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[PS-E-CE-""+ Engmneenng standard for soil engineering,
[PS-E-CE-"Y+ Engineering standard for foundations.
IPS-E-CE-'Y+ Engineering standard for retaining walls & slop
protection.

[PS-C-CE-''T Construction standard for Earth works.
IPS-C-CE-"TT Construction standard for piles and retaining walls,

DY¥¥Y-r¥ Method for particle-size analysis of soils

DYTYAAY Test method for liquid limit, plastic limit and plasticity index
of soil.

D¥T=AT Test method for shrinkage factors of soils.

DYYA¥NY Test method for bearing capacity of soil for static load on
spread footing,

DYaavava Test method for moisture density relations of soil and soil-
aggregale mixtures

DY2AF-AF Test method for penetrations test and sphit-barrel sampling of
s01ls.

DY 7577 Test method for unconfined compressive strength of cohesive
s01).,

. DYTY#-A+ Test method for laboratory determination of water {moisture)

content of soil, rock and soil-aggregate mixtures

DYrrr.as Test method for permeability of granular souls (constant head)
DYAQ+-AY Test method for unconsolidated, undrained strength of
cohesive soil in tri-axial Compression

DT« A+¥Y method for direct shear test of soil under consolidated dramed
conditions.
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Seed et al. (2003) solgiig SPT slael Mol ul,5.2-3 Jso

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

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

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

Equipment Approximate ER (see Note 3) Cg (see Note 3)
-Safety Hammer’ 0410075 0.7to 1.2
-Donut Hammer’ 031006 05t01.0
-Donut Hammer™ 0710 0.85 11014
-Automatic-Trip Hammer 05t 08 08to14

(Donut or Safety Type)

e For lesser quality fieldwork (e g.: irregular hammer drop distance, excessive sliding
friction of hamnier on rods, wet or worn rope on cathead, etc ) further judgmental
adjustments are needed.
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1/40 Gos UEL-15 il ale3 jo el oo cdnlive (Hard) Coew 05, 10 gw, 4l 3, S (5% 1,20

LR O9y9) Cawds G 1 0,18 1,8 (Very Dense) oS1 e s 03, 50 510 )y b ails s yo S (g%
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Joges jo lagT 515 s ile sloailed (po ol el )| B Capm as ol 53 a5 Y oiil o 00
Lol 0oz Blod SPT iolel ol

(19485, 5 (31;5) Nspr sae g ails cubrjo S1s o515 alal; 3-3 Jgax

SPT resistance value Rl Ay
(N)
0-4 Very loose
4-10 Loose
10-30 Medium dense
30-50 Dense
Over 50 Very dense
(1967;1% 5 8159) Nspr sos g5 ailsjs, S o515 alal, 4-3 Jgux
SPT value (N) Type Remarks
gj 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.
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BH-WH-7 10.25 36.39
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WH-07-CoreBox 2-Depth (4.0-8.0 m)



WH-07-CoreBox 3-Depth (8.0-12.0 m)

WH-07-CoreBox 4-Depth (12.0-15.0 m)



EL-12-CoreBox 1-Depth (0.0-4.0 m)
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EL-13-CoreBox 1-Depth (0.0-4.0 m)



EL-14-CoreBox 1-Depth (0.0-4.0 m)

EL-15-CoreBox 1-Depth (0.0-4.0 m)
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GEOTECH BH COLUMNS 14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/29/22

S

BORING NUMBER BH-WH-7

Barangeotechnics PAGE 1 OF 1
AN
LIOTrOMsNECS
CLIENT PROJECT NAME _Binak- BK-15
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATESTARTED _ ~~ COMPLETED GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR _Baran Geotechnics GROUND WATER LEVELS:
DRILLING METHOD _Continous Coring AT TIME OF DRILLING _--
LOGGED BY CHECKED BY AT END OF DRILLING _---
NOTES _X:442385  Y:3287973 AFTER DRILLING _---
L 9 ; : = ATTERBERG
o s, |3 om |0 |E_|w LIMITS
F-|Io Ca |EBa| 2E3 |cF|EE|RE z |8
oE &9 MATERIAL DESCRIPTION §§ 58 98<>( g %g ELI'_J oo g}_ oS zx
e & 2 =| @ “|>2|oz|3=s|n=|FEa |k
O =z |9 oz |8 > = |22 |02
FEE: g |& [=8|95|35|<22
o
LEAN CLAY WITH GRAVEL, (CL) 14.9 % gravel, 14.7 % sand,
- 70.4 % fines, brown, moist to dry, hard
L CR 178 8 |23 |15 | 8 | 70
- LEAN CLAY WITH GRAVEL, (CL) 151 % gravel, 10.8 % sand, SS 67/0.09
| 74.1 % fines, brown, moist to dry, hard
) CR 186| 5 |24 |16 | 8 | 74
i LEAN CLAY WITH GRAVEL, (CL) 15 % gravel, 11.6 % sand, 734 | ‘50 67/0.11
% fines, brown, moist to dry , highly weathered
B l CR | (35) 25 (16| 9 | 73
- ClayStone, (CL) 17.5%gravel, 12.8%sand, 69.7%fines, brown, dry SS 67/0.07
| to moist, highly weathered, after 24 hours soaking in water the
sample is classified as CL, with nodules of gypsum from 3 to 4
4
depth
N l CR | (30) 25 |17 | 8 | 70
B SS 67/0.08
6
ClayStone, (CL) 17.2%gravel, 16.8%sand, 66%fines, brown, dry to
- moist, highly weathered, after 24 hours soaking in water the
| sample is classified as CL ]| CR | (40) 28| 19| 9 | 66
8 ——
ClayStone, (CL) 57.1%gravel, 2.7%sand, 40.2%fines, brown, dry | SS 67/0.07
B to moist, highly weathered, after 24 hours soaking in water the
B sample is classified as CL ]| CR | (40) 188 7 | 31| 21 | 10 | 40
- ClayStone, (CL) 0.0%gravel, 0.1%sand, 99.9%fines, brown, dry to
moist,highly weathered, after 24 hours soaking in water the sample
B is classified as CL
10 Il b [70) 191 6 | 37 | 23 | 14 [ 100
o) SiltStone, (CL) 4.6%gravel, 4.4%sand, 91%fines, brown, dry to
- X X moist,moderately weathered, after 24 hours soaking in water the
| % sample is classified as CL
X X
B o mES 67/0.06
X X
- X X
12 |X2 ]| CR | (30) 204 8 | 30 | 21 9 | 91
ClayStone, (CL) 0.0%gravel, 0.2%sand, 99.8%fines, brown, dry to
- moist, slightly weathered, after 24 hours soaking in water the
| sample is classified as CL
B 14 . UD | (86) 199 6 | 35 | 22 | 13 [ 100
.SS 67/0.05

Bottom of borehole at 15.00 meters.




GEOTECH BH COLUMNS 14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/29/22

S

BORING NUMBER EL-12

Bottom of borehole at 3.06 meters.

Barangeotechnics PAGE 1 OF 1
AN
LIOTrOMsNECS
CLIENT PROJECT NAME _Binak- BK-15
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATE STARTED COMPLETED GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR _Baran Geotechnics GROUND WATER LEVELS:
DRILLING METHOD _Continous Coring AT TIME OF DRILLING _--
LOGGED BY CHECKED BY AT END OF DRILLING _---
NOTES _X:442354  Y:3287969 AFTER DRILLING _---
L 9 ; : = ATTERBERG
o s, |3 om |0 |E_|w LIMITS
o |5g & |E5| 323 |ig|cE|e: E 8z
oE|ZO MATERIAL DESCRIPTION WS |58 95z |wa|Zzs|hi|a, |© 5x|z&
NN =3 |3%| 32 |8%|32|8 |58 |6E[E)E
O =z oz = = =N
FEE: g |%5 [=8|95|35 <=
2= Fill Material
‘ ClayStone, (CL) 7.4%gravel, 3.6%sand, 89%fines, light brown, dry
= - to moist, completely to moderately weathered, after 24 hours CR | (0) 180 6 |41 | 23 | 18 | 89
soaking in water the sample is classified as CL
| 1 SS 67/0.04
B T ClayStone, (CL) 0.0%gravel, 2.1%sand, 97.9%fines, light brown, . UD | (64) 1791 6 [ 29 | 19 | 10 | 98
9 dry to moist, completely weathered, after 24 hours soaking in water
the sample is classified as CL
7 Marl, (CL) 8.6%gravel, 2.6%sand, 88.8%fines, ight brown, dy o | =22 67/0.05
B 4 moist, completely weathered, after 24 hours soaking in water the
/ sample is classified as CL
B _% CR | (0) 38 |20 | 18 | 89
Z SS 67/0.06




S

BORING NUMBER EL-13

GEOTECH BH COLUMNS 14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/29/22

Bottom of borehole at 3.06 meters.

Barangeotechnics PAGE 1 OF 1
AN
LIOTrOMsNECS
CLIENT PROJECT NAME _Binak- BK-15
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATE STARTED COMPLETED GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR _Baran Geotechnics GROUND WATER LEVELS:
DRILLING METHOD _Continous Coring AT TIME OF DRILLING _--
LOGGED BY CHECKED BY AT END OF DRILLING _---
NOTES _X:442350  Y:3287836 AFTER DRILLING _---
w ° ; : = ATTERBERG
o s, |3 om |0 |E_|w LIMITS
F-|Io Ca |EBa| 2E3 |cF|EE|RE z |8
oE|ZO MATERIAL DESCRIPTION WS |58 95z |wa|Zzs|hi|a, |© 5x|z&
B &= 15 |8€| 23> |£2|22|32|55 |5 |RYE|E
O =z oz = = =N
FEE: g |%5 [=8|95|35 <=
22 Fill Material
| i LEAN CLAY, (CL) 0.1 % gravel, 9.3 % sand, 90.6 % fines, brown,
dry to moist, hard , with nodules of gypsum
B ] CR 184| 5 | 30 | 16 | 14 | 91
| | SPT 30-50/0.07
ClayStone, (CL) 0.1%gravel, 8.4%sand, 91.5%fines, brown, dry to
| | moist, h!ghly wggthered, after 24 hours soaking in water the
sample is classified as CL 1 CR | (13) 178] 6 29 | 16 | 13 | 92
2
ClayStone, (CL) 0.0%gravel, 0.9%sand, 99.1%fines, brown, dry to SS 67/0.05
| i moist, completely weathered, after 24 hours soaking in water the
sample is classified as CL
A CR | (0) 3520 | 15| 99
SS 67/0.06




GEOTECH BH COLUMNS 14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/29/22

S

BORING NUMBER EL-14

Bottom of borehole at 3.04 meters.

Barangeotechnics PAGE 1 OF 1
AN
LIOTrOMsNECS
CLIENT PROJECT NAME _Binak- BK-15
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATE STARTED COMPLETED GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR _Baran Geotechnics GROUND WATER LEVELS:
DRILLING METHOD _Continous Coring AT TIME OF DRILLING _--
LOGGED BY CHECKED BY AT END OF DRILLING _---
NOTES _X:442188  Y:3287914 AFTER DRILLING _---
L 9 ; : = ATTERBERG
o s, |3 om |0 |E_|w LIMITS
Eo|3g T8 |Bg| 253 |tg|tE|Rs E |8:
oE|ZO MATERIAL DESCRIPTION WS |58 95z |wa|Zzs|hi|a, |© 5x|z&
NN =3 |3%| 32 |8%|32|8 |58 |6E[E)E
O =z oz = = =N
FEE: g |%5 [=8|95|35 <=
ClayStone, (CL) 0.1%gravel, 8.5%sand, 91.4%fines, brown, dry to
moist, completely weathered, after 24 hours soaking in water the
B sample is classified as CL
| l CR | (0) 1791 5 | 30 | 17 | 13 | 91
i ClayStone, (CL) 0.1%gravel, 6.0%sand, 93.9%fines, brown, dry to SS 67/0.04
moist, highly to slighly weathered, after 24 hours soaking in water
| the sample is classified as CL . uD | (83) 1771 6 1 26 | 17| 9 | 94
2 ==T
ClayStone, (CL) 0.1%gravel, 7.0%sand, 92.9%fines, brown, dry to \ SS 67/0.05
| moist, completely weathered, after 24 hours soaking in water the
sample is classified as CL
B 1 CR | (0) 30 | 17 | 13 | 93
SS 67/0.04




BORING NUMBER EL-15
M PAGE 1 OF 1

Barangeotechnics

IA(QTI'{.#&H
CLIENT PROJECT NAME _Binak- BK-15
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATE STARTED COMPLETED GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR _Baran Geotechnics GROUND WATER LEVELS:
DRILLING METHOD _Continous Coring AT TIME OF DRILLING _---
LOGGED BY CHECKED BY AT END OF DRILLING _---
NOTES _X:442108  Y:3287880 AFTER DRILLING _---
L 9 ; : = ATTERBERG
o s, |3 om |0 |E_|w LIMITS
Eo|3g T8 B3| 253 |ig|tE|R: WS
aE %0 MATERIAL DESCRIPTION WS [>¢| OS5z |ue|(Zs|hd|la. |9 [Gx|z8
B &= 15 |8€| 23> |£2|22|32|55 |5 |RYE|E
o =z oz = 2 (%2 | o
FEE: g |%5 [=8|95|35 <=
e CLAYEY GRAVEL, (GC) 48.8 % gravel, 13 % sand, 38.2 % fines,
light brown, moist to dry, very dense
B _ﬁ CR | (0) 180 6 |27 | 17 | 10 | 38
22-33-
- P SS 67/0.09
7 Marl, (CL) 10.1%gravel, 23%sand, 66.9%fines, gray, dry to moist,
B 7] completely weathered, after 24 hours soaking in water the sample
) / is classified as CL CR1 O 29116 | 13 67
25-35-
% SS 67/0.08
i ClayStone, (CL) 1.5%gravel, 27.7%sand, 70.8%fines, reddish
brown, dry to moist, completely weathered, after 24 hours soaking cr | ©
B T in water the sample is classified as CL 1791 5 |3 |22 |13 | T
SS 67/0.06

GEOTECH BH COLUMNS 14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/29/22

Bottom of borehole at 3.06 meters.




KEY TO SYMBOLS 14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/28/22

Barangeotechnics
BARAN

O TEEHMICS

CLIENT

PROJECT NUMBER _589

KEY TO SYMBOLS

PROJECT NAME _Binak- BK-15
PROJECT LOCATION _Booshehr

LITHOLOGIC SYMBOLS
(Unified Soil Classification System)

VA Marl: Marl

CL: USCS Low Plasticity Clay

9"/& GC: USCS Clayey Gravel

X % SILTSTONE: Siltstone

TOPSOIL: Fill Material

SAMPLER SYMBOLS

1
X

Core Smple

Standard Penetration Test

Split Spoon

l Undisturbed Sample

WELL CONSTRUCTION SYMBOLS

LL  -LIQUID LIMIT (%)

Pl -PLASTIC INDEX (%)

W  -MOISTURE CONTENT (%)

DD -DRY DENSITY (PCF)

NP -NON PLASTIC

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

ABBREVIATIONS

TV -TORVANE

PID -PHOTOIONIZATION DETECTOR
UC -UNCONFINED COMPRESSION
ppm -PARTS PER MILLION

Water Level at Time

= Drilling, or as Shown

Water Level at End of

= Drilling, or as Shown

Water Level After 24

= Hours, or as Shown
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BARAN
GEOTECHNICS

CLIENT

PROJECT NUMBER

589

Geoelectrical Resistivity Test

PROJECT NANE

PROJECT LOCATION

Sy S5 Sl

Ay

0.01

Variation of Apparant Electrical Resistivity in BK-15

0.10

1.00

p (©2m)

10.00

100.00

1000.00

0.5

15

Depth (m)

25

35

EL-15

EL-14

—o—EL-13

EL-12

BH-WH-07
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Plate Load Test Results

Client: Plate dimension: 30 cm
Consultant: @ 9 S hL jslie frwaige <S8 L0 Testpit No.: PLT-BK-15(BH-WH-7)
Project: 5 Oldee 3lgs (tal Bl g Cublag oy SSS 5 Clalllas
! N e ’ ’ Depth: 1.25m
Stress (kg/cm2)
0 5 10 15 20 25 30
0.00
2.00
’-ﬁ
4.00 \
. 6.00
£
E
€
Q
£
Kl
B \\
? 8.00
10.00 e\\
\‘\\’\
12.00
14.00
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Standard Test Method for CBR (California Bearing

N Ratio) of Soils in Place (ASTM D4429)

Jabdun Cpams ahgo

~

Ol ddgs Aali8l g CllagSS 039 SeSS 935 Slalllas

Project Name: .

Client: SiP OB o2 (gwiige &S L

Location: BK-15(BH-WH-7)

Depth: 0.0 cm

5.0

4.5

4.0

35

3.0

2.5

Stress(MPa)

2.0

15

1.0

0.5

0.0

0.0 2.0 4.0 6.0

8.0

Penetration(mm)

10.0

12.0 14.0 16.0

CBR VALUE: Penetration-2.54 mm

21.1

%

Penetration-5.08 mm

23.0

%
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GRAIN SIZE 14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/28/22

Barangeotechnics
BARAN

O TEEHMICS

CLIENT

GRAIN SIZE DISTRIBUTION

PROJECT NAME _Binak- BK-15

PROJECT NUMBER _589

PROJECT LOCATION _Booshehr

U.S. SIEVE OPENING IN INCHES

4 2

6 3

U.S. SIEVE NUMBERS

1 34 1/23/8 3 4 6 g10 4416 545 30 44 50 gy 100 444200

HYDROMETER

100 I CT T EITT T TIOMITT 77T T
95 N :
90
e i
85 : = T
; ki jiis
80 = N
75 9\@\
70
65
|_
I
9 60
w
=
> 55
m
5 s0
4
[T
E 45 \Q
L
g 40
w
- &
30 $
25
20 ‘§\
15
10 =
5
0 . B
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
RAVEL AND
COBBLES G _S : SILT OR CLAY
coarse fine coarse medium | fine
Borehole Depth Classification LL | PL | PI | Cc | Cu
®| BH-WH-7 0.50 LEAN CLAY with GRAVEL(CL) 23 | 15 8
X| BH-WH-7 1.50 LEAN CLAY with GRAVEL(CL) 24 | 16 8
A| BH-WH-7 2.50 LEAN CLAY with GRAVEL(CL) 25 | 16 9
*| BH-WH-7 4.50 GRAVELLY LEAN CLAY(CL) 25 | 17 8
©®| BH-WH-7 6.50 GRAVELLY LEAN CLAY with SAND(CL) 28 | 19 9
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand %Silt | %Clay
®| BH-WH-7 0.50 38.1 0.025 0.004 14.9 14.7 48.6 21.8
X| BH-WH-7 1.50 38.1 0.024 0.005 15.1 10.8 56.5 17.6
A| BH-WH-7 2.50 38.1 0.024 0.004 15.0 11.6 51.9 21.5
*| BH-WH-7 4.50 38.1 0.026 0.004 17.5 12.8 48.2 21.5
®| BH-WH-7 6.50 38.1 0.044 0.006 17.2 16.8 50.3 15.7




GRAIN SIZE 14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/28/22

Barangeotechnics

BARAN

O TEEHMICS

CLIENT

GRAIN SIZE DISTRIBUTION

PROJECT NAME _Binak- BK-15

PROJECT NUMBER _589

PROJECT LOCATION _Booshehr

U.S. SIEVE OPENING IN INCHES

U.S. SIEVE NUMBERS

HYDROMETER

6 4 245 Tag 1235 3 4 6 10 1416 50 30 40 50 g 100 ;40200
100 | 1 | |%\7‘ﬂ~ | \kl NEEEIEENL ;
95 . f A f f
§ NS i = el h
%0 ; | | ST, k
85 i ? ? i INCER
0 IRl
& AR T
65
= R 5 5 : 5
I . . N .
Q9 60 - : : . X
w : : : :
2 \ : : : :
> 55 . . - -
@ : : ; :
g = Fe=TT :
w N N N N
E 45 : - ' :
zZ N . N N
w \.‘\ N N y X
e 40 i A B 1N
: : i .\'ﬁ\
35 :
; \
25 \'\Q
o[RS
: Ml
15 \.\i\.\
10 =
>>@
5
0 . B
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
RAVEL AND
COBBLES G _S : SILT OR CLAY
coarse fine coarse medium | fine
Borehole Depth Classification LL | PL | PI | Cc | Cu
©| BH-WH-7 8.50 CLAYEY GRAVEL(GC) 31 | 2 10 | 0.0032020.3
x| BH-WH-7 9.72 LEAN CLAY(CI) 37 | 23 | 14
A| BH-WH-7 11.60 LEAN CLAY(CI) 30 | 21 9
*| BH-WH-7 13.49 LEAN CLAY(CI) 35 | 22 | 13
®| EL-12 0.50 LEAN CLAY(CI) 41 | 23 | 18
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand %Silt | %Clay
©| BH-WH-7 8.50 75 47.715 0.017 0.001 571 27 28.4 11.8
X| BH-WH-7 9.72 0.15 0.008 0.002 0.0 0.1 69.0 30.9
A| BH-WH-7 11.60 19 0.012 0.003 4.6 44 69.4 21.6
*| BH-WH-7 13.49 0.15 0.01 0.002 0.0 0.2 70.5 29.3
®| EL-12 0.50 19 0.011 0.003 7.4 3.6 61.5 27.5




GRAIN SIZE 14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/28/22

Barangeotechnics
BARAN

O TEEHMICS

CLIENT

GRAIN SIZE DISTRIBUTION

PROJECT NAME _Binak- BK-15

PROJECT NUMBER _589

PROJECT LOCATION _Booshehr

U.S. SIEVE OPENING IN INCHES I

6 4

3

U.S. SIEVE NUMBERS I HYDROMETER
5

3 245 134 1238
R : | |

6 10 1416 5 30 0 6o 100 140200
100 | | ; “I‘*—l—:--l__:;ﬁ;zze:t:ﬁ\
% -1 ﬁ | ﬁ
90 \F\‘& ﬁ——m_:{
85 N N N
80
75
70
65
|_
I
9 60
w
=
> 55
m
5 s0
z \
E 45
g §
g 40
w
: \
35 X
30
25 ™
20
15
10
5
0 . . B
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
RAVEL AND
COBBLES G _S : SILT OR CLAY
coarse fine coarse medium | fine
Borehole Depth Classification LL | PL | PI | Cc | Cu
®| EL-12 1.53 LEAN CLAY(CL) 29 | 19 | 10
x| EL-12 2,50 LEAN CLAY(CI) 38 | 20 | 18
A| EL13 0.50 LEAN CLAY(CI) 30 | 16 | 14
*x| EL-13 1.50 LEAN CLAY(CL) 29 | 16 | 13
©®| EL-13 2,50 LEAN CLAY(CI) 35 | 20 | 15
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand %Silt | %Clay
@| EL-12 1.53 1.19 0.011 0.003 0.0 21 74.7 23.2
X| EL-12 2.50 25.4 0.013 0.003 8.6 26 62.7 26.1
A| EL13 0.50 9.51 0.011 0.003 0.1 9.3 62.6 28.0
*x| EL-13 1.50 9.51 0.012 0.003 0.1 8.4 69.8 217
©®| EL-13 2.50 0.15 0.01 0.002 0.0 0.9 70.0 29.1




GRAIN SIZE 14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/28/22

Barangeotechnics

GRAIN SIZE DISTRIBUTION

RABAY
CLIENT PROJECT NAME _Binak- BK-15
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS | HYDROMETER
6 43 215 134 V295 3 4 6 510 1416 55 30 40 50 gy 100 440200
100 I 2 TTTF I* Ile = _**ﬁ% TTIT:
95 \ — Nt Z Sk:i
o % % f %
: 1 f I\
80 X ; ST 1=
75 3 : R :
\ el 2
" | T =
65 5 5 § I
'£ z z : 1T
Q9 60 - : : .
y : : z :
S 55 L——w f : f o\
o : L z : N &\
5 s0 ' = f f e
z ® kR z @\
g 40 ' k. o i
i ok
a I
35 : \K‘\
f A
30
) " \E'
R
20
X x >>A
15 >>%
\§\ ©
10 >2(
K
5
0 . . B
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 | PI | Cc | Cu
©| EL-14 0.50 LEAN CLAY(CI) 30 | 17 | 13
x| EL-14 1.40 LEAN CLAY(CL) 26 | 17 9
A| EL-14 2.50 LEAN CLAY(CI) 30 | 17 | 13
*| EL-15 0.50 CLAYEY GRAVEL(GC) 27 | 17 | 10 | 0.0113269.90
®| EL-15 1.50 SANDY LEAN CLAY(CL) 29 | 16 | 13
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand %Silt | %Clay
©| EL-14 0.50 9.51 0.011 0.002 0.1 63.2 28.2
X| EL-14 1.40 9.51 0.012 0.003 0.1 71.6 22.3
A| EL14 2.50 9.51 0.012 0.003 0.1 65.6 27.3
*| EL-15 0.50 50.8 20.508 0.018 0.002 48.8 13.0 26.9 11.3
®| EL-15 1.50 19 0.041 0.007 10.1 23.0 53.6 13.3




GRAIN SIZE 14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/28/22

RARAY

CLIENT
PROJECT NUMBER _589

Barangeot

echnics

GRAIN SIZE DISTRIBUTION

PROJECT NAME _Binak- BK-15

PROJECT LOCATION _Booshehr

PERCENT FINER BY WEIGHT

U.S. SIEVE OPENING IN INCHES

6 4 3

245 1g4 12

U.S. SIEVE NUMBERS I HYDROMETER

810 1416 5 30 44 50 g 100 444200

100
95

II*

6
-
e

3 4
‘r\g

90

lep .

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0

100

10

GRAIN SIZE IN MILLIMETERS

1 0.1 0.01 0.001

COBBLES

GRAVEL

SAND

coarse fine

coarse

medium fine

| SILT OR CLAY

Borehole

Depth

Classification LL PL PI Cc | Cu

EL-15

2.55

LEAN CLAY with SAND(CI) 35 | 22 | 13

Borehole

Depth

D100

D60

D30 D10 %Gravel | %Sand| %Silt | %Clay

EL-15

2.55

9.51

0.036

0.007 1.5 27.7 52.7 18.1
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ATTERBERG LIMITS 14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/28/22

BARAN

O TEEHMICS

CLIENT

Barangeotechnics

ATTERBERG LIMITS' RESULTS

PROJECT NAME _Binak- BK-15

PROJECT NUMBER _589

PROJECT LOCATION _Booshehr

60 7
@ © | @ yd
50 %
P /
é 40 /
T /
: e
130 ,
Y
| /
o X o V g
E
‘ 1 &
10
CL-ML @V @ @
° 0 20 40 60 80 100
LIQUID LIMIT
Borehole Depth LL| PL Pl |Fines | Classification
@ | BH-WH-7 050, 23| 15 8| 70|LEAN CLAY with GRAVEL(CL)
x| BH-WH-7 150 24| 16 8| 74 |LEAN CLAY with GRAVEL(CL)
A | BH-WH-7 250 25| 16 9| 73|LEAN CLAY with GRAVEL(CL)
*| BH-WH-7 450 25| 17 8| 70| GRAVELLY LEAN CLAY(CL)
©| BH-WH-7 650 28| 19 9| 66| GRAVELLY LEAN CLAY with SAND(CL)
2| BH-WH-7 850 31 21 10| 40|CLAYEY GRAVEL(GC)
O| BH-WH-7 9.72| 37| 23| 14| 100|LEAN CLAY(CI)
A | BH-WH-7 11.60, 30| 21 9| 91|LEAN CLAY(CI)
®| BH-WH-7 1349| 35| 22| 13| 100 LEAN CLAY(CI)
®|EL-12 050, 41 23| 18| 89|LEAN CLAY(CI)
O|EL-12 153 29| 19| 10| 98|LEANCLAY(CL)
®|EL-12 250 38| 20| 18| 89|LEANCLAY(CI)
@|EL-13 050, 30| 16| 14| 91|LEAN CLAY(CI)
*|EL-13 150 29| 16| 13| 92|LEAN CLAY(CL)
&3|EL-13 250 35| 20| 15| 99|LEAN CLAY(CI)
M EL-14 050, 30| 17| 13| 91|LEANCLAY(CI)
¢ EL-14 140 26| 17 9| 94|LEAN CLAY(CL)
<¢|EL-14 250 30| 17| 13| 93|LEAN CLAY(CI)
X| EL-15 050 27| 17| 10| 38|CLAYEY GRAVEL(GC)
8 EL-15 150 29| 16| 13| 67 |SANDY LEAN CLAY(CL)
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LAB SUMMARY  14010407-589-BINAK-BK-15-REV00.GPJ GINT STD CANADA LAB.GDT 6/29/22

Barangeotechnics

BARAN

O TEEHMICS

CLIENT

SUMMARY OF LABORATORY RESULTS

PROJECT NAME _Binak- BK-15

PROJECT NUMBER _589

PROJECT LOCATION _Booshehr

She

et 1 of 1

- . - Maximum | , Water Dry Satur- .

sorenoe | Depn | K0 | Temie | Py | e %0075 | Cove | Comen | Doty | aton | 108
BH-WH-7 0.5 23 15 8 38.1 70 CL 7.7 1.78
BH-WH-7 15 24 16 8 38.1 74 CL 4.6 1.86
BH-WH-7 25 25 16 9 38.1 73 CL

BH-WH-7 45 25 17 8 38.1 70 CL

BH-WH-7 6.5 28 19 9 38.1 66 CL

BH-WH-7 8.5 31 21 10 75 40 GC 7.1 1.88
BH-WH-7 9.7 37 23 14 0.15 100 Cl 6.3 1.91
BH-WH-7 11.6 30 21 9 19 91 Cl 7.9 2.04
BH-WH-7 13.5 35 22 13 0.15 100 Cl 57 1.99
EL-12 0.5 41 23 18 19 89 Cl 6.1 1.80
EL-12 15 29 19 10 1.19 98 CL 57 1.79
EL-12 25 38 20 18 254 89 Cl

EL-13 0.5 30 16 14 9.51 91 Cl 5.1 1.84
EL-13 15 29 16 13 9.51 92 CL 5.9 1.78
EL-13 25 35 20 15 0.15 99 Cl

EL-14 0.5 30 17 13 9.51 91 Cl 54 1.79
EL-14 14 26 17 9 9.51 94 CL 6.1 1.77
EL-14 25 30 17 13 9.51 93 Cl

EL-15 0.5 27 17 10 50.8 38 GC 6.1 1.80
EL-15 1.5 29 16 13 19 67 CL

EL-15 2.6 35 22 13 9.51 71 Cl 53 1.79
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s Uniaxial Compression Test

BARAN

GEOTECHNICS

BKP- Lab- UCT

CLIENT PROJECT NAME S 0390 SeiST 955 Slalllae
PROJECT NUMBER 589 PROJECT LOCATION ys g
1.4
1.2
p 1.0
2
2
Q
&
2 0.8
=
Y=
c
o
o
f=
=)
0i6
0.4
0.2
-1.5 -1.0 -0.5 0.0 0.5 1.0 15
Lateral Strain (%) Axial Strain (%)
Sample Specification Initial Condition
Borchole ID: BH-WH-07 |Bulk Density (kN/m’): 20.32
Depth (m): 9.72-10.0  |Dry Density (kN/m®): 19.12
L (cm): 21.50 Moisture Content (%): 6.3
D (cm): 8.20 Strain Rate (%Per min.): 1.00
Test Results
Unconfined Compressive Strength(MPa): 1.2




s Uniaxial Compression Test

BARAN

GEOTECHNICS

CLIENT PROJECT NAME S 0551 SwiSig5; lalllas

PROJECT NUMBER 589 PROJECT LOCATION L]

BKP- Lab- UCT

51
@

45
4.0 /
3.5
3.0

2.5

Unconfined Stress (Mpa)

2.0

1.5

10

0.5

®
®

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 15 2.0
Lateral Strain (%) Axial Strain (%)

Sample Specification Initial Condition

Borehole ID: BH-WH-07 |Bulk Density (kN/m’): 21.04
Depth (m): 13.49-13.82 |Dry Density (kN/m"): 19.91
L (cm): 20.40 Moisture Content (%): 5.7

D (cm): 7.80 Strain Rate (%Per min.): 1.00

Test Results

Unconfined Compressive Strength(MPa): 4.1




A Uniaxial Compression Test

GEOTECHNICS

CLIENT PROJECT NAME St 59 51 St 455 lalllae
PROJECT NUMBER 589 PROJECT LOCATION e

BKP- Lab- UCT

»
®©

32 / \\

2.8 /

2.4

2.0

Unconfined Stress (Mpa)

1.6
1.2

v

0.4

®
®

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 15 2.0
Lateral Strain (%) Axial Strain (%)

Sample Specification Initial Condition

Borehole ID: BH-EL-12 |Bulk Density (kN/m3): 18.93
Depth (m): 1.53-1.75 |Dry Density (kN/m’): 17.90
L (cm): 19.00 Moisture Content (%): 5.7

D (cm): 8.63 Strain Rate (%Per min.): 1.00

Test Results

Unconfined Compressive Strength(MPa): 33




A Uniaxial Compression Test

BKP- Lab- UCT

BARAN
CLIENT PROJECT NAME S 059, SuiST 85 Dlalllas
PROJECT NUMBER 589 PROJECT LOCATION T
2.4
22 / \
2.0 / \
1.8
] /
H] 16 /
g /
& 1.4
T
1]
£ /
s 1.2
/
= )

1.0 /

.

0.6

\/
J

an
O

-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 25 3.0
Lateral Strain (%) Axial Strain (%)
Sample Specification Initial Condition
Borehole ID: BH-EL-14 |Bulk Density (kN/m3): 18.80
Depth (m): 1.4-1.67  |Dry Density (kN/m"): 17.72
L (cm): 20.50 Moisture Content (%): 6.1
D (cm): 9.24 Strain Rate (%Per min.): 1.00
Test Results
Unconfined Compressive Strength(MPa): 2.2
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BKP-Lab- DST

L

Direct Shear Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 0530 S35 lallas
PROJECT NUMBER 589 PROJECT LOCATION S
110.0 120.0
100.0 1100
100.0
90.0 /
90.0
80.0 //
80.0
70.0 © //
o
x 70.0
60.0 £ //
© <
[ § 600
=3 -
£ 500 E——— 1 //
@ | 3 500
g P » /'
£ 400 s
L o 400 A
% 30.0 /A/ S /
) M 30.0 /—
| o+ T°
200 L1 20.0
/./
10.0 % Y o 100
0.0 7% 0.0
0 2 4 6 8 10 12 14 16 18 20 0 20 40 60 80 100 120 140 160
Shear Strain % Normal Stress kPa
Borehole ID: BH-WH-7 Sample Type: Remolded
Sample Depth (m): 1.5-2.0 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): 2.0 2.0 2.0 Moisture (%): 4.6 4.5 4.5  |Moisture (%): 16.7 17.1 17.0
B*L (¢cm*cm): 6*6 6%6 6%6 Saturation (%): 28.92 27.90  28.29 [Saturation (%): 98.90 99.10 99.30
Ya (KN/m?); 18.64 18.56 18.60 | Void Ratio: 0.42 0.43 0.42 |Void Ratio: 0.45 0.46 0.45
Test Results
C (kPa): 8.70
¢ (Degree): 29.4




BKP-Lab- DST

L

Direct Shear Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 0530 S35 lallas
PROJECT NUMBER 589 PROJECT LOCATION S
100.0 100.0
90.0 90.0
80.0 80.0
70.0 70.0
60.0 § 60.0 A
s /
=
g 500 g 500 A~
=3 -
- (2]
) s /
g 400 2 400 P
2 /
2 00 30.0 A
kg [
20.0 kﬂ/:_,.::._—- 20.0
P g S
10.0 Zall = s 10.0
X = o X
el
0.0 0.0
0 2 4 6 8 10 12 14 16 18 20 0 20 40 60 80 100
Shear Strain % Normal Stress kPa
Borehole ID: EL-13 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): 2.0 2.0 2.0 Moisture (%): 5.1 52 5.0 [Moisture (%): 16.6 18.2 17.2
B*L (cm*cm): 6%6 6%6 6%6 Saturation (%): 32.01 3032 31.38 |Saturation (%): 98.10 99.50 99.10
Ya (KN/m’): 18.63 18.22 18.52 | Void Ratio: 0.42 0.45 0.42 |Void Ratio: 0.45 0.48 0.46
Test Results
C (kPa): 10.30
¢ (Degree): 28




BKP-Lab- DST

L

Direct Shear Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 0530 S35 lallas
PROJECT NUMBER 589 PROJECT LOCATION S
50.0 100.0
45.0 90.0
40.0 80.0
35.0 70.0
o /
X 7
<
© E‘ /
[ g 500
z & v
©
g 2 00 /
- [
& /
E 30.0 ® /
& /
20.0 7
10.0 $7
0.0 £+ 0.0
0 2 4 6 8 10 12 14 16 18 20 0 20 40 60 80 100
Shear Strain % Normal Stress kPa
Borehole ID: EL-15 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 (%): 6.2 6.0 6.1 [Moisture (%): 16.5 16.8 16.9
B*L (cm*cm):  10*10 10*10 10%10  |Saturation (%): 34.89 33.78  34.33 |Saturation (%): 98.10 99.50 99.10
Ya (KN/m’): 18.02 18.02 17.94 | Void Ratio: 0.47 0.47 0.47 |Void Ratio: 0.45 0.45 0.45
Test Results
C (kPa): 8.60
¢ (Degree): 31
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Allowable bearing capacity (kg/cm?2)

Settlement (cm)

3.00

2.50

2.00

1.50

1.00

0.50

0.00

0.00

0.50

2.00

2.50

Shallow Foundation - BK-15
—o—| /B=1
L/B=2
L/B=5
L/B=10
0 3 4
Foundation width (m)
\
——L/B=1 \\
L/B=2 \\
""""" EB=5
L/B=10
0 3 4
Foundation width (m)
F':Irm ahbim
D=1Im
Df=1m
Notes:

D : Depth of footing with respect to ground surface

Df :Depth of footing embedment




Mat Foundation

Allowable bearing capacity (kg/cm2)

BK-15
250
2.00
1.50
1.00
0.50
—=—12X20m
10X10m
20X20 m
0.00
0.00 1.00 2.00 3.00 400 5.00

Settlement (cm)

Pato= abin

D=1m
Df=1m

Notes:
D : Depth of footing with respect to ground surface
Df :Depth of footing embedment
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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 = ¢Ne 85 deicgebe + qNGSqdgiqgqbg + 0.5YB’ N,S,d,i g by
When @=0
Use Quit = 5.14 Sy (14Sc+d’c —i’e- b’c- g°¢) +q
Ng = e tan?( 45+®/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-u2
Es

AH=qoB’ m LsI¢

AH= Settlement

qo= Load

B’ = Minimum Dimension of Footing
Is = Steinbrenner General Influence Factor
It = 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 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'0+ AP
Normally consolidated clays: Sc= T2001%¢ 575

Pre- consolidated clays:

CrH Pc . CcH P'o+ AP
= log — loe———— For Py<P. <Py + AP
Se 1760 P8 570 " 14e0 °8 pc or o= e 0
CrH P'0+ AP
Se = — = For P'o+ AP <P,

= 0}
1+e0 g P'0

S¢= Consolidation settlement for clay layer

Ce= 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 = qoB Es ([1 1 — m Iz)]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,, p = elastic soil parameters—see Tables 2-7, 2-8, and 5-6

I

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

; a1 L M) IME AN (Mt IM2 + 1)J1+ N2 @
l =
w M1+ VM?+N?+1) M+ JMZ+N?2+1
M
L = N ian! (tan”! in radians) )
2m NJVM?2+N2+1
LI
where M = 7

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.
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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

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 0.008 0.008 0.008 0.008 0.008 0.007 0.007 0.007 0.007 0.007
L =0.041 0042 0.042 0.042 0042 0.042 0.043 0.043 0.043 0.043 0.043

04 0.033 0.032 0.031 0.030 0029 0,028 0.028 0.027 0027 0.027 0.027
0.066 0068 0.069 0070 0.070 0.071 0.071 0.072 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 0.08t 0.083 0.085 0.087 0.088 0.080 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
0083 0.088 0.091 0095 0098 0.100 0.102 0.104 0.106 0.108 0.109

1.5 0224 0224 0.224 0223 0222 0220 0219 0217 0216 0214 0213
0.075 0.080 0084 0089 0093 0.096 0.099 0.102 0.105 0.108 0.110

20 0285 0.288 0.290 0292 0292 0.292 0.292 0292 0291 0290 0.289
0.064 0.065 0074 0.078 0.083 0.086 0.090 0.094 0.097 0.100 0.102

3.0 0363 0372 0379 0384 0.389% 0393 0396 0398 0400 (.401 0402
0048 0.052 0.056 0.060 0064 0.068 0.071 0075 0078 0.081 0.084

4.0 0408 0421 0431 0440 0448 0455 0.460 0465 0469 (0473 0476
0.037 0.041 0.044 0.048 0.051 0.054 0.057 0.060 0.063 0.066 0.069

5.0 0437 0452 0465 0477 0487 049 0503 0510 0516 0.522 0526
0.031 0.034 0036 0.039 0042 0.045 0048 0.050 0.053 0.055 0.058

6.0 0457 0474 0489 0502 0514 0524 0534 0542 0550 0.557 0.563
0026 0028 0031 0033 0036 0038 0.040 0043 0045 0.047 0.050

7.0 0.471 0490 0506 0.520 0533 0.545 0.556 0.566 0.575 0.583 0.590
0.022 0024 0.027 0029 0031 0.033 0.035 0.037 0.039 0.041 0.043

8.0 0482 0502 0519 0534 0549 0.561 0573 0584 0594 0.602 0.611
0.020 0.022 0023 0.025 0.027 0.029 0.031 0.033 0.035 0036 0.038

9.0 0491 0511 0529 0545 0560 0.574 0587 0598 0.609 0618 0.627
0017 0.019 0.021 0.023 0024 0.026 0.028 0029 0.031 0.033 0.034

10.0 0.498 0519 0537 055 0570 0.584 0597 0610 0.621 0.631 0.641
0016 0017 0019 0.020 0.022 0.023 0.025 0.027 0.028 0.030 0.031

20.0 0.529 0.553 0.575 0.595 0614 0.631 0.647 0.662 0.677 0.690 0.702
0.008 0.009 0.010 0.010 0.011 0012 0.013 0.013 0014 0015 0.016

500.0 0.560 0587 0.612 0.635 0.656 0.677 0.696 0.714 0.731 0.748 0.763
0.000 0.00¢ 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

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 1, =0007 0006 0006 0006 0006 0.006 0006 0006 0006 0006 0.006
I, =0043 0044 0.044 0.044 0044 0.044 0044 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
0074 0075 0.075 0.075 0.076 0.076 0.076 0.076 0076 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 0.08¢ 0.080 0.080 0.079 0079 0.079 0.079 0079
0.107 0.111 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 0O.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 0256 0.256
0.114 0.131 0.136 0.139 0.14F1 0.143 0.144 0.145 0.147 0.147 0.148

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

4.0 0.484 0484 0479 0474 0470 0466 0.464 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 0.354 0.552 0.548 0543 0540 0.536 0.534 0522 0519 0519
0.070 0.098 O0.111 0.120 0.128 0.133 0.137 0.140 0.154 0.156 0.157

6.0 0.585 0609 0610 0.608 0.604 0.601 0.598 0595 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 0618 0653 0.658 0.658 0.656 0.653 0.650 0.647 0.628 0.624 0.623
0.053 0.078 0092 0.103 0.1}2 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.t118 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 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 0740 0.758 0.766 0.770 0770 0770 0.768 0.745 0.738 0.735
0.038 0.059 0.071 0.082 0091 0.099 0.106 0.112 0.147 0.156 0.158

20.0 0756 0856 0.896 0925 0945 0959 0969 0977 0982 0965 0.957
0.020 0.031 0.039 0.046 0053 0.059 0.065 0.071 0.124 0.148 0.156

500.0 0832 0977 1046 1.102 1.150 1.191 1.227 1259 1532 1.72% 1.879
0.001 0.00f 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 runway 0.003 0,003
Steel and concrete frames 0.002 0.002 100
End rows of brick-clad frame 0.0007 0.001 150
Where strain does not occur 0.005 0.003
Multistory brick wall 25 LH=125

[/Ht3 0.0003 0.0004 100 LH=15
Multistory brick wall

[/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 mmyyear
Steel frames 0.004-0.0025 250 at 80 mmy/year
Timber 0.007-0.005 400 at 129 mmyyear

U.S.S.R 4ol o] bl s cilisio gbs S 5 b 0 )l 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 | Undrained h
soiL T‘;F;gFILE SoIL PRgE%ERh:##g’fENERIG Shear Wave' xda!mn‘%. Vs St Pt lgy:r:] :L_[f-'r Yot te L Sh::l; ‘311 gth, 5, psf
Sa Hard Rock > 5,000
(1,500)
Sg Rock 2,500 to 5,000 - -
(760 to 1,500)
S Very Dense Soil and Soft Rock 1,200 to 2,500 > 50 > 2,000
(360 to 760) (100)
So Stiff Soil Profile 600 to 1,200 15to 50 1,000 to 2,000
(180 to 360) (50 to 100)
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, W, shall be determined in accordance with approved national standards.
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Sin’ (o + )

Sin’a.Sin(a —5)| 1+ \/ S‘in(¢+ 5).S1:n(¢ -5
i Sin(a — 9).Sin(a + ) |
Sin’ (a — @)

Sina Sin(a +8)|1- \/ Sin(¢+6).Sin(¢+ )

Sin(a+ 6).Sin(a + ) |

e = $BD(AE)
— sin {2 + f§)
-‘-E‘-.‘..'—_-——-
_ sinjp-§)
BD = AB sin (x + p)

AB = ———
8o x

180° — o — 4
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P=0° 9 A=90° 5y (ceodgS g, &) S 5 yzxe JLiid il ps Jgur

o(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 0=90° g1y (ceodgS o9y &) S polin jLid Gl o Jour

d(deg)

D(deg) 0 5 10 15 20
15 1.698 1900 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 3.506 4.143 4.997 6.105
35 3.690 4390 5310 6.854 8.324
40 4.600 5590 6946 8.870 11.772
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K. =K, Sins+a,)

ave

Sin’(a, + 60 — @)

Sin(¢p+ 0).Sin(¢p—0-p,) ’
Sin(a, + 5+ 0).Sin(a, — B,)

K =

ae

Cos 0.Sin’ a,, Sin(c, + 0 + é‘)l:l + \/

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

p
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p

Sin*(a, + ¢~ 0)

Sin(p+0)Sin(g+ B, -0) |
Sin(at, —5— 0)Sin(a, - )

K =

pe

CosH.Sinzap Sin(a, -0 - 6){1 —\/

Kh

0 = Arct,
g(l—Kv

)

Kn: Earthquake Horizontal Coefficient
Kv: Earthquake Vertical Coefficient
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