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Cy Borehole diameter Correction (Cg)
65 to 115 mm 1.00
150 mm 1.05
200 mm 115
Cg
ER
= Eq. T-2
=" 0% B

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

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

e The next best approach is fo 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 guidelmes are suggested:

Equipment Approximate ER (see Note 3) Cg (see Note 3)
Safety Hammer' 0410075 0.7t012
-Donut Hammer' 03t 06 05to 1.0
-Donut Hammer” 0.7t0 0.85 11tol 4
-Automatic-Trip Hammer 05t008 0.8to14

(Donut or Safety Type)

e For lesser quality fieldwork (e.g.: irregular hammer drop distance, excessive sliding
friction of hammer on rods, wet or worn rope on cathead, etc.) further judgmental
adjustments are needed.
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SPT resistance value (N) Relative density
0-4 Very loose
4-10 Loose
10-30 Medium dense
30-50 Dense
Over 50 Very dense

SPT value (N) Type Remarks
gj Vng; fstoﬁ 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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Test No. Depth (n) Penetration
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CBR-1 Ground Level 21.1% 24.0%
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CBR-3 Ground Level 9.2% 11.5%
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Degree of expansion Swelling potential (%)
Very high >25
High 5-25
Medium 1.5-5
Low 0-1.5
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BORING NUMBER BH-FL-32

Barangeotechnics PAGE 1 OF 1
BARAN
GEOTECHNICS
CLIENT PROJECT NAME _Binak-W-008N
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATE STARTED COMPLETED GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR GROUND WATER LEVELS:
DRILLING METHOD AT TIME OF DRILLING _---
LOGGED BY _S.B. CHECKED BY AT END OF DRILLING _---
NOTES _X:438915 Y :3291384 AFTER DRILLING _---
w N ; : < ATTERBERG
o S, |3 wm |8 | _|us LIMITS
i nE |Eg| 322 |tg|EE |2t z |8
aE %0 MATERIAL DESCRIPTION WS [>¢| 952 |(we|Zs|hila ($) ox |z
A & 23 |8%| 832 |3%|22|2z|35|BE|R8|5
0] =z oz = 2|22 |0
S |% g |8 |=8|85|35 <=
Agricultural Soil
i XX SandysSilt with Gravel, (completely weathered SiltStone), (ML)
B 4x x 16.6%gravel, 30%sand, 53.4%fines, brown, dry to moist, after 24
05 XX hours soaking in water the sample is classified as ML
X X
[~ 11X X
X X
| _ X X
X X
X x CR | (0) 1.80( 10 [ NP | NP [ NP | 53
B Ix x
X X
= —~X X
X X
1.0 % X%
X X SS 67/0.08
X X
B X X
X X
| X X
X X
X X
= 4 X X
X X
X X
- 44X X
X X
1.5 [x X
X x Poorly Graded Gravel with Sand, (Highly weathered SiltStone),
| 45 % (GP) 75.8%gravel, 20.9%sand, 3.3%fines, brown, dry to moist,
X X after 24 hours soaking in water the sample is classified as GP
- X x
X X
= — X X
X X
X X
B Bl UD | (35) 187 9 [ NP | NP [ NP | 3
2.0 [x x
7 Lean Clay, (Highly weathered SiltStone), (CL) 7.3%gravel, SS 67/0.07
| 4 6.6%sand, 86.1%fines, brown, dry to moist, after 24 hours soaking
% in water the sample is classified as CL
% CR | (35) 196 7 |41 |24 | 17 | 86
3.0 /
SS 67/0.05

GEOTECH BH COLUMNS 14010308-589-BINAK-W008N-REV01.GPJ GINT STD CANADA LAB.GDT 5/30/22

Bottom of borehole at 3.05 meters.
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BORING NUMBER BH-WH-1

Barangeotechnics PAGE 1 OF 1
BARAN
GEOTECHNICS
CLIENT PROJECT NAME _Binak-W-008N
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
DATE STARTED COMPLETED GROUND ELEVATION HOLE SIZE
DRILLING CONTRACTOR GROUND WATER LEVELS:
DRILLING METHOD AT TIME OF DRILLING _---
LOGGED BY _S.B. CHECKED BY AT END OF DRILLING _---
NOTES _X: 438712 Y : 3291836 AFTER DRILLING _---
W ES ; . > ATTERBERG
o S, |3 wm |8 | _|us LIMITS
F-|Zo C |Ea| 252 |ts|EE|RE Z |8<
oE|ZO MATERIAL DESCRIPTION s |>2| 952 |we|Zzs|hm Q ox|z&
m= |z 35 [8%| 232 |8%|22|8%|3E|BE|RY|ET
0] =z oz = 2|22 | o
5 |8 2 |5 |28]|55|35|22
o
i | XX SiltStone, light gray, dry to moist, completely weathered
= —X X
| | LeanClay, (completely weathered ClayStone), (CL) 3.6%gravel, j| CR| (0) 1.83| 9 38 | 21 17 | 86
10.7%sand, 85.7%fines, brown, dry to moist, after 24 hours
B 9 N soaking in water the sample is classified as CL
SandysSilt, (completely weathered ClayStone), (ML) 4.4%gravel, SS 67/0.14
- 1 _35.6%sand, 60%fine_'s, brovyn, dry to moist, after 24 hours soaking
| i in water the sample is classified as ML 'I| CR | (0 199| 7 2% | 29 | NP | 60
= - LeanClay, (completely weathered Marl), (CL) 0.0%gravel,
| | 1.5%sand, 98.5%fines, gray, dry to moist, after 24 hours soaking in
4 / water the sample is classified as CL cr | (0 46 | 25 | 21 | 99
/ Marl, (CH) 0.0%gravel, 0.4%sand, 99.6%fines, brown, dry to moist, SPT 21-22-24
B T completely to highly weathered, after 24 hours soaking in water the (46)
| _/ sample is classified as CH
| _% B UD [ (30)
6 2?2
B —é CR | (0) 184 12 [ 61 | 29 | 32 | 100
= . ClayStone, (CL) 1.2%gravel, 2.4%sand, 96.4%fines, brown, dry to SS 67/0.08
moist, completely to highly weathered, after 24 hours soaking in
B . - water the sample is classified as CL ]| CR | (0) 191 6 | 38| 22 | 16 | 96
7 Marl, (ML) 20.4%gravel, 23.4%sand, 56.2%fines, gray, dry to
B T moist, completely to highly weathered, after 24 hours soaking in
B _% water the sample is classified as ML ]| CR | (0) 193] 9 [NP|I NP | NP | 52
i 10 _% CR | (0) 1.84( 13 [ NP | NP [ NP | 60
% SS 67/0.10
12 %
ClayStone, (CL) 0.0%gravel, 1.0%sand, 99.0%fines, brown, dry to
B h moist, completely to highly weathered, after 24 hours soaking in
B _ water the sample is classified as CL CR | (0) 206l 7 | 44| 26 | 18 | 99
- Y Marl, (CL) 3.0%gravel, 0.9%sand, 96.1%fines, gray, dry to moist, SS 67/0.06
completely to highly weathered, after 24 hours soaking in water the
n » —/ sample is classified as CL
| _% ]| CR | (0) 202 6 | 45| 26 | 19 | 96
- U
- — SS | (67) 67

GEOTECH BH COLUMNS 14010308-589-BINAK-W008N-REV01.GPJ GINT STD CANADA LAB.GDT 5/30/22

Bottom of borehole at 15.40 meters.
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Barangeotechnics

BARAN
GEOTECHNICS

CLIENT

KEY TO SYMBOLS

PROJECT NAME _Binak-W-008N

PROJECT NUMBER _589

PROJECT LOCATION _Booshehr

LITHOLOGIC SYMBOLS
(Unified Soil Classification System)

VA Marl: Marl

CL: USCS Low Plasticity Clay

ML: USCS Silt

X X X
X X X

SILTSTONE: Siltstone

AR

TOPSOIL: Agricultural Soll

1N,

SAMPLER SYMBOLS

I Core Sample

x 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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(> Geoelectrical Resistivity Test

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

Variation of Apparant Electrical Resistivity in W-007S

p (Qm)
0.01 0.10 1.00 10.00 100.00 1000.00

Depth (m)

--WH-5 —=—EL-5
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ey Plate Load Test Results

=2 ==

s9blduo Cramsdigo

Client: Plate dimension: 30 cm

Consultant: & 9 SE hL jslie Grwaige &S 50 Testpit No.: W-008N(BH-WH-1)
iect: s adg iali3l g cudlagSS 09 SLiSIg; ladllas

Project O ¥ o=lP | 597 95 Depth: 10m

Stress (kg/cm2)

0 5 10 15 20 25 30 35
0.00

=g

2.00

\

6.00 \
4\\
8.00

Settlement (mm)

10.00

12.00
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Standard Test Method for CBR (California Bearing
Ratio) Of Soils Iin Place (ASTM D4429)

~

Project Name:

Client:

Sl g5 il 5 SIS 0355 iS55 lallles

) Location:W-008N-CBR1

Depth: 0.0 cm

8.0

7.5

7.0

6.5

6.0

5.5

5.0

4.5

4.0

Stress(MPa)

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0
0.0

10 20 30 40 50 60 70 80 90

Penetration(mm)

10.0 11.0 12.0 13.0 14.0 15.0 16.0

Penetration-2.54 mm 21.1 %

CBR VALUE:

Penetration-5.08 mm 24.0 %
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Standard Test Method for CBR (California Bearing
Ratio) Of Soils Iin Place (ASTM D4429)

~

Project Name:

Client:

Sl g5 il 5 SIS 0355 iS55 lallles

) Location:W-008N-CBR2

Depth: 0.0 cm

7.0

6.0

5.0

4.0

Stress(MPa)

3.0

2.0

1.0

0.0

0.0

10 20 30 40 50 60 70 80 90

Penetration(mm)

10.0 11.0 120 13.0 14.0 150 16.0

Penetration-2.54 mm 27.7 %

CBR VALUE:

Penetration-5.08 mm 31.8 %
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Standard Test Method for CBR (California Bearing
Ratio) Of Soils Iin Place (ASTM D4429)

~

Project Name:

Client:

Sl g5 il 5 SIS 0355 iS55 lallles

. Location:W-008N-CBR3

Depth: 0.0 cm

3.0

2.5

2.0

1.5

Stress(MPa)

1.0

0.5

0.0

0.0

10 20 30 40 50 60 70 80 90

Penetration(mm)

10.0 11.0 120 13.0 14.0 150 16.0

Penetration-2.54 mm 9.2 %

CBR VALUE:

Penetration-5.08 mm 115 %




f-vY ws.u

~

S sl 555 ojludl gulojl



Soil Tempreture Measurement

Ol Lo
S =

SLTass s S

Client:
Project: S 059 53 ST ¢85 wlalllao
Date: 29May2022
Site: Hebg
NO. Date Location Time Depth (m) | Tempreture (°C)
7:00 AM 1 40.8
X: 438915
BH-FL-32 29May2022 Y 3291384 12:00 PM 1 48.5
7:00 PM 1 46.2
7:00 AM 1 40.5
X: 438712
BH-WH-1 29May2022 Y 3291836 12:00 PM 1 474
7:00 PM 1 45.3
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g D GRAIN SIZE DISTRIBUTION

Barangeotechnics

BARAN
GEOTECHNICS
CLIENT PROJECT NAME _Binak-W-008N
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
U.S. SIEVE OPENING IN INCHES I U.S. SIEVE NUMBERS I HYDROMETER
2 14 1299 3 4 6 810 4416 54 30 44 50 g5 10044200

6 4 3

&

GRAIN SIZE 14010308-589-BINAK-W008N-REV01.GPJ GINT STD CANADA LAB.GDT 5/29/22

100 | ] iﬁl N N O L I N
95 : : : :
. . N~ |: \*\ : :
§ § TS Tinp o :
90 \.\‘ x%—--*{:%%\\l
% § [T @ @ ]\
& i i e T S
o ERVHIAAN
70
| [T NV A X
65 : : - : -
= | 1 § @ @ B
S 60 ; ; ; @ &
= § 1 § z s 3
> : : : B "
2 § A § z IR \
l'lzJ 50 : : : : : \G
= : : \ : : h\. N A
545 ; ; ; ; ; y
o | A f | | . )
g z z z ; : \ N
w : : : : : N \
35
; : Y
R
25
| | T | z N
20 : : : B ﬁ\m\u : b\
: E E : : o
15 ; ; ; RS @ =
; AR 4
5 ? ? % ? ?
0 . . . . F
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES . . . SILT OR CLAY
coarse fine coarse medium | fine
Borehole Depth Classification LL | PL Pl Cc | Cu
@ | BH-FL-32 0.50 SANDY SILT with GRAVEL(ML) NP | NP | NP
X| BH-FL-32 1.80 POORLY GRADED GRAVEL with SAND(GP) NP | NP | NP [24.00(93.65
A | BH-FL-32 2.70 LEAN CLAY(CI) 41 | 24 | 17
*| BH-WH-1 1.00 LEAN CLAY(CI) 38 21 17
®| BH-WH-1 2.60 SANDY SILT(ML) 26 29 | NP
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
®| BH-FL-32 0.50 38.1 0.105 0.008 16.6 30.0 37.7 15.7
X | BH-FL-32 1.80 254 14.985 7.586 0.16 75.8 20.9 3.3
A| BH-FL-32 2,70 38.1 0.011 0.002 7.3 6.6 57.0 29.1
*| BH-WH-1 1.00 19 0.012 0.003 3.6 10.7 57.5 28.2
®| BH-WH-1 2.60 19 0.075 0.005 4.4 35.6 40.4 19.6
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Barangeotechnics

BARAN

GEOTECHNICS

CLIENT

GRAIN SIZE DISTRIBUTION

PROJECT NAME _Binak-W-008N

PROJECT NUMBER _589

PROJECT LOCATION _Booshehr

U.S. SIEVE OPENING IN INCHES I

U.S. SIEVE NUMBERS

HYDROMETER

6 4 3 245 Tay 1255 3 4 6 10 1,16 50 30 44 50 5 100 4,,200
100 T : \J(%jT-HHN W il o
95 f f L.
i z
% ‘\ ; ;
85 \ \% \@
i il NI
75 § @
- TN
& T 5
65 e \&*
- .
; : L)
9 60 \ &
L :
s : 6\5& \\
>_ "
b :
i aN O *
E 50 % I; x
[T . 3
2 ’
L
O r)\ e
30 T ~&—
>>4a
25 N
20 \E:I
X >
15 -
TSR
10
5
0 : :
100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES , , , SILT OR CLAY
coarse fine coarse medium | fine
Borehole Depth Classification LL | PL Pl Cc | Cu
@ BH-WH-1 3.60 LEAN CLAY(CI) 46 | 25 | 21
X | BH-WH-1 6.60 FAT CLAY(CH) 61 29 | 32
A| BH-WH-1 7.50 LEAN CLAY/(CI) 38 | 22 | 16
* | BH-WH-1 8.50 GRAVELLY SILT with SAND(ML) NP | NP | NP
®| BH-WH-1 9.50 SANDY SILT(ML) NP | NP | NP
Borehole Depth D100 D60 D30 D10 %Gravel | %Sand | %Silt %Clay
@ BH-WH-1 3.60 2.38 0.011 0.002 0.0 1.5 7.7 26.8
X| BH-WH-1 6.60 0.15 0.014 0.003 0.0 04 72.8 26.8
A| BH-WH-1 7.50 19 0.008 0.001 1.2 24 64.3 321
* | BH-WH-1 8.50 38.1 0.129 0.008 27.2 20.5 34.6 17.7
®| BH-WH-1 9.50 19 0.074 0.006 13.6 26.3 42.7 17.4
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Barangeotechnics

BARAN

GEOTECHNICS

CLIENT

GRAIN SIZE DISTRIBUTION

PROJECT NAME _Binak-W-008N

PROJECT NUMBER

589

PROJECT LOCATION _Booshehr

U.S. SIEVE OPENING IN INCHES

6

43 245 1

U.S. SIEVE NUMBERS

1

100
95

g 1238
T

3
U

6
I

04416 5o 30 49 50 g9
1

[
100 444200

HYDROMETER

= =

UM

90

:

Y

85

80

\Q\

75

70

65

60

55

50

R

45

40

PERCENT FINER BY WEIGHT

35

30

| v
o |

25

20

15

10

100

10

1

0.1

GRAIN SIZE IN MILLIMETERS

0.01

0.001

COBBLES

GRAVEL

SAND

coarse

fine

coarse

medium | fine

SILT OR CLAY

Borehole

Depth

Classification

LL

PL

PI

Cc | Cu

@ BH-WH-1

12.50

LEAN CLAY(CI)

44

26

18

X| BH-WH-1

14.00

LEAN CLAY(CI)

45

26

19

Borehole

Depth

D100

D60

D30

D10

%Gravel

%Sand

%Silt

%Clay

@ BH-WH-1

12.50

2.38

0.009

0.002

0.0

1.0

68.0

31.0

X| BH-WH-1

14.00

19

0.01

0.003

3.0

0.9

69.2

26.9
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BARARN
GEOTECHNICS

CLIENT
PROJECT NUMBER _589

Barangeotechnics

ATTERBERG LIMITS' RESULTS

PROJECT NAME _Binak-W-008N

PROJECT LOCATION _Booshehr

60 rd
@ © | @ yd
50 %
P /
2w -
T /
i e
r 30 7
Y
| /
N 20 el
E X A
X
10 /
CL-ML Zd @ @
O X
0 20 40 60 80 100
LIQUID LIMIT
Borehole Depth LL| PL PI|Fines | Classification
® | BH-FL-32 0.50/ NP| NP| NP| 53| SANDY SILT with GRAVEL(ML)
X | BH-FL-32 180 NP| NP| NP 3 |POORLY GRADED GRAVEL with SAND(GP)
A |BH-FL-32 270 41| 24| 17| 86|LEAN CLAY(CI)
* | BH-WH-1 1.00f 38| 21 17| 86 |LEAN CLAY(CI)
©|BH-WH-1 260 26| 29| NP| 60|SANDY SILT(ML)
2 | BH-WH-1 360 46| 25| 21| 99|LEAN CLAY(CI)
O|BH-WH-1 6.60 61| 29| 32| 100 FAT CLAY(CH)
A|BH-WH-1 7.50| 38| 22| 16| 96 |LEAN CLAY(CI)
®|BH-WH-1 850 NP| NP| NP| 52| GRAVELLY SILT with SAND(ML)
& |BH-WH-1 9.50/ NP| NP| NP| 60|SANDY SILT(ML)
O|BH-WH-1 1250 44| 26| 18| 99|LEAN CLAY(CI)
@ | BH-WH-1 14.00f 45| 26| 19| 96 LEAN CLAY(CI)
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Barangeotechnics

BARARN
GEOTECHNICS

SUMMARY OF LABORATORY RESULTS

CLIENT PROJECT NAME _Binak-W-008N
PROJECT NUMBER _589 PROJECT LOCATION _Booshehr
Sheet 1 of 1
- . - Maximum | Water Dry Satur- .
sorenoe | Depn | 0| Pl | Pty | o™ H0re | Shee | corent | cenaty | aton | 430
BH-FL-32 0.5 NP NP NP 38.1 53 ML 101 1.80
BH-FL-32 1.8 NP NP NP 254 3 GP 9.3 1.87
BH-FL-32 2.7 41 24 17 38.1 86 Cl 7.2 1.96
BH-WH-1 1.0 38 21 17 19 86 Cl 8.6 1.83
BH-WH-1 2.6 26 29 NP 19 60 ML 6.8 1.99
BH-WH-1 3.6 46 25 21 2.38 99 Cl
BH-WH-1 6.6 61 29 32 0.15 100 CH 11.5 1.84
BH-WH-1 7.5 38 22 16 19 96 Cl 57 1.91
BH-WH-1 8.5 NP NP NP 38.1 52 ML 9.0 1.93
BH-WH-1 9.5 NP NP NP 19 60 ML 13.2 1.84
BH-WH-1 12.5 44 26 18 2.38 99 Cl 6.9 2.06
BH-WH-1 14.0 45 26 19 19 96 Cl 5.8 2.02
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A Uniaxial Compression Test

BKP- Lab- UCT

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 05 5 ST 655 Dlalllas
PROJECT NUMBER 589 PROJECT LOCATION WY,
3.5
T AN
=
= 2.5
g
b
°
(]
£
£ 2.0
<]
o
[=
=
115
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: FL-32 Bulk Density (kN/ms): 19.24
Depth (m): 1.8-20  |Dry Density (kN/m°): 17.87
L (cm): 18.87 Moisture Content (%): 7.7
D (cm): 8.19 Strain Rate (%Per min.): 1.00
Test Results
Unconfined Compressive Strength(MPa): 3.0




BKP- Lab- UCT
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Uniaxial Compression Test

BARAN
GEOTECHNICS
CLIENT PROJECT NAME S 059, SiSTg55 lallae
PROJECT NUMBER 589 PROJECT LOCATION Y
4.0
N
3.5
2 3.0
2
(%]
§ /
2 2.5
(]
£
&=
c
8
5 2.0
15 /
10 //
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: WH-1  |Bulk Density (kN/m°): 19.90
Depth (m): 5055 |Dry Density (kN/m®): 18.04
L (cm): 20.50 Moisture Content (%): 10.3
D (cm): 8.50 Strain Rate (%Per min.): 1.00

Test Results

Unconfined Compressive Strength(MPa): 3.8
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Point Load Test Result

Project Name:

Client :

S 059, SuiSTg55 Olalllas

g S

BARAN
GEOTECHNICS
Project No.: 589
Borehole No. Depth (m) Load (kgf) W (mm) D (mm) Is (Mpa.) F I5o (Mpa.) ver( ap()lt)ﬂrg;q)mately )
BH-FL-32 0.5-1.0 350 112 44 0.56 0.94 0.53 11.58
BH-FL-32 2.5-3.0 210 112 55.8 0.26 1.05 0.28 6.10
BH-WH-1 2.5-3.0 95 82.6 71.2 0.13 1.17 0.15 3.27
BH-WH-1 6.5-7.0 90 81.9 67.4 0.13 1.14 0.15 3.22
BH-WH-1 9.5-10.0 360 81 55 0.63 1.04 0.66 14.57
BH-WH-1 14.0-14.05 390 60.8 60 0.84 1.09 0.91 20.05
Note:
D.=4A/ 7 LOAD
A=WD

Is= Calibrated Load/Area

F= (D/50)**
Iso= IS*F
UCT =~ I5*22

{k
v
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W-008N- el S cloasy SeilSe g Soed ool )by golgiton yolie

Layer type according to

Unified method CL Marl (CL) Marl (CL) Unit
Depth 0.0-4.0 4.0-12.0 12.0-15.0 m
Soil cohesion (Cu) 0.8-1.6 2.0-3.0 3.0-4.0 kg/cm2
Soil wet density (w) 1.9-2.0 1.95-2.05 2.0-2.1 g/cm3
S0l mOdUEEE:)f SRR 150-250 400-600 600-800 kg/cm?
Soil Poisson ratio (v) 0.40 0.35-0.40 0.35-0.40 -
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Allowable bearing capacity (kg/cm?2)

Settlement (cm)

3.00

2.50

2.00

1.50

1.00 1

o
ul
=)

0.00

0.50

=
o
s}

=
3]
o

2.00 ¥

250 1+

3.00

Shallow Foundation - W-008N

——1L/B=1
L/B=2
L/B=5
L/B=10

3 4
Foundation width (m)

——L/B=1
L/B=2
L/B=5
L/B=10

D=1m
Df=1m

Notes:

3 4
Foundation width (m)

Fatow abin

D : Depth of footing with respect to ground surface

Df :Depth of footing embedment




Allowable bearing capacity (kg/cm?2)

2.50

2.00

1.50

1.00

0.50

0.00

Mat Foundation-WS-008N

12x20m
10x10m
20x20m

0.00 1.00 2.00 3.00 4.00 5.00

Settlement (cm)

Fasow abim

6.00

7.00

8.00

D=1m

Df=1m

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




KgIem3) o o sy Joddl oo Joote
B(m)
L/B=1 L/B=2 L/B=5 L/B=10
1.0 2.73 2.03 1.66 1,56
2.0 1.43 1.15 1.04 1.01
3.0 1.06 0.89 0.83 0.81
4.0 0.88 0.76 0.72 0.71
5.0 0.78 0.69 0.65 0.64
W-008N- 1o S Gos sl 005 g s Joall (oS8 Jooto
KIICMos 25 o iy Joddl oSe Jota
BxL (m) Scm)
s abgS R st b
10x10 5 1.80 0.90 0.45
20x20 5 1.48 0.74 0.37
12x20 5 1.60 0.80 0.40
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https://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%AF%D8%A7%D9%86%E2%80%8C%D9%87%D8%A7%DB%8C_%D9%86%D9%81%D8%AA%DB%8C_%D8%A7%DB%8C%D8%B1%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D9%85%D9%84%DB%8C_%D9%85%D9%86%D8%A7%D8%B7%D9%82_%D9%86%D9%81%D8%AA%E2%80%8C%D8%AE%DB%8C%D8%B2_%D8%AC%D9%86%D9%88%D8%A8
https://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D9%85%D9%84%DB%8C_%D9%85%D9%86%D8%A7%D8%B7%D9%82_%D9%86%D9%81%D8%AA%E2%80%8C%D8%AE%DB%8C%D8%B2_%D8%AC%D9%86%D9%88%D8%A8
https://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D9%85%D9%84%DB%8C_%D9%85%D9%86%D8%A7%D8%B7%D9%82_%D9%86%D9%81%D8%AA%E2%80%8C%D8%AE%DB%8C%D8%B2_%D8%AC%D9%86%D9%88%D8%A8
https://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D9%85%D9%84%DB%8C_%D9%85%D9%86%D8%A7%D8%B7%D9%82_%D9%86%D9%81%D8%AA%E2%80%8C%D8%AE%DB%8C%D8%B2_%D8%AC%D9%86%D9%88%D8%A8
https://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D9%85%D9%84%DB%8C_%D9%85%D9%86%D8%A7%D8%B7%D9%82_%D9%86%D9%81%D8%AA%E2%80%8C%D8%AE%DB%8C%D8%B2_%D8%AC%D9%86%D9%88%D8%A8
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D9%88%D9%87_%D8%AE%D8%A7%D9%85%DB%8C
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D9%88%D9%87_%D8%AE%D8%A7%D9%85%DB%8C
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D9%88%D9%87_%D8%AE%D8%A7%D9%85%DB%8C
https://fa.wikipedia.org/wiki/%D8%B3%D8%A7%D8%B2%D9%86%D8%AF_%D8%AC%D9%87%D8%B1%D9%85
https://fa.wikipedia.org/wiki/%D8%B3%D8%A7%D8%B2%D9%86%D8%AF_%D8%AC%D9%87%D8%B1%D9%85
https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%D8%AA%D8%A7%D9%86_%D8%A8%D9%88%D8%B4%D9%87%D8%B1
https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%D8%AA%D8%A7%D9%86_%D8%A8%D9%88%D8%B4%D9%87%D8%B1
https://fa.wikipedia.org/wiki/%D8%A8%D9%86%D8%AF%D8%B1_%DA%AF%D9%86%D8%A7%D9%88%D9%87
https://fa.wikipedia.org/wiki/%D8%A8%D9%86%D8%AF%D8%B1_%DA%AF%D9%86%D8%A7%D9%88%D9%87
https://fa.wikipedia.org/wiki/%D8%AE%D9%84%DB%8C%D8%AC_%D9%81%D8%A7%D8%B1%D8%B3
https://fa.wikipedia.org/wiki/%D8%AE%D9%84%DB%8C%D8%AC_%D9%81%D8%A7%D8%B1%D8%B3
https://fa.wikipedia.org/wiki/%D8%AE%D9%84%DB%8C%D8%AC_%D9%81%D8%A7%D8%B1%D8%B3
https://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%AF%D8%A7%D9%86_%D9%86%D9%81%D8%AA%DB%8C_%DA%AF%D9%84%D8%AE%D8%A7%D8%B1%DB%8C
https://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%AF%D8%A7%D9%86_%D9%86%D9%81%D8%AA%DB%8C_%DA%AF%D9%84%D8%AE%D8%A7%D8%B1%DB%8C
https://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%AF%D8%A7%D9%86_%D9%86%D9%81%D8%AA%DB%8C_%D8%A8%DB%8C%E2%80%8C%D8%A8%DB%8C%E2%80%8C%D8%AD%DA%A9%DB%8C%D9%85%D9%87
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GEOLOGICAL STRENGTH INDEX FOR

JOINTED ROCKS (Hoek and Marinos, 2000)

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

STRUCTURE

SURFACE CONDITIONS

Very rough, fresh unweathered surfaces

VERY GOOD

DECREASING SU

Rough, slightly weathered, iron stained surfaces

GOOD

RFAC

FAIR

Smooth, moderately weathered and altered surfaces

POOR

m

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments

Slickensided, highly weathered surfaces with soft clay

VERY POOR
coatings or fillings

QUALITY —>

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

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

/
80

2%

/

N/A

N/A

o
/

SR

/

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

AN

/)

N\
\H‘

~

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

/
/

N/

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

/

LAMINATED/SHEARED - Lack
of blockiness due to close spacing

of weak schistosity or shear planes

«<—— DECREASING INTERLOCKING OF ROCK PIECES

N/A

N/A

/

/

R

/

(Hoek, Marinos and Benissi, 1998)
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2 Jeond 7
RMRsgy wlw! 1 Kowgm U o oy 3Lsol :Jcond 89

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

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

%g i
5§ §§§§ §§§§

L1 N RATING, SCR
7 ¢| ¢ 4|3 2 1 o

[T

NOT APPLICABLE

Structure Rating, SR

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

v 0
:o

INTACT OR MASSIVE- Intact o */ / /
v

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

/
widely spaced discontinuities ] / / / / / /

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

of bedding plane or schistosity

Y

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

2/l

70
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GSI

Block Size

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

Joint spacing > 100 cm

150

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

60
50

40

30emi

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

Joint spacing 10 - 30 cm

10 em

Joint or Block Wall Condition

Smooth, moderately weathered or

altered surfaces

Fair

Very good

Very rough, fresh unweathered surfaces
Good

Rough, slightly weathered,

iron stained surfaces

Very poor

- soft clay coatings or filings

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

8/,
/|,

10E+6

*4 Slickensided, highly weathered surfaces with

[

Bnd
W\

F 10E+3

Blocky/disturbed - folded and/or

faulted with angular blocks formed by
many intersecting discontinuity sets

Joint spacing 3 - 10 cm s 5

Block Volume Vb (cm?)

(1 dm3)

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

Joint spacing <3 cm

&8

1cm

8

Foliated/laminated/sheared - thinly

laminated or foliated, tectonically sheared

weak rock; closely spaced schistosity

prevails over any other discontinuity set,
AWia in

N/A N/A

lack of
Joint spacing < 1 cm

12

45 1.7 067
Joint Condition Factor Jc

0.25

0.1
0.09

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

Joint Condition Factor jC

- 10000000

:

Block volume Vb (cm®)

8

-10
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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

B >

s | 8| 2

@ £ b=

8 5 | 8 ]

I O -

3 o E E

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

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

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

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

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

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

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

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

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

.+/| BLOCKY, DISTURBED/SEAMY

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

<1 DECREASING INTERLOCKING

15| DISINTEGRATED - poorly inter-

%] locked, heavily broken rock mass

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

Hoek, et al., 2013

1.5 JCond,,

Hoek et al, 2013 gy 4 GSI o8 5,97 3 1)+ i guas
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SURFACE CONDITIONS

VERY VERY
R [ Goop | Far | PoOR| JERT

DECREASING SURFACE QUALITY —

TR A

rock specimens of massive in / NIA NIA

si_lu rock wﬂh few widaly spaced L

discontinuities A / ! /

BLOCKY - well interlocked un- / C/ /
70

: disturbed rock mass consisting

27 of cublcal blocks formed by three
.| intersacting discontinuity sets

S| VERY BLOCKY- interlocked,
Jr =] partially disturbed mass with
S multi-faceted angular blocks
YA 0| formed by 4 or more joint sets

o] BLOCKY/DISTURBED/SEAMY
"% - folded with angular blocks
@i | formed by many intersecting

ws| discontinuity sets. Parsistence
of bedding planes or schistosity

DISINTEGRATED - poorly inter-

; o locked, heavily broken rock mass
3 with mixture of angular and

#;@ “| rounded rock pieces

<
AN
\\E
.
RN

< =—— DECREASING INTERLOCKING OF ROCK PIECES
a3

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

orthogonal discontinuity sets

oz o | 7

w /
so- |/ 66
o A 1/ L/ /
7] VERY BLOCKY-interlocked =55 . 4 // / /
*Siv | partially disturbed rock mass with ] v -/ ¥
9’:;;?’?5 multi-faceted angular blocks formed o so / / s / / /
- ?4,» ;‘} by 4 or more discontinuity sets 2 v % /
= /A 1/ / /
g- 40— 4 ot /
S TA AT/ Y, /
BLOCKY/DISTURBED/SEAMY n>°7 4 /
-folded with angular blocks S0
formed by many intersecting 7 y/ 4 4 / /
discontinuity sets. Persistence 1A | A / / 174
of bedding plane or schistosity =817 / /
/ A /

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

GS/

Block Size

Massive - very well interiocked
undisturbed rock mass blocks formed

by three or less discontinuity sets

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

Very rough, fresh unweathered surfaces

|
:
;
i

Very good
iron stained surfaces

«_ [Shickensided, highly weathered surfaces with
‘compact coating or flings of angular fragments

I 10E+6

N
N

‘Wﬂl!

Blocky - very well interlocked g 75 /S /
undisturbed rock mass consisting 79 - (&

of cubical blocks formed by three g0 - (& s/ /
orthogonal discontinuity sots 50

Joint spacing 30 - 100 cm i //4,//

g
32

Very Blocky - interlocked, partally
disturbed rock mass with mult

mmmrI:Oot:kﬂocmoot:ytouvocmoroh //@/ /
discoutinuity sets
Joint spacing 10 - 30 cm S0

.

10 cm

Blocky/disturbed - folded and/or / /

faulted with angular blocks formed by

many intersecting discontinuity sets

Joint spacing 3 - 10cm &l = / .

- IS
Disintegrated - poorly interlocked,
heavily broken rock mass with a
mixture or angular and rounded 2
rock pleces
Joint spacing < 3 cm

// - 10E+3
/

e8

>
Block Volume Vb (cm?)

=] <
M\\
\

~

8

-/t 10

1 cm
Foliatedlaminated/sheared - thinly
laminated or foliated, tectonically sheared
weak rock; closely spaced schistosity N/A N/A
prevailis over any other discontinuity set, ; £ ’ p s
resulting in complete lack of blockiness i 0.1
Joint spacing < 1 cm 12 45 1.7 067 0.25 0.09

Joint Condition Factor Jc

Cai et al, 2004 g, 4 W-008N i ol ko s as¥ GSI o5 3,91 9 :¥F 3 guai
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Block volume Vb (cm’)

100 10 1 0.1
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. Alternatively,
from logged RQD values and Joint Condition
ratings (from Bieniawski, 1989), estimate
GSI = 1.5 JCondg,+ RQD/2 based on the
scales attached to the chart axes.

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

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

This chart applies to tunnels of about 10 m
span and slopes < 20 m high. For larger
caverns and slopes consider reducing GSI
to account for decreasing block interlocking.

STRUCTURE DESCREASING SURFACE QUALI

fillings of angular fragments

Slickensided, highly weathered surfaces with soft clay

Slickensided, highly weathered surfaces with compact
coatings or infillings

Very rough, fresh unweathered surfaces
Rough, slightly weathered, iron-stained surfaces
Smooth, moderately weathered and altered surfaces

SURFACE CONDITIONS
VERY GOOD
VERY POOR

GOOD
POOR

x
<
w

j coatings or

;

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

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

RQD/2

"..'| BLOCKY, DISTURBED/SEAMY
“Y - folded with angular blocks formed ©
by many intersecting joint sets. o
Persistence of bedding planes or
schistosity
DISINTEGRATED - poorly inter-
locked, heavily broken rock mass

with mixture of angular and rounded
»| rock pieces

ECREASING INTERLOCKING

1.5 JCond,,

Hoek et al, 2013 b, 45 W-008N i ol 5 ko sl 45¥ GSI oS 3,91 1 FA 1 g
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SURFACE CONDITIONS

VERY VERY
GOOD GooD FAIR | POCR POOR

DECREASING SURFACE QUALITY =——i>

INTACT OR MASSIVE - intact L / V44
rock specimens or massive in o0 / MIA, MNIA
situ Fock with few widely spaced s
discontinuities # /
% / 7V

N\

L0A0 BLOCKY - well interlocked un-
- disturbed rock mass consisting
| of cubical blocks formed by three
o] intersecting discontinuity selts

N

N\
.

‘il=7| VERY BLOCKY- interlocked,
oy partially disturbad mass with
P multi-faceted angular blocks
w1 formed by 4 or more joint sels

o] BLOCKY/DISTURBEDVSEAMY
{5 - folded with angular blocks
r;gﬁb" formed by many intersecting
=5l discontinuity sets. Persistence
- of bedding planes or schistosity

DISINTEGRATED - poorly inter-
5ir) locked, heavily broken rock mass

A with mixiure of angular and
S| rounded rock pieces

N\
N

/
/7;/ /
wal

4
LAMINATED/SHEARED - Lack /

of bleckiness due to closa spacing MA MN/A
of weak schistosity or shear planas
/

N
N

AN
N

N

=7—— DECREASING INTERLOCKING OF ROCK PIECES

-
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o SR=-17.5In(J,) + 79.8) i s 3 X Y
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- 70 Rating (Rf) e 4 2 il °
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I3
o S0 3 %o %
2
® 40 ot E a
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§ § T ,E' £
E 20 < §< =5
n N z
10 5 25 % >%
) ' g & gé 3 g g
0.1 1 10 100 1000 ‘g‘ > B 3 & o
5 sil | sfE | =3f | silf | gl
Volumetric joint count, J, (jeint/m g5 SES =255 a5 U33s
SURFACE CONDITION RATING, SCR
V
ree ,/ /] L / ,/
] /]
INTACT OR MASSIVE- Intact °%1 96 / ,/ NOT APPLICABLE
rock specimens or massive o6 4 ; /
in-situ rock masses with very few / 3 /
widely spaced discontinuities aa // 4 / /
- V £ 4 / /
[ Lgl | A4V / £ 1/
[ 4
BLOCKY-very well interlocked e // / / ¥ / y /
undisturbed rock mass consisting /
of cubical blocks formed by three 2 = J
orthogonal discontinuity sels 7 4
gV VY A4 /
<o |/ /| eo /
> A |/ /
42" | VERY BLOCKY-interlocked = ¥ // / / / /
sl partially disturbed rock mass with ©
=2 | multi-faceted angular blocks formed 0z so 4 / / £ / / /
s w: | by 4 or more discontinuity sets @ / /
‘.)‘?&,’ > a5/ 4 P / /
Z / 4 /
a0~ © /
2 1A A |/ / /
= as{/ 74
BLOCKY/DISTURBED/SEAMY 7] / 7{ 4
-folded with angular blocks -
formed by many intersecting / / / / /
discontinuity sets. Persistence | / / 30
of bedding plane or schistosity =5 /
/
St o g // / / A
=741 DISINTEGRATED-poorly inter- 15 7
§"?:§: locked, heavily broken rock mass 20
"] with a mixture or angular and 10 7 4 s
p&%\:‘i rounded rock pieces / / / /
=y s /
/ / yha
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Joint or Block Wall Condition

GS/

Block Size

Massive - very well interlocked
undisturbed rock mass blocks formed

by three or less discontinuity sets

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

Very rough, fresh unweathered surfaces

|
%
£
§

Rough, sightly weathered,
Son sid :

Very good
RN .
tely weathered of

. | Stickensided, highly weathered surfaces with

‘| compact coating or filings of angular fra

4 Poor

+ - 10E+6

\
~
~
~
~
~
~
(I <
~
~
~
~
~
~
~.
Se
™

1000'!

Blocky - very well interiocked -2
undisturbed rock mass consisting 7o

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

B8
=g
P \
\ S
33

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

Joint spacing 10 - 30 cm

- 10E+3

10 cm,

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

\°
~J
T~
PP
B~
-
¥
<

\ o~y
~ \g\
o~
\

P
Block Volume Vb (cm?)

\
=
8

3

Disintegrated - poorly interiocked,
heavily broken rock mass with a

mixture or angular and rounded ;3 / 10
rock pieces
Joint spacing < 3 cm / 0

1cm A y /

FoliatedNaminated/sheared - thinly ,l / Y
laminated or foliated, tectonically sheared A BT A YA

weak rock; closely spaced schistosity N/A NA LSS

prevails over any other discontinuity set, / o ’ / ,’ X
resulting in complete lack of blockiness 0.1
Joint spacing < 1 cm 12 45 1.7 067 0.25 0.09

Joint Condition Factor Jc
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GEOLOGICAL STRENGTH INDEX (GSI)
FOR JOINTED BLOCKY ROCK MASSES

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

B )
g | & | 3
o

g| S| 8 | B

] £ E]

3 2| 3 s

the row and column headings. Altematively, 3 B 2 § ) 2

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

ratings (from Bieniawski, 1989), estimate 2 -3 ] SE 2

GSI = 1.5 JCond,,+ RQD/2 based on the 9 ! ; § g 2

scales attached to the chart axes. = é g e 5

For intact or massive rock with GSI > 75, » % 3 s £ 3 ]

check for brittle spalling potential. For Z| ¢ 5 g | 85| ¢
sparsely jointed rock with GSI > 75, failure = 5 = 2> > >
will be controlled by structurally defined blocks & £ ¢ ‘E 59 5E
or wedges. The Hoek-Brown criterion should 5 ol > £E < %
not be used for either of these conditions. G| &= 5 'g g € |&83=<
= (=]
This chart applies to tunnels of about 10 m 3 8 g @ = g. a E % 8
span and slopes < 20 m high. For larger g E 8 S « § % o< E & £

cavemns and slopes consider reducing GSI ['4 E o3 = é @ | W §
. ! : S § <E |O §

to account for decreasing block interlocking. @ > O e (w8 [>»
STRUCTURE DESCREASING SURFACE QUALITY —>

BLOCKY - well interlocked

undisturbed rock mass made

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

‘.| VERY BLOCKY - interlocked,
"%+ | partially disturbed rock mass,
A multi-faceted angular blocks
formed by 4 or more joint sets

RQD/2

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

.| Persistence of bedding planes or
~~+| schistosity

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

DECREASING INTERLOCKING

Hoek et al, 2013 b9, 44 W-008N i ole> (ygiamihans (5o 4y GSI 05 3591 33 :FY 39 guaai
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Location Lithology
name Sonmez .
Hoek, Cai et Hoek
. & Russo,
Marinos and Ulusa al, 2009 et al, Ave.
Benissi, 1998 Y | 2004 2013
2002
Marl 40-50 33 34 43 48 40
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Siltstone 40-50 35 40 51 45 43
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Bearing capacity and Settlements are computed using the following computations.
1. The Ultimate Bearing Capacity Calculation
Hansen’s Method:
General: quit = cNc ss dclegcbe + qQNgSqdgiggqbg + 0.5yB’ N, S,dyiygyby
When @=0
Use Quit = 5.14 Sy ( 14Sc+d’c —1’c- b’e- g°c) +q
Nq = € tan?( 45+D/2)
Ne=(Ng—1)cot®
Ny =1.5(Ng -1) tan®

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

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

1-p2

AH= qoB’ m I I¢ Es

AH= Settlement

qo= Load

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

Es = Secant Modulud of Soil

p = Poisson’s Ratio

m = Participation Factor

m= 4 for center of footing

m= 2 for edges

m= 1 for corners

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

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

Shape factors Depth factors

d, =04k (¢ =0

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

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

Spevy = 1.0 — 04—?— = 0.6

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

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

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

9 SEolb

TABLE 4-5b

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

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

250{]55

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

7 in radians

Notes:

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

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

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

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

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

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

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

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

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

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

Normally consolidated clays: Sc=

Pre- consolidated clays:

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

Sc= Consolidation settlement for clay layer

Cc= Compressibility index

Cr= Rebound coefficient

H= Thickness of clay layer

eo= Initial void ratio

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

P. = Pre-consolidation pressure in clay layer

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

9 St
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IMMEDIATE SETTLEMENT COMPUTATIONS

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

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

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

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

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

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

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

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

55 5 daslixe 33 o3 (5o sl ol

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

70 o dwlxe 0 o3V byl polie

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

500.0 0.832 0977 1.046 1.102 1.150 1.191 1.227 1.259 1.532 1721 1.879
0.001 0.001 0.002 0.002 0.002 0.003 0.003 0.003 0.008 0.016 0.031

« 9 Skt


Tabeiy
Text Box


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 (3565
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On sand or

On plastic Average max.

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

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

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

Structures on permafrost

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

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

1S0il Profile Type Sg also includes any soil profile with more than 10 feet (3048 mm) of soft clay defined as a soil with a plasticity index, PI > 20, wj,, = 40 percent
and s, < 500 psf (24 kPa). The Plasticity Index, PI, and the moisture content, wj,, shall be determined in accordance with approved national standards.
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K, = Sn?(a + ¢)
T i 12
Sn%a.Sn(a - 8)| 1+ Sn(g + 6).9n(¢ - B)
L Sn(a - 6).8n(a + B)
Ky = Sin*(a - ¢)
. i 3 5).9 72
Sn2a.Sn(a +8)| 1- n(g +6).Sn(¢ + B)
Sn(a +6).Sn(a +,3)_
e~ = $BD(AE)
iE - 4plinfe+ /)
AE= AR =P
BD = AB sin (z + p)
u-%
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B=0° 9 01=90° (5l (endgS 9y ) SIS S oo HLiS Ll s Jgur

d(deg)

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

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

d(deg)

D(deg) 0 5 10 15 20
15 1698 1900 2130 2.405 2.735
20 2040 2313 2636 3.030 3.525
25 2464 2830 3.286 3.855 4.597
30 3.000 3506 4.143 4.997 6.105
35 3690 4390 5310 6.854 8.324
40 4600 5590 6.946 8.870 11.772
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Ko = KeCO$0+a,)
Kae = KeeSMo+ar,)
Sn*(a, +60 - ¢)

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

K_ =

ae

Cosf.9n’a,.Sn(a, + 0 + 5){1+\/

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

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

pe

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

Kh
0 = Arctg(——
g(l_ KV)

Kn: Earthquake Horizontal Coefficient
Kv: Earthquake Vertical Coefficient

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