol 5

W W djb‘v’ reas )QASCM‘ o0l b)jj).}

10000000

-

Block volume Vb (cm’)
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100 10 1 0.1
Joint Condition Factor jC
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GEOLOGICAL STRENGTH INDEX (GSl)
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 JCond,,+ 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
span and slopes < 20 m high. For larger

caverns and slopes consider reducing GSI
to account for decreasing block interlocking.

STRUCTURE DESCREASING SURFACE QUALI

Smooth, moderately weathered and altered surfaces
fillings of angular fragments

Slickensided, highly weathered surfaces with soft clay

coatings or infillings

Very rough, fresh unweathered surfaces
Slickensided, highly weathered surfaces with compact

VERY GOOD
FAIR

POOR

VERY POOR

Rough, slightly weathered, iron-stained surfaces

SURFACE CONDITIONS
GOOD
3 coatings or

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

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

BLOCKY, DISTURBED/SEAMY

fif
é
3
&
DECREASING INTERLOCKING

B by many intersecting joint sets.
.| Persistence of bedding planes or
schistosity U

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and rounded
.| rock pieces
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GSI
qualitative quantitative
Location . Hoek,
name Lithology Marinos Sonmez Cai et Hoek
& Russo,
and Ulusa al, 2009 et al, Ave.
Benissi, 2‘502” 2004 2013
1998
Marl 35-45 31 34 44 50 40
BK-12
Sandstone 50-60 46 50 57 54 52
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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 s delcgebe + qNGgSqdglggqbg + 0.5yB’ N, S,d,iyg,by
When ®@=0
Use Quit = 5.14 Sy ( 14Sc+d’c —i’c- be- g7c) +q
Ng = e 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 s It o

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 E; are similar.
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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'o+ AP
1+e0 g P'0

Normally consolidated clays: Sc

Pre- consolidated clays:

= g 2 LOF 10 oP 0% AP por pry< P < P/ + AP

Sc= -
1+e0 P'0 1+e0 Pc

CrH P'0+ AP
= 0g—;
1+e0 P'0

Se

For P'o+ AP <P’

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 — p? 1-2u
AH = q,B'——— || + I 5-1
q E, <1 =4 2)]F (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) /; and I, can be computed
using equations given by Steinbrenner (1934) as follows:

1 1+ M2+ D)IME+N2 (M + M2+ 1)J1+N?
Iy = —|Mln + In (a)
m M1+ VM2 + N2 + 1) M+ JM?2+ N2 +1
L = —Iy—tan"' M (tan”! in radians) (b)
2m N VM?+ N2 + 1
LI
where M = 5

Figure 5-7  Influence factor I 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

23U b il 50 o3V (g eyl i olis

N M=10 11 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2.0
02 I, =0.009 0008 0.008 0.008 0.008 0.008 0.007 0.007 0.007 0.007 0.007
I, = 0.041 0.042 0.042 0.042 0.042 0.042 0.043 0.043 0.043 0.043 0.043

04 0.033 0.032 0.031 0.030 0.029 0.028 0.028 0.027 0.027 0.027 0.027
0.066 0.068 0.069 0.070 0.070 0.071 0.071 0.072 0.072 0.073 0.073

0.6 0.066 0.064 0.063 0.061 0.060 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 0.098 0.100 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 0.224 0224 0.224 0223 0222 0220 0219 0.217 0.216 0.214 0.213
0.075 0.080 0.084 0.089 0.093 0.096 0.099 0.102 0.105 0.108 0.110

20 0.285 0288 0.290 0.292 0292 0.292 0292 0.292 0.291 0.290 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 0.372 0379 0.384 0.389 0393 0.396 0.398 0.400 0.401 0.402
0.048 0.052 0.056 0.060 0.064 0.068 0.071 0.075 0.078 0.081 0.084

4.0 0408 0.421 0431 0440 0.448 0455 0460 0.465 0.469 0473 0.476
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 0.503 0510 0516 0.522 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 0457 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 0.506 0.520 0.533 0.545 0.556 0.566 0.575 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 0482 0502 0519 0.534 0549 0.561 0573 0.584 0.594 0.602 0.611
0.020 0.022 0.023 0.025 0.027 0.029 0.031 0.033 0.035 0.036 0.038

9.0 0.491 0.511 0.529 0.545 0.560 0.574 0.587 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 0.537 0.554 0.570 0584 0.597 0.610 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 0.614 0.631 0.647 0.662 0.677 0.690 0.702
0.008 0.009 0.010 0.010 0.011 0012 0.013 0.013 0.014 0.015 0016

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

0 G b Al )0 o3V (gla yl )l polis

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 5.0 6.0 7.0 8.0 90 100 250 50.0 1000
02 I, =0.007 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
I, =0.043 0.044 0.044 0.044 0044 0.044 0.044 0.044 0.044 0.044 0.044

0.4 0.026 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024 0.024
0.074 0.075 0.075 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 0.049 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 0.112 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

15 0207 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 0284 0271 0.267 0264 0.262 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 0.392 0.386 0.382 0.378 0376 0.374 0373 0.368 0.367 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 0484 0484 0479 0474 0470 0.466 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 0.543 0540 0.536 0.534 0522 0519 0519
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 0579 0576 0.575
0.060 0.087 0.101 0.111 0.120 0.126 0.131 0.135 0.153 0.157 0.157

7.0 0.618 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 0.119 0.125 0.129 0.152 0.157 0.158

8.0 0.643 0.688 0.697 0.700 0.700 0.698 0.695 0.692 0.672 0.666 0.665
0.047 0.071 0.084 0.095 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
0.042 0.064 0.077 0.088 0.097 0.105 0.112 0.118 0.149 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 0.071 0.124 0.148 0.156

500.0 0832 0.977 1.046 1.102 1.150 1.191 1.227 1.259 1532 1.721 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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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 (35-65)
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Onsandor  On plastic Average max.

Structure hard clay clay settlement, mm
Crane ranway 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
Multistory brick wall 25 LH=z125

I/Hto3 0.0003 0.0004 100 LH=15
Multistory brick wall

I/H over § 0.0005 (L0007
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

USSR aol o] polol pp cilieo gl S5 53 b 3l i 3l o
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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
SOILT‘;'RPEFILE SOIL PRgE%E“NI##SﬁEENERIG Shﬂ&%xg!mlg. Vg nu';\:aianl:ss soil igys.;] {blto"vzﬂ 1 Undrained Sh?;lr,f)lmngth, 5y psf
S Hard Rock > 35,000
(1,500
Se 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)
Sp Stiff Soil Profile 600 to 1,200 15 to 50 1,000 to 2,000
(180 to 360) (50 to 100)
Sg! Soft Soil Profile <600 <15 < 1,000
(180) (50)
S¢ Soil Requiring Site-specific Evaluation. See Section 1629.3.1.

1Soil 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, w;,c = 40 percent
and s,< 500 psf (24 kPa). The Plasticity Index, PI, and the moisture content, Wi, shall be determined in accordance with approved national standards.

(F Shalyg —YAse o lailiowl 51 J&) (o) g5 (g aiinb

= = = - &y
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>Yo- >0 YYO-Yb - Al S g, 4 Bee il b o] (SolKe Slastie a5 e Vel iy b 11
03315 MalS b 5 350 S b g Bg¥ atile cmns (o330 5 2,3 glo S
Cales b Csew slo b bwgio U oSl awle g i Jolis cdawgin U oSy S
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b lawg: 15 b odin S Lb odiws e S o aY 0,5 b lawgo S
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olgS o9, whw! 1 (Kp) palio 9 (Ka) & yoo jLid Sl po

Sin*(a + @)

Sin’a.Sin(a — )| 1 +\/ S.i"(¢ + 5)-Sl:”(¢ )
Sin(a — 9).Sin(a + B) |

_Sinz(a -9)
Sina.Sin(a +5)| 1 - \/ Sin(¢+9).Sin($+ )

Sin(a + 8).Sin(a + p) |

gl = §BD(AE)

— sin (x + )

AE = AB ——
_sin(p-§)

BD = AB sin (x + p)
H

AR =
sin x

180* — 9 — 8

Sl p gtile jLaBd ool Aianid e 35 (0 ) SLS » glie (595 aaad 51 90 ealid Sa ()



B=0° 5 0=90" (512 (ol bg, ) S oS yoma L il Jouir

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° 5 A=90° gl (cundsS (o9, &) S5 pgliie )Lid il s Jgur

d(deg)

D(deg) 0 5 10 15 20
15 1.698 1.900 2.130 2.405 2.735
20 2.040 2313 2.636 3.030 3.525
25 2.464 2.830 3.286 3.855 4.597
30 3.000 3.506 4.143 4.997 6.105
35 3.690 4390 5310 6.854 8.324
40 4.600 5590 6.946 8.870 11.772




(W) E999) (Samolod b o S Wl jLS ol o

K, =K Cofo+a,)

ahe

K, =K SiHo+a,)

ave

Sin’(ct, + 0 — @)

Cos 0.Sin’a, .Sin(ct, + 0 + 5){1 + \/ tS'in(qﬁ + 5)'Si”(¢._ -5, :I
Sin(a, + 5 +0).Sin(a, — B,)

K:

ae

K, =K,Cos(6+a,)
K, =K,.Sino+a,)

P

Sin*(a, + ¢ —6)

K =
pe 2
Sin(¢ +0).Sin(¢p+ p, -0
Cos6.Sin*a, Sin(a, -0 - &) 1- ,m(¢ ) m(¢. )
Sin(et, =0 - 0).Sin(a, = B,)
Kh
0= Arctg(1 —Kv)

Kn: Earthquake Horizontal Coefficient
Kv: Earthquake Vertical Coefficient

WCEM 33 s bja=W
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p3tan 55 sl 95 513 e
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