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ax>gi 0,90 b SPT sae Mol o a5 Jale oy yiago «5)ld Mol @y 5L siabesl 5l Lol SPT olael g o
Gilhe abal) 51l )0 0)ls 0525 Mol cl sl (B (2525 Lails; wdli o Cv Ly JL23 Mol 0,5 13

Ll o.xio)f oolazw! 2
‘:N = L N' = (:NXN

Lol ool 2ol SPT sae N osis oMol SPT sae N (a3l Ges 10 0990 fga a5 Py o] o a5
JAE 8 e 10 51 e (slool 55 Ll o gene e 10 )] iy slodsb 5 s i ala Jobo
o 4t Gos sl 6ola ale Job (Mol oo jlade 59l ploxl Q—‘ L bLs)l jo gladal wb a5 abl e
60 il oKiws loaily yimen ol a8 S s 0 0/95 Ly e 1066 3085 ,lp 654 0175 4,
oals &il)| Seed et al. (2003) slyoiun bl p SPT s3s Mol ol 2-3 Jgoz j0 .l 00l (5,8 duo )0
Cnn]
Sgrdy (soed deglie jslaie ay el 30 51 eSS0 polie biign Gebuln SPT shasl g5l Jolas
39 yie sl 30 LalS 3gi5 b a5 bl Goels sl o Nspr>50 Sl s olass sl)ls a5 595 0 plol olaasy
a0 50 Ll Gbyo olaws a5 Koo slaa¥ b algd g i a5 cdiloosw, i b 50 @b o olaws 4 ggee




) S S Ol Mg B 9 g @‘

—— PV oo (Gl Sy diy 50 w95 S clxd “'.'-:’-E»--'—“—'f'
m - - N . = - - \” HIRG — )
NISOC Syox ol & by o WMol plnil g (Jluy O S3lgud e
BK14 BARAN Uf‘

2 obow oylods GEOTECHNICAL INVESTIGATION REPORT- BK-14
053_-073-9184 059 | o Ay | owwidle | Mg | by | Wiy | Jbw | 4k 67 ;I 23 : axiwo o;leis
BK BK14 | PEDCO 110 | GT RT 0001 | DO1

35915 55 adsl slaslans 51 (So plsie 4 alio cnl 5ol Sglite wamsy 4250 50 4y Jol5 3545 g9y Ul
St g L ialeg] oY (35 18 S35 o515 & g by 50,5 gm oolial S KK sl gl
Hlas bl cwsl oo bows Jolee SPT 4 0/6 oo Jloel b )l s g a8 3 slxil (Cone) bg,oe 43 SPT
G2 Gl (S o)l (55) 52 SPT oliws S5 (5,:5)1,8 oSl 5 Jome Sl (285 Jlai 0 1y o3l oo

Al gad (@3 51 90 SPT &b o slass
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Cg Borehole diameter Correction (Cg)
65to 115 mm 1.00
150 mm 1.05
200 mm 1.15
Ce
ER
- iy
™ o Fat)

where ER (efficiency rat10) 1s the fraction or percentage of the theoretical SPT impact hammer
energy actually transnutted to the sampler, expressed as %

o The best approach 1s to directly measure the impact energy transnutted 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) Cz (see Note 3)
-Safety Hammer’ 0.4100.75 0.7t0 1.2
-Donut Hamumer' 031006 0.5t0 1.0
-Donut Hammer~ 0.7t00.85 1.1to 1.4
-Automatic-Trip Hammer 05t00.8 0.8to 1.4

(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.
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3 om BH-WH-10  soisle 65leS 10 gl oo gy diwd (Hard) Coww 05, 10 ¥ (pl el oo ovalive
2 oz e Sl gy b ol il b o 4Y S e o Cualis 4y GlBsE s S 4Y I L3S
A5 050 cdle LS Ll U aslol ;o 04 o sasline (50 3 Ges U (Very Dense) oSy s o3,
O059] Cawds Sy 1 8 ls 1,8 (SiltStone) sl Soww 3 Marl) o)l (ClayStone)Souw w, slaay Jg

o &3l gan adl wlwly odle slaailed o o luslinl 395 bl daay¥ S g o515 Camdg 5l IS auo
G 5o ilege 0lad B il o hpogi BB 5 zpd 4 G-3 543 o)led Jshr) S 5 by
S W OS] Camds S g 009 S Oyee 4 odd &l Olacssd il o Sw Do 4 Y as oo
slacl 3o (S5 plsd 5 0515 pgas 10 oul &l slacaoy 4l .cousl Ay saw ¢ o515 Gl 4 s
o] 55 BN ¢ ilo (sladiled (o ol elas )| WS Cga 0 ol 53 @ o3Y anil e oois Mol SPT

el oaizs Lld SPT ioles] s loged 4o

(1948;1% ) uﬁlj,&‘)NSpT dae g ails el yo S oSy alayl, 3-3 Joo

SPT resistance value Rl Gty
(N)
0-4 Very loose
4-10 Loose
10-30 Medium dense
30-50 Dense
Over 50 Very dense

(19675.2 5 55) Nspr sas g ailsy, S 1515 alal, 4-3 Jgux
SPT value (N) Type Remarks
0-2 Very soft
2-4 Soft
4-8 Medium Stiff |  Good for very light structure using proper methods.

Not suitable for civil structures, good for park.
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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.
Nepr Penetration (cm)
] 20 40 60 80 ] 15 30 45
0.0 0.0
i 4 /
20 F n 20 p )j 3
{I
X /
= 4.0 p :
4.0 E
s 4
6.0 F 6.0 F \H
\
-E-‘ 8.0 p § 8.0 F j
] ) ] b
|
100 p 10.0 | l\
120 b 4 12.0 f .
~8—BH-WH-10 ] —8— BH-WH-10
s et 140 f i
—#—BH-EL-11 === BH-EL-11
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16.0 16.0
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ooliiwl 35 Jge,® 5l ps !yl b (Apparent Resistivity) s ol S pSIl Cawglie e Crmtd >

P9 50
(50) g xSl dlslé= a
AV c c o el s AV
P, = 27mT (p2)) olKiws Lawgi oo (5,5 o5lul Cooglin= —

(e @) 5ol (S 2SIl Cglie= pg
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a=Im a=3m
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EL-9 41.0 134.5
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Penetration
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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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GEOTECH BH COLUMNS 14010322-589-BINAK-BK-14-REV00.GPJ GINT STD CANADA LAB.GDT 6/13/22

& B BORING NUMBER BH-WH-10

Barangeotechnics PAGE 1 OF 1
CLIENT PROJECT NAME _Binak-BK-14
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 _S.B. CHECKED BY AT END OF DRILLING ---
NOTES _X:437805 Y:3295176 AFTER DRILLING _---
w N ; : < ATTERBERG
) S, |3 wm |8 |5 |w LIMITS
I_|Zo tu |Ea| 252 |EF|EE|R2E E_|8<
" ) MATERIAL DESCRIPTION Hs |59 O05<% wa ([ Z3|Hio Q ox |z
4= g 85 |9%| @o> |$2(22|8%|8E|FE|BU|ET
S =2 |3 °z |8 |xT|88|32|%22 |28
5 | £ |ao 0|32 |F27|3%
o
Fill Material
B Ao
| P H Silty, Clayey Gravel with Sand, (GC-GM) 33.0%gravel, 19.3%sand, CR 19 | 14 5 | 48
N [d 47.7% fines, brown, dry to moist, very dense 55
- Sandy Silt, (ML) 5.1%gravel, 39.4%sand, 55.5% fines, brown, dry 67/0.08
N _ to moist, very dense
2 l CR 174 7 NP | NP | NP | 56
Silty Sand with Gravel, (SM) 22.2%gravel, 43.8%sand, 34.0% S8 67/0.07
B T fines, brown, dry to moist, very dense
L l CR 177 6 | NP | NP | NP | 34
B ] SS 67/0.05
B T SandStone, Light gray to brown, fresh, after 24 hours soaking in
4 water the particles did not disintegrated . ub |(100) 1.89| 6
- ! UD [(100) 189 5
B ] SS 67/0.05
6
Il uo [(100) 188 6
- 1SS 67/0.06
8

SS 67/0.05
UD | (64) 191 8 [ 2520 /f 5 | 13

- B ClayStone, (GC-GM) 75.1%gravel, 12.2%sand, 12.7%fines,
10 whiteish brown, dry to moist, moderately to slightly weathered,

after 24 hours soaking in water the sample is classified as GC-GM

B 7] ClayStone, (CL) 0.0%gravel, 0.5%sand, 99.5%fines, whiteish . UD | (89) 1.83| 10 | 41 | 24 | 17 [ 100
- - brown, dry to moist, slightly weathered to fresh, after 24 hours
12 soaking in water the sample is classified as CL
. SS 67/0.06
B 7 Marl, (MH) 0.0%gravel, 0.1%sand, 99.9%fines, whiteish brown, dry . UD [(100) 1.94| 7 | 54 | 30 | 24 [ 100

to moist, completely weathered to fresh, after 24 hours soaking in

14 water the sample is classified as MH

TN

Bottom of borehole at 15.05 meters. \ SS 67/0.05




Ry BORING NUMBER EL-9

Barangeotechnics PAGE 1 OF 1
CLIENT PROJECT NAME _Binak-BK-14
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 _S.B. CHECKED BY AT END OF DRILLING _---
NOTES _X:437962 Y:3294954 AFTER DRILLING _---
w o ; : < ATTERBERG
) &, |3 wm |8 |5 |w LIMITS
E-|Zo Cd |Eg| 223 |cF|EE|RE c |85
LE %3 MATERIAL DESCRIPTION §§ gg 93<>: ug Z5 ZE o gi_ o zX
516 =2 |g7| "8z |87|5%(95|32 |92 (Rt |"
5 | £ |ao o3 |F7|%=
o
Fill Material
Silty Sand with Gravel (completely weathered Sandstone), (SM)
B 16.85%gravel, 58.65%sand, 24.5%fines, grayish brown, dry to
moist, after 24 hours soaking in water the sample is classified as
= SM
CR | (0) 1.86| 5 [ NP [ NP [ NP | 26
SS 67/0.08
CR | (3) NP [ NP | NP | 23
S SandStone, (SM) 16.1%gravel, 61.6%sand, 22.3%fines, gray, dry SS 67/0.06
B I D to moist, fresh, after 24 hours soaking in water the sample is
classified as SM
2.5
| | uD |((100) 1.89| 6 | NP [ NP | NP | 22
3.0 |00
..... [ SS 67/0.04

Bottom of borehole at 3.04 meters.

GEOTECH BH COLUMNS 14010322-589-BINAK-BK-14-REV00.GPJ GINT STD CANADA LAB.GDT 6/13/22
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BORING NUMBER EL-10

Barangeotechnics PAGE 1 OF 1
CLIENT PROJECT NAME _Binak-BK-14
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 _S.B. CHECKED BY AT END OF DRILLING _--—-
NOTES _X:438112 Y:3294377 AFTER DRILLING _---
w o ; : < ATTERBERG
) &, |3 wm |8 |5 |w LIMITS
Fo|Zo L2 |Eg| 223 |Fs|tE|RE c |85
LE %g MATERIAL DESCRIPTION §§ 83 9:;; §§ EXS ZE a,_ %_ ox zx
5|8 =2 |g7| "8z |37(5%|2%5|e2|%2 (k8"
5 | £ |ao o3 |F7|%=
o
Fill Material
Sandy Silt (completely weathered Sandstone), (ML) 6.4%gravel,
B 28.8%sand, 64.8%fines, brown, dry to moist, after 24 hours
soaking in water the sample is classified as ML
i CR | (25) 1.89| 9 | NP | NP | NP | 65
SS 67/0.07
B SandStone, (ML) 0.0%gravel, 0.1%sand, 99.9%fines, brown, dry to
moist, moderately weathered, after 24 hours soaking in water the
B sample is classified as ML
| CR | (60) 1.75| 8 [ NP [ NP [ NP | 100
SS 67/0.06
= Marl, (ML) 0.0%gravel, 0.0%sand, 100%fines, drak gray, dry to
moist, moderately weathered, after 24 hours soaking in water the
- sample is classified as ML
| CR | (55) NP | NP | NP | 100
SS 67/0.07

GEOTECH BH COLUMNS 14010322-589-BINAK-BK-14-REV00.GPJ GINT STD CANADA LAB.GDT 6/13/22

Bottom of borehole at 3.07 meters.
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BORING NUMBER EL-11

Barangeotechnics PAGE 1 OF 1
CLIENT PROJECT NAME _Binak-BK-14
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 _S.B. CHECKED BY AT END OF DRILLING _--—-
NOTES _X:438144 Y:3294103 AFTER DRILLING _---
w o ; : < ATTERBERG
) &, |3 wm |8 |5 |w LIMITS
Fo|Zo L2 |Eg| 223 |Fs|tE|RE £ |85
LE %3 MATERIAL DESCRIPTION §§ 53 98§ §§ %gw ZE a_ %_ o5 zR
> |5 =2 87| "oz |37|5%|%5|32|492 k2"
5 | £ |ao o3 |F7|%=
o
Lean Clay with Sand, (CL) 3.5%gravel, 15.45%sand, 81.05%
B 4 fines, brown, dry to moist, hard
0.5
CR 188 7 [ 30 | 18 [ 12 | 83
1.0
B 7 SS 67-67/0.08
1.5
CR 181 8 | 30 | 17 | 13 [ 79
2.0
Lean Clay, (CL) 0.0%gravel, 0.4%sand, 99.6% fines, brown, dry to
B . moist, hard SS 67/0.13
2.5
B - CR 1.70| 14 | 37 | 22 | 15 | 100
3.0
SS 67/0.10

GEOTECH BH COLUMNS 14010322-589-BINAK-BK-14-REV00.GPJ GINT STD CANADA LAB.GDT 6/13/22

Bottom of borehole at 3.10 meters.




KEY TO SYMBOLS 14010322-589-BINAK-BK-14-REV00.GPJ GINT STD CANADA LAB.GDT 6/13/22

Py

BARA

GEQTECHNICS

CLIENT

Barangeotechnics

PROJECT NUMBER _589

KEY TO SYMBOLS

PROJECT NAME _Binak-BK-14

PROJECT LOCATION _Booshehr

LITHOLOGIC SYMBOLS SAMPLER SYMBOLS
(Unified Soil Classification System)
7 I Core Sample
/A MARL: Marl
CLAYSTONE: Claystone Split Spoon
"Dz Y GP-GM: USCS Poorly-graded Gravel with
p i Silt l Undisturbed Sample
ML: USCS Silt
1] SANDSTONE: Sandstone
SM: USCS Silty Sand
] TOPSOIL: Fillmaterial
WELL CONSTRUCTION SYMBOLS
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 Water Level at Time

-200 - PERCENT PASSING NO. 200 SIEVE

PP

- POCKET PENETROMETER (TSF)

= Dirilling, or as Shown
Water Level at End of
= Dirilling, or as Shown

Water Level After 24
= Hours, or as Shown




Barangeotechnics

CLIENT

PROJECT NUMBER 589

SUBSURFACE DIAGRAM

PROJECT NAME Binak-BK-14
PROJECT LOCATION Booshehr

(w) uonens|g

0.

Legend

Ay

v /,| Fill Material

Ul cc-GM

ML

SM

Sand Stone

ClayStone(CL)

Marl
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> Geoelectrical Resistivity Test

BARAN

CLIENT PROJECT NANE Sy 09 ST g5 Slallas
PROJECT NUMBER 589 PROJECT LOCATION Py

Depth (m)

Variation of Apparant Electrical Resistivity in BK-14

p (2m)
0.01 0.10 1.00 10.00 100.00 1000.00

—&—BH-WH-10 EL-09 EL-10 EL-11
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Plate Load Test Results

35

Client: Plate dimension: 30 cm
Consultant: @ 3 SE olb jeliee (rmwatge &5 50 Testpit No.: BK-14 (BH-WH-10)
Project: S Gl adg8 bl g Sl S5 059 ST Dlalllae
e Depth: 1.0 m
Stress (kg/cm2)
0 5 10 15 20 25 30

0.00

1.00 §—— - -

2,00 e e

3.00 +—— - -

Settlement (mm)
N
8
|
|

5.00 §—

6.00

7.00 4

/

8.00
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o h
Standard Test Method for CBR (California Bearing

olot= Ratio) of Soils in Place (ASTM D4429)

2 e Sla
B /

. Olee Sy (alidl g CeblagSS 039 SiSS g5 Slalllae )
Project Name: . Location: BK-14

Client: Depth: 0.0 cm

6.0

5.5

5.0

4.5

4.0

3.5

3.0

Stress(MPa)

2.5
2.0
15
1.0
0.5

0.0
00 10 20 30 40 50 60 70 80 90 100 110 12.0 13.0 140 15.0 16.0

Penetration(mm)

8 mrm 0
CBR VALUE: Penetration-2.54 mm 27.7 %

Penetration-5.08 mm 28.7 %
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GRAIN SIZE 14010321-589-BINAK-BK-14-REV00.GPJ GINT STD CANADA LAB.GDT 6/11/22

WS

Barangeotechnics

GRAIN SIZE DISTRIBUTION

CLIENT PROJECT NAME _Binak-BK-14
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
U.S. SIEVE OPENING IN INCHES T U.S. SIEVE NUMBERS | HYDROMETER
6 43 215 lag 235 3 4 6 10,416 55 30 45 50 5y 10044200
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL_ _SAND . SILT OR CLAY
coarse fine coarse medium | fine
Borehole Depth Classification LL | PL | PI | Cc | Cu
®| BH-EL-9 0.50 SILTY SAND with GRAVEL(SM) NP | NP | NP
X | BH-EL-9 1.50 SILTY SAND with GRAVEL(SM) NP | NP | NP
A| BH-EL-9 2.55 SILTY SAND with GRAVEL(SM) NP | NP | NP |56.22/187.37
*| BH-EL-10 0.67 SANDY SILT(ML) NP | NP | NP
®| BH-EL-10 1.57 SILT(ML) NP | NP | NP
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand |  %Silt | %Clay
®| BH-EL-9 0.50 19 0.241 0.102 15.9 58.4 10.6 15.1
X | BH-EL-9 1.50 19 0.251 0.137 17.8 58.9 85 14.8
A| BH-EL-9 2.55 19 0.237 0.13 0.001 16.1 61.6 11.9 10.4
*| BH-EL-10 0.67 19 0.054 6.4 28.8 24.3 40.5
®| BH-EL-10 1.57 0.15 0.002 0.0 0.1 M".7 58.2
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Barangeotechnics

CLIENT

GRAIN SIZE DISTRIBUTION

PROJECT NAME _Binak-BK-14

PROJECT NUMBER _589

PROJECT LOCATION _Booshehr

U.S. SIEVE OPENING IN

INCHES

3

6

U.S. SIEVE NUMBERS I

HYDROMETER
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL_ _SAND - SILT OR CLAY
coarse fine coarse | medium | fine
Borehole Depth Classification LL | PL | PI | Cc | Cu
®| BH-EL-10 2.55 SILT(ML) NP | NP | NP
X| BH-EL-11 0.50 LEAN CLAY with SAND(CI) 30 18 12
A| BH-EL-11 1.50 LEAN CLAY with SAND(CI) 30 17 13
*| BH-EL-11 2.60 LEAN CLAY(CI) 37 22 15
®| BH-WH-10 0.50 SILTY, CLAYEY GRAVEL with SAND(GC-GM) 19 14 5 |0.72 173.79
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand %Silt | %Clay
®| BH-EL-10 2.55 0.075 0.003 0.0 0.0 51.8 48.2
X| BH-EL-11 0.50 9.51 0.007 3.0 14.0 34.4 48.6
A| BH-EL-11 1.50 9.51 0.022 0.003 4.0 16.9 58.7 20.4
*| BH-EL-11 2.60 0.595 0.009 0.001 0.0 0.4 65.9 33.7
®| BH-WH-10 0.50 50.8 0.269 0.017 0.002 33.0 19.3 35.9 11.8
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CLIENT PROJECT NAME _Binak-BK-14
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
U.S. SIEVE OPENING IN INCHES I U.S. SIEVE NUMBERS I HYDROMETER

WS

Barangeotechnics

GRAIN SIZE DISTRIBUTION
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL_ _SAND - SILT OR CLAY
coarse fine coarse medium | fine
Borehole Depth Classification LL | PL | PI | Cc | Cu
®| BH-WH-10 1.50 SANDY SILT(ML) NP | NP | NP
x| BH-WH-10 2.50 SILTY SAND with GRAVEL(SM) NP | NP | NP | 5.00 |78.50
A| BH-WH-10 9.23 SILTY, CLAYEY GRAVEL(GC-GM) 25 20 5 [100.45641.93
*| BH-WH-10 11.14 LEAN CLAY(CI) M 24 17
®| BH-WH-10 13.10 ELASTIC SILT(MH) 54 30 24
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand |  %Silt | %Clay
®| BH-WH-10 1.50 19 0.093 0.006 5.1 39.4 39.6 15.9
X| BH-WH-10 2.50 38.1 0.227 0.057 0.003 22.2 43.8 26.3 7.7
A| BH-WH-10 9.23 254 16.878 6.676 0.026 75.1 12.2 10.2 25
*| BH-WH-10 11.14 0.15 0.01 0.003 0.0 0.5 73.8 25.7
®| BH-WH-10 13.10 0.15 0.013 0.003 0.0 0.1 73.7 26.2
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ATTERBERG LIMITS 14010322-589-BINAK-BK-14-REV00.GPJ GINT STD CANADA LAB.GDT 6/13/22

ﬁ ATTERBERG LIMITS' RESULTS
Barangeotechnics
CLIENT PROJECT NAME _Binak-BK-14
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
60 7
@ © | @ yd
50 %
P /
é 40 /
: /
;, e
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! /
N 20 ]
10 /
CL-ML o »~ @ @
Om
0 20 40 60 80 100
LIQUID LIMIT
Borehole Depth LL| PL Pl |Fines | Classification
®| BH-WH-10 0.50| 19| 14 5| 48|SILTY, CLAYEY GRAVEL with SAND(GC-GM)
X | BH-WH-10 150/ NP| NP| NP| 56|SANDY SILT(ML)
A | BH-WH-10 250 NP| NP| NP| 34|SILTY SAND with GRAVEL(SM)
*| BH-WH-10 9.23| 25| 20 5| 13|SILTY, CLAYEY GRAVEL(GC-GM)
®| BH-WH-10 114, 41 24| 17| 100 |LEAN CLAY(CI)
& | BH-WH-10 13.10| 54| 30| 24| 100|ELASTIC SILT(MH)
O|EL-9 0.50f NP| NP| NP| 26|SILTY SAND with GRAVEL(SM)
A|EL-9 150/ NP| NP| NP| 23 |SILTY SAND with GRAVEL(SM)
®|EL-9 255 NP| NP| NP| 22|SILTY SAND with GRAVEL(SM)
®|EL-10 0.67| NP| NP| NP| 65|SANDY SILT(ML)
O|EL-10 1.57| NP| NP| NP| 100 SILT(ML)
® EL-10 255/ NP| NP| NP| 100 SILT(ML)
@|EL-11 0.50| 30| 18| 12| 83|LEAN CLAY with SAND(CI)
* | EL-11 150 30| 17| 13| 79|LEAN CLAY with SAND(CI)
€| EL-11 260 37| 22| 15| 100|LEAN CLAY(CI)
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gy SUMMARY OF LABORATORY RESULTS

Barangeotechnics

GEQTECHNICS

CLIENT PROJECT NAME _Binak-BK-14
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
Sheet 1 of 1
- . - Maximum | Water Dry Satur- :
oorende | epn | WIS | Tl | Py | Tem™ | %5008 | Geee | conent | Doy | aten | Y0
BH-WH-10 0.5 19 14 5 50.8 48 GC-GM
BH-WH-10 1.5 NP NP NP 19 56 ML 6.8 1.74
BH-WH-10 2.5 NP NP NP 38.1 34 SM 6.4 1.77
BH-WH-10 3.7 4.5 1.89
BH-WH-10 4.7 4.8 1.89
BH-WH-10 6.0 59 1.88
BH-WH-10 9.2 25 20 5 25.4 13 GC-GM 7.6 1.91
BH-WH-10 111 41 24 17 0.15 100 Cl 9.7 1.83
BH-WH-10 13.1 54 30 24 0.15 100 MH 6.6 1.94
EL-9 0.5 NP NP NP 19 26 SM 4.6 1.86
EL-9 1.5 NP NP NP 19 23 SM
EL-9 2.6 NP NP NP 19 22 SM 5.5 1.89
EL-10 0.7 NP NP NP 19 65 ML 9.1 1.89
EL-10 1.6 NP NP NP 0.15 100 ML 8.3 1.75
EL-10 2.6 NP NP NP 0.075 100 ML
EL-11 0.5 30 18 12 9.51 83 Cl 7.1 1.88
EL-11 1.5 30 17 13 9.51 79 Cl 7.9 1.81
EL-11 2.6 37 22 15 0.595 100 Cl 13.8 1.70

LAB SUMMARY 14010322-589-BINAK-BK-14-REV00.GPJ GINT STD CANADA LAB.GDT 6/13/22
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A Uniaxial Compression Test

BKP- Lab- UCT

CLIENT PROJECT NAME S 05 SeiST5; lalllae
PROJECT NUMBER 589 PROJECT LOCATION U
1.8
1.6 / \
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;.E 1.0
o
£
]
0.8
0.6
//
b2 | /

-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Lateral Strain (%) Axial Strain (%)
Sample Specification Initial Condition
Borehole ID: BH-WH-10 |Bulk Densjty (kN/mB): 19.70
Depth (m): 3.69-4.0  |Dry Density (kN/m’): 18.84
L (cm): 20.30 Moisture Content (%): 4.6
D (cm): 8.30 Strain Rate (%Per min.): 1.00
Test Results
Unconfined Compressive Strength(MPa): 1.6
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Uniaxial Compression Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 059, ST e85 Dlalae
PROJECT NUMBER 589 PROJECT LOCATION g
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a.é 2.5
o
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2.0
1.5
1.0
0.5
-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Lateral Strain (%) Axial Strain (%)
Sample Specification Initial Condition
Borehole ID: BH-WH-10 |Bulk Density (kN/m’): 20.62
Depth (m): 9.23-9.44 [Dry Density (KN/m’): 19.17
L (cm): 16.50 Moisture Content (%): 7.6
D (cm): 8.50 Strain Rate (%Per min.): 1.00

Test Results

Unconfined Compressive Strength(MPa):

4.3
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Uniaxial Compression Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 059 SS9 Silalas
PROJECT NUMBER 589 PROJECT LOCATION Y
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S 4.0
3.0
2.0
1.0
-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
Lateral Strain (%) Axial Strain (%)
Sample Specification Initial Condition
Borehole ID: BH-WH-10 |Bulk Density (kN/m’): 20.73
Depth (m): 13.1-13.4  |Dry Density (kN/m’): 19.44
L (cm): 18.37 Moisture Content (%): 6.6
D (cm): 8.20 Strain Rate (%Per min.): 1.00
Test Results

Unconfined Compressive Strength(MPa):

7.9
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S

Uniaxial Compression Test

BARAN
GEDTECHNICS
CLIENT PROJECT NAME S 059 SiSU 955 Dlalllae
PROJECT NUMBER 589 PROJECT LOCATION SV
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S 2.0 / \
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E 15
o
(5]
[=
2
1.0
Q.5
-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5
Lateral Strain (%) Axial Strain (%)
Sample Specification Initial Condition
Borehole ID: EL-9 Bulk Density (kN/m3): 19.95
Depth (m): 2.55-2.75 |Dry Density (kN/m"): 18.92
L (cm): 19.00 Moisture Content (%): 55
D (cm): 8.30 Strain Rate (%Per min.): 1.00
Test Results
Unconfined Compressive Strength(MPa): 2.3
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BKP-Lab- DST
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Direct Shear Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 05 SeiSSg5 lalllas
PROJECT NUMBER 589 PROJECT LOCATION AP
70.0 130.0
120.0
60.0 110.0
{A/A/A /
A (A/‘ 100.0 7
50.0 %0 //
$ 800 /
40.0 =
£ 700
4
=3 -
x B 600 /,
® 300 g
H <
g 2 50.0 7
w0 /|
S 200 /e
/ 30.0 //
/
10.0 / 20.0 /
10.0
0.0 £+ 0.0
0 2 4 6 8 10 12 14 16 18 20 0 20 40 60 80 100 120 140 160
Shear Strain % Normal Stress kPa
Borehole ID: EL-9 Sample Type: Remolded
Sample Depth (m): 0.5-1.0 Test Type: Fast
Sample Specification Sample Condition Before Test Sample Condition After Test
Sample No.: 1 2 3 Sample No.: 1 2 3 Sample No.: 1 2 3
Height (cm): 3.0 3.0 3.0 Moisture (%): 4.6 4.5 4.5 [Moisture (%): 15.0 15.2 15.0
B*L (cm*cm):  10*10 10*10 10*10  |Saturation (%): 28.92 27.90  28.29 |Saturation (%):  99.50 99.00 99.30
Yo (kN/m’): 18.64 18.56 18.60 | Void Ratio: 0.42 0.43 0.42 [Void Ratio: 0.40 0.41 0.40
Test Results
C (kPa): 10.50
¢ (Degree): 31
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Direct Shear Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 05 SeiSSg5 lalllas
PROJECT NUMBER 589 PROJECT LOCATION AP
80.0 140.0
130.0
700 KMKA 1200
/KA/{ 110.0
60.0
- 100.0 //
/ 90.0 /
50.0 4 I
x
/ 80.0
£
© Yi e
g 400 & 700
; -
& 60.0
g 2 v
g 00 ® 500 /
5 //
5 40.0
20.0
',0",/0"' o—9—o—0-¢ %00
10.0 ya 200 //0
[ 10.0 /
0.0 0.0
0 2 4 6 8 10 12 14 16 18 20 0 20 40 60 80 100 120 140 160
Shear Strain % Normal Stress kPa
Borehole ID: EL-10 Sample Type: Remolded
Sample Depth (m): 0.5-1.0 Test Type: Fast
Sample Specification Sample Condition Before Test Sample Condition After Test
Sample No.: 1 2 3 Sample No.: 1 2 3 Sample No.: 1 2 3
Height (cm): 3.0 3.0 3.0 Moisture (%): 9.2 8.9 9.0  |Moisture (%): 11.5 11.8 9.7
B*L (cm*cm):  10*10 10*10 10*10  |Saturation (%): 62.31 57.84  60.96 |Saturation (%): 99.10 100.00 99.80
Yo (kN/m’): 19.05 18.82 19.00 | Void Ratio: 0.39 0.41 0.39 [Void Ratio: 0.31 0.31 0.26
Test Results
C (kPa): 5.40
¢ (Degree): 32
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Direct Shear Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 05 SeiSSg5 lalllas
PROJECT NUMBER 589 PROJECT LOCATION AP
80.0 140.0
130.0
70.0 pe —— 120.0
A/ 110.0
60.0
/ 100.0 //
/ 90.0 /|
50.0 ©
' g I
T 800 /
i) /
£ 400 / g 700 <1
o) »
g g 60.0
5 -o—t° -
k7 300 50.0 7
s 40.0 e
20.0 PY / b
30.0 v
10.0 /‘./ 00 L/
10.0
0.0 0.0
0o 2 4 6 8 10 14 16 18 20 0 20 40 60 80 00 120 140 160
Shear Strain % Normal Stress kPa
Borehole ID: EL-11 Sample Type: Remolded
Sample Depth (m): 0.5-1.0 Test Type: Fast
Sample Specification Sample Condition Before Test Sample Condition After Test
Sample No.: 1 2 3 Sample No.: 1 2 3 Sample No.: 1 2 3
Height (cm): 3.0 3.0 3.0 Moisture (%): 7.0 72 7.1 [Moisture (%): 13.7 13.4 13.1
B*L (cm*cm):  10*10 10*10 10*10  |Saturation (%): 45.17 46.96  45.81 [Saturation (%):  99.50 100.00 99.10
Yo (kN/m’): 18.79 18.84 18.90 | Void Ratio: 0.41 0.41 0.41 [Void Ratio: 0.36 0.35 0.35
Test Results
C (kPa): 14.10
¢ (Degree): 30
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Allowable bearing capacity (kg/cm2)

Settlement (cm)

Shallow Foundation - BK-14

@
=
S

2.50

2.00

1.50
1.00 § —* L/B=1
L/B=2
0.50 L/B=5
L/B=10
0.00
0 1 2 3 4 5
Foundation width (m)
0.00
0.50
4
ol B
1.50 \\
00 J ——L/B=1 \‘\
L/B=2
250 L/B=5
L/B=10
3.00
0 1 2 3 4 5
Foundation width (m)
Fatow abim
D=1m
Df=1m
Notes:

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




Allowable bearing capacity (kg/cm2)

Mat Foundation-BK-14

2.50

2.00

(4
[en]

1.00 oo

0.50
12x20m
10x10m
20x20m
0.00
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

Settlement (cm)

P aso+ abim

D=1Im
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

ksl >

s | 8| 3

» T E 5

sl 2| 2| 2

m
w Lh]

to 37 is more realistic than stating that 8 E = § 8 §

GSI = 35. Note that the table does not £ S 2 €E| §

apply to structurally controlled failures. @ Iz © > @

Where weak planar structural planes are 3 S ® BE 3

present in an unfavourable orientation @ o E 28 2

with respect to the excavation face, these ~ ® £ 3 = so| &

will dominate the rock mass behaviour. & o o - 5 g

The shear strength of surfaces in rocks £ E ® > >0 >
that are prone to deterioration as a result & = 2 = 5% 5%
of changes in moisture content will be g o > b ££ ££
reduced is water is present. When O | 8<% £ 'g IE |53
working with rocks in the fairto very poor W | 5§ = DOoO|lgBo
categories, a shift to the right may be < | © 2 oc £ | % & & % %
made for wet conditions. Water pressure & E E_. 8 =4 14 é O % -.E xrXE
is dealt with by effective stress analysis. a g g O <= 8 % 8 g % 8
STRUCTURE DECREASING SURFACE QUALITY —>

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

N
N

w
o

N/A N/A

A\

80

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

N\
\\
N
=

NN

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

X
N
N
\,
N\

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

~

N
\8
—

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

<—= DECREASING INTERLOCKING OF ROCK PIECES
| \ N\
N
\\ o N
S \
\

ﬂ\
S
S~

S

LAMINATED/SHEARED - Lack

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

R

/

by (s Slaslive (wlil p1 (GSD) (wlils (ao3 cunglio (Lo @)l # 5 guai
(Hoek, Marinos and Benissi, 1998)
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SURFACE CONDITION RATING, SCR
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INTACT OR MASSIVE- Intact = ] | / I I
rock specimens or massive Ee -] 1 NOT APPLICABLE
in-situ rock masses with very few /
widely spaced discantinuities s 7 /
BLOCKY-very well interiocked L B /
i mass isti £
of cubical blocks formed by three b
orthogonal discontinuity sets e 7
@« /
e - 7“
o
= l
VERY BLOCKY-interlocked = nn ¥
.| partially disturbed rock mass with ] / |
multi-faceted angular blocks formed 0 so - - =3
by 4 or more discontinuity sets @
Tas
= /’
. | P
=
n o5 / |
BLOCKY/DISTURBED/SEAMY [
-folded with angular blocks - |
formed by many intersecting
discontinuity sets. Persistence |
of bedding plane or schistosity . / 30
Fant
7
DISINTEGRATED-poorly Inter- 18— t
locked, heavily broken rock mass z0
with a mixture or angular and REK T
rounded rock pieces /
=
70
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GSI/

Block Size

Joint or Block Wall Condition

Fair

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

Joint spacing > 100 em

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

Very Blocky - interiocked, partially
disturbed rock mass with multifas
angular biocks formed by four or more il

discoutinuity sets.

Joint spacing 10 - 30 em

Blocky/disturbed - folded and/or
faulted with angular blocks formed by
many intersecting discontinuity sets
Joint spacing 3 - 10 em 5

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

rock pleces
Joint spacing <3 cm

Foliated/laminated/sheared - thinly
laminated or foliated, tectonically sheared
weak rock; closely spaced schistosity
prevails over any other discontinuity set,
resulting in complete lack of

Joint spacing < 1 cm

Very good

Very rough, fresh unweathered surfaces
Good

Rough, slightly weathered,

iron stained surfaces

Smooth, moderately weathered or

altered surfaces

Slic

rfaces with

highly

Very poor

kg compact coating or filings of angular fragments

*4 Siickensided, highly weathered surfaces with
~4 soft clay coatings o fillings

10 em

780
./
;
/ 30

/

2

1 cm

i

N/A N/A

/

v
‘

‘

/ 7
/I
V:
/

12 45 1.7

0867

0.1

0.25 0.09

Joint Condition Factor Jc

r 10E+3

10E+6

Block Volume Vb (cm?)

Cai et al, 2004 bg, 43 GSI oS 3,91 5 :A gl

—~+ 100000

:

g
Block volume Vb (cm®)

-100

-10

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. Altematively,
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 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.

STRUCTURE

lickensided, highly weathered surfaces with compact

j coatings or fillings of angular fragments

;

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

7]
3
©
‘t
3
w
o
£
(7]
£
w (]
z z
Q £
= 3
a @
4 0]
3| 8%
s 33
g xE 8 © S
o
%mgo 4 o
al == o w aw

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

A4\ VERY BLOCKY - interlocked,

©27 | partially disturbed rock mass,

*“—, | multi-faceted angular blocks
YR formed by 4 or more joint sets

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

77| DISINTEGRATED - poorly inter-

¢| locked, heavily broken rock mass

:Z| with mixture of angular and rounded
rock pieces

<1 DECREASING INTERLOCKING

Hoek, et al., 2013

1.5 JCond,,

RQD/2

Hoek et al, 20 g, 4 GSI (o8 391 iV prguai
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SURFACE CONDITIONS

VERY VERY

soop | 8900 | FAR | POOR| _oou

DECREASING SURFACE QUALITY =—_>
INTACT OR MASSIVE - intact / /

90

INTACT OR MASSIVE - intac LAY
==

| disturbed rock mass consisting g
/ 60

of cubical blocks formed by three
intersecting discontinuity sets

.o VERY BLOCKY- interlocked,
7F "' 4| partially disturbed mass with
St multi-faceted angular blocks
] formed by 4 o more joint sets

=] BLOCKY/DISTURBED/SEAMY
i .15' - folded with angular blocks
trict .| formed by many intersecting
- .| discontinuity sefs. Persistence

~ of bedding planes or schistosity

7| DISINTEGRATED - poorly inter-
| locked, haavily broken rock mass
2T with miscture of angular and

<7—— DECREASING INTERLOCKING OF ROCK PIECES

LAMINATED/SHEARED - Lack
of blockiness due o dose spacing MR
of weak schistosity or shear planes
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y VAV R4V AV |
:;ICT:CT OR mSNE- Intact = 79{ / /f/ // NOT APPLICABLE
/ in-situ rock masses with very few = // y. yd / Vi
widely spaced discontinuities os | // // // / // //
arAv.0UY 4v.8 UV aTIW AV
__:\c;s BLOCKY-very wllneriocked 7 ,/ A |/ // // »‘/ /]
.| of cubical blocks formed by three 70 79/ /-/ / /| /
:-Q\:' orthogonal discontinuity sels o / / / 7 / / i /
— 4 A\A 1/ A 1/ /
- Av.ar / // / /
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B A A A A A LLLL LAY
Tl AV AV AV, AP AWAVEY,
formed by many intersecting nparavyani /L VIV
discontinuity sets. Persistence - /£ / 4 / 30—
i 4 D4 AN ARV, AV SV SY/RV
o~ 7 AN aN
] DISINTEGRATED-poorty inter- 16 "/ ., / / / // / )
locked, heavily broken rock mass /| ,/ / / 20 / /
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/ A |/ / 1°
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Joint or Block Wall Condition

GSI/

Block Size

Massive - vory well interiocked E
undisturbed rock mass blocks formed / ;¢ 4 7 7 10E+8
by three or less discontinuity sets ,é‘p oS

with very wide joint spacing . P | R
Jaint spacing > 100 cm P AR T

Very rough, fresh unweathered surfaces

3
;
5
|

icompact coating or flings of angular fragments

Very good

Rough, skghtly weathered,

¥on staned surtaces

Very poor

Sickensided, highly weathered surfaces with
soft clay coatings or flkngs

=1E
Blocky - very well interlocked
undisturbed rock mass consisting
of cubical blocks formed by three
orthogonal discontinuity sets
Joint spacing 30 - 100 cm

g3 sg3g8 8

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

8

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

Disintegrated - poorly nteriocked.
heavily broken rock mass with a
mixiure or angular and rounded 2
rock pleces

Jaint spacing < 3 cm

1em J
Foliatedaminated/sheared - thinly £ g ¥
laminated or folated. tectonically sheared N/A ' Al _.' ! ,'5
weak rock; closely spaced schistosity N/A F A [ |V
prevails over any other discontinuity set, Al Al e
resulting in complote lack of blockiness 0.1
Joint spacing < 1 cm 12 45 L % 4 067 0.25 009

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 GSI| based on the descriptions in
the row and column headings. Altermnatively,
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

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

STRUCTURE

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

Slickensided, highly weathered surfaces with soft clay

Slickensided, highly weathered surfaces with compact
coatings or infillings

coatings or fillings of angular fragments

Smooth, moderately weathered and altered surfaces

Very rough, fresh unweathered surfaces
Rough, slightly weathered, iron-stained surfaces

SURFACE CONDITIONS
VERY GOOD
GOOD
FAIR
POOR
VERY POOR

;

CREASING SURFACE QUALITY

|-}
m
w

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

LIk BLOCKY, DISTURBED/SEAMY

,;_;-'".. by many intersecting joint sets.
--| Persistence of bedding planes or U

é

2

&
DECREASING INTERLOCKING

§ 1 ___. hs x
17| DISINTEGRATED - poorly inter-
| locked, heavily broken rock mass
) with mixture of angular and rounded
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SURFACE CONDITIONS

VERY VERY
coop | G000 | FAR | POOR| ohhp

DECREASING SURFACE 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 cublical blocks formed by three

= intersecting discontinuity sets

VERY BLOCKY- interiocked,
partially disturbed mass with
multi-faceted angular blocks

— | formed by 4 or mora joint sets

1 BLOCKY/DISTURBED/SEAMY

- folded with angular blocks
formed by many inlersecting
dizcontinuity sets. Parsistenca

- of bedding planes or schistosity

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

LAMINATEDVSHEARED - Lack
of blockiness due lo close spacing

of weak schistosity or shear planes

<7 —= DECREASING INTERLOCKING OF ROCK PIECES

A/
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- /.
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~folded with angular blocks 30 // // // // A / /
dismnﬁt':yuitr;m i by Persistence oo /. / / A / 30 ;/
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Joint or Block Wall Condition

GSI/

Block Size
Massive - very well interiocked

compact coating or ings of angular fmagments

Very rough, fresh unweathered surfaces
Vuym
1 ﬂqmuﬂm

|
E
§
!

Very good
Rough, sightly weathered,
ron staned surfaces

-

TRITLE
N

Blocky - very well interlocked
undisturbed rock mass consisting

undisturbed rock mass blocks formed A G -IOEoG
by three or less discontinuity sets /y L.

of cubical blocks formed by three

orthogonal discontinuity sots

with very wide joint spacing ;
il
= 1/ /]
spacing 30 - 100 em

Joint spacing > 100 ¢em
Very Blocky - interiocked. partially / /
disturbed rock mass with mult : . AN T i 4 1 10E+3

angular blocks formed by four or

dscoutinuity sets

Joint spacing 10 - 30 cm S0 35/
/

10 4

;3
S
===/ [/
Disintegrated - poorly interiocked, " ‘__"'/' —/ ///—Z_ o

heavily broken rock mass with a

mixture or angular and rounded 2 / 10
rock pleces
Joint spacing < 3 em /

°

3
A
\
AN
\
P
\
S~
—

g

&

1 em) A
Foliated/laminated/sheared - thinly ':'
laminated or follated. tectonically sheared i

woak rock, closely spaced schistosity N/A NA |

prevails over any other discontinuity set, VA [ Vil
resulting in complete lack of blockiness ' 0.1
Joint spacng < 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 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

Slickensided, highly weathered surfaces with soft clay

Slickensided, highly weathered surfaces with compact
coatings or infillings

coatings or fillings of angular fragments

Smooth, moderately weathered and altered surfaces

Very rough, fresh unweathered surfaces
Rough, slightly weathered, iron-stained surfaces

SURFACE CONDITIONS
GOOD
POOR
VERY POOR

FAIR

;

CREASI

z

G SURFACE QUALITY

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

(77| DISINTEGRATED - poorly inter-
| locked, heavily broken rock mass

.7| with mixture of angular and rounded

J & VERYGOOD

~N

AL

REASING INTERLOCKING

Q
w
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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 = cN ss deicgebe + QN¢Sqdgiggqbg + 0.5yB’ N, S,dyi,g/by
When @=0
Use Quit = 5.14 Su (14+Sc+d’c —17c- b’c- g°¢) +q
Nq = e*? tan?( 45+®/2)
Ne=(Ng—1) cot D
Ny =1.5(Ng -1) tan®

The coeftficient 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
Es

AH=qoB’ m L5 If

AH= Settlement

qo= Load

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

Es = Secant Modulud of Soil

u = 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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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'0o+ AP
Normally consolidated clays: Se= T+00.°¢ 575

Pre- consolidated clays:

CrH Pc CcH P'o+ AP

Sc=——log — For P'y<P. <P’y + AP
1+e0 P'0  1+e0
CrH P'0+ AP

Sc = For P'o+ AP <P’

= 0
1+e0 g PO

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—=2n
= dg + -
AH = q,B E, (1, T=n Ig)]p (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,, i = 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:

p oo L M D IM AN Mt IM? + 1)1 + N2 @
[ = —
T MO+ VM2+N2+1) M+ VM2 + N2+ 1
L = -’y—tan”] M (tan”! in radians) (b)
27 NJVM? + N2 +1
L.f
where M = 5

Figure 5-7  Influence factor /5 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.

1.0
0.9 S
™~ I) =
™ > 3 [Py
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5 N \1—
3 NN N
= N \ \
807 \'\\ pe <
f NN
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) Xy \L\i\‘\ >
~—~— \
0.5 P Y < < @ < =}
O O OO O - ; X ) ]

Depth ratio, D/B
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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

il b duwlxe 4o o3 gla o]yl polie

N M=10 1.1 1.2 1.3 14 15 1.6 1.7 1.8 1.9 2.0
02 5 =000 0008 0.008 0.008 0.008 0008 0.007 0.007 0007 0.007 0.007
L =0.041 0.042 0042 0.042 0.042 0.042 0.043 0.043 0.043 0043 0.043

04 0.033 0032 0.031 0030 0029 0028 0028 0027 0027 0027 0.027
0.066 0.068 0.069 0070 0.070 0071 0071 0072 0072 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 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 0217 0216 0214 0213
0.075 0.080 0.084 0.089 0093 0.096 0.099 0.102 0.105 0.108 0.110

2.0 0.285 0283 0.290 0.292 0292 0.292 0.292 0292 0291 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 0.363 0.372 0379 0384 0.389 0393 0396 0398 0400 0401 0402
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 0421 0431 0440 0448 0455 0460 0465 0469 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

50 0437 0452 0465 0477 0487 0496 0503 0510 0516 0522 0526
0.031 0.034 0.036 0.039 0042 0.045 0.048 0.050 0.053 0.055 0.058

6.0 0457 0474 0489 0502 0514 0.524 0.534 0542 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 0533 0.545 0.556 0.566 0575 0.583 0.590
0.022 0.024 0.027 0.029 0031 0033 0.035 0.037 0.039 0.041 0.043

8.0 0482 0502 0519 0534 03549 0561 0.573 0584 0594 0602 0611
0.020 0.022 0.023 0.025 0.027 0.029 0.031 0.033 0.035 0.036 0.038

9.0 0491 0.511 0.529 0545 0560 0.574 0587 0598 0609 0618 0.627
0.017 0.019 0.021 0.023 0024 0.026 0.028 0.029 0.031 0.033 0.034

10.0 0.498 0.519 0.537 0554 0.570 0.584 0597 0.610 0.621 0631 0.641
0.016 0.017 0.019 0.020 0.022 0023 0.025 0.027 0.028 0.030 0.031

20.0 0.529 0.553 0.575 0595 0614 0.631 0.647 0.662 0.677 0.690 0.702
0.008 0.009 0.010 0010 0011 0012 0.013 0.013 0014 0.015 0016

500.0 0.560 0.587 0.612 0.635 0656 0.677 0.696 0714 0.731 0748 0.763
0.000 0.000 0.000 0.000 0.000 0.000 0.001 0001 0.001 0.001 0.001
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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 (continued)

N M=25 4.0 5.0 6.0 7.0 8.0 90 100 250 500 1000
02 I, =0.007 0006 0.006 0.006 0006 0.006 0.006 0.006 0.006 0.006 0.006
IL=0043 0044 0044 0.044 0044 0044 0044 0044 0044 0044 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 0.075 0075 0.076 0.076 0.076 0.076 0.076 0.076 0.076

0.6 0.053 0051 0050 0050 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 0081 0.080 0.08c 0080 0079 0079 0.079 0079 0079
0.107 ¢.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 o0.112 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

1.5 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 0262 0.261 0260 0259 0.257 0256 0256
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 0.386 0.382 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 0.479 0474 0470 0466 0464 0462 0453 0451 0451
0.082 0.110 0.121 0.129 0.135 0.13% 0.142 0.145 0.154 0.155 0.156

5.0 0.553 0.554 0.552 0.548 0.543 0.540 0.536 0.534 0.522 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 0601 0598 0.595 0579 0.576 0.575
0.060 0.087 0.101 0.111 0.120 0.126 0.131 0.135 0.153 0.157 0.157

1.0 0.618 0.653 0.658 0.658 0.656 0.653 0.650 0647 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 O0.158

3.0 0.643 0.688 0697 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 0.730 0.736 0.737 0.736 0.735 0.732 0710 0.704 0.702
0.042 0.064 0077 0088 0097 0105 0112 0118 0.149 0.156 0.158

10.0 0.679 0740 0758 0.766 0770 0770 0770 0768 0745 0738 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 0856 0.896 0925 0945 0959 0969 0977 0982 0.965 0.957
0.620 0.031 0.039 0.046 0.053 0.059 0.065 0.07F 0.124 0.148 0.156

500.0 0.832 0977 1.046 1.102 1.150 1.191 1.227 1259 1532 1.721 1879
0.001 0.00t 0.002 0.002 0002 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=z25

I/Hto?3 0.0003 0.0004 100 L/H=15
Multistory brick wall

I/H over § 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 mm/year
Steel frames (.004-0.0025 250 at 80 mmyyear
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
s P ion Test, N for
SOIL T!;F;gFILE solL Pngzté.g“%#gfsusmc Shw;:% gda!mn‘% Vs tandard ,-mtrs:tﬂ igye er:i] :L_iﬂr P2 Undrained Sh?ﬁ; ’s)mngm. 5y psf
Sa Hard Rock > 5,000
(1,500)
Sp 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)
S 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, wj,, = 40 percent
and s, < 500 psf (24 kPa). The Plasticity Index, PI, and the moisture content, Wy, shall be determined in accordance with approved national standards.
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algS 9, whw! » (Kp) polio 9 (Ka) S yxo jLid s

SLa 2 glis il gl AlSauS 093 (C )

)
K, = _Sm (a+¢) ]
Sin’a.Sin(a —6)| 1+ Sin(¢ + 0).Sin(¢ - p)
i Sin(a —6).Sin(a + p) |
. 2 _
K, = _Sln (Z. ?) — _
Sin*a.Sin(a + 5)| 1 - in(¢+0).Sin(¢+ p)
i Sin(a + 8).Sin(a + p) |
A
1_ —— ——
sin {a+ B oy 3
meh AL = Apaet+ /)
sin (p — B)
H 9 /1}5 e BD = AB sin (« + p)
H
B
X ?Pﬁw —-——p A g
A
Sla S s L ol Coulomb 5 o suldiud ) se Si5ad 595 (a)
180° — o — 8
+48
,{’/\f
-3 =P

SIS 2 gl (59l (il (51 g 350 alis Sin (b)



P=0° 9 =90° (sl (nadsS bgy &) S 5 yxo L Sl b Jou

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 =90° 51y (ualsS hgy &) S pglio jLid Sl s Jguer

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 2464 2.830 3.286 3.855 4.597
30 3.000 3506 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
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K, =K, Co{o+a,)
K, =K, SiHo+a,)
Sin*(a, + 6 — §)

Sin(g+ 0)Sin(g—6—p.) T
Sin(a, + 6 +0).Sin(a, — B,)

K =

ae

Cos 0.Sin*a,.Sin(a, + 0 + 5)|:1 + \/

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

P

K, =K,.Sifd+a,)

P

Sinz(ap +¢—0)

Sin(p+0)Sin(p+§, —0) |
Sin(a, -5 —0)Sin(a, - 3,)

K =

pe

Cos&.Sinzap.Sin(ap —9—5){1 —\/

Kh

0 = Arct
g(l—Kv

)

Kn: Earthquake Horizontal Coefficient
Kv: Earthquake Vertical Coefficient
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