Structural Calculations
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SPANS Prepared by H. Saffarini 2/2/93

BAS-B1
Number of spans = 1 Number of load cases = 1
Span Length width Depth Flange Flange
thickness width
1 3.600 0.500 0.320 0.000 0.500
Load case number : 1
Span UDL Load 1 Load 2 Load 3 Load 4 Load 5

vVal Dis val Dis val Dis vVal Dis Val Dis
1 61.70 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Span Line Load From Length Intensity
Support width Redistribution
1 0.000 0 %
? 0.000 (S
Envelope
Span 1ft BM span BM rgt BM 1ft SF rgt SF
1 0.0 100.0 -0.0 111.1 -111.1

Required Steel Areas (mm square)

Span Top L Bot L Top M Bot M Top R Bot R
1 217 0 0] 1137 217 0

Maximum Spacing of Shear Stirrups in mm

Span leg L-zone spacing dia. R-zone spacing dia. Rest-spc dia.
1 2 0.90 175 8 0.90 175 8 175 8
Span 1
Span/Depth 12.6
Allowable 24.6
217 0 217 Requ. Top
0 % 10 4 & 10 4 & 10
0% O 0¢ O 0% O
314 314 314 Prov. Top
| span 1 ]
0 1137 0 Requ. Bot
0% O 4 & 20 0% O
0¢ O 0% O 0% O
0 1256 0] Prov. Bot
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SPANS Bent .and Beam Analysis Program V4.1 SPANS

SPANS Prepared by H. Saffarini 2/2/93 SPANS
BAS-B2
Nunmber of spans = 1 Number of load cases = 1
Span Length Wwidth Depth Flange Flange
thickness width
1 6.500 0.500 0.320 0.000 0.500
Load case number : 1
Span UDL Load 1 Load 2 Load 3 Load 4 Load 5
val Dis val Dis Val Dis val Dis val Dis
1 5.60 111.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Spwn Line Load From Length Intensity
Support width Redistribution
1 0.000 0 %
2 0.000 0 %
Envelope
Span 1ft BM span BM rgt BM 1ft SF rgt SF
1 0.0 63.9 Q.0 120.8 -2

Required Steel Areas (mm square)

Span Top L Bot L Top M Bot M Top R Bot R
1 217 o o 681\ 21F o)

Maximum Spacing of Shear Stirrups in mm

“pan leg L-zone spacing dia. R-zone spacing dia, Rest-spc dia,
1 ) }.60 \H9 8 1.60 175 g 175
Span 1
‘Span/Depth 0.0
Allowable 0.0
217 0 217 Requ. Top
0% O 0¢ O 0% O
0 ¢ O 4 % 10 0% O
0 314 0 Prov. Top
| span 1 |
0 605 0 Requ. Bot
0% O 0% O 0% O
0 ¢ O 4 ¢ 18 0% O
0 1017 0 Prov. Bot
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Prepared by H. Saffarini 2/2/93@2&1@“’” e

SPANS =
Number of spans = 2 Number of load cases = 1
span Length width Depth Flange Flange
‘ thickness width
1 4.500 0.600 0.320 0.000 0.600
2 4.600 0.600 0.320 0.000 0.600
Load case number 1
Span UDL Load 1 Load 2 Load 3 Load 4 Load 5
vVal Dis val Dis Val Dis val Dis val Dis
1 63.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 63.50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Span Line Load From Length Intensity
Support width Redistribution
1 0.000 0 %
2 0.000 0 %
' 0.000 0 %
Envelope
Span 1ft BM span BM rgt BM 1ft SF rgt SF
1 0.0 89.0 -164.4 106.3 -179.4
2 -164.4 95.8 0.0 181.8 -110.3
Required Steel Areas (mm square)
Span Top L Bot L Top M Bot M Top R Bot R
1 260 0 0 966 2039 0
2 2039 0 0 1049 260 0

Maximum Spacing of
leg L-zone

Span
1
2

Sh,an
Span/Depth
Allowable

260
¢ 10
¢ O

(oM w]

2 1.13
2 1.15

146
146

Shear Stirrups in mm
spacing dia. R-zone

spacing dia. Rest-spc dia.

——— o ————— Y — " - ———_ " Y W~ — —— " — —— = — T o S - S - t_— o

8 1.13 146 8 146 8
8 1.15 146 8 146 8
0 260 Requ. Top
4 ¢ 10 4 ¢ 10
0¢ O 0% O
314 314  Prov. Top
span 2 |
1049 0 Requ. Bot
5 ¢ 16 0¢ O
0¢ O 0% O
1005 0

Prov. Bot
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Maximum Spacing of

Shear Stirrups in mm

SPANS Prepared by H. Saffarini
BAS-B4
Number of spans = 2 Number of load cases =
Span Length width Depth Flange Flange
' thickness width
1 3.600 0.500 0.320 0.000 0.500
2 5.000 0.500 0.320 0.000 0.500
Load case number : 1
Span UDL Load 1 Load 2 Load 3 Load
vVal Dis val Dis val Dis val
1 30.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 30.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Span Line Load From Length Intensity
Support width Redistribution
1 0.000 0 %
2 0.000 0 %
3 0.000 0 %
Envelope
Span 1ft BM span BM rgt BM 1ft SF
1 0.0 11.2 -74.8 33.2
2 -74.8 56.3 0.0 90.0
Required Steel Areas (mm square)
Span Top L Bot L Top M Bot M Top R Bot R
1 217 0 0 217 813 0
2 813 0 0] 593 217 0

1

4 Load 5

Dis val Dis

0.0 0.0 0.0

0.0 0.0 0.0

rgt SF

-7408
-60.0

Span leg L-zone spacing dia. R-zone spacing dia. Rest-spc dia.
1 2 0.90 175 8 0.90 175 8 175 8
2 2 1.25 175 8 1.25 175 8 175 8
< n 1 2
-Span/Depth 12.6 17.5
"Allowable 49.1 39.1
217 0 813 0 217 Requ. Top
4 ¢ 10 4 ¢ 10 4 & 18 4 & 10 4 & 10
0% O 0% O % O 0% O 0% O
314 314 1017 314 314 Prov. Top
| span 1 | span 2 |
0 217 o 593 ¢} Requ. Bot
0¢ O 4 & 12 0% O 4 & 16 0% O
0% O 0% 0O 0% O 0% O 0% O
0 452 0 804 0 Prov. Bot
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BAS-B5
lumber of spans = 1 Nunmber of load cases = 1
Span Length Width Depth Flange Flange
thickness width
1 2.500 0.500 0.320 0.000 0.500
.0ad case number : 1
Span UDL Load 1 Load 2 Load 3 Load 4 Load 5
val Dis Val Dis val Dis val Dis val Dis
1 62.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Span Line Load From Length Intensity
3upport width Redistribution
1 0.000 0 %
2 0.000 0 %
Envelope
Span 1ft BM span BM rgt BM 1ft SF rgt SF
1 0.0 48.4 0.0 77.5 ~77.5
Required Steel Areas (mm square)
Span Top L Bot L Top M Bot M Top R Bot R
1 217 0 0 504 217 0

Maximum Spacing of Shear Stirrups in mm

Span
1 2 0.63 175 8
span 1
span/Depth 8.8
Allowable 34.3
217 0] 217 Requ.
0 & 10 4 & 10 4 & 10
0 ¢ O 0% O 0% O
314 314 314 Prov.
| span 1 ]
0 504 0 Requ.
0% O 4 % 14 4 & 0
0% O 0% 0 0% O
0 615 0 Prov.

leg L-zone spacing dia. R-zone spacing dia. Rest-spc dia.

0.63

175 8

175 8

Top

Top

Bot

Bot
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SPANS Bent and Beam Analysis P r 4.1
SPANS Prepared by H. Saffarini 2/2/93
bas-b6
Number of spans = 2 Number of load cases =
Span Length width Depth Flange Flange
thickness width
1 2.200 0.250 0.320 0.000 0.250
2 1.000 0.250 0.320 0.000 0.250
Load case number : 1
Span UDL Load 1 Load 2 Load 3 Load
, Val Dis Val Dis Vval Dis Val
1 20.00 2.0 0.0 0.0 0.0 0.0 0.0 0.0
2 20.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Span Line Load From Length Intensity
Support Width Redistribution
1 0.000 0 %
2 0.000 0 %
3 0.000 0 %
Envelope
Span 1ft BM span BM rgt BM 1ft SF
1 0.0 -14.3 -52.8 0.0
2 ~-52.8 -23.9 0.0 62.8
Required Steel Areas (mm square)
Span Top L Bot L Top M Bot M Top R Bot R
1 108 0 147 108 608 ¢
2 608 0 248 108 108 0
‘aximum Spacing of Shear Stirrups in mm
sSpan leg L-zone spacing dia. R-zone spacing dia.
1 2 0.55 214 8 0.55 214 8
2 2 0.25 214 8 0.25 214 8
Span 1 2
Span/Depth 7.7 3.5
Allowable 10.3 51.8
108 147 608 248 108 Requ.
2 ¢ 14 2 & 14 2 & 14 2 % 14 2 & 14
0% O 0% O 0¢ O 0% O 0% O
308 308 308 308 308 Prov.
| span 1 l span 2 ]
0 108 0 108 0 Requ.
0¢ O 2 % 14 0% O 2 ¢ 14 0% O
0 ¢ O 0% O 0% O 0 ¢ O 0¢ O
0 308 0 308 0 Prov.

SPAN;S:‘*“‘J‘J W
SPANS
1
4 Load 5
Dis val Dis
0.0 0.0 0.0
0.0 0.0 0.0
rgt SF
~-46.0
42.8

Rest-spc dia.

214 8
214 8
Top
Top
Bot
Bot
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SPANS  Bent and Beam Analysis Progr 4.1
SPANS Prepared by H. Saffarini 2/2/93 SPANS
bas-b7
Number of spans = 1 Number of load cases = 1
Span Length Width Depth Flange Flange
thickness width
1 1.800 0.300 0.320 0.000 0.300
Load case number 1
Span UDL Load 1 Load 2 Load 3 Load 4 Load 5
Val Dis Val Dis Val Dis val Dis val Dis
1 100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Span Line Load From Length Intensity
Support Width Redistribution
1 0.000 0 %
0.000 0 %
Envelope
Span 1ft BM span BM rgt BM 1ft SF rgt SF
1 0.0 40.5 0.0 90.0 -90.0
Required Steel Areas (mm square)
Span Top L Bot L Top M Bot M Top R Bot R
1 130 0 0 434 130 0

Maximum Spacing of

Span leg L-zone
1 2 0.45
Span 1
Span/Depth 6.3
2 owable 32.4
130 0
0 % 10 3 ¢ 10
0% O 0% O
236 236
span 1
0 434
0 & O 3 & 16
0¢ O 0% O
0 603

Shear Stirrups in mm ' ,
spacing dia. R-zone spacing dia. Rest-spc dia.

214 8 0.45 214 8 214 8
130 Requ. Top
3 4 10
0% O
236 Prov. Top
0 Requ. Bot
4 & O
0% O
0 Prov. Bot
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Retaining Wall Design : Propped cantilever exam

Input Data
‘Wall Dimensions Live Loads Ceneral Parameters Design Parameters

H1 (m) |4.05 C (m) 0.4 W (kNm?) |2 Soil Frict (") [35_____ [} SF Overt. 15 .
Hoem (87 | e B | PaNy | 155 |l Filslope () | ______[! SFSip |15 .
ey | | Sy N | w145 | wall Frict (%)[12 DL Factor |12
Hweom | A 13 ] Cammy 1777 Conc Density25 [LLFactor |16 T
ey || ab(m (3] amy | Soil Densty (20 ___ _ [Pax (Pa) [250
B 1| Cover: wall [50 |1 Chmy | [feuw oeey [25 |l
o | Cover base|50 | xm | fy (MPa)  |414

Seepage allowed

Theory : Coulonmb
Wall type : Propped cantilever

SETSMIC AHALYSIS SETTINGS:

Seismic Analysis ON/OFF:O0N

Hor Accel. (g) |15

Include LL's Y

ALLLVE FLESBULE COcE&lcleut ka :U.25

pPassive Pressure coefficient Kp :5.76

Seismic Active Pressure coefficient Kas :0.33
Seismic Passive Pressure coefficient Kps :2.58
Base frictional constant p :0.70

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS (m}

Description F Horizontal Lever arm F Vertical Lever arm
left (+) down (+)

Destabilizing forces:

Total Active pressure Pa 54.080 1.605 11.272 1.300

Siesmic component of Pa 12.842 2.430 2.730 1.300

As a result of surcharge w 2.488 2.025 0.529 1.300

Siesmic wall inertia 5.466 2.025

Stabilizing forces:

Passive pressure on base Pp -16.499 0.267

Siesmic component of Pp 20.360 0.480

Weight of the wall + base 38.356 0.989

Weight of soil on the base 7.600 0.500

Point load of 155.00 kN on backfill 19.136 1.150

UDL of 2.0 kN/m2 0.000 1.300

EQUILIBRIUM CALCULATIONS AT SLS

1.Force Equilibrium

sum of Vertical forces Pv : 94.1 kN
Frictional resistance Pfric : 65.9 kN
passive Pressure on shear key : =-0.0 kN
Passive pressure on base : 16.5 kN
Horizontal-redctdon—at—top— 3L 0 kN

N WmrimrAant sl vacictan~o FF . ]19‘7 kN ‘
SN - s AT YL O pp WYTAL 156 AAYEVY L AR it
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PROKQON |t WAy T
Job Title ~— Bhmar = 2
Software Consultants (Pty) Ltd Cient
Internet: http//www.prokon.com
E-Mail : maik@prokon.com Calcs by !Checked by iDate
Horizontal sliding force Fh : 62.0 kN
safety factor against overall sliding = Fr/Fh = 1.93
Reaction at base : 45.1 kN
Resistance at base : 82.4 kN
Safety factor against base sliding = Fr(base)/R(base) = 2.28
SOIL PRESSURES UNDER BASE
Maximum pressure :100.3 kPa
Minimum pressure : 87.9 kPa
Maximum pressure occurs at right hand side of base
WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997
Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)
base top (m) (kNm) (ram? /m) {(mm? /m) (ram? /m)
0.00 21.97 0.00 245.05 390.00
0.07 18.94 0.00 211.19 330.00
0.15 15.94 0.00 177.78 390.00
0.22 13.01 0.00 145.04 390.00
0.29 10.16 0.00 113.25 330.00
0.36 7.41 0.00 82.63 330.00
0.44 4.79 0.00 53.44 390.00
0.51 2.31 0.00 25.78 390.00
0.58 ~-0.03 0.36 0.00 390.00
0.66 ~2.24 25.00 0.00 390.00
0.73 -4.32 48.17 0.00 390.00
0.80 -6.27 69.88 0.00 390.00
0.88 ~-8.08 90.16 0.00 390.00
0.95 -9.78 109.02 0.00 390.00
1.02 ~11.34 126.49 0.00 390.00
1.09 ~-12.79 142.58 0.00 390.00
1.17 -14.11 157.32 0.00 390.00
1.24 -15.31 170.73 0.00 390.00
1.31 -16.39 182.83 0.00 390.00
1.39 -17.36 193.63 0.00 390.00
1.46 ~18.22 203.16 0.00 390.00
1.53 -18.96 211.45 0.00 390.00
1.61 -19.59 218.50 0.00 390.00
1.68 -20.12 224.34 0.00 390.00
1.75 -20.53 229.00 0.00 390.00
1.82 ~20.85 232.48 0.00 390.00
1.90 -21.06 234.82 0.00 390.00
1.97 -21.17 236.03 0.00 390.00
2.04 -21.17 236.13 0.00 390.00
2.12 -21.09 235.15 0.00 390.00
2.19 -20.90 233.10 0.00 390.00
2.26 -20.63 230.01 0.00 390.00
2.34 -20.26 225.89 0.00 390.00
2.41 -19.80 220.77 0.00 390.00
2.48 -19.25 214.67 0.00 390.00
2.55 ~-18.62 207.60 0.00 390.00
2.63 -17.90 199.59 0.00 390.00
2.70 -17.10 190.66 0.00 390.00
2.77 -16.22 180.83 0.00 390.00
2.85 -15.25 170.11 0.00 390.00
2.92 -14.22 158.54 0.00 390.00
2.99 -13.10 146.12 0.00 390.00
3.07 -11.92 132.89 0.00 390.00
3.14 -10.66 118.86 0.00 390.00
3.21 -9.33 104.05 0.00 390.00
3.28 -7.93 88.48 0.00 390.00
3.36 ~-6.47 72.18 0.00 390.00
3.43 -4.95 55.16 0.00 390.00
350 -3.30 37.44 U.0U 390,00

o ¥l = glae AT.YEN Lipe VATTAL (S5 NAYPYY O L AN sl
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PROKON

Software Consuttants (Pty) Ltd

Intemet: hitp/Awww.prokon.com
E-Mail : mail@prokon.com

Job Number

O ol o slas
ST s

L MERE

Job Title

Client

Calcs by

]Chamedby

loaw

3.

65

0.

00

0.

00

0.

00

390.00

BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment
(kNm)

left

0.
0.
.08
.10-
0.13
0.16
0.18
0.21
0.23
0.26
0.29
0.31
0.34
0.36
0.39
0.42
0.44
0.47
0.49
0.52
0.55
0.57
0.60
0.62
0.65
0.68
0.
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1

(m)

03
05

70

.73
.75
.78
.81
.83
.86
.88
.91
.94
.96
.99
.01
.04
.07
.09
.12
.14
.17
.20
.22
.25
.27
.30

-0.
-0.
-0.
-0.
-0.
~-0.
~-0.
-1.
-1.
-1.
-2.
-2.
-2.
-3.
.98

~-4.

-5.

~-5.

-6.

-7.

-8.

-8.

-9.
-10.
-11.
~12.
-13.
-14.
-15.
-17.
~-18.
-19.
.81
-22.
-23.
-24.
-26.
-27.
-29.
-30.
-32.
-34.
.84
-37.
~-39.
-39.

~-1.

~-1.

-0.

-0.

-3

-20

~-35

00
02
08
18
33
51
73
00
30
65
03
46
93
43

57
20
87
58
33
13
96
83
75
70
70
74
81
93
09
29
53

13
43
89
33
82
34
90
51
15

57
34
75
43
07
69
39

Top Reinforcing

(rm? /m) (rm? /) (ram? /m)
0.00 0.00 520.00
0.00 0.16 520.00
0.00 0.64 520.00
0.00 1.44 520.00
0.00 2.56 520.00
0.00 4.00 520.00
0.00 5.76 520.00
0.00 7.84 520.00
0.00 10.24 520.00
0.00 12.96 520.00
0.00 15.99 520.00
0.00 19.35 520.00
0.00 23.03 520.00
0.00 27.03 520.00
0.00 31.35 520.00
0.00 35.99 520.00
0.00 40.94 520.00
0.00 46.22 520.00
0.00 51.82 520.00
0.00 57.74 520.00
0.00 63.98 520.00
0.00 70.53 520.00
0.00 77.41 520.00
0.00 84.61 520.00
0.00 92.13 520.00
0.00 99.96 520.00
0.00 108.12 520.00
0.00 116.60 520.00
0.00 125.39 520.00
0.00 134.51 520.00
0.00 143.95 520.00
0.00 153.70 520.00
0.00 163.78 520.00
0.00 174.18 520.00
0.00 184.89 520.00
0.00 195.93 520.00
0.00 207.28 520.00
0.00 218.96 520.00
0.00 230.95 520.00
0.00 243.27 520.00
0.00 255.91 520.00
0.00 268.86 520.00
0.00 282.14 520.00
0.00 295.73 520.00
0.00 3039.65 520.00
0.00 312.90 520.00

11.23 0.00 520.00
8.43 0.00 520.00
5.40 0.00 520.00
3.04 0.00 520.00

SHEAR CHECK AT WALL-BASE JUNCTION TO BS8110 - 1997

Shear force at bottom of wall V
Shear stress at bottom of wall v

Allowable shear stress vc

0

62.0 kN
.26 MPa OK

Bot Reinforcing Nominal (0.13%)

1.04 MPa (based on Wall tensile reinf.)

o1 = gl AT YEN Gpe NAYPAL £ SU NYTYY A
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Software Consultants (Pty) Ltd Client
Internet: http//www.prokon.com
E-Mail : mail@prokon.com Calcs by IChecked by IDate
Sketch of Wall
Design code: BS8110 - 1997
155.00kN
0.15
S R=16.96RH 2.00
a —B
(@]

4.05

44.4kPa ,,
100, 3kP
Wall type: Propped Cantﬁ?ﬁ\s‘épa= 1.93

Kag=h-23
kD =845

Theory: Coulomb

t)/:—'_O.?O

= 62.0kN
v= 0.26MPa
ve= 1.04MPa

o = glee AFLVEN Lope MTTAL 86 TTYY L AA skl
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Job Number mﬂ
PROKO N]i& A

Software Consultants (Pty) Ltd Chiont
Intemet; hitp/fwww.prokon.com
E-Mail : maik@prokon.com Calcs by IChecked by IDate

Wall Reinforcement

Wall Reinforcement Reinforcement max =

0 mm#¥m @ 3.65m

Nominal

350 |—

W
-]
o

Reinforcement (mm?/m)

‘ q ':.;,N RN . S
Position (m)

Base Reinforcement

Base Reinforcement Reinforcement max = 309 mm#m @ 1.15m
500 AN EEENR B o ) P ey e N m"’!b! e G ]

450

H
o
(@)

a00 bl
250
200
150 |— , _
100 |- _
50.0 /g

©

Position (m)

Reinforcement (mm?#/m)

\ 

o
@

700
900
1.00
1.10
20
1.30

100
%80
.\éo
Pl
508

ol = glas AT YLV G MNYTAL Sl NAYTYY ALLAA 1L
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Software Consultants (Pty) Ltd
Intemnet; hitp/fwww.prokon.com
E-Mail : mail@prokon.com

Client

Calcs by

Checked by Date
l |

Wall Bending Moments

Wall Moments

Moment max = 22.0kNm @ -.400m

Position (m)

M

Py

S22,
-20.0

-18.0

24.0

Base Bending Moments

Base Moments

Bending moment (kNm)

Moment max = -39.7kNm @ 1.15m

s s~ s/ gl g 8l 8 g g g & 8
500".‘\!“”.\(“3.9"\.0003‘—':\-'2
g—‘l0.0“'
=
X 150}
=
2 -20.0
£
= .25.0 \
£
2-30.0
O
® 350
.35, J
-40.0 A

Position (m)

o381 - glee AT.YEN e NIYPAL 1 SU NAYEYY OEEAA i
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Software Consuftants (Pty) Ltd Cliont
Intemet: hitp:/fwww.prokon.com

E-Mail : mail@prokon.com Calcs by

lChecked by lDate

Schematic Reinforcement

T10@200 (Hor)

T10@200 (Hor)
L —T10@200 (NF)

T10@200 (FF)
| 1-R10/m2 clips
1-R10/m2 clips

T10@200 starters
FRONT /

l T10@200 starters

T10@150 (T1)

T10@150 (B1)

}(-T10@150 (T2)

| ) Hi-Tto@1s0 62)

SECTION

g Nt = glee AP.YEN e MVYTAL :SU NYTYY DL AN st
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hecght of exterier vl (Basemedf) = (3.3 6.43)= 3,05 mekers:

£ /25 = 3050/,25;/0mw
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|
Retaining Wall Design : Propped cantilever

Input Data

Wall Dimensions Live Loads General Parameters Design Parameters

i (my [405 [ cm_ [l 04 |womy ]2 ~[Soil Frict ) [35 SFOvert. |15

2 (m {8 | Fa 0 T[Faey, Ji05_ " C[Fusiepecy [T TTC[SFSie {15
H3 (my (345 | xem || xp(m |15 ____[welFrict (D] _ DL Factor |12
Hwomy [ | O ER womy | [ ConcDensty25 || LLFactor |16
ey || Ab (m) 37T ey T Soil Denstty [20 |1 Pmax (kPa) |250
B(m |4 Cover- wall [50 |l thaimy || tcaMPey |25 [ [T
bem 14~ " [Coverbaselso T T[xem [T fy Py |4a [T T

Seepage allowed

Theory : Coulomb
Wall type : Propped cantilever

SEISMIC AHALYSIS SETTIHGS:

Seismic Analysis ON/OFF:0N

Hor Accel. (@) .15

Include LL's Y

Active Pressure coefficient ka .0.27

Passive Pressure coefficient Kp :3.69

Seismic Active Pressure coefficient Kas :0.35
Seismic Passive Pressure coefficient Kps :3.25
Base frictional constant u :0.70

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS (m)
Description F Horizontal Lever arm F Vertical Lever arm
left (+) down (+)
Destabilizing forces:

Total Active pressure Pa 2.812 0.353 -0.000 0.700
Siesmic component of Pa 0.617 0.540 -0.000 0.700
As a result of surcharge w 0.594 0.450 -0.000 0.700
Siesmic wall inertia 5.195 2.025

Stabilizing forces:

Passive pressure on base Pp -20.772 0.267

Siesmic component of Pp 2.846 0.480

Weight of the wall + base 36.456 0.550
Weight of soil on the base 6.840 0.589
Point load of 105.00 kN on backfill 58.333 0.550
UDL of 2.0 kN/m2 0.760 0.900

EQUILIBRIUM CALCULATIONS AT SLS

1.Force Equilibrium

sum of Vertical forces Pv : 68.7 kN
Frictional resistance Pfric : 48.1 kN
Passive Pressure on shear key : -0.0 kN
pPassive pressure on base : 20.8 kN
Uarizontal-coactdon—at R =% -\ 1.8k
-~ Horiz~ntal resistance Fr - 73.5 kN

031 - s AT YL e WTYAL (ST NYTVY ALL AN sl
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Horizontal sliding force Fh : 8.6 kN
safety factor against overall sliding = Fr/Fh = 8.55
Reaction at base : 6.8 kN
Resistance at base : 68.9 kN
safety factor against base sliding = Fr(base)/R(base) = 10.56
SOIL PRESSURES UNDER BASE
Maximum pressure : 70.5 kPa

Minimum pressure : 66.8 kPa
Maximum pressure occurs at right hand side of base

WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)

base top (m) (kNm) (rom? /m) (mm? /m) (rm? /)
0.00 1.90 0.00 21.15 390.00
0.07 1.89 0.00 21.07 390.00
0.15 1.78 0.00 19.88 390.00
0.22 1.60 0.00 17.88 390.00
0.29 1.38 0.00 15.39 390.00
0.36 1.14 0.00 12.73 390.00
0.44 0.91 0.00 10.20 390.00
0.51 0.71 0.00 7.94 390.00
0.58 0.52 0.00 5.83 390.00
0.66 0.34 0.00 3.82 390.00
0.73 0.17 0.00 1.90 3390.00
0.80 0.01 0.00 0.07 390.00
0.88 -0.15 1.67 0.00 390.00
0.95 -0.30 3.32 0.00 390.00
1.02 -0.44 4.88 0.00 390.00
1.09 -0.57 6.34 0.00 390.00
1.17 ~-0.69 7.72 0.00 390.00
1.24 -0.81 9.00 0.00 390.00
1.31 -0.91 10.19 0.00 390.00
1.39 -1.01 11.29 0.00 3380.00
1.46 -1.10 12.30 0.00 390.00
1.53 -1.18 13.21 0.00 390.00
1.61 -1.26 14.04 0.00 390.00
1.68 -1.32 14.77 0.00 390.00
1.75 -1.38 15.42 0.00 3390.00
1.82 -1.43 15.97 0.00 390.00
1.90 -1.47 16.42 0.00 390.00
1.97 -1.51 16.79 0.00 350.00
2.04 -1.53 17.07 0.00 390.00
2.12 -1.55 17.25 0.00 390.00
2.19 -1.56 17.35 0.00 390.00
2.26 71.56 17.35 0.00 390.00
2.34 -1.55 17.26 0.00 390.00
2.41 -1.53 17.08 0.00 390.00
2.48 -1.51 16.80 0.00 390.00
2.55 -1.47 16.44 0.00 390.00
2.63 -1.43 15.98 0.00 390.00
2.70 -1.38 15.44 0.00 390.00
2.717 -1.33 14.80 0.00 390.00
2.85 -1.26 14.07 0.00 390.00
2.92 -1.19 13.25 0.00 390.00
2.99 -1.11 12.33 0.00 390.00
3.07 -1.02 11.33 0.00 390.00
3.14 -0.92 10.23 0.00 390.00
3.21 -0.81 9.05 0.00 390.00
3.28 -0.70 7.77 0.00 390.00
3.36 -0.57 6.40 0.00 390.00
3.43 ~0.44 4.93 0.00 380.00
3o =V, U S .00 U.UuU JIULTUU
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3.65 0.00 0.00 0.00 390.00

BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Top Reinforcing Bot Reinforcing Nominal (0.13%)

left (m) (kNm) (mm? /1) (ram? /m) (rm? /m)
0.02 -0.00 0.00 0.00 520.00
0.04 -0.01 0.00 0.11 520.00
0.07 ) ~0.06 0.00 0.44 520.00
0.09 -0.13 0.00 1.00 520.00
0.11 -0.23 0.00 1.78 520.00
0.13 -0.35 0.00 2.77 520.00
0.15 -0.51 0.00 3.99 520.00
0.18 ~-0.69 0.00 5.44 520.00
0.20 -0.90 0.00 7.10 520.00
0.22 -1.14 0.00 8.99 520.00
0.24 -1.41 0.00 11.10 520.00
0.26 -1.71 0.00 13.43 520.00
0.29 -2.03 0.00 15.98 520.00
0.31 -2.38 0.00 18.75 520.00
0.33 -2.76 0.00 21.75 520.00
0.35 -3.17 0.00 24.96 520.00
0.37 -3.61 0.00 28.40 520.00
0.40 -4.07 0.00 32.07 520.00
0.42 -4.57 0.00 35.85 520.00
0.44 -5.09 .00 40.05 520.00
0.46 ~-5.64 0.00 44.38 520.00
0.48 -6.22 0.00 48.93 520.00
0.51 -6.82 0.00 53.70 520.00
0.53 -7.46 0.00 58.70 520.00
0.55 -8.12 0.00 63.91 520.00
0.57 -8.81 69.35 0.00 520.00
0.59 -8.81 69.35 0.00 520.00
0.62 -9.90 77.95 0.00 520.00
0.64 -9.13 71.84 0.00 520.00
0.66 -8.38 65.98 0.00 520.00
0.68 -7.67 60.37 0.00 520.00
0.70 -6.99 55.00 0.00 520.00
0.73 -6.34 49.89 0.00 520.00
0.75 -5.72 45.03 0.00 520.00
0.77 -5.13 40.41 0.00 520.00
0.79 -4.58 36.05 0.00 520.00
0.81 ~-4.06 31.93 0.00 520.00
0.84 -3.56 28.06 0.00 520.00
0.86 -3.11 24.45 0.00 520.00
0.88 ~-2.68 21.08 0.00 520.00
0.90 ~-2.28 17.96 0.00 520.00
0.92 ~-1.92 15.09 0.00 520.00
0.95 -1.58 12.47 0.00 520.00
0.97 -1.28 10.10 0.00 520.00
0.99 -1.01 7.98 0.00 520.00
1.01 -0.78 6.11 0.00 520.00
1.03 -0.57 4.49 0.00 520.00
1.06 -0.40 3.12 0.00 520.00
1.08 -0.25 2.00 0.00 520.00
1.10 -0.14 1.12 0.00 520.00

SHEAR CHECK AT WALL-BASE JUNCTION TO BS8110 - 18997

Shear force at bottom of wall V = 10.8 kN
Shear stress at bottom of wall v = 0.05 MPa OK
Allowable shear stress vc = 1.04 MPa (based on Wall tensile reinf.)

o ¥l = gl AT VLN G WMYTAL - oSG NATYYY L AR b
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Sketch of Wall

Design code: BS8110 - 1997

105.00kN
0.15
87 120
o T
wH
S s B 938
= 1° 0 =649
| 2.00
O%T |
(@)
== U208k
54.4kPa 44 g v=0.05MPa
Wall type: Propped canf.*f}’5 edp = 8.55 vc= 1.04MPa

Theory: Coulomb

o= ple AV VLY Gope WNYYAL SU ATPYY VL AA rile
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Wall Bending Moments

Wall Moments

Moment max = 1.90kNm @ -.400m

Position (m)

Base Bending Moments

Base Moments

Bending moment (kNm)

Moment max = -8.81kNm @ .550m

obﬁoo

OO0 000000 O0OW o

OWNOoOIWLOoOIVOIW OO«
wloloirinlolololol - 1 -

400

450

500
5

1,00 B2 2R

TN,

N

-2.00}

-3.00—1—

kNm)

= 4001

-5.00 |

-6.00

-7.00

-8.00

Bending momen

-9.00

-10.0

Position (m)
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Wall Reinforcement

Wall Rennforcement Relnforcement max = 390 mm2/m @ 3 65m
400 ..............

Nomi nal
350

w
o
o

N
192
o

200

150

Reinforcement (mm?/m)

100

50.0|-

3.60

240

(&)

Position (m)
Base Reinforcement

Base Relnforcement Remforcement max = 69 3mm2/m @ 550m

500 Db L SRR G g i vk SN nnugé] S e
450
’\g 400
‘t 350
£
= 300
&
£ 250
8
5 200
= 150
(A
100
5001 8B e S B S Sra RIS arer3 3 ee e alsle
R e HE EEEREEE SRR

Position (m)
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Schematic Reinforcement

FRONT

T10@200 (Hor)

T10@200 (Hor)
T10@200 (NF)

1t T10@200 (FF)
| __—1-R10/m2 clips
1-R10/m2 clips
T10@200 starters
T10@200 starters
T10@150 (T1)
T10@150 (B1)

——T10@150 (T2)
//h

via

[ | ], Toets0 &2
SECTION
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IConcrete Base Design :

Input Data
Base Length A (m) 141 ] A_II_ow_B_egring Press. | (gl\jfz_ni)_ 250
BaseWithB(m) | 147" [SF.overurmning ULS) ___ [ 1]
[Coumn(s)____Jcoit T[coiz ] [SESk@US) [ 15
C(m) 2 fcubase (MPa) 1. 2 _5 _____
om ] 8T 1 | foucolumns (MPa) | 2% |
e D D fy (MPay 414
S D
[Stub column height X (m) | 1]
Base Depth Y(m) _______[040 __] Loads
| Soil Cover Z(my | U Load |Column | LF | LF P Hx Hy Mx 0
_C_opgrgt_e_D_er_it}( _(k_N_frgB_)_ . _2_5 _____ Case no. min jmax | (kN) (kN) (kN) (kNm) (kb
Soil Density (kNAn3) 20 1 1 1.45 |1.45 250
Soil friction angle (| 35
[Gese friction constert__[14 ___ |
Reint_depthiop X Grm)____[50____|
[Reint_depthiop Y (nm)__ (50 ___|
Reinf. depth bottom X ¢mm) |50
Reint. depth bottom ¥ (mm)_ |50 |
[Min Load Factor: seif weight |15 |

Sketch of Base

pgp—

ESE110 - 1907y
$
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Output for Load Case 1

OUTPUT FORLOAD CASE1 ___
Max. soil pressure (kPa) | 237.11
SF overrnng (15) [ 00|
SF overturning (ULS) =100

Linear shear X (kN) 0.094

e X aPa) | 0347 |
Linear shear Y k)~~~ |0.000__]
vc Y (MPa) 0.347

[inear shear other (KN) __ [0.000__ |
[Punching shear ()~ [0.000__|
vePunch | 0.347

3o - i
Load Case:1 Legend
v e M

B0 - 1937 . I Tl (=

an Zhear

Soil Pressures at SLS Soil Pressures at ULS

Sl - ple AT.YEN Upp VITPAL 1 ,SU NAYYVY N LL AL b
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Schematic Reinforcement

FRONT

T10@250 (Hor)
"'4——T1 0@250 (Hor)

2

X

~T10@250 (NF)

T10@250 (FF)
1-1-R10/m2 clips
~1-R10/m2 clips
[T10@250 starters

T10@250 starters
/[T10@150 T

T10@150 (B1)
T10@150 (T2)

T10@150 (B2)

SECTION
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ff RECTANGULAR PANELS

SUppcéTE;gN :Fo laco e

fcu = 25 MPa +—— Ly -+
fy = 414 MPa SIDE 1 Free +
SIDE 2 Free 2 i
Lx = 6.2 metres SIDE 3 Free
Ly = 8.7 metres SIDE 4 TFree 1 31 L
" = 20 KN/m"2 4 \
h = 200 mm +
M d R x/d P p’ As As'
SIDE 1 +0.0 150 0.00 0.00 0.00 0.00 0 0
SIDE 2 +0.0 150 0.00 0.00 0.00 0.00 0 0 )
SIDE 3 +0.0 150 0.00 0.00 0.00 0.00 0 0 P
SIDE 4 +0.0 150 0.00 0.00 0.00 0.00 0 0 léé)/Q iy
SPAN X +67.0 150 2.98 0.35 0.98 0.00 1475 O:F' “”?:*
SPAN vy +43.1 150 1.91 0.21 0.59 0.00 881 0 37&2Q12~5<<
P—
S
[l RECTANGULAR PANELS SUPPORTED ON FOUR SIDES [f
fcu = 25 MPa +— Ly +
fy = 414 MPa SIDE 1 Free +
: SIDE 2 Free 2
Ix = 4.2 metres SIDE 3 Free
Ly = 6.2 netres SIDE 4 Free 1 31 L
% = 20 kKN/m~2 4 ‘
h = 200 mm +
M d R x/d P p’ As As’
SIDE 1 +0.0 150 0.00 0.00 0.00 0.00 0 0
SIDE 2 +0.0 150 0.00 0.00 0.00 ©0.00 0 0 ;ﬁ
SIDE 3 +0.0 150 0.00 0.00 0.00 ©0.00 0 0 —
SIDE 4 +0.0 150 0.00 0.00 0.00 0.00 0 o 5 <;
SPAN X +32.1 150 1.43 0.15 0.43 0.00 639 0=¢ RITFS
SPAN vy +19.8 150 0.88 0.09 0.25 0.00 382 OQ?{DDQO»
e

209 = glae AT VLN Gpe NVTYAL 84 WATPYY L -AA b

226




SITE WORK



W3S
Input Data

Wall Dimensions Live Loads General Parameters Design Parameters
H1(m) | 35 | c(m) 45 W (kNan®) |2 _ | Soil Frict M3 ____| SF Overt. 15
H2m [ [l I N I C. T N (L Yo ) CRRN | sFsip__ {15
H3 (m) |0 xf (m) xp (m) Wall Frict () {12 DL Factor {1.4
Hwm o |, Ay |25 | ey | [ Conc Density25 ! L Factor [16
ey | L oy 377 | a1 | Soi Densty |20 |l Pmax (kPa) [400
Bimy (3 | Cover: wall (50 |1 Lhanmy | [ teapey (25 | [
Semy [105 [Cover base[s0 T xem | T fyMPey 414 [T T

Seepage not allowed

Coulonb
Cantilever

Theory :
Wall type :

SEISMIC AHALYSIS SETTIHGS:

Seismic Analysis ON/OFF:0N

Hor Accel. ()

Include LL's

5X0 )
2;1,
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Retaining Wall Design : WALL W3

Input Data

Seepage not allowed

Theory : Coulomnmb
wall type : Cantilever

SxISMIC ANALYSIS SETTINGS:

Seismic Analysis ON/OFF:ON

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.26

Passive Pressure coefficient Kp :5.76

Seismic Active Pressure coefficient Kas :0.34
Seismic Passive Pressure coefficient Kps :2.58
Base frictional constant p :0.70

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS (m)

escription F Horizontal Lever arm F Vertical Lever arm
left (+) down (+)

Destabilizing forces:
Total Active pressure Pa 41.124 1.372 9.249 0.580
Siesmic component of Pa 9.595 2.100 2.205 0.570
As a result of surcharge w 2.185 1.750 0.502 0.579
Siesmic wall inertia 5.352 1.750
Stabilizing forxces:

Passive pressure on base Pp -6.445 0.167

Siesmic component of Pp 7.953 0.300
Weight of the wall + base . 37.555 0.620
Weight of soil on the base 62.581 1.108
UDL of 2.0 kN/m2 2.090 1.100

EQUILIBRIUM CALCULATIONS AT SLS
1.Moment Equilibrium
Point of rotation: bottom front corner of base.

For Overturning moment Mo calculate as follows:

Mo = Sum{hor. forces x l.a.) - Sum(vert. forces x l.a.)
For Stabilizing moment Mr calculate as follows:
Mr = -Sum{hor. forces x l.a.) + sum(vert. forces x l.a.)
ywhara 1 By — Tosrav avm ~F an~h Frveo
DN
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Stabilizing moment Mr : 96.0 kNm
Destabilizing moment Mo : 64.0 kNm

Safety factor against overturning = Mr/Mo = 1.50

2.Force Equilibrium

Sum of Vertical forces Pv : 112.0 kN
Frictional resistance Pfric : 78.4 kN
Passive Pressure on shear key : 0.0 kN
Passive pressure on base : 6.4 kN

=> Horizontal resistance Fr : 84.9 kN
Horizontal sliding force Fh : 48.7 kN

Safety factor against overall sliding = Fr/Fh = 1.74
SOIL PRESSURES UNDER BASE
Maximum pressure :261.0 kPa
inimum pressure : 0 kPa at 0.8 m from right hand side of base.
Maximum pressure occurs at left hand side of base

WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1897

Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)

base top (m) (kNm) (ram? /m) (rwa? /m) (mm? /m)
0.00 74.42 0.00 826.45 391.30
0.06 71.18 0.00 793.81 3390.00
0.12 67.80 0.00 759.26 388.70
0.18 64.52 0.00 725.56 387.40
0.24 61.34 0.00 692.70 386.10
0.31 58.26 0.00 660.68 384.80
0.37 55.27 0.00 629.48 383.50
0.43 52.38 0.00 599.12 382.20
0.49 49.59 0.00 569.58 380.90
0.55 46.88 0.00 540.87 379.60
0.61 44.27 0.00 512.96 378.30
0.67 41.75 0.00 485.87 377.00
0.73 39.32 0.00 459.58 375.70
0.79 36.98 0.00 434.10 374.40
0.85 34.72 0.00 409.40 373.10
0.92 32.55 0.00 385.50 371.80
0.98 30.47 0.00 362.39 370.50
1.04 28.46 0.00 340.05 369.20
1.10 26.54 0.00 318.49 367.90
1.16 24.69 0.00 297.70 366.60
1.22 22.93 0.00 277.68 365.30
1.28 21.24 0.00 258.41 364.00
1.34 19.63 0.00 239.89 362.70
1.40 18.09 0.00 222.13 361.40
1.46 16.63 0.00 205.10 360.10
1.52 15.24 0.00 188.81 358.80
1.59 13.92 0.00 173.24 357.50
1.65 12.67 0.00 158.40 356.20
1.71 11.48 0.00 144.27 354.90
1.77 10.37 0.00 130.86 353.60
1.83 9.31 0.00 118.14 352.30
1.89 8.33 0.00 106.12 351.00
1.95 7.40 0.00 94,80 349.70
2.01 6.54 0.00 84.15 348.40
2.07 5.74 0.00 74.18 347.10
2.13 4.99 0.00 64.87 345.80
2.20 4.31 0.00 56.23 344.50
2.26 3.68 0.00 48 .24 343.20
2.32 3.10 0.00 40.89 341.90
2.38 2.58 0.00 34.18 340.60
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2.50 1.69 0.00 22.64 338.00
2.56 1.32 0.00 17.80 336.70
2.62 1.00 0.00 13.55 335.40
2.68 0.73 0.00 9.91 334.10
2.74 0.50 0.00 6.84 332.80
2.81 0.32 0.00 4.36 331.50
2.87 0.18 0.00 2.44 330.20
2.93 0.08 0.00 1.08 328.90
2.99 0.02 0.00 0.27 327.60
3.05 0.00 0.00 0.00 326.30

BASE MOMENTS (ULS)

position from Moment
left (m)

0.
0.
0.

N
J

0

0.
0.
0.
0.
0.
.63
.66
0.
k)
0.
0.

0
0

0

SHEAR CHECK AT WALL-BASE JunerfoN TO BS8110

03
07
10

.13
.16
0.
0.
0.
0.
0.
0.
0.
.43

20
23
26
30
33
36
40

46
50
53
56
59

69

76
79

0.82
0.86
0.89
0.92
0.96
0.99
1.02
1.06
1.09
1.12
1.16
1.19
1.
1
1
1
1
1
1
1
1
1
1
1
1
1

22

.25
.29
.32
.35
.39
.42
.45
.48
.52
.55
.58
.62
.65

(kNm)

-0.00
-0.18
-0.72
-1.62
-2.88
-4.50
~-6.48
~-8.82
-11.51
-14.57
-17.99
-21.77
-25.91
-30.40
-33.45
68.66
67.30
63.61
60.03
56.55
53.17
49.90
46.73
43.67
40.71
37.85
35.10
32.45
29.91
27.47
25.13
22.90
20.71
18.75
16.82
15.01
13.29
11.68
.18
.78
.48
.28
.19
.21
.32
.54
.87
.30
.83
.47

fony
o
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436

205
188

80
69
60

8

Top Reinforcing
(rm? /m)

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
471.
461.
.52
411.
388.
364.
342.
320.
299.
279.
259.
240.
222.

20
82

93
06
90
45
71
69
37
78
89
72
25

.51
172.
157.
142.
128.
115.
102.

91.

47
15
54
64
46
98
22

.18
.84
.22
51.
43.
35.
28.
22.
17.
12.
.91
5.
3.

31
12
63
86
81
46
83

70
21

AND REINFORCEMENT TO BS8110 - 1997

Bot Reinforcing Nominal (0.13%)

(mm? /m)

0.

1.

4.
11.
19.
30.
44.
.50
.02
.01
.46
.38
.19
.66
.58
.00
.00
.00
.00
.00
.00
.00
.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.
0
0
0
0
0
0
0
0
0
0
0
0

00
23
94
11
75
87
45

00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

- 1997

230

(rm? /m)

585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
585.00
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72.5 kN
0.30 MPa OK
0.50 MPa (based on Wall tensile reinf.)

shear force at bottom of wall V
shear stress at bottom of wall v
Allowable shear stress vc

o

Sketch of Wall

Design code: BS8110 - 1997

0.25 2.00

- as5=0.34
=8:458

3.50

E/—O .70
72.5kN

% v= 0.30MPa
Wall type: antnever SFslip= 1.7 vc= 0.50MPa
Theory: Coulomb SFovt= 1. 5
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Wall Bending Moments

Wall Moments

Moment max = 74.4kNm @ -.450m

2.60 %

2401\

2.20 7

2,00

1.80|——t—IN"T
180N

140

120 —+———

1.00

Position (m)

4/

800 |—+—

.600

e

.200

0.0
5100
100
41“5 0 ‘

200
250
30.0
éf) 0 .

4$°/

50 . O G

ol

700
150

- 400 ==

Base Bending Moments

Base Moments

Bending moment (kNm)

Moment max = 68.7kNm @ .452m

70.0

60.0—

)

)
o
o

40.0

30.0

7

20.0

10.0

.1OEO

300
400
.oU0
600

700
800
9ob
1.00

12‘}2{

1[40
{_1 60

h.s0

Bending moment (KNm

-10.0 AN

-20.0 \\

-30.0

Positi

2

on (M)
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Wall Reinforcement

800 L
700 \\

500 | \

400 bt . N . .
A Nominal

o)
o]
o
/,

300

Reinforeement (mm?/m)

200 |—

100 Foer oo o O g =lE o7
Lol ol O 9 O G4 N} ARy -9
SN N ﬁ:)nﬂ et il SN ol

Position (m)
Base Reinforcement

Base Reinforcement Reinforcement max = 471 mm?#m @ .452m

550 Nominal
500
450 N\

200 JLL s o \\

350 B N T
o 1 \\ |
250

Reinforcement (mm?/m)

(-

200 / ‘ \\ ‘

150 v AN

100 ‘

500-S-S//81 283338+ 8 = g\%tg% I3
- | < ©| ~| © O < A
- . < b und h enad <« Y‘"t\";t\\:‘

Position (M)
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3chematic Reinforcement

T10@200 (Hor)

= T10@200 (Hor)
T12@120 (NF)

T10@200 (FF)

/1 -R10/m2 clips
1-R10/m2 clips

T10@200 starters
FRONT T12@120 starters
— T10@120 (T1)
T10@120 (B1)
¥ /—'T10@120 (T2)
L j—T10@120 (B2)
SECTION

T
{
- -
o~
youe




Input Data

‘Wall Dimensions Live Loads General Parameters Design Parameters

H1(m) (25 C(m) 45 W kNmM®) (2 Soil Frict () 35 ____I Sf F Overt. 15 .
(5T [FemT[ L TIIPay D TTT T [Fiskeehl0 SFsip_ __[15____
H3(m) |0 xf (m) xp (M) Wall Frict (*)112 DL Factor |14

Hwm [0 | Awy 25 |l Canmy || ConcDensty25 | ULFactor [16
ey || som [25 | am [ SoiDensty [20 |1 Pmax (kPa). 400
Bim |3 | Cover: wall [50 | Lhemmy || fcaMPa) [25 I
L Cover base|50 | xem 1| vy ot Py R N

Seepage not allowed

Theory ki Coulonb
Wall type : Cantilever

SEISMIC AHALYSIS SETTINGS:

Seismic Analysis ON/OFF:O0N

Hor Accel. {g) |.15

'3 X80
FrS I
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Retaining Wall Design : WALL W3

Input Data

=

Seepage not allowed

Theory : Coulomb
w21l type : Cantilever

SEISMIC ANALYSIS SETTINGS:

Seismic Analysis ON/OFF:ON

—

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.25

passive Pressure coefficient Kp :5.76

Seismic Active Pressure coefficient Kas :0.33
Seismic Passive Pressure coefficient Kps :2.58
Base frictional constant p :0.70

FORCES ACTING ON THE WALL:

FORCES (kN) and their LEVER ARMS (m)

Jescription F Horizontal Lever arm F Vertical Lever arm
left (+) down {+)

Destabilizing forces:

Total Active pressure Pa 20.747 0.983 4.295 0.550

Siesmic component of Pa 4.893 1.500 1.040 0.550

As a result of surcharge W 1.536 1.250 0.326 0.550

Siesmic wall inertia 3.401 1.250

Stabilizing forces:

Passive pressure on base Pp -6.445 0.167
Siesmic component of Pp 7.953 0.300
Weight of the wall + base 23.869 0.509
Weight of soil on the base » 26.505 0.859
UDL of 1.9 kN/m2 1.235 0.875

EQUILIBRIUM CALCULATIONS AT SLS
1.Moment Equilibrium

Point of rotation: bottom front cornexr of base.

For Overturning moment Mo calculate as follows:

Mo = Sum(hor. forces X l1.a.) - Sum(vert. forces X l.a.)
For Stabilizing moment Mr calculate as follows:
Mr = -Sum(hor. forces X l.a.) + Sum(vert. forces x l.a.)

whava 1 = e Teawaw avm ~F as~h FAavma
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Stabilizing moment Mr : 37.1 kNm
Destabilizing moment Mo : 24.0 kNm
safety factor against overturning = Mr/Mo = 1.54
2.Force Equilibrium
sum of Vertical forces Pv : 56.2 kN

Frictional resistance Pfric : 39.4 kN

Passive Pressure on shear key : 0.0 kN

Passive pressure on base : 6.4 kN

=> Horizontal resistance Fr : 45.8 kN
Horizontal sliding force Fh : 25.7 kN

safety factor against overall sliding = Fr/Fh = 1.78

SOIL. PRESSURES UNDER BASE
ximum pressure :161.6 kPa

minimum pressure :-133.5 kPa

Maximum pressure occurs at left hand side of base

WALL MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1987

Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)

base top (m) (kNm) (rem? /1) (rm? /m) (mm? /m)
0.00 26.18 0.00 368.78 325.00
0.04 24.98 0.00 351.94 325.00
0.08 23.82 0.00 335.48 325.00
0.13 22.68 0.00 319.48 325.00
0.17 21.58 0.00 303.94 325.00
0.21 20.51 0.00 288.88 325.00
0.25 19.47 0.00 274.28 325.00
0.29 18.47 0.00 260.13 325.00
0.34 17.49 0.00 246.43 325.00
0.38 16.55 0.00 233.18 325.00
0.42 15.64 0.00 220.37 325.00
0.46 14.77 0.00 207.99 325.00
0.50 13.92 0.00 196.04 325.00
0.55 13.10 0.00 184.51 325.00
0.59 12.31 0.00 173.39 325.00
0.63 11.55 0.00 162.69 325.00
0.67 10.82 0.00 152.39 325.00
0.71 10.11 0.00 142.48 325.00
0.76 9.44 0.00 132.97 325.00
0.80 8.79 0.00 123.84 325.00
0.84 8.17 0.00 115.09 325.00
0.88 7.58 0.00 106.72 . 325.00
0.92 7.01 0.00 98.71 325.00
0.97 6.47 0.00 91.07 325.00
1.01 5.95 0.00 83.78 325.00
1.05 5.46 0.00 76.85 325.00
1.09 4.99 0.00 70.26 325.00
1.13 4.54 0.00 64.00 325.00
1.18 4.12 0.00 58.08 325.00
1.22 3.73 0.00 52.49 325.00
1.26 3.35 0.00 47.21 325.00
1.30 3.00 0.00 42.25 325.00
1.34 2.67 0.00 37.60 325.00
1.39 2.36 0.00 33.26 325.00
1.43 2.07 0.00 29.21 325.00
1.47 1.81 0.00 25.45 325.00
1.51 1.56 0.00 21.98 325.00
1.55 1.33 0.00 18.78 325.00
1.60 1.13 0.00 15.86 325.00
1.%4 0.94 0.00 13.21 325.00

a3V = gl AT VLN e NNYTAL 86 NATTVY ALLAA b
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1.72 0.62 0.00 8.68 325.00
1.76 0.48 0.00 6.80 325.00
1.81 0.37 0.00 5.16 325.00
1.85 0.27 0.00 3.75 325.00
1.89 0.18 0.00 2.58 325.00
1.93 0.12 0.00 1.64 325.00
1.97 0.06 0.00 0.91 325.00
2.02 0.03 0.00 0.40 325.00
2.06 0.01 0.00 0.10 325.00
2.10 0.00 0.00 0.00 325.00

BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Top Reinforcing Bot Reinforcing Nominal (0.13%)

left (m) (kNm) (mzn? /m) (mm? /m) (mm? /m)
0.02 ~-0.00 0.00 0.00 520.00
0.05 ~0.05 0.00 0.43 520.00
0.07 -0.22 0.00 1.71 520.00
0.10 -0.49 0.00 3.86 520.00
0.12 ~-0.87 0.00 6.86 520.00
0.14 -1.36 0.00 10.71 520.00
0.17 -1.96 0.00 15.43 520.00
0.19 -2.67 0.00 21.00 520.00
0.22 ~-3.48 0.00 27.42 520.00
0.24 ~-4.41 0.00 34.71 520.00
0.26 -5.44 0.00 42.85 520.00
0.29 -6.59 0.00 51.85 520.00
0.31 ~7.84 0.00 61.70 520.00
0.34 ~-9.20 0.00 72.42 520.00
0.36 ~10.67 0.00 83.98 520.00
0.38 -12.25 0.00 96.41 520.00
0.41 ~-13.94 0.00 109.69 520.00
0.43 -15.73 0.00 123.83 520.00
0.46 -17.07 134.37 0.00 520.00
0.48 20.91 164.57 0.00 520.00
0.50 20.53 161.61 0.00 520.00
0.53 19.27 151.67 0.00 520.00
0.55 18.04 142.04 0.00 520.00
0.58 16.86 132.73 0.00 520.00
0.60 15.72 123.73 0.00 520.00
0.62 14.62 115.05 0.00 520.00
0.65 13.55 106.69 0.00 520.00
0.67 12.53 98.64 0.00 520.00
0.70 11.55 90.91 0.00 520.00
06.72 10.61 83.49 0.00 520.00
0.74 9.70 76.39 0.00 520.00
0.77 8.84 69.60 0.00 520.00
0.79 8.02 63.13 0.00 520.00
0.82 7.24 56.97 0.00 520.00
0.84 6.50 51.13 0.00 520.00
0.86 5.79 45.61 0.00 520.00
0.89 5.13 40.40 0.00 520.00
0.91 4.51 35.51 0.00 520.00
0.94 3.93 30.93 0.00 520.00
0.96 3.39 26.67 0.00 520.00
0.98 2.89 22.73 0.00 520.00
1.01 2.43 19.10 0.00 520.00
1.03 2.00 15.78 0.00 520.00
1.06 1.62 12.78 0.00 520.00
1.08 1.28 10.10 0.00 520.00
1.10 0.98 7.73 0.00 520.00
1.13 0.72 5.68 0.00 520.00
1.15 0.50 3.95 0.00 520.00
1.18" 0.32 2.53 0.00 520.00
1.20 0.18 1.42 0.00 520.00

SHEAR CHECK AT WALL=BASE JUNCTION TO BS8ITO - 1337

oV = plee AT YEN Uipe WYTAL oSG NYTYY AELAA B
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38.4 kN
0.20 MPa OK
0.43 MPa (based on Wall tensile reinf.)

shear force at bottom of wall V
shear stress at bottom of wall v
Allowable shear stress vc

o

Sketch of Wall

Design code: BS8110 - 1997

L 0.2 1.90
o 28=0:34
N 0 =8:058

=0.70
i
61.6kPa v=10. a
Wall type: &anglever SFslip= 1.78 vc= 0.43MPa

1
Theory: Coulomb SFovt = 1.54

ool - s APV G WNITAL 156 AVYPYY AL AN
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Client

Wall Bending Moments

Wall Mo

200
1.80 —
1.60|—
1490t
(oplib N
1.00—
800 —
600 —+—
400
200 Gt o

Moment max = 26.2kNm @ -.400m

Position (m)

-.200}
-.400

Base Bending Moments

20.0

Moment max = 20.9kNm @ .427m

-
o
o

N
o
(@)

/

ok
o
o

.800 /

250
300
350
400
450
500
.550
600
650
700

050
/l.100

/1.150

| / 1.200
850/

90

950

1/00

{05
h.10
11.15

1.20

Bending moment (kNm)
o
@)
(@]
/

-10.0 ——

-15.0

Position (m)
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Wall Reinforcement

Wall Reinforcement Reinforcement max = 369 mm?m @ 0.00m

,,lom...., T

Reinforcement (mm?*m)
N
o
o

N

o

S
100

3
400

=
©
[s2)

4o

Base Reinforcement

Position (m)

Base Reinforcement Reinforcement

max = 165 mm#¥m @ .427m

Reinforcement (mm?#m
N
6)]
o

200
h&
150 %\\; 
100 1A SR
% L ~
50.0 ool B ol o ololololo/aalololololvialnlo
Ol = | SN @ 0| T 3|00 ©| O | M| B O STl | | | =

Position (m)

ol = glee AT YL Gpe WIITAL 186 NTYYY A LLAA Sl
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Schematic Reinforcement
T10@220 (Hor)
T10@220 (Hor)
T10@220 (NF)
- T10@220 (FF)

FRONT

| ——1Ri0m2clips
1-R10/m2 clips

T10@220 starters

T10@220 starters
T10@150 (T1)
T10@150 (B1)

'/; /———T10@1so T2

s

—T10@150 (B2
[ e

SECTION
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Retaining Wall Design : WALL WSE| TP UREPRT

Input pata

Waell Dimensions Live Loads General Parameters Design Parameters
H1 (m) 15 C(m) 3 W (KNA?) |2 . SﬂFWﬁC)ﬁ? ______ %ﬁpgn. 15
T N Lo M AN (.0 I R Firsiope (3 [0 _____} S
_H3 (x_n) 0 xj (m)_ xpomy | ___ alt all_Frict _('_) _1_2 ______ Dl L“F_ar_:tgr‘ _ 1_4 _
Hwom [0 [Atem) 25 i Chmmy | Conc Densty25_____|LL Factor 16
ey || aoem |25 [ aem 1| Soil Denstty |20 Pmax (kPay 400
Bm 13| Cover: wail [50 | hatmmy || oty 125 Tl
D ER! Cover base|50 | sy 1 vk ot Py R I B

Seepage not allowed

Theory "+ Coulomb
Wall type : Cantilever

SEISMIC AHALYSIS SETTINGS:

Seismic Analysis ON/OFF:0N

Hor Accel. (g} {15

include LL's Y

ool - ple AT YL Qe TTPAL 58U AYTYY NELAA it
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Retaining Wall Design : WALL wS6

Inpput Data

C14
N

Sedpage not allowed

Coulomb
Cantilever

The
wal

ory
1 type
SEIFMIC ANDLYSIS SETTINGS:

Sei%mic Analysis ON/OFF:ON

VALUES OF PRESSURE COEFFICIENTS:

Active Pressure coefficient Ka :0.25
Passive Pressure coefficient Kp :5.76
Seismic Active Pressure coefficient Kas :0.33
Seismic Passive Pressure coefficient Kps :2.58
Base frictional constant p :0.70
FORCES ACTING ON THE WALL:
FORCES (kN)
Description F Horizontal
left (+)
Destabilizing forces:
Total Active pressure Pa 7.598 0
Siesmic component of Pa 1.762 o
As a result of surcharge w 0.921 0
Siesmic wall inertia 1.878 0
Stabilizing forces:
Passive pressure on base Pp -6.445 0
Siesmic component of Pp 7 0

.953
Weight of the wall + base -
Weight of soil on the base
UDL of 2.0 kN/m2

EQUILIBRIUM CALCULATIONS AT SLS

1.Moment Equilibrium

Point of rotation: bottom front corner of base.

For Overturning moment Mo calculate as follows:
Mo Sum(hor. forces x l.a.) - Sum(vert.

For Stabilizing moment Mr calculate as follows:
MIv s Sum{haox 4+ Sumf{vert

farces.x.l.a.l

and their LEVER ARMS
Lever arm

down (+)
.595 1.546 0.550
.900 0.374 0.550
.750 0.196 0.550
.750
.167
.300
13.181 0.425
7.980 0.621
0.570 0.700

forces x l.a.)

farces. . x 1.a.)

(m)

F Vertical Lever arm

whava 1 o - latrar avm ~nf as~h fArrae
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Stabilizing moment Mr : 12.0 kNm
Destabilizing moment Mo : 5.7 kNm
safety factor against overturning = Mr/Mo = 2.13
2.Force Equilibrium
sum of Vertical forces Pv : 23.5 kN

Frictional resistance Pfric : 16.4 kN

Passive Pressure on shear key : 0.0 kN

Passive pressure on base : 6.4 kN

=> Horizontal resistance Fr : 22.9 kN
Horizontal sliding force Fh : 10.4 kN

safety factor against overall sliding = Fr/Fh = 2.20

SOIL PRESSURES UNDER BASE

Maximum pressure : 57.6 kPa

Minimum pressure :-45.8 kPa

Maximum pressure occurs at left hand side of base

WALL. MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Front Reinforcing Back Reinforcing Nominal (0.13%)

base top (m) (kNm) (rm? /m) (mm? /m) (mm? /m)
0.00 5.79 0.00 81.62 325.00
0.02 5.56 0.00 78.35 325.00
0.05 5.33 0.00 75.07 325.00
0.07 5.10 0.00 71.81 325.00
0.10 4.87 0.00 68.56 325.00
0.12 4.64 0.00 65.36 325.00
0.14 4.42 0.00 62.20 325.00
0.17 4.20 0.00 59.10 325.00
0.19 3.98 0.00 56.08 325.00
0.22 3.77 0.00 53.15 325.00
0.24 3.57 0.00 50.31 325.00
0.26 3.38 0.00 47.56 325.00
0.29 3.19 0.00 44.90 325.00
0.31 3.00 0.00 42.33 325.00
0.34 2.83 0.00 39.84 325.00
0.36 2.66 0.00 37.45 325.00
0.38 2.49 0.00 35.14 325.00
0.41 2.34 0.00 32.91 325.00
0.43 2.18 0.00 30.77 325.00
0.46 2.04 0.00 28.71 325.00
0.48 1.90 0.00 26.73 325.00
0.50 1.76 0.00 24.83 325.00
0.53 1.63 0.00 23.01 325.00
0.55 1.51 0.00 21.27 325.00
0.58 1.39 0.00 19.60 325.00
0.60 1.28 0.00 18.01 325.00
0.62 1.17 0.00 16.50 325.00
0.65 1.07 0.00 15.06 325.00
0.67 0.97 0.00 13.70 325.00
0.70 0.88 0.00 12.40 325.00
0.72 0.79 0.00 11.18 325.00
0.74 0.71 0.00 10.03 325.00
0.77 0.63 0.00 8.94 325.00
0.79 0.56 0.00 7.93 325.00
0.82 0.50 0.00 6.98 325.00
0.84 0.43 0.00 6.09 325.00
0.86 0.37 0.00 5.27 325.00
0.89 0.32 0.00 4.52 325.00
0.91 0.27 0.00 3.82 325.00
U.Ja U.Z3 00U EPEN 323700
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0.98 0.15 0.00 2.11 325.00
1.01 0.12 0.00 1.65 325.00
1.03 0.09 0.00 1.26 325.00
1.06 0.07 0.00 0.92 325.00
1.08 0.04 0.00 0.63 325.00
1.10 0.03 0.00 0.40 325.00
1.13 0.02 0.00 0.22 325.00
1.15 0.01 0.00 0.10 325.00
1.18 0.00 0.00 0.02 325.00
1.20 0.00 0.00 0.00 325.00

BASE MOMENTS (ULS) AND REINFORCEMENT TO BS8110 - 1997

Position from Moment Top Reinforcing Bot Reinforcing Nominal (0.13%)

left (m) (kNm) (mn? /m) (mra? /m) (rom? /m)
0.02 -0.00 0.00 0.00 390.00
0.03 ~-0.01 0.00 0.09 390.00
0.05 -0.03 0.00 0.37 390.00
0.07 -0.07 0.00 0.83 330.00
0.08 -0.13 0.00 1.47 3%0.00
0.10 -0.21 0.00 2.30 3380.00
0.12 -0.30 0.00 3.31 390.00
0.14 ~-0.40 0.00 4.51 390.00
0.15 -0.53 0.00 5.89 390.00
0.17 -0.67 0.00 7.46 390.00
0.19 -0.83 0.00 9.21 390.00
0.20 ~-1.00 0.00 11.14 390.00
0.22 -1.19 0.00 13.26 330.00
0.24 ~1.40 0.00 15.56 390.00
0.26 ~1.62 0.00 18.05 390.00
0.27 ~1.86 0.00 20.72 390.00
0.29 -2.11 0.00 23.57 390.00
0.31 -2.39 0.00 26.61 390.00
0.32 -2.67 0.00 29.83 390.00
0.34 ~-2.98 0.00 33.24 390.00
0.36 -3.30 0.00 36.83 390.00
0.37 -3.64 0.00 40.60 390.00
0.39 -4.00 0.00 44.56 390.00
0.41 -4.37 0.00 48.70 390.00
0.42 -4.76 0.00 53.03 390.00
0.44 -5.16 57.54 0.00 390.00
0.46 3.15 35.09 0.00 390.00
0.48 3.15 35.08 0.00 390.00
0.49 2.90 32.34 0.00 390.00
0.51 2.66 29.70 0.00 390.00
0.53 2.44 27.17 0.00 390.00
0.54 2.22 24.76 0.00 390.00
0.56 2.01 22.46 0.00 390.00
0.58 1.82 20.27 0.00 390.00
0.59 1.63 18.19 0.00 390.00
0.61 1.45 16.23 0.00 390.00
0.63 1.29 .14.37 . 0.00 390.00
0.65 1.13 - 12.63 0.00 390.00
0.66 0.99 11.00 0.00 390.00
0.68 0.85 9.49 0.00 390.00
0.70 0.72 8.08 0.00 380.00
0.71 0.61 6.79 0.00 390.00
0.73 0.50 5.61 0.00 390.00
0.75 0.41 4.55 0.00 390.00
0.77 0.32 3.59 0.00 390.00
0.78 0.25 2.75 0.00 390.00
0.80 0.18 2.02 0.00 390.00
0.82 0.13 1.40 0.00 330.00
0.83 0.08 0.90 0.00 390.00
0.85 0.05 0.51 0.00 390.00

I SHEAR CHECK AT WALL-BASE JUNCTION TO BSBI1U - 1337
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Shear force at bottom of wall V

Shear stress at bottom of wall v
Allowable shear stress vcC

Calcs by lcr:ecked by Date

15.7 kN

0.08 MPa OK
0.40 MPa (based on Wall tensile reinf.)

[

Sketch of Wall

Design code: BS8110 - 1997

0.25 2.00

034
8:058

1.50

0.50

=0.70
'- " 0 S
. 57.6kPa v= 0. a
Wall type: Cantelslever SFslip = 2.20 vc= 0.40MPa
Theory: Coulomb SFovt= 2.13

ool = glas AP VLY Qe NTFAL U NAYTYY ALE AR BTN
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AN
CNA =

Client

Calcs by

lChecked by IDste

Wall Bending Moments

Wall Moments

Moment max = 5.79kNm @ -.300m

1.20
1.10}

1.00}

900 et

ool N

700 1N

500 |

400}—

Position (m)

ool b

100 =2 . Y

-.100}

-.200}

Base Bending Moments

Base Moments

Bending moment (kNm)

Moment max = -5.16kNm @ .425m

3.00——t——

200l

-
o
o

10

moment (kNm)

1050
;ﬁ1odi '

-1.00 s lins

Ao

250
300
350
ool
40U
500
650
700
}:750;  ﬁ
1800]

©-2.00

Bendin

-3.00
-4.00

N

-5.00|—

N
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Wall Reinforcement

340 Wall Reinforcement Reinforcement max =325 m 2m @ 1.20m
320 1 1 1 | || ) —| Nominal
300 T e b N g e e EeEm pen B PR B D e
280 ++—+——

260 —
240
220 1
500 L1
180 |-
160 |
140
120
100 =
80.0 <
60.0
40.0
20.0

Reinforcement (mm?/m)

oo o
] Q
IFIN D00

0500
100,
80 /1

Base Reinforcement

Base Reinforcement Reinforcement max = 57.5mm¥m @ .425m
380 1 Nominat:

300 - Eea R AR e
260 ——t—T—1—1T 71 T
220 , S I

200
180
160
140
120
100
80.0
60.0
40.0
20.0

Reinforcement (mm?/m)

0

otsltb
o

SR AN

050
100
50
o
50
400
5
500
50
600
850
00
750
400
850

Position (m)
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Schematic Reinforcement
T10@220 (Hor)
il T10@220 (Hor
T1 0%220 ?I’:llF))
— T10@220 (FF)
\\\____ =
1-R10/m2 clips
1-R10/m2 clips
T10@220 starters
FRONT T10@220 starters
T10@200 (T1)
T10@200 (B1)
/ % T10@200 (T2)
W
( ‘% /———ﬂ* ——T10@200 (B2)
\_at )
SECTION
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1,10 10,0205 0,0190 | 0,0477 | 0,0538 | 0,0302 0,021810,0160 | 0,0576 | 0,0353 0.0411
1,20 10,0221 { 0,0173 | 0,0495| 0,0606 0,0271 {0,0227 10,0137 | 0,0580 0,0367 | 0,0372
1,30 10,0229 10,0166 | 0,0504 | 0.0470 0,0237 10,0231 0,0112| 0,0577 0,0376 | 0,0336
1,40 | 0,0235] 0,0137 00508 0,0431 ] 0,0204 | 0,0233 00()90 0,0569 | 0,0380| 0.0302
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1,10 0,0229 0.0178 0,0516 0,0554 0,0211 0,0198 0,0614 0,0480
1,20 0,0236 0,0161 0,0521 0,0517 0.0228 0,0178 0,0633 ‘| 0,0435
1,30 0,0239 0,01456 0,0522 0,0477 0,0243 0,0153 0,0644 0,0418 ,
1,40 0,0241 0,013} 0,0519 0,0432 0,0257 0,0132 0,0650 0,0396 '
1,60 0.024[ 0,0117 0.0514 0,0387 0,0271 0.0!20 0,0652 0,0357
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+1,00 | 0,048 | 0,0172 | 0,0538 | 0,058 - | 00172 | 0.0246 | 0.us98 | 0,0538
1,10 | 0,0248 0,063 0,0638 0,0553 0,0178 0,0244 0,0640 0,0535 .
1,20 0,0250 0,0153 0,0535 0,0510 0,0180 0,0242 0 0677 0,0533°
1,30 0,0250 0.0142 0,0529 0,0469 -0,0182 0,0244 0,070 0,0533 :
1.40 0,0247 0,0128 0,0522 0,0429 0,0180 0,0249 0,0739 0,0536
1,50 1 0,0245 | 00114 | 0,0514 0,0390 0,0177 | 0,0261 0,0765 | 0,0555
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