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General Loadings:

Walls:
215mm Solid Wall:
Dead Load
Floors:
Timber Floor
Roof:

Pitched Timber Roof

Flat Timber Roof:

Boards, Plywood, Finishes:

Timber Joists, Insulation:
Ceiling, Joists:

Total:

Tiles, Timber Battens, Felt:
Timber Rafters, Insulation:
Ceiling, Services:

Total:

Felt, Finishes:

Timber Joists, Insulation:
Ceiling, Services:

Total:

4.30 kN/m (per metre high)

0.30 kN/m?
0.25 kN/mi

Q25KN/m?

0.80 kN/m

0.55 kN/m?
0.25 kN/mi

Q20kN/m?

1.00 kN/m

0.20 kN/m?
0.25 kN/mz

025 KN/m?

0.70 kN/m

Live Load

Domestic

Aftic Storage

Snow Load

Snow Load, Access:

1.50 kN/m2

0.50 kN/m2

0.60 kN/m2

0.75 kN/m2




Chapero Marsh
Chapero Marsh Job No 16003 Rev =
E: info@chaperomarsh.com
P Date Jul'2023  |Eng PCh
www.chaperomarsh.com
roject Title 28 John Sireef, London WCTN 2BL
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LINTELNUMBER = L1 LENGTH 1,20 m
CLEAR SPAN 1,00 m
LOADING
UDL
Load Type Load location Load value
Wall 0,00 1,20 1,75 kN/m2 x 4,00 m 7,00 kN/m 1,0 7,00 kN/m
Dead Load Gr.Floor 0,00 1,20 0,95 kN/m2 x 4,00 m 3,80 kN/m 1,0 3,80 kN/m
1st Floor 0,00 1,20 0,95 kN/m2 x 4,00 m 3,80 kN/m 1,0 3,80 kN/m
Gr.Floor 0,00 1,20 1,50 kN/m2 x 4,00 m 6,00 kN/m 1,0 6,00 kN/m
Imposed Load
1st Floor 0,00 1,20 1,50 kN/m2 x 4,00 m 6,00 kN/m 1,0 6,00 kN/m
ubL= 26,60 kN/m
Total Supported Load = 1,20 m X 26,60 kN/m = 31,92 kN
LINTEL SUMMARY - PROVIDE Hi-Spec Range R6 1200 mm NAYLOR CONCRETE LINTEL SWL= 36,74 kN/m

[HiSpecrangs b0l e

Load Table
Units suitable
for 100mm wide walls

Unfaciored Loads in kN/m

Fire Resistal

wailable (mins)

Foundation Use

ength Available

Avallable Range Finist

3000mm n/a

33

=]

0Imim nfa

Lintal Waight kg/rr

100215 100290

78.18

62.4 79.80
O
60.8B5
4966
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PORTAL FRAME =

B1

[span

[ 3.70 m

[HEIGHT |

2.70 m |

SIDE VIEW

0.00m

v

10.0 kN/m2

Load Type Load location Load value
Pavement 0.00 3.70 24.00 kN/m3 x 1.6mx0.2 m 7.68 kN/m
Dead Load Pavement 0.00 3.70 0.00 kN/m2 x 1.60 m 0.00 kN/m
Ground 0.00 3.70 18.00 kN/m3 x 1.6mx0.2 m 5.76 kN/m
Brickwork 0.00 3.70 24.00 kN/m3 x 0.90 m2 21.60 kN/m
UDL= 35.04 kN/m
Pavement 0.00 3.70 0.00 kN/m2 x 032 m 0.00 kN/m
Imposed Load Ffavement 0.00 3.70 10.00 kN/m2 x 1.6? m 16.00 kN/m
Ground 0.00 3.70 0.00 kN/m2 x 032 m 0.00 kN/m
Brickwork 0.00 3.70 0.00 kN/m2 x 0.90 m 0.00 kN/m
UDL= 16.00 kN/m

Ll

ARRANGEMENT AND MATERIAL DETAILS
Retained Soil Density, vm

Angle of int'l friction of retain mat'l, @y,
Angle of soil surface, p

18.00 kN/m3
26.00 °
0.00 °

PAVEMENT
GROUND

H

-0.80m

v

1.45m
BRICKWORK

L=16.45kN/m
=273 kN/m

70 DL = 42.43kN/m

IL=5.46kN/m

DL =25.99 kN/m

IL=2.73 kN/m
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GROUND CONDITIONS TBC BY SUITABLY QUALIFIED INDIVIDUAL

Loading

Surcharge

10.00 kN/m2

Rankine Coefficient

Using active earth pressure coefficient
ks = (1-sing) / (1 + sing) 0.39
Characteristic loading

Surcharge, A kaXq

3.90 kN/m2

1.50m
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-1.45m  Water pressure, W depth x y,,
-1.85m  Water pressure, W depth x vy
-2.25m  Water pressure, W depth x y,,
-2.65m  Water pressure, W depth x vy

-1.45m
-1.85m
-2.25m
-2.65m

Backfill, B
Backfill, B
Backfill, B
Backfill, B

Ka X Ym X depth
Ka X Ym X depth
Ka X Ym X depth
Ka X Ym X depth

6.50

10.50
14.50
18.50

10.19
13.00
15.81
18.63

kN/m2
kN/m2
kN/m2
kN/m2

kN/m2
kN/m2
kN/m2
kN/m2
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FRONT VIEW

1.20m

-1.85m DL
-225m DL
-2.65m DL

(W + B) x0.70m
(W + B) x 1.40m
(W + B) x0.70m

16.45
42.43
25.99

kN/m
kN/m
kN/m
-1.85m  IL
-225m L
-2.65m IL

Ax0.70m
AXx 1.40m
Ax0.70m

2.73
5.46
2.73

kN/m
kN/m
kN/m

COLUMN C1
COLUMN C1
BEAM B1

203x203x52 UC
203x203x52 UC
203x203x60 UC

(SEE APPENDIX A FOR DETAIL ANALYSIS AND DESIGN)

2.90m
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DESIGN OF PAD FOUNDATION UNDER 2 COLUMNS C1
Unfactored Forces ol
Axial Force DL 139,38[kN N ey

IL 60,40|kN /| 7|

Fz 199,78|kN E x %

- x| — Y » ¥ M

Horizonal Force Fx 0,00\ kN L’ L€ ¥Y

Fy 0,00/ kN Fx
Moment Mxx 0,00(kNm

Myy 0,00(kNm s

Eccentricity ex 0,00|mm M

ey 0,00|mm ,I|f Y ’II(
Foundation Dimensions
Length X 1,20 m
Width y 1,20 m
Depth 0,45 m
Self Weight 15,55 kN (. Myy
Column Length X 0,40 m
Column Width y 0,40 m

a}

Foundation Dimensions bz
Allowale Bearing Pressure 170,00 kN/m2
Bearing Pressure 149,54 kN/m2 Pass /\V X 4V
Check Against Overturning X-Direction Check Against Overturning Y-Direction
Moment 0,00 kNm Moment 0,00 kNm
Resultant Eccentricity e 0,00 m Resultant Eccentricity e 0,00
Parametr c 0,60 Parametr C 0,60
Maximum Earth pressure 149,54 kN/m2 Pass Maximum Earth pressure 149,54 kN/m2
Minimum Earth pressuer 149,54 kN/m2 Minimum Earth pressuer 149,54 kN/m2
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RETAINING WALL DESIGN

ARRANGEMENT AND MATERIAL DETAILS

Wall Height (H)
Wall Width (W)

Concrete density

ReTaineda >oll LensIty, 7m

Angle of int'l friction of retain mat'l, &,
ANgIe O soll surtace, 3

Ground conditions beneath base
Allowable Bearing Capacity

LOADING
Surcharge Live Load, g

0.00 m
Prop by arch

1.50 m
075 m

24 kN/m3

18 KN/m3

26 °
0v

Dense Gra
120

vel

kN/m2

10,00 kN/m2

2.70m

750mm thick |
existing brickwork and soil above |-

750mm thick
new retaining wall

-

1.50 m

FFL

4 020m

[

25m

Rankine Coefficient (Usina active earth pressure coefficient)
Ka = (1—sing) / (1 + sing)

LOADING FOR RC CANTILEVER RETAINING WALL

Surcharge DL + Water, g, Ym 2.70m+y, -1.90m

Pressure
-2.70m
-2.70m
-2.70m

Backfill, B
Water, W
Surcharge IL, A

Ko Ym - depth
Vw - depth
ka el

Horizontal Dead Load

-2.70m Backfill, B
-2.70m Water, W

33% of load (wall is propped by frames & at the top by arch)

Horizontal Live Load

-2.70m Surcharge IL, A

33% of load (wall is propped by frames & at the top by arch)

Vertical Load

Wall thickness above retaining wall
Wall height above retaining wall
Density

Vertical Load

(SEE APPENDIX B FOR DETAIL ANALYSIS AND DESIGN)

WATER LEVEL
X~

0,39

67,60 kN/m2

18,98 kN/m2
19,00 kN/m2
3,90 kKN/m2

25,62 kN/m

0.80m

18,05 kN/m

43,67 kN/m

14,41 kN/m

10,54 kKN/m

3,48 kN/m

0,75 m

2,70 m
22,00 kN/m3
44,55 kN/m

GROUND CONDITIONS TBC BY SUITABLY QUALIFIED INDIVIDUAL

Dead Load
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RETAINING WALL DESIGN
ARRANGEMENT AND MATERIAL DETAILS
Check for potential uplift
Approximate total weiaht of structure (Dead Load Only)
Pavement + Ground + Arch (0.20m x 24kN/m3 + 0.20m x 18kN/m3 + 0.30m x 24kN/m3) x 69.90m2 1090,44 kN
Walls 2.20m x 0.40m x 18.20m x 24kN/m3 384,38 kN

2.20m x 0.75m x 18.20m x 24kN/m3 720,72 kN
Retaining Wall Stem 1.40m x (0.40m + 0.75m) x 18.20m x 24kN/m3 703,25 kN
Retainina Wall Base + Ground 0.45m x 46.57mM2 x 24kN/m3 502,96 kN
0.2m thick Concrete under base 0.20m x (1.40m + 1.75m) x 14.30m x 24kN/m3 216,22 kN
TOTAL DEAD LOAD: 3617,97 kN
Pressure
Water table has been measured -0.80m below ground level.

T0kN/m3 x 4.4m 44,00 kN/m2
TOTAL UPLIFT: 44kN/m2 x 69.90m2 3075,60 kN

3617,97 kN > 3075,6 kN Satisfactory




APPENDIX A

Portal Frame




Structure View

5
3411
- N
g &
Data - Nodes
Node X (m) Z (m) Support code Support
1 0,0 0,0 xxf Pinned
2 0,0 2,70
4 3,70 0,0 xxf Pinned
5 3,70 2,70
1 0,0 1,50 xff Pinned 2
Data - Bars
Bar Node 1 Node 2 Section Material Length (m) Gamma (Deg) Type
1 1 2 UC 203x203x52 S275 2,70 0,0 Column 1
4 5 UC 203x203x52 S275 2,70 0,0 Column 1
3 2 5 UC 203x203x60 S275 3,70 0,0 Beam 7
Data - Sections
Section name Bar list AX (mm2) AY (mm2) AZ (mm2)
UC 203x203x52 12 6630 5098 1650
UC 203x203x60 3 7640 5828 1949
Section name IX (mm4) 1Y (mm4) 1Z (mm4)
UC 203x203x52 318000 52590000 17780000
UC 203x203x60 472000 61250000 20650000
Data - Materials
Material E(MPa) G (MPa) NI LX(1/°C) RO (kN/m3) Re (MPa)
1 S275 205000,00 80000,00 0,30 0,00 77,01 275,00
Data - Supports
Support name List of nodes List of edges List of objects Support conditions
Pinned 14 uxuz




Support name

Pinned 2

Loads - Cases

Case

List of nodes

List of edges

List of objects Support conditions

11

Label

Ux

Case name

1

DL1 DL1

IL1 IL1

WL1 WL1 - LEFT

WL2 WL2 - RIGHT

COMB1 (1.4DL+1.6IL)

COMB2a (1.2DL+1.2IL+1.2WL1)

COMB2b (1.2DL+1.2IL+1.2WL2)

0 NOoO G A WN

COMB9

COMB3a (0.9DL+1.4WL1)

COMB4a (1.0IL+1.0WL1)

11

COMB4b (1.0IL+1.0WL2)

12

COMB5a (1.0DL+1.0IL+1.0WL1)

13

COMB5b (1.0DL+1.0IL+1.0WL2)

14

Case

0 NOoO G hA WOWN

11
12
13
14

Loads - Values

Case

Nature

COMBG6 (1.0DL+1.0IL)

Analysis type

dead Static - Linear

live Static - Linear

wind Static - Linear

wind Static - Linear

Linear Combination

Linear Combination

Linear Combination

Linear Combination

Linear Combination

Linear Combination

Linear Combination

Linear Combination

Linear Combination

Load type

List

Linear Combination

Load values

self-weight

1to3

PZ Negative Factor=1,00

uniform load

PZ=-35,04(kN/m)

trapezoidal load (2p)

PX2=-13,65(kN/m) PX1=-13,65(kN/m) X2=2,70(m) X1=2,30(m) glo-
bal not project. absolute

trapezoidal load (2p)

PX2=-36,83(kN/m) PX1=-36,83(kN/m) X2=2,30(m) X1=1,90(m) glo-
bal not project. absolute

trapezoidal load (2p)

PX2=-23,19(kN/m) PX1=-23,19(kN/m) X2=1,90(m) X1=1,50(m) glo-
bal not project. absolute

trapezoidal load (2p)

PX2=-16,45(kN/m) PX1=-16,45(kN/m) X2=2,70(m) X1=2,30(m) glo-
bal not project. absolute

trapezoidal load (2p)

PX2=-42,45(kN/m) PX1=-42,45(kN/m) X2=2,30(m) X1=1,90(m) glo-
bal not project. absolute

trapezoidal load (2p)

PX2=-26,00(kN/m) PX1=-26,00(kN/m) X2=1,90(m) X1=1,50(m) glo-
bal not project. absolute

uniform load

PZ=-16,00(kN/m)

trapezoidal load (2p)

PX2=-2,73(kN/m) PX1=-2,73(kN/m) X2=2,70(m) X1=2,30(m) global
not project. absolute




Case Load type List Load values
2 trapezoidal load (2p) 2 PX2=-5,46(kN/m) PX1=-5,46(kN/m) X2=2,30(m) X1=1',90(m) global
not project. absolute
2 trapezoidal load (2p) 2 PX2=-2,73(kN/m) PX1=-2,73(kN/m) X2=1,90(m) X1=1,50(m) global

Combinations

Combinations

5 (C)
6 (C)

7(C)

8(C)
9(C)
10 (C)
11 (C)

12 (C)
13 (C)
14 (C)

Combinations

5(C)
6(C)
7(C)
8(C)
9(C)
10 (C)
11 (C)
12 (C)
13 (C)
14 (C)

Reactions ULS: global extremes

Case nature

not project. absolute

Combination

Name Analysis type

type
COMBH1 (1.4DL+1.6IL) Linear Combination ULS
COMB2a (1.2DL+1.2IL+1 21/\1/; Linear Combination ULS
COMB2b (1.2DL+1.2IL+1 2&’;5 Linear Combination ULS
COMB9 Linear Combination SLS
COMB3a (0.9DL+1.4WL1) Linear Combination ULS
COMB4a (1.0IL+1.0WL1) Linear Combination SLS
COMB4b (1.0IL+1.0WL2) Linear Combination SLS
COMBSa (1.0DL+1.01L+1 01/\1/; Linear Combination ULS
COMBSD (1.0DL+1.01L+1 OIY\Zli Linear Combination ULS
COMBS6 (1.0DL+1.0IL) Linear Combination ULS

Definition

1*1.40+2*1.60

(142+3)*1.20

(1+2+4)*1.20

(1+2+3)*1.00

1*0.90+3*1.40

(2+3)*1.00

(2+4)*1.00

(142+3)*1.00

(1+2+4)*1.00

(1+2)*1.00

FX (kN) FZ (kN) MY (kNm)
MAX 64,27 145,88 0,00
Node 11 1 11
Case 5(C) 5(C) 5(C)
MIN -17,04 0,0 -0,00
Node 1 1 11
Case 5(C) 3 2

Displacements SLS: global extremes

UX (mm)

UZ (mm)

RY (Rad)

MAX

0,11 0,0

0,006




UX (mm) Uz (mm) RY (Rad)

Node 2 1 2
Case 2 1 8 (C)
MIN -1,53 -0,20 -0,007
Node 5 2 5
Case 1 8 (C) 8 (C)

Forces - Envelope

Bar/Node/Case FX (kN) FZ (kN) MY (kNm)
1/1/ 5 (C) 145,88>> 17,04 0,0
113 0,0<< 0,0 0,0
1/1/ 5 (C) 145,88 17,04>> 0,0
1/2/ 5 (C) 143,95 -47,24<< -31,12
171/1 69,69 12,11 0,0>>
1/2/ 5 (C) 143,95 -47,24 -31,12<<
2/4/5(C) 137,25>> 7,30 0,00
2/4/3 0,0<< 0,0 0,0
2/5/5(C) 135,32 47 24>> 15,16
2/4/5(C) 137,25 -7,30<< 0,00
2/5/5(C) 135,32 47,24 15,16>>
2/4/2 29,00 0,22 -0,00<<
3/2/5(C) 47 24>> 143,95 -31,12
3/2/3 0,0<< 0,0 0,0
3/2/5(C) 47,24 143,95>> -31,12
3/5/5(C) 47,24 -135,32<< -15,16
3/2/3 0,0 0,0 0,0>>
3/2/5(C) 47,24 143,95 -31,12<<

Member Forces ULS: envelope

Bar FX (kN) FZ (kN) MY (kNm)
1/ MAX 145,88 17,04 0,0
Node 1 1 1
Case 5(C) 5(C) 1
1/MIN 0,0 -47,24 -31,12
Node 1 2 2
Case 3 5(C) 5(C)
2/ MAX 137,25 47,24 15,16
Node 4 5 5
Case 5(C) 5(C) 5(C)
2/ MIN 0,0 -7,30 -0,00
Node 4 4 4
Case 3 5(C) 2
3/ MAX 47,24 143,95 0,0
Node 2 2 2
Case 5(C) 5(C) 3
3/MIN 0,0 -135,32 -31,12
Node 2 5 2

Case 3 5(C) 5(C)




Members - Definition

Member Name Components e Section Type Ly =
group (m)  (m)
1 CcoL 1 (N/A) UC 203x203x52 Column1 4,05 4,05
2 CoL 1 (N/A) UC 203x203x52 Column1 4,05 4,05
3 B1 (N/A) UC 203x203x60 Beam7 3,70 3,70
Member Verification
STEEL DESIGN

CODE: British Standard BS 5950:2000
ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 1 COL I POINT: 3 COORDINATE: x=1.00L=2.70m
LOADS:

Governing Load Case: 5 COMBI1 (1.4DL+1.6IL) 1*1.40+2%1.60

MATERIAL

S275 py =275.00 MPa E =205000.00 MPa

ES

D=206 mm

B=204 mm Ay=5108 mm?2

t=8 mm Iy=52590000 mm4
T=13 mm Wely=510087 mm3

SECTION PARAMETERS: UC 203x203x52

Az=1629 mm?2
1z=17780000 mm4
Welz=174058 mm3

A=6630 mm?2
Ix=318000 mm4

INTERNAL FORCES

Fc=143.95 kN My =-31.12 kN*m

Mit =-31.12 kN*m Mymax =-31.12 kN*m Fvz =-47.24 kN
mlt=0.60 my = 0.60

CAPACITIES

Pc=1823.25 kN
Section class = 1

Mcy = 155.93 kKN*m
Mey = 140.27 kN*m

Pvz =268.78 kN

Ad

' | LATERAL BUCKLING PARAMETERS:
Le=2.70m u=0.85
x=15.83 v=0.90

LamLT = 39.65
NLT = 0.04

pb = 262.65 MPa
Mb = 148.92 kN*m

BUCKLING PARAMETERS:

Y About Y axis:

Ly=4.05m pey = 978.44 MPa
Ley=4.05m Fiy=675.21 MPa
Lamy = 45.47 py =242.96 MPa

ny =0.10 Pcy =1610.85 kN

Lz=4.05m
Lez=4.05m
Lamz=78.21
nz=0.34

1o About Z axis:

pez =330.80 MPa
Fiz = 358.44 MPa
pz = 164.77 MPa

Pcz=1092.41 kN

VERIFICATION FORMULAS:

Section check

Fc/Pc + My/Mcy =0.28 <1.00 (4.8.3.2)
Fvz/Pvz=0.18<1.00 (4.2.3)

Member stability check

Fc/Pcy + (1+0.5*Fc/Pcy)*my*Mymax/Mcy = 0.21 < 1.00 (4.8.3.3.2a)




Fc/Pez + mlt*MIt/Mb = 0.26 <1.00 (4.8.3.3.2a)

LIMIT DISPLACEMENTS

=

Deflections (LOCAL SYSTEM): Not analyzed

r Displacements (GLOBAL SYSTEM):

vx=0.11 mm < vx max=L/300.00 =9.00 mm Verified
Governing Load Case: 10 COMB4a (1.0IL+1.0WL1) (2+3)*1.00
Section OK !!!
STEEL DESIGN
CODE: British Standard BS 5950:2000
ANALYSIS TYPE: Member Verification
CODE GROUP:
MEMBER: 2 COL I POINT: 2 COORDINATE: x=050L=135m
LOADS:
Governing Load Case: 5 COMBI (1.4DL+1.6IL) 1*1.40+2%*1.60
MATERIAL
S275 py =275.00 MPa E =205000.00 MPa

Z

3E SECTION PARAMETERS: UC 203x203x52

D=206 mm

B=204 mm Ay=5108 mm?2 Az=1629 mm2 A=6630 mm?2
t=8 mm Iy=52590000 mm4 1z=17780000 mm4 Ix=318000 mm4
T=13 mm Wely=510087 mm3 Welz=174058 mm3

INTERNAL FORCES

Fc=136.29 kN My =-9.85 kN*m

Mlt = 15.16 kN*m Mymax = 15.16 kN*m Fvz=-730kN
mlt=0.60 my = 0.60

CAPACITIES

Pc=1823.25 kN
Section class = 1

Mcy = 155.93 kN*m
Mey = 140.27 kN*m

Pvz =268.78 kN

il

' | LATERAL BUCKLING PARAMETERS:
Le=2.70 m u=0.85 LamLT = 39.65 pb =262.65 MPa
x=15.83 v=10.90 NLT =0.04 Mb = 148.92 kN*m
BUCKLING PARAMETERS:

0 About Y axis: il About Z axis:
Ly=4.05m pey = 978.44 MPa Lz=4.05m pez = 330.80 MPa
Ley=4.05m Fiy =675.21 MPa Lez=4.05m Fiz =358.44 MPa
Lamy =45.47 py = 242.96 MPa Lamz = 78.21 pz=164.77 MPa
ny =0.10 Pcy =1610.85 kN nz=0.34 Pcz=1092.41 kN

VERIFICATION FORMULAS:

Section check

Fc/Pc + My/Mcy = 0.14 < 1.00 (4.8.3.2)

Fvz/Pvz=0.03<1.00 (4.2.3)

Member stability check

Fc/Pcy + (1+0.5*Fc¢/Pcy)*my*Mymax/Mcy = 0.15 < 1.00 (4.8.3.3.2a)
Fc/Pcz + mIt*MIt/Mb =0.19 < 1.00 (4.8.3.3.2a)




LIMIT DISPLACEMENTS

=

Deflections (LOCAL SYSTEM): Not analyzed

r Displacements (GLOBAL SYSTEM):

vx=0.10 mm < vx max = L/300.00 =9.00 mm Verified
Governing Load Case: 10 COMB4a (1.0IL+1.0WL1) (2+3)*1.00
Section OK !!!
STEEL DESIGN
CODE: British Standard BS 5950:2000
ANALYSIS TYPE: Member Verification
CODE GROUP:
MEMBER: 3 Bl POINT: 1| COORDINATE: x=0.00L=0.00m
LOADS:
Governing Load Case: 5 COMBI1 (1.4DL+1.6IL) 1*1.40+2%1.60
MATERIAL
S275 py =275.00 MPa E =205000.00 MPa
3E SECTION PARAMETERS: UC 203x203x60
D=210 mm
B=206 mm Ay=5845 mm?2 Az=1970 mm2 A=7640 mm?2
t=9 mm Iy=61250000 mm4 1z=20650000 mm4 I1x=472000 mm4
T=14 mm Wely=584447 mm3 Welz=200680 mm3
INTERNAL FORCES
Fc=47.24 kN My =-31.12 kN*m
MlIt = 106.02 kN*m Mymax = 106.02 kN*m Fvz=143.95 kN
mlt=0.91 my = 0.94
CAPACITIES

Pc=2101.00 kN
Section class = 1

Mcy = 180.40 kN*m
Mey = 160.72 kN*m

Pvz =325.09 kN

il

' | LATERAL BUCKLING PARAMETERS:
Le=3.70 m u=0.85 LamLT =49.00 pb =240.42 MPa
x =14.07 v=0.81 NLT =0.10 Mb = 157.72 kN*m
BUCKLING PARAMETERS:

1 About Y axis: About Z axis:
Ly=3.70 m pey = 1184.85 MPa Lz=3.70m pez =399.46 MPa
Ley=3.70 m Fiy = 780.04 MPa Lez=3.70 m Fiz=396.57 MPa
Lamy =41.32 py = 248.41 MPa Lamz=71.17 pz =178.82 MPa
ny = 0.08 Pcy = 1897.87 kN nz = 0.30 Pcz =1366.20 kN

VERIFICATION FORMULAS:

Section check

Fc/Pc + My/Mcy = 0.20 < 1.00 (4.8.3.2)

Fvz/Pvz=0.44<1.00 (4.2.3)

Member stability check

Fc/Pcy + (14+0.5*Fc/Pcy)*my*Mymax/Mcy = 0.58 < 1.00 (4.8.3.3.2a)
Fc/Pcz + mlt*MIt/Mb = 0.65 < 1.00 (4.8.3.3.2a)

LIMIT DISPLACEMENTS

=71 Deflections (LOCAL SYSTEM):




uz =2.52 mm < uz max = L/500.00 = 7.40 mm Verified
Governing Load Case: 10 COMB4a (1.0IL+1.0WL1) (2+3)*1.00

r Displacements (GLOBAL SYSTEM): Not analyzed

Section OK !!!

Connection Verification

_ , QK
Autodesk Robot Structural Analysis Professional 2019 :
Design of fixed beam-to-column connection -
EN 1993-1-8:2005/AC:2009 078
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GENERAL
Connection no.: 1

Connection name: Frame knee

Structure node: 2
Structure bars: 3, 1
GEOMETRY
COLUMN

Section: UC 203x203x60

Barno.: 3




o= -90,0

he = 210
brc = 206
twe = 9
te = 14
re = 10
Ac = 7640
Ixc = 61250000
Material: 5275

fyec = 275,00
BEAM

Section:

Barno.: 1

o= 0,0
hp = 206
br = 204
twb = 8
o = 13
M = 10
M = 10
Ap = 6630
Ixo = 52590000
Material: 5275

fyo = 275,00
BoOLTS

[Deg] Inclination angle

[mm]  Height of column section

[mm]  Width of column section

[mm]  Thickness of the web of column section

[mm]  Thickness of the flange of column section

[mMm]  Radius of column section fillet

[mm?]  Cross-sectional area of a column

[mm?#  Moment of inertia of the column section
[MPa] Resistance

UC 203x203x52

[Deg] Inclination angle

[mm]  Height of beam section

[mm]  Width of beam section

[mm]  Thickness of the web of beam section

[mm]  Thickness of the flange of beam section

[mm]  Radius of beam section fillet

[mm]  Radius of beam section fillet

[mm?]  Cross-sectional area of a beam

[mm?*  Moment of inertia of the beam section
[MPa] Resistance

The shear plane passes through the THREADED portion of the bolt.

d= 20 [mm] Bolt diameter

Class = 8.8 Bolt class

Fira= 141,12 [kN] Tensile resistance of a bolt

Nh = 2 Number of bolt columns

ny = 2 Number of bolt rows

ht = 70 [mm] Distance between first bolt and upper edge of front plate




Horizontal spacingei= 120 [mm]

Vertical spacing pi = 70 [mm]

PLATE

hp = 240 [mm] Plate height

bp = 220 [mm] Plate width

tp = 20 [mm] Plate thickness

Material: S275

fyp = 275,00 [MPa] Resistance

COLUMN STIFFENER

Upper

hsu = 181 [mm]  Stiffener height
bsu = 98 [mm]  Stiffener width

thu = 8 [mm]  Stiffener thickness

Material: S275

fysu = 275,00 [MPa] Resistance
Lower

hsg = 181 [mm]  Stiffener height
bsa = 98 [mm]  Stiffener width

tha = 8 [mm]  Stiffener thickness

Material: S275

fysu = 275,00 [MPa] Resistance

DIAGONAL STIFFENER

Typ: Left

Wa = 98 [mm]  Width of diagonal stiffener

ta= 8 [mm]  Thickness of diagonal stiffener

Material: S275

fya = 275,00 [MPa] Resistance
FILLET WELDS

aw = 4 [mm] Web weld

ar = 4 [mm] Flange weld
as = 4 [mm]  Stiffener weld

MATERIAL FACTORS




MO = 1,00 Partial safety factor

™1 = 1,00 Partial safety factor
™2 = 1,25 Partial safety factor
™3 = 1,25 Partial safety factor
LoADS

[2.2]
[2.2]
[2.2]

[2.2]

Ultimate limit state

Case: 5: COMB1l (1.4DL+1.6IL) 1*1.40+2*1.60

Mb1,ed = 31,12 [kN*m] Bending moment in the right beam
Vb1Ed = 47,24 [kN] Shear force in the right beam

Np1ea = -143,95 [kN] Axial force in the right beam

Me1,Ed = 31,12 [kN*m] Bending moment in the lower column
Vo1 Ed = 143,95 [kN] Shear force in the lower column
Netea =  -47,24 [kN] Axial force in the lower column
RESULTS

BEAM RESISTANCES

COMPRESSION
Ap = 6630 [mm? Area
Neb,rd = Ab fyb / ymo

Nebra = 1823, 25 [kN] Design compressive resistance of the section

SHEAR

Awp = 1876 [mm?] Shear area

Veb,rd = Aw (fyo / V3) / YMO

VeoRrd= 297,89 [kN] Design sectional resistance for shear

Vb1,ed / Vebrd < 1,0 0,16 < 1,00 verified

BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)
Woip = 567000 [mm?3 Plastic section modulus
Mb,pl,Rd = Woib fyb / ymo

Mbpird =155, 93 [kN*m] Plastic resistance of the section for bending (without stiffeners)

EN1993-1-1:[6.2.4]

EN1993-1-1:[6.2.4]

EN1993-1-1:[6.2.6.(3)]

EN1993-1-1:[6.2.6.(2)]

(0,16)

EN1993-1-1:[6.2.5.(2)]

EN1993-1-1:[6.2.5.(2)]




BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT

Wi = 567000  [mmd

Plastic section modulus

Meb,rd = Wi fyb / ymo

Moeb,Rrd =

155,93 [kN*m] Design resistance of the section for bending

FLANGE AND WEB - COMPRESSION

Mcb,Rrd =

hf =

194  [mm]

155,93 [kN*m] Design resistance of the section for bending

Distance between the centroids of flanges

Fe,fo,Rd = Meb,Rd / ht

Femra= 804,98 [kN]

Resistance of the compressed flange and web

COLUMN RESISTANCES

WEB PANEL - SHEAR

Mb1,ed = 31,12 [kN*m] Bending moment (right beam)

Mbz2,ed = 0,00 [kN*m] Bending moment (left beam)

VeiEd = 143,95 [kN]

VezEd = 0,00 [kN]

Z=

148  [mm]

Shear force (lower column)
Shear force (upper column)

Lever arm

Vwp,Ed = (Mb1,Ed - Mb2,ed) / Z - (Ve1,Ed - Ve2,ed) / 2

pr,Ed=

Avs = 2218
Avd = 1120
Avc= 3338
ds = 198

Mplfcrd = 2,85
Mpl,stu,Rd =0,91

Mpi,stira = 0, 91

Vwp,rd = 0.9 ( Avs*fywetAva*fya ) / (V3 ymo) + Min(4 MpifeRd / ds , (2 Mpife,rd + Mpi,stuRd + Mpist,Rrd) / ds)

pr,Rd =

pr,Ed / pr,Rd < 1,0

138,40  [kN]

514,98  [kN]

Shear force acting on the web panel

[mm?] Shear area of the column web
[mm?] Area of the diagonal stiffener subjected to shear
[mm?] Shear area
[mm] Distance between the centroids of stiffeners
[kN*m] Plastic resistance of the column flange for bending
[kN*m] Plastic resistance of the upper transverse stiffener for bending

[kN*m] Plastic resistance of the lower transverse stiffener for bending

Resistance of the column web panel for shear

0,27 < 1,00 verified

EN1993-1-1:[6.2.5]

EN1993-1-1:[6.2.5]

EN1993-1-1:[6.2.5]

[6.2.6.7.(1)]

[6.2.6.7.(1)]

15.3.(3)]
15.3.(3)]
15.3.(3)]
15.3.(3)]

[6.2.5]

15.3.(3)]

EN1993-1-1:[6.2.6.(3)]
EN1993-1-1:[6.2.6.(3)]
EN1993-1-1:[6.2.6.(3)]
[6.2.6.1.(4)]
[6.2.6.1.(4)]
[6.2.6.1.(4)]

[6.2.6.1.(4)]

[6.2.6.1]

(0,27)




WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:

twe = 9 [mm] Effective thickness of the column web

Deff cwe = 186 [mm] Effective width of the web for compression
Avc = 2218 [mm? Shear area

o= 0,74 Reduction factor for interaction with shear

ccomed = 47,04 [MPa] Maximum compressive stress in web

kwe = 1,00 Reduction factor conditioned by compressive stresses
As = 1571 [mm? Area of the web stiffener

o= 44,5 [Deg] Inclination angle of a diagonal stiffener

Asd = 1571 [mm? Diagonal stiffener area

Fewe,Rdt = ® Kwe Deff.cwe twe fye / ymo + As fys / ymo + Asd cos(at) fya / ymo

Fewe,rd1 =1097,53 [kN] Column web resistance

Buckling:

dwe = 161 [mm]  Height of compressed web

Ap = 0,63 Plate slenderness of an element

p= 1,00 Reduction factor for element buckling

As = 2,64 Stiffener slenderness

xs = 1,00 Buckling coefficient of the stiffener

Asd = 3,71 Diagonal stiffener slenderness

Ysd = 1,00 Buckling coefficient of a diagonal stiffener

FeweRd2 = © Kwe p Deffewe twe fyc / ym1 + As s fys / ym1 + Asd ysd cos(a) fya / ym1

FeweRd2 =1097,53 [kN] Column web resistance

Final resistance:
Fc,wc,Rd,low = Min (Fc,wc,Rd1 y Fc,wc,RdZ)

Fewerd = 1097,53 [kN] Column web resistance

WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM TOP FLANGE

Bearing:

twe = 9 [mm] Effective thickness of the column web

Deff.cwe = 186 [mm] Effective width of the web for compression

[6.2.6.2.(6)]
16.2.6.2.(1)]
EN1993-1-1:[6.2.6.(3)]
[6.2.6.2.(1)]
6.2.6.2.(2)]
[6.2.6.2.(2)]

EN1993-1-1:[6.2.4]

EN1993-1-1:[6.2.4]

[6.2.6.2.(1)]

[6.2.6.2.(1)]
16.2.6.2.(1)]
[6.2.6.2.(1)]

EN1993-1-1:(6.3.1.2]

EN1993-1-1:(6.3.1.2]

EN1993-1-1:[6.3.1.2]

EN1993-1-1:[6.3.1.2]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

[6.2.6.2.(6)]
[6.2.6.2.(1)]




twe = 9 [mm] Effective thickness of the column web

Avc = 2218 [mm? Shear area

®= 0,74 Reduction factor for interaction with shear

Geomed = 47,04 [MPa] Maximum compressive stress in web

kwe = 1,00 Reduction factor conditioned by compressive stresses
As = 1571 [mm? Area of the web stiffener

Fewe,Rrdt = @ Kwe Deff.cwe twe fye / ymo + As fys / ymo

Fewerat = 789,51 [kN] Column web resistance

Buckling:

dwe = 161 [mm]  Height of compressed web

Ap = 0,63 Plate slenderness of an element

p= 1,00 Reduction factor for element buckling
As = 2,64 Stiffener slenderness

Xs = 1,00 Buckling coefficient of the stiffener

Fc,wc,RdZ = ® kwe P beff,c,wc twe fyc / ym1 + As As fys / M1

Fcwerd2 = 789,51 [kN] Column web resistance

Final resistance:
Fc,wc,Rd,upp = Min (Fc,wc,Rd1 y Fc,wc,RdZ)
Fc,wc,Rd,upp = 789,51

[kN] Column web resistance

GEOMETRICAL PARAMETERS OF A CONNECTION

EFFECTIVE LENGTHS AND PARAMETERS - COLUMN FLANGE

Mx e €x P |eff,cp leff,nc leff,1
1 47 - 43 - 70 296 284 284
2 47 - 43 - 70 296 250 250
EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE
Nr m Mx e €x P |eff,cp |eff,nc |eff,1
1 52 - 50 - 70 324 319 319

leff,2
284

250

leff,2

319

[6.2.6.2.(6)]
EN1993-1-1:[6.2.6.(3)]
16.2.6.2.(1)]
[6.2.6.2.(2)]
6.2.6.2.(2)]

EN1993-1-1:[6.2.4]

[6.2.6.2.(1)]

(6.2.6.2.(1)]
(6.2.6.2.(1)]
(6.2.6.2.(1)]

EN1993-1-1:[6.3.1.2]

EN1993-1-1:[6.3.1.2]

[6.2.6.2.(1)]
[6.2.6.2.(1)]
|eff,cp,g |eff,nc,g |eff,1 .9 |eff,2,g
218 198 198 198
218 164 164 164
|eff,cp,g |eff,nc,g |eff,1 .9 |eff,2,g
232 220 220 220




Nr

©x

p
|eff,cp
|eff,nc
ler,1

leff,2

|eff,cp |eff,nc |eff,1

70 324 269 269
— Bolt distance from the web

— Bolt distance from the beam flange

— Bolt distance from the outer edge

— Bolt distance from the horizontal outer edge

— Distance between bolts

— Effective length for a single bolt in the circular failure mode

— Effective length for a single bolt in the non-circular failure mode

— Effective length for a single bolt for mode 1

— Effective length for a single bolt for mode 2

leftepg — Effective length for a group of bolts in the circular failure mode
leftncg — Effective length for a group of bolts in the non-circular failure mode
— Effective length for a group of bolts for mode 1

|eff,1,g

lett2g — Effective length for a group of bolts for mode 2

CONNECTION RESISTANCE FOR COMPRESSION

Njrd = Min ( Neb,rd , 2 FeweRd,low , 2 Fewe,Rd,upp )

Njra = 1579,03 [kN] Connection resistance for compression

Nb1,ed / Njrda < 1,0 0,09 < 1,00

CONNECTION RESISTANCE FOR BENDING

Ftrd = 141,12 [kN] Bolt resistance for tension

Bprd = 276,23 [kN] Punching shear resistance of a bolt
FifeRa — column flange resistance due to bending

Fiwerd — column web resistance due to tension

Fiepra — resistance of the front plate due to bending

Ftwb,Rd

— resistance of the web in tension

|eff,2 |eff,cp,g |eff,nc,g |eff,1 s ]
269 232 169 169
verified

letf,2,

169

16.2]

(0,09)

[Table 3.4]

[Table 3.4]




Ftfc,rd = Min (F1,1fcRd , FT.2fcRd , FT,3c.Rd)
Ft,wc,Rd =0 beff,t,wc twe fyc / YMO
Fteprd = Min (Fr,1,epRd , FT.2.epRd , FT.3.ep.Rd)

Ftwb,Rd = Deftwop twb fyb / ymo

RESISTANCE OF THE BOLT ROW NO. 1

Ft1,Rd,comp - Formula
Ft1,rd = Min (Ft1,Rd,comp)
FtfcRra(1) = 221,82
Ftwe,Rd(1) = 432,22
Ftepra(1) = 282,24
Ftwb,rd(1) = 692,61
Bp,rd = 552,46
Vuwprd/p = 514,98
Fewe,rd = 1097,53

Fe,fo,rd = 804,98

RESISTANCE OF THE BOLT ROW NO. 2

Ft2,Rd,comp - Formula

Fio,rd = Min (Fi2,Rd,comp)

Ftfc,Rd2) = 211,42

FtweRd@) = 412,07

Ftep,rd2) = 282,24

Ftwb,Rd(2) = 583,53

Bp,rd = 552,46

VwpRd/B - Y1' Fiird = 514,98 - 221,82
FeweRrd - Y1' Fjra = 1097,53 - 221,82
Feford - Y1' Fijra = 804,98 - 221,82
Ftfe,rd2+1) - Y 1" Fijra = 380,22 - 221,82
Fiwerd@+1) - 1" Fira = 464,29 - 221,82
Ftep,Rrd@+1) - >1' Fjrd = 482,93 - 221,82

Ftwb,Rd2 + 1) - > 1" Fird = 844,68 - 221,82

Ft1,Rd,comp
221,82
221,82
432,22
282,24
692,61
552,46
514,98
1097,53

804,98

Ft2,Rd,comp
158,40
211,42
412,07
282,24
583,53
552,46
293,16
875,71
583,16
158,40
242,48
261,11

622,87

[6.2.6.4] , [Tab.6.2]

[6.2.6.3.(1)]

[6.2.6.5] , [Tab.6.2]

Component

Bolt row resistance

Column flange - tension
Column web - tension

Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression

Beam flange - compression

Component

Bolt row resistance

Column flange - tension
Column web - tension

Front plate - tension

Beam web - tension

Bolts due to shear punching
Web panel - shear

Column web - compression

Beam flange - compression

[6.2.6.8.(1)]

Column flange - tension - group

Column web - tension - group
Front plate - tension - group

Beam web - tension - group




SUMMARY TABLE OF FORCES

Nr hj Ftj,rd Ftfc,Rd Ftwe,Rd Ftep,Rd
1 148 221,82 221,82 432,22 282,24
2 78 158,40 211,42 412,07 282,24

CONNECTION RESISTANCE FOR BENDING M;rd

Mjrd = Y hj Ftjrd
Mjrd = 45,17 [kN*m] Connection resistance for bending
Mb1,ed / Mjrda < 1,0 0,69 < 1,00

VERIFICATION OF M+N INTERACTION

Mo1,ed / MjRd + Nb1,ed / Njrd < 1

Mb1,ed / MjRd + Nb1,Ed / NjRrd 0,78 < 1,00

CONNECTION RESISTANCE FOR SHEAR

oy = 0,60 Coefficient for calculation of Fyvrd

Fvrd = 94,08 [kN] Shear resistance of a single bolt

Ftrdmax = 141,12 [kN] Tensile resistance of a single bolt
FoRrdint= 197,98 [kN] Bearing resistance of an intermediate bolt

FbRdext = 244,24 [kN] Bearing resistance of an outermost bolt

Nr Ftj,Rd,N Ftj,EdN Ftj,Rd,m Ftj,edm
1 282,24 -71,98 221,82 152,86
2 282,24 -71,98 158,40 109,16

FiraN — Bolt row resistance for simple tension
Fiean — Force due to axial force in a bolt row
F4ram — Bolt row resistance for simple bending

Fi,eam — Force due to moment in a bolt row

Ftwb,Rd
692,61

583,53

verified

verified

80,88

37,18

FtRrd
282,24

282,24

Fij,Ea

Bp,Rrd
552,46

552,46

16.2]

(0,69)

[6.2.5.1.(3)]

(0,78)

[Table 3.4]
[Table 3.4]
[Table 3.4]
[Table 3.4]

[Table 3.4]

FvjRd
149, 64

170,45




FiraN — Bolt row resistance for simple tension
Fiiea  — Maximum tensile force in a bolt row

Fvira — Reduced bolt row resistance

Fi,ed,N = NjEd Fti,ra,N / NjRd
Ft,ed,M = MjEd Ftrd,M / MjRd
Ft,ed = FtedN + FtgdM

Fvird = Min (nh Fved (1 - Fed/ (1.4 nh Ftrd,max), Nh Fv,Rd , Nh Fo,Rd))

VjRd = Nh Y 1" FyjRrd

VjRrd = 320,10 [kN] Connection resistance for shear

Vbi1,Ed / Vjrd < 1,0 0,15 < 1,00 verified
WELD RESISTANCE

Ay = 4329 [mm?] Area of all welds

Awy = 3042 [mm?] Area of horizontal welds

Awz = 1286 [mm?] Area of vertical welds

lwy = 31882231 [mm?* Moment of inertia of the weld arrangement with respect to the hor. axis
Gimax=Timax = ~—96,07 [MPa] Normal stress in a weld

GL=TL = -79,02 [MPa] Stressin a vertical weld

= 36,72 [MPa] Tangent stress

Bw = 0,85 Correlation coefficient

V[o1max? + 3*(t1max®)] < ful (Bw*ym2) 192,13 < 404,71 verified
V[o12 + 3*(t.2+112)] < ful(Bw*ym2) 170,35 < 404,71 verified
oL < 0.9*fulyme 96,07 < 309,60 verified

CONNECTION STIFFNESS

twash = 4 [mm]  Washer thickness
Nhead = 14 [mm] Bolt head height
hnut = 20 [mm] Bolt nut height

Lo = 59 [mm] Boltlength

k1o = 7 [mm]  Stiffness coefficient of bolts

[Table 3.4]

[Table 3.4]

(0,15)

[4.5.3.2(2)]
[4.5.3.2(2)]
[4.5.3.2(2)]
[4.5.3.2(5)]
[4.5.3.2(6)]
[4.5.3.2(5)]
[4.5.3.2(5)]

[4.5.3.2(7)]

(0,47)
(0,42)

(0,31)

16.2.6.3.(2)]
16.2.6.3.(2)]
[6.2.6.3.(2)]
[6.2.6.3.(2)]

16.3.2.(1)]




STIFFNESSES OF BOLT ROWS

Nr hj ks ks ks Kefr,j Keft, h; Keft,j hj?
Sum 369 46505

1 148 7 5 12 2 254 37563

2 78 6 4 9 1 115 8942
kertj =1/ (33% (1/kij)) [6.3.3.1.(2)]
Zeq = Z keff,j hj2 / zj keff,j hj
Zeq = 126  [mm]  Equivalent force arm [6.3.3.1.(3)]
Keq = 3 Kefr, hj / Zeq
Keq = 3 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(1)]
ki = o0 Stiffness coefficient of the column web panel subjected to shear [6.3.2.(1)]
k2 = ) Stiffness coefficient of the compressed column web [6.3.2.(1)]
Sjini = E Zeq? / 3i (1/k1+ 1/ k2 + 1/ Keq) [6.3.1.(4)]
Sjini = 9533,61 [kN*m] Initial rotational stiffness [6.3.1.(4)]
p= 1,09 Stiffness coefficient of a connection [6.3.1.(6)]
Sj=Sjini/p [6.3.1.(4)]
Si= 8717,76 [kN*m] Final rotational stiffness [6.3.1.(4)]
Connection classification due to stiffness.
Sirig= 15401,36 [kN*m] Stiffness of a rigid connection [6.2.2.5]
Sjpin = 962,58 [kN*m] Stiffness of a pinned connection [6.2.2.5]
Sjpin < Sjini < Sjrig SEMI-RIGID
WEAKEST COMPONENT:
COLUMN FLANGE - TENSION

Connection conforms to the code Ratio 0, 78




APPENDIX B

Retaining wall




RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National

Annex incorporating Corrigendum No.1

Retaining wall details
Stem type;

Stem height;

Stem thickness;

Angle to rear face of stem;
Stem density;

Toe length;

Heel length;

Base thickness;

Base density;

Height of retained soil;
Angle of soil surface;
Depth of cover;

Height of water;

Water density;

Retained soil properties

Soil type;

Moist density;

Saturated density;

Characteristic effective shear resistance angle;
Characteristic wall friction angle;

Base soil properties

Soil type;

Soil density;

Characteristic effective shear resistance angle;
Characteristic wall friction angle;
Characteristic base friction angle;

Presumed bearing capacity;

Loading details

Permanent surcharge load;
Variable surcharge load;
Vertical line load at 2125 mm;
Horizontal line load at 1500 mm;

Tedds calculation version 2.6.06

Cantilever

hstem = 1500 mm
tstem = 750 mm
o =90 deg

Ystem = 25 KN/m3
ltoe = 1750 mm
lheet = 0 mm

tbase = 300 mm
Ybase = 25 KN/m3
hret = 1300 mm
B =0deg

dcover = 200 mm
hwater = 1300 mm
1w = 9.8 KN/m?3

Soft sandy clay
Ymr = 17 KN/m3
ysr = 17 KN/m?3
¢'rk = 26 deg
&rk =13 deg

Dense gravel

b = 18 kN/m3

¢'vk = 36 deg

dbk =18 deg

Sbbk = 24 deg
Pbearing = 120 kN/m?

Surchargec = 67.6 kN/m?
Surchargeq = 10 kN/m?
Pc1=44.6 kN/m

PGz =14.5 kN/m

Paz = 3.5 kKN/m
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General arrangement

Calculate retaining wall geometry
Base length;

Saturated soil height;

Moist soil height;

Length of surcharge load;

- Distance to vertical component;
Effective height of wall;

- Distance to horizontal component;
Area of wall stem;

- Distance to vertical component;
Area of wall base;

- Distance to vertical component;
Area of saturated soil;

- Distance to vertical component;

- Distance to horizontal component;
Area of water;

- Distance to vertical component;

- Distance to horizontal component;
Area of base soil;

- Distance to vertical component;

- Distance to horizontal component;

2

Ibase = ltoe + tstem + lheet = 2500 mm
hsat = hwater + dcover = 1500 mm
hmoist = hret - hwater = 0 mm

Isur = Iheel = 0 mm

Xsur_v = Ibase = lheel / 2 = 2500 mm
heff = hbase + dcover + hret = 1800 mm
Xsur_h = heft / 2 =900 mm

Astem = hstem x tstem = 1.125 m?
Xstem = ltoe + tstem / 2 = 2125 mm
Abase = lbase x tbase = 0.75 m?

Xbase = lbase / 2 = 1250 mm

Asat = hsat X lheet = 0 m?

1800

%‘“7 | |

— AT

Xsat_v = Ibase - (hsat x |heel® / 2) / Asat = 2500 mm

Xsat_h = (hsat + hbase) / 3 = 600 mm

Awater = hsat X lheet = 0 m?

Xwater_v = Ibase - (hsat x Iheet? / 2) / Asat = 2500 mm

Xwater_h = (Dsat + hbase) / 3 = 600 mm
Apass = dcover X ltoe = 0.35 m2

Xpass_v = Ibase - (dcover X ltoex (lbase - ltoe / 2)) / Apass =875 mm

Xpass_h = (dcover + hbase) / 3 = 167 mm



Area of excavated base soil;
- Distance to vertical component;
- Distance to horizontal component;

Using Rankine theory
Active pressure coefficient;

Passive pressure coefficient;
Bearing pressure check

Vertical forces on wall
Wall stem;

Wall base;

Surcharge load;

Line loads;

Saturated retained soil;
Water;

Base soil;

Total;

Horizontal forces on wall
Surcharge load;

Line loads;

Saturated retained soil;
Water;

Base soil;

Total;

Moments on wall
Wall stem;

Wall base;

Surcharge load;

Line loads;

Saturated retained soil;
Water;

Base soil;

Total;

Check bearing pressure
Propping force;

Distance to reaction;
Eccentricity of reaction;
Loaded length of base;
Bearing pressure at toe;
Bearing pressure at heel;
Factor of safety;

Aexc = hpass x ltoe = 0.35 m?2
Xexc_v = Ibase - (hpass X ltoex (lbase - ltoe / 2)) / Aexc = 875 mm
Xexc_h = (Npass + hbase) / 3 = 167 mm

Ka = (1 -sin(¢'rk)) / (1 + sin(¢'rk)) = 0.390
Ke = (1 + sin(¢'ok)) / (1 - sin(¢'v.k)) = 3.852

Fstem = Astem X ystem = 28.1 KN/m

Fbase = Abase X ybase = 18.8 KN/m

Fsur v = (Surchargec + Surchargeq) x Iheet = 0 kN/m

Fp_v = Pc1 = 44.6 kKN/m

Fsat.v = Asat x (ysr' - yw') = 0 kKN/m

Fwater v = Awater x yw' = 0 KN/m

Fpass_v = Apass x yb' = 6.3 KN/m

Ftotalv = Fstem + Fbase + Fsat_v + Fpass_v + Fwater_v + Fsur v + Fp_y
=97.7 KN/m

Fsur_nh = Ka x (Surchargec + Surchargeq) x heft = 54.5 kKN/m
Fp_h = Pc2 + Paz =18 kKN/m

Fsath = Ka x (ysr' - yw') x (Nsat + hbase)? / 2 = 4.5 kKN/m
Fuwater h = yw' X (Nwater + dcover + hbase)? / 2 = 15.9 kN/m
Fpass_h = -Kp x yb' x (dcover + hbase)? / 2 = -8.7 kN/m

Fiotal h = Fsat_h + Fmoist h + Fpass_h + Fwater h + Fsur h + Fp_n =
84.2 kN/m

Mstem = Fstem x Xstem = 59.8 KNm/m
Mbase = Fbase X Xbase = 23.4 KNm/m

sur = Fsur v X Xsur_v - Fsur_h x Xsur_h = -49.1 KNm/m
Mp = PG1 x p1 - ((Pe2 + Paz) x (p2 + toase)) = 62.4 KNm/m
Msat = Fsat v X Xsat_v - Fsat_h X Xsat_h = =2.7 KNm/m
Muwater = Fwater v X Xwater v - Fwater_h X Xwater_h = -9.5 KNm/m
Mpass = Fpass_v X Xpass_v = 5.5 KNm/m
Miotal = Mstem + Mbase + Msat + Mmoist + Mpass + Mwater + Msur +
Mp =89.8 kNm/m

Fprop_base = Ftotal_h = 84.2 KN/m

x = Miotal / Frotaly = 919 mm
e= X-lbase/2=-331 mm
lioad = Ibase = 2500 mm
Qtoe = Fiotal v / Ibase x (1 -6 x € / Ibase) = 70.1 kKN/m?
Qheel = Frotal v / Ibase x (1 + 6 x € / lbase) = 8.1 kKN/m?
FoSbp = Pbearing / max(qtoe, gheet) = 1.71

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure



