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1.0 GENERAL NOTES

1.

This drawing is to be read in conjunction with all relevant Architects
drawings, Engineers drawings and contract documentation.

Dimensions are in millimetres. Levels are in meters.

All setting out, levels and dimensions to be confirmed on site and

against architects and specialist suppliers drawings prior to fabrication

or construction.

The contractor shall be responsible for the structure during the
course of the works.

Drawings are not to be scaled, if in doubt ask.

All proprietary products to be installed in accordance with the
Manufacturers Recommendations.

Underside of foundations to obtain @ minimum bearing pressure of

100kN/m2 to the satisfaction of the Building Control/ Structural
Engineer.

Where temporary works are required the Contractor shall allow in his
pricing for a competent temporary works Engineer to design all
necessary supports for the structure during the course of the works.

2.0 CONCRETE NOTES

1.

All materials and workmanship to be in accordance with BS 8110
Parts 1 & 2 and B.S. 8500 Parts 1 & 2 — The structural use of
concrete.

Concrete quality to be 40N/mm’ at 28 days unless noted otherwise,
Max nominal aggregate to be 20mm. Minimum cement content
380kg/m’. Maximum free water cement ratio 0.55

Reinforcement to be placed in accordance with BS 8110
Reinforcement type H to BS4449 : 2005
Mesh fabric reinforcement to BS4483

Concrete cubes to be taken and crushed at 7 & 28 days to obtain
required crushing strengths (one cube to be taken as a spare cube.)

Concrete qualities for Mass Concrete foundations to low rise
structures in non—aggressive soils to be C25 OR GENJ.  Minimum
cement content not less than 220kg/m’

No reinforcement to be cut displaced or omitted without prior written
agreement of the engineer.

Cover to reinforcement to be 50mm minimum unless otherwise noted.

The ground is to be blinded prior to reinforcement being placed in
position, blinded concrete mix to be GENT. Min 50mm thick to all
reinforcement bases etc.

9. Reinforcement notation

10 H25 36 — 200 B
Number of bars | ‘ ‘

Reinforcement type
Bar diameter
Bar mark
Bar spacing
Location of reinforcement

10. Abbreviations

T = top B = bottom STGD = staggered
NF = near face FF = far face EF = each face
ALT = alternate bars ABR = alternate bars reversed

11. Lap lengths unless otherwise noted to be min:

H10 — 490mm H20 — 980mm
H12 — 590mm H25 — 1225mm
H16 — 785mm H32 — 1570mm

3.0 TIMBER NOTES

1.

All timber materials and workmanship to be in accordance with BS
5268: Part 2 — Structural Use of Timber.

All timbers to be a minimum strength class 'C16" (unless noted
otherwise) and have max. moisture content of 18%.

Multiple timbers to be bolted together at 600 centres with 12mm dia.
bolts and 50x30x5 washer plates.

No notches, holes or rebates etc. to be cut in any member without
the written agreement of the Engineers.

Site storage, handling and erection procedures of trusses is to be in
accordance with BS 5268: Part 3.

All structural timber to be adequately protected against adverse
weather conditions during stacking and after erection.

All structural timber is to be treated by vacuum pressure
impregnation of organic or water bourne preservative, to a dry salt
retention in accordance with the manufacturers recommendations.
Type of treatment may be:— 'Tanalith’, "Celcure’, "Protim’, or other
only with the prior approval of the Architect.

Finger joints are not acceptable.

All fixings in roof space (nails, screws, bolts, hangers etc.) are to be
galvanised unless noted otherwise.

4.0 BRICKWORK AND BLOCKWORK NOTES

10.

11.

12.

13.

14.

15.

16.

All materials and workmanship to be in accordance with BS 5628
Code of Practise for the Structural Use of Brickwork.

Bricks to have average crushing strength of 20.5 N/mm2 (Class 3
min) unless noted otherwise.

Block work above ground to be 7.0N/mm2 minimum unless otherwise
noted.

Block work below ground to be 7.0N/mm2 minimum unless otherwise
noted.

Mortar designation above ground to be 1:1:6 Cement/Lime/Sand
Unless noted otherwise.

Mortar designation below ground to be 1:3 Cement/Sand unless noted
otherwise.

'Hyload” DPC or similar approved to all walls. All waterproofing in
accordance with architects details.

Wall ties to be stainless steel vertical twist type ties to comply with
BS 1245. Max spacing to be 900mm horizontally, 450mm vertically
and with @ 50mm embedment in the mortar joint of each ledf,

unless noted otherwise. Wall ties to be placed in walls where cavities

exceed 90mm to be placed at 450cts vertically, 450cts horizontally.
Additional ties are to be provided at the sides of all openings so
that there is at least one tie at 300crs maximum.

Brickwork restraints to be in accordance with BS 5628 Part 1 at
1200mm crs horizontally and 1200mm crs for vertical straps.

Movement joints to be provided in masonry walls where indicated 'MJ’
on the drawings. At 6.0m maximum internally, 12.0m for brickwork.

At brick/block junctions, brickwork is to be block bonded into
blockwork unless noted otherwise.

Wall ties shall not slope inwards.

All brickwork is to be laid with frogs, if any, uppermost.

Where 215mm Blocks are laid flat no shell bedding shall be allowed
Lintel Bearings to be in accordance with the Manufacturers
recommendations or as noted on the drawings or directed otherwise
by the engineer.

All steel bearing onto walls to have a minimum 215x100x215mm

deep engineering brick or concrete padstone centered on steel unless
noted otherwise.

9.0 STRUCTURAL STEELWORK NOTES

1.

All materials and workmanship to be in accordance with BS5950.
The structural use of steelwork in building.

Structural steelwork sections to be Grade S275 mild steel in
accordance with BS 4360.

Bolts to be grade 8.8 unless noted otherwise.
Welds to be 6mm continuous fillet, unless noted otherwise.

Contractor must verify all dimensions on site before commencing
any work or making any shop drawings. No dimensions to be
scaled from drawings. Discrepancies must be reported to the
engineer prior to proceeding. /7 working days are required by the
Engineer to check and comment on any working drawings prior to
fabrication.

Steelwork which is not required to be encased in concrete blast
cleaned to SA2% free from mill scale, rust and other contamination
and painted with two coats of zinc phosphate primer 85 microns
thick as soon as practicable but not more than four hours after
cleaning.

Bolted connections to have a minimum connection of 4 N°. M20
bolts per member, unless noted otherwise.

Minimum bearing of steels to be 100mm Unless noted otherwise

Where indicated galvanised steel to be a minimum of 85 microns
thickness unless noted otherwise in accordance with BS 728.

Workmanship erection and tolerances to be in accordance with the
National structural steelwork specification for building construction.

. HSFG Bolt connections are to be metal to metal and painted on

site after the connection has been completed and load indicating
washers in final position
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['\\l]@ Project: Job Ref.
LU L 269 GOLDHURST TERRACE 15.139
90 Meadrow, Part of Structure Sheet No.frev.
Godalming, Surrey GU7 3HY LOADS 01
Tel: 01483 418 140 Fax: 01483 421 304 Galc. by Date Chek'd by Date App'd by Date
e-mail: info@anddesigns.co.uk
JW June 10
Ref. [ Calculations Output
LOADINGS
Flat Roof:
Pitched Roof: Chippings =0.20
Tiles =0.70 3 layer feit =0.10
Felt & battens =0.05 Boards =0.15
Roof timber =0.15 Joists =0.15
Insulation & ceiling =0.20 Insulation + ceiling =0.20
+1.10 + 0.80
I.L. Roof =0.75 I.L. Roof =0.75
I.L Loft =0.25
T An L2 T A e L2
+ 2,10 kN/im + 1.55 kN/m
Upper Floors — Timber: Ground Floor:
Boards =0.15 50 screed =1.20
Joists =0.15 150 p.c. units =2.20
Ceiling =0.20 + 3.40
0.50
I.L. Floor =1.50
I.L Floor + 1.50 Partitions =1.30
S
+ 2,00 kN/m? + 6,20 kN/m
External walls: Stud partitions:
Brickwork =2.20
Blockwork =1.00 Studs =0.10
Plaster =0.20 Plasterboard =0.30
YT AT T A AR LA Z
+ 3.40 kN/m + 0.40 kN/m
Block partitions:
100 blocks =1.00 225 dense blocks = 4,80
Plaster {both side) =0.40 Plaster (both sides) =0.40
Y an NI T rnLNIE
+ 1.40 kN/m + 5,00 kN/m
Upper Floors — PC Conc: Tile Hung Stud:
Screed =1.80 Tiles =0.70
PC_Planks =3.0 Battens =0.05
Geiling =0.2 12mm ply =0,10
+ 5.00 50 x 150 Studs =0.10
Plaster Bd + insul. =0.20
I.L Floor =1.50
Partitions =1,30 +1.15 kN/fm®
LT _* LIS KNIM
_+7.80 kN/m”~
Steel design to B.S. 5950 225 th brick walls 5.0 KN/m?
Concrete design to B.S. 8110 330 th brick walls 7.5 kN/m?
Masonry design to B.S. 5628 450 th brick walls 10.0 kN/m?
Timber design to B.S. 5268
Foundations are designed for a maximum ground bearing capacity of 100 kNIm?,
which is to be verified on site.
Thelnstitution
ofStructural
Engineers




Tel: 61483 418 140 Fax: 01483 421 304

Project Job Ref.
DESIaNS o 269 GOLDHURST TERRACE 15,139

90 Meadrow, Part of Structure Sheet No./rev.
Godalming, Surrey SU7 3HY PROPOSED BASEMENT 2

Calc. by Date Chek'd by Date App'd by Date
JW JULY 15

e-mail: info@anddesigns.co.uk

Ref.

[ Calculations Output

The property is a three story property converted to apartments from ground to first floor is
brickwork assumed 215mm wide (Under the building acts) and a mansard roof fsecond floor
The property is situated close to Swiss cottage .

Some of the properties have had basement conversions completed and it is intended to construct a
2.9-3.0m basement to Flat 3 /269 Goldhurst terrace

it is intended to excavate and underpin the existing foundations in an underpinning sequence with
reinforced underpins no greater than 1,0m to prevent any cracking other than fine as directed by
the BRE {Building Research Establishment).

The local geclogy consists of Blue fissured clay on underlying London Clay It is anticipated that
heave will take place and generally will be in the region of 20mm in a single story of 3.5m The
basement slab will be designed to take full hydrostatic pressure and heave

50% of heave will take place during construction and therefore we would consider a upward heave
pressure of 31Kpa from heave and 20Kpa from a full hydrostatic pressure there use heave as the
criteria.

Assumptions have been made as to the span of the upper floors and assumed to be timber
Loadbearing walls have been considered as solid 102mm walls or 215mm solid walls for the purposes
of loading calculations with 20% reduction due to window/doar openings.

Thelnstitution
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.9::. TEKLA Project Job Ref.
m 269 GOLDHURST TERRACE 15.139
AND Desi Lid Section Sheet noJrev.
signs
esid PROPOSED BASEMENT DESIGN 5
90 Meadrow Way
GODALMING Calc. by Date Chk'd by Date App'd by Date
GU7 3HY J 06/07/2015
RETAINING WALL ANALYSIS & DESIGN (BS8002)
RETAINING WALL ANALYSIS (BS 8002:1994) CASE 1
TEDDS calculation version 1.2.01.06
fe——2000———————
1800|4350+
£l kw.ﬂ:D:l] 0 kNI
Es<C I T
— ry
g | 8
: ¥
=] Prop: g
il x ¥
e 2150—————————¥
Wall details
Retaining wall type Cantilever propped at base
Height of retaining wall stem hstem = 2900 mm
Thickness of wall stem twai = 350 mm
Lengih of toe lice = 1800 mm
Length of heel lheet = 0 MM
Qverall length of base Ibase = Yioe ¥ lheet t twal = 2150 mm
Thickness of base tbase = 300 mm
Depth of downstand das = 0 mm
Position of downstand lys = 900 mm
Thickness of downstand tgs = 300 mm
Height of retaining wall Huall = hstem + thase + dgs = 3200 mm
Depth of cover in front of wall deover = 0 MM
Depth of unplanned excavalion dexe = 0 mm
Height of ground water behind wall hyater = 2900 mm

Height of saturated fill above base

Bensity of wall construction
Densily of base construction
Angle of rear face of wall

Angle of sail surface behind wall

Effective height at virtual back of wall

Retained material details
Mohilisalion factor

hsat = max(Pwater - thase - dus, 0 mm) = 2600 mm

twanl = 23.6 kKN/m®

Yoase = 23.6 kN/m®

a = 90.0 deg

B=0.0deg

hett = huan + lheet x tan(p) = 3200 mm

M=15
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Moist density of retained material ¥m = 18.0 kN/m®
Saturated density of relained material ¥s=21.0 kN/m®
Design shear strength $' = 24.2 deg
Angle of wall friction 5=18.6 deg
Base material details
Stiff clay
Moist density ¥mb = 18.0 kN/m®
Design shear strength $'s = 24,2 deg
Design base friction 5 = 18.6 deg
Allowable bearing pressure Pheaiing = 100 kN/m?

Using Coulomb theory
Actlive pressure coefficient for refained material
Ka = sin(a + §)2 / (sin(e)? x sinfe - 8) x [1 + V(sin(d' + 8) x sin(¢' - B) / (sinfa - 8) x sin(u + B))I’) = 0.369
Passive pressure coefficient for base material
Kp = SIN(90 - ¢')7 7 (SIn(90 - &) x [1 - V(sin(d's + Bc) x sin(@s) / (sin(90 + S))°) = 4.187

At-rest pressure

At-rest pressure for retained material Ko =1-sin($") = 0.580
Loading details
Surcharge load on plan Surcharge = 10.0 kNfm?
Applied verlical dead load on wall Woead = 36.4 kN/m
Applied vertical live load on wall Wive = 0.0 KN/m
Pasition of applied vertical load on wall lioed = 2000 mm
Applied horizontal dead load on wall Faeas = 0.0 kN/m
Applied horizontal live load on wall Five = 0.0 kN/m
Height of applied horizontal load on wall higad = 0 mm
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Vertical forces on wall
Wall stem

Wall base

Apptied veriical load
Total vertical load

Horizontal forces on wall
Surcharge

Salurated backfill
Water
Total horizontal load

Calculate propping force

Propping force

Overturning moments
Surcharge

Saturated backfill

Waler

Total overturning moment
Restoring moments
Wall stem

Wall base

Design vertical dead load
Total restoring moment

Check hearing pressure

Moist backiill above water lable
Moist backfill below water table

Moist backfill above water table
Moist backfill below water lable

Passive resistance of soil in front of wall

Wyall = Natem % twai X Ywan = 24 kN/m
Whase = lbase X tbase X Yhase = 15.2 KNfm
Wy = Weeaa + Wine = 36.4 KN/m

Wioial = Wwall + Woase + Wy = 75.6 kKN/m

Feur = Ka x ¢08(80 - « + 8) x Surcharge x her = 11.2 kN/m

Frn_a =0.5 x Kz x cos(90 - a0 + 8) x ym x (hert - hwater)” = 0.3 kN/m
Frb = Ka x €08(90 - « + 8) % ¥m % (Negt - Nwater} % Nwater = 5.5 kN/m
Fo= 0.5 x Ka x €0S(90 - & + 8) x {ys- Yuater) X Dater” = 16.5 kN/m
Fuater = 0.5 X Pyater” X Yuoter = 41.3 kN/m

Fiotat = Fsur + Fm_a + Fnb + Fs + Fuater = 74.7 KN/m

Fp = 05 x Kp X 005(8\)) X (dmye( + tbase + dds - dexc)z X ¥Ymb =3.2 kNIm

Frop = MaX(Fiotal - Fp - (Wiota)) x tan(sy), 0 kN/m)
Fprop = 46.0 kN/m

Msur = Fsur % (Nerr - 2 x das) / 2 = 17.9 KNm/m

M a = Faa % (et + 2 % hwater - 3 % dus) / 3 = 0.9 kNm/m
Mm 5 = Fm b % (hwater - 2 x dgs) £ 2 =7.9 kNm/m

Ms = Fs % (Pyater - 3 x dgs) / 3 =15.9 kKNm/m

Muzter = Fuater % (hwater - 3 x dgs) /3 = 39.9 KNm/m

Mot = Msur + M a + M b + Ms + Mycater = 82.5 kNm/m

Muall = Waatl X {lice + twan / 2) = 47.3 kNm/m
Mhbase = Whase X lbase / 2 = 16.4 kKNm/m

Maead = Wiead X lloas = 72.8 kNm/m

Mrest = Muail + Miase + Mgeas = 136.5 kNm/m

Total-moment-for-bearing
Total vertical reaclion
Distance to reaction
Eccentricily of reaction

Bearing pressure at toe
Bearing pressure at heel

M!otaliMresl;MoliséLkN mfm

R = Wioial = 75.6 KN/m
Xpar = Mot / R = 714 mm
e = abs{{lbass / 2} - Xpar) = 361 mm
Reaction acts outside middlie third of base
Proe = R 7 (1.5 x Xpar) = 70.5 kN/m?
Phest = 0 kN/mM? = 0 kN/m?
PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1994)
TEDDS calculation version 1.2.01.056

Uitimate limit state load factors
Dead load factor na=14
Live load factor y1=1.6
Earth and water pressure faclor Tie=1.4

Factored vertical forces on wall
Wall stem

Wall base

Applied vertical load

Total vertical load

Factored horizontal at-rest forces on wall
Surcharge

Moist backfill above water table

Moist backfill below waler table

Saturated backiill

Water

Total horizonlal load

Calculate propping force

Passive resistance of soil in front of wall
kN/m

Propping force

Factored overturning moments
Surcharge

Moist backfill above water table
Moist backfill below waler table
Saturated backfill

Water

Wt = Yr_d X Nstem % bwall X ywan = 33.5 KN/m
Whoase f = ¥f d % lbase X thase X Yoase = 21.3 kN/m
W 1= 71 d x Wiead + 711 X Wive = 51 kKN/m
Wiotal_f = Wheail_f + Whase ¢ + W,y = 105.8 kN/m

Feur r = 111 % Ko x Surcharge x her = 30.2 kN/m

Frm_at = Yie x 0.5 x Ko x ¥m % (Retr - Nyater)” = 0.7 kN/m

Fr b = ¥t e x Ko X ¥m x (Nefr = hyater) ¥ Nuater = 12.9 kN/m
For=1vrex0.5x Ko x (Yo~ Yumter) X huater = 38.9 kKN/m
Fuater 1= 1o x 0.5 x hyater X Ywater = 57.8 kKN/m

Fuota_t = Fsur t + Fi_a 1+ Fm_p_sr + Fs_r+ Fuater = 140.4 kN/m

Fo 1= ve x 0.5 x Kp x c08{8p) x (deover + tbase + dgs - dexc)z X Ymb = 4.5

Forop_t = Max(Fiotal_r - Fp_r - (Wiota_i) x tan(dy), 0 kN/m)
Forop_r = 100.3 kiN/m

Maur 1= Faur 1% (Neff -2 x das) /2 = 48.3 kNm/m

Mm_a r = Fm_a_t % (herr + 2 X hyater - 3 x das) 13 =2 kKNm/m
Mm 5 1 = Fro_b £ X (Pwater - 2 x das} / 2 = 18.8 kNm/m

Ms 1 = Fo_¢ x (Pwater - 3 x das) /3 = 37.6 KNm/m

Muater 1= Fuater 1 X (Nwater - 3 % das) {3 =558 KNm/m

Tolal overturning moment

Restoring moments
Wall stem

Wall base

Design vertical toad
Total restoring moment

Factored bearing pressure
Total moment for bearing
Total veriical reaction
Distance to reaction
Eccentricity of reaction

Bearing pressure at loe
Bearing pressure at heel
Rate of change of base reaclion

Mot_f = Msul'_f + Mm_a_l + Mm_b_f + Ms_f + Mwa[er_l' = 162.5 kKNm/m

Muail_t = Wyal_i X (loe + twan / 2) = 66.2 kNm/m
Mbase 1 = Whasa 1 % lbase / 2 = 22.9 kNm/m

M, 1= W, ¢ x ligas = 101.9 KNm/m

Mrest_ = Muai 1 + Muase 1 + My = 191.1 kNm/m

Mrotal_t = Mrest_r - Mat_r = 28.6 kNm/m
Rt = Wioia_r = 105.8 kN/m
Xpar_t = Miotar_r / Rr = 270 mm
er = abs{{lpase / 2) - Xbar 1} = 805 mm
Reaction acts outside middle third of base
Proat = Rt / (1.5 X Xoar_1) = 261.4 kN/m’
Preert = 0 kN/m? = 0 kN/m®
rate = Proe 1/ {3 X Xpar 1) = 322.83 kKN/m*/m
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Bearing pressure at stem / toe Pstern_toe_f = MaAX{Pioa_t - (rate x hee), 0 kN/m?%) =0 kN/m®
Bearing pressure at mid stem Pstem_mid_t = MaX{Pios ¢ - (rate x (lioe + twar / 2)), 0 kN/m%) =0 KN/m’
Bearing pressure at stem / heel Pstem_neal = MaX(Proe 1 - (rate x (lige + twan)), O kN/m?) = 0 kN/m?

Design of reinforced concrete retaining wall toe (BS 8002:1334)

Material properties

Characteristic strength of concrete fou = 40 Nfmm?
Characteristic strength of reinforcement f, = 500 Nfmm?
Base details

Minimum area of reinforcement k=0.13%
Cover to reinforcement in toe Coe = 75 mm

Calculate shear for toe design

Shear from bearing pressure Vice_bear = 3 X Pros_f % Xpar_t / 2 = 105.8 kN/m
Shear from weight of base Voo i base = Yi_d X Ybase X los X lbase = 17.8 kN/m
Total shear for toe design Vice = Vioa_bear - Vice_wi_base = 88 KN/m

Calculate moment for toe design

Moment from bearing pressure Mioe_bear = 3 X Pros_t X Xbar_f X {lioe - Xpar_t + twan / 2) / 2 = 180.4 kNm/m
Moment from weight of base Mice_wt_bass = (Yi_d * Ybase X thase % (toe F twan / 2)2 /2) = 19.3 kNm/m
Total moment for toe design Mioe = Mige_bear - Mios_wt_base = 161.1 KNm/m

'ﬁ—217——.\

)4—300»—-(
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Check toe in bending
Width of toe b = 1000 mm/m
Depth of reinforcement dioe = base — Ctoe — (froe/ 2} = 217.0 mm
Constant Kioa = Moo / {0 x dioe” % feu) = 0.086

Compression reinforcement is not required
Lever arm Zioe = MIN(0.5 + ¥(0.25 - (Min(Kioe, 0.225) / 0.9)),0.95) x dice

Zioe = 194 mm

Area of tension reinforcement required As toe _des = Mige / (0.87 x fy x Ztoe} = 1909 mm*im
Minimum area of tension reinforcement As toe_min = K x b x thase = 390 mm/m
Area of lension reinforcement required Ay 100 _req = Max(As_toe_des, As_toa_min} = 1909 mmZ/m
Reinforcement provided 46 mm dia.bars @ 125 mm centres
Area of reinforcement provided As_toe_prov = 1608 mm?/m

FAIL - Reinforcement provided at the retaining wall toe is inadequate

Check shear resistance at toe
Design shear stress Vioe = Vige / (D x dice) = 0.405 Nfmm?
Allowable shear stress Vaam = MIN(0.8 x Y{few / 1 Nimm?), 5) x 1 Nfmm? = 5.000 N/mm?’
PASS - Design shear stress is less than maximum shear stress
From BS8110:Part 1:1997 — Table 3.8
Design concrele shear stress Ve toe = 0.779 N/mm?
Vioe < Ve_toe - NO shear reinforcement required
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Daslan of reinforced concrete retaining wall stem (BS 8002:1984)

Material properties
Characteristic strength of concrete
Characteristic strength of reinforcement

Wall details

Minimum area of reinforcement
Cover to reinforcement in stem
Cover (o reinforcement in wall

Factored horizontal at-rest forces on stem

Surcharge

Moist backfill above water table
Moist backfill below waler table
Saturated backfill

Waler

Calculate shear for stem design
Shear at base of stem

Calculate moment for stem design
Surcharge

Moist backfill above waler table
Moist backfill below water table
Saturated backfill

Walter

Total moment for stem design

350—.-{
}-——202—-»{

b

fou = 40 N/mm?
f, = 500 N/mm’

k=013%
Cstem = 50 mm
Cuatl = 75 mm

Fs sur (= ¥r1 x Ko x Surcharge x (Ner - toase - das) = 27.4 kN/m
Fomor=0.5 x o x Ko x ym x (Nett - thase - das - hsal)” = 0.7 kN/m
Fo mb.f = 7te % Ko x Ym X (e - thase - das - Psat} X hsat = 11.6 kiN/m
Fs st =05 x e x Ko x (Y- Ywater) X heat” = 31.2 kN/m

Fe water 1 = 0.5 X Yt o X Yuwater X Nsal” = 46.4 KN/M

Vetem = Fs su it Fsmar+ FsmbrtFssrt Fs water_f - Fprop_r = 17 kN/m

Ms sur = Fs_sur £ % (Nstem + thase) £ 2 = 43.8 kNm/m

Ms m a = Fs_m arx (2 x hsat + hetr - das + tbase / 2} / 3 = 1.9 kKNm/m
Ms m b= Fsmp % Nsai /2 =15.1 kNm/m

M; s = Fs st x heat £ 3= 27.1 kNm/m

Ms_water = Fs_water_t X hsat / 3 = 40.2 kNm/m

Mstem = Ms_sur + Ms_m 2 + Ms_m b + Ms_s + Ms waier = 128.1 kNm/m

e 1252}

GCheck wall stem in bending
Width of wall stem

Depth of reinforcement
Constant

Lever arm

Area of tension reinforcement required
Minimum area of lension reinforcement
Area of tension reinforcement required
Reinforcement provided

Area of reinforcement provided

Check shear resistance at wall stem
Design shear siress

b = 1000 mm/m
Ostem = twanl — Cstem — {§stem/ 2) = 292.0 mm
Kstem = Mstem / (b x dstem’ X fo) = 0.038
Compression reinforcement is not required
Zstem = MIN(0.5 + ¥(0.25 - (Min{Ksiem, 0.225) / 0.9)),0.95) x dstem
Zgem = 277 MM
As_stem_des = Msem / (0.87 x fy x Zsiem) = 1062 mm*/m
As_stem_min = K x B x tya = 455 mm?/m
As_stem_req = MaX(As_siem_des, As_siem_min) = 1062 mmZ/m
16 mm dia.bars @ 125 mm centres
As_sterm_peov = 1608 mm?/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vetern = Vstem / (b X dstern) = 0.058 Nfmm®
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Allowable shear stress Vaam = Min{0.8 x ¥(feu / 1 N/mm?), 5) x 1 N/mm? = 5.000 N/mm?®

PASS - Design shear stress is less than maximum shear stress
From BS8110:Part 1:1997 — Table 3.8
Design concrete shear stress Ve_stem = 0.666 N/fmm’
Vstem < Ve_stem - NO shear reinforcement required

Check retaining wall deflection

Basic span/effective depth ratio rationas = 7

Design service stress fo= 2 x fy X As_stem_req / (3 % As_stem_prov) = 220.0 N/mm?

Modification factor factotiens = MIN(0.55 + (477 Nfmm? - £)/(120 x (0.9 N/mm? + (Mstem(b x dsien’)))),2) = 1.44
Maximum spanfeffective depth ratio raliomax = faliopas x factorens = 10.09

Actual span/effective depth ratio ralioact = Nstem 7 dsiem = 9.93

PASS - Span to depth ratio is acceptable
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Indicative retaining wall reinforcement diagram
Stem reinforcement
Toe reinforcement:

Toe bars - 16 mm dia.@ 125 mm centres - (1608 rnm2lm)
Stem bars - 16 mm dia.@ 125 mm centres - (1608 rnmzlm)
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RETAINING WALL ANALYSIS & DESIGN (BS8002) W€ L ww @ < @

RETAINING WALL ANALYSIS (BS 8002:1994)

200}
1800 »l43508]

TEDDS calculalion version 1.2.01.06

46 kN/'m

X% T f

2900

3200

ey

| 200 |

o150}

Wall details
Retaining wall type
Height of retaining wall stem

Cantilever propped at base
hslem = 2900 mm

Thickness of wall stem bwan = 350 mm

Length of toe foe = 1800 mm

Length of heel lheet = 0 mm

Overall length of base lpase = ltoe + lheat T tya = 2150 mm
Thickness of base toase = 00T

Depth of downstand

Posilion of downstand

Thickness of downstand

Height of retaining wall

Depth of cover in front of wall
Depth of unplanned excavation
Height of ground water behind wall
Height of saturated fill above base
Densily of wall construction
Densily of hase conslruciion
Angle of rear face of wall

Angle of soil surface behind wall
Effective height at virtual back of wall

Retained material details
Mohbilisation factor

das = 0 mm

lys = 900 mm

lgs = 300 mm

hwatl = Nsten + thase + das = 3200 mm
deover =0 mm

fexe = 0 mm

Ruater = 0 mm

hsat = max(Nuater - thase - dgs, O MM} = 0 mm
twall = 23.6 kN/m®

Toase = 23.6 kN/m”

o = 90.0 deg

B =0.0deg

ot = Ny + Theet x tan{p} = 3200 mm

M=1.5
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Moist density of retained malerial ¥m = 18.0 kN/m®
Saturated density of retained matetrial ¥s = 21.0 kN/m®
Design shear strength o' =24.2 deg
Angle of wall friction 8§=18.6 deg
Base material details
Stiff clay
Moist density v = 18.0 kN/m®
Design shear strenglh v = 24.2 deg
Design base friction 8 = 18.6 deg
Allowable bearing pressure Phearing = 100 kN/m?

Using Coulomb theory
Aclive pressure coefficient for retained material
Ka = sin(o + )7 / (sin{w)” x sin{a - 8) x [1 + Y(sin(d’ + 8) x sin(¢' - B) / (sinfe. - 8} x sin(a + BN) = 0.369
Passive pressure coefficient for base material
Ko = SIn(90 - §')% / (Sin(90 - &) x [1 - V(sin(§'o + 56) x sin(g's) / (sin(S0 + s = 4.187

At-rest pressure

At-resl pressure for retained material Ko = 1 —sin{$’) = 0.590
Loading details
Surcharge load on plan Surcharge = 0.0 kN/m?
Applied vertical dead load on wall Wieaq = 36.4 kKN/m
Applied verlical live load on wall Wive = 8.2 kN/m
Posilion of applied vertical load on wall liead = 2000 mm
Applied horizontal dead load on wall Faead = 0.0 KN/m
Applied horizontal live load on wall Five = 0.0 kN/m
Height of applied horizontal load on wall higsd = 0 mm

48

l i}

Fete%s%
A A
202
13 kLLIJ_LLLLLU I Muul 75

Loads shown in kN/m, pressures shown in kN/m®
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Vertical forces on wall
Wall stem

Wall base

Applied vertical load
Total vertical load

Horizontal forces on wall
Moist backfili above water table
Total horizontal load

Calculate propping force
Passive resistance of soil in front of wall
Propping force

Overturning moments
Moist backfill above waler table
Total overtuming moment

Restoring moments
Wall stem

Wall base

Design vertfical dead load
Total restoring moment

Check bearing pressure
Design vertical live load
Total moment for bearing
Total vertical reaction
Dislance to reaction
Eccentricity of reaction

Bearing pressure at toe
Bearing pressure at heel

Waall = Nsiom % twanl X Ywan = 24 kN/m
Whase = |base X tbase X Yoase = 15.2 kKN/m
Wy = Waeaa + Wiwe = 45.6 kN/m

Wiotal = Waal + Whase + W, = 84.8 kN/m

Fra = 0.5 x Ka x COS{90 - & + 8) X Ym X (Netr - hwater)’ = 32.2 KN/m

Frotal = Fm_a = 32.2 kN/m

Fp = 0.5 x Kp x COS(&)) x (dcover + lbasa + dds - de;c)z X Ymb = 3.2 kN,m

Fpmp = max(me “ Fp - (Wlolal - Wﬂve) X tan(&b). 0 kNIm)
Fprop = 3.6 kN/m

Mm_a = Fm_a x (heﬂ + 2 x hwaler - 3 x dds) I 3 = 34.4 kNmIm
Mot = Mm_a = 34.4 KNm/m

Muan = Waanl % {liee + tyan / 2) = 47.3 kNm/m
Mbase = Whase X lbase / 2 = 16.4 KNm/m

Maead = Wdead X loaa = 72.8 kKNm/m

Meest = Muail + Mbase + Maead = 136.5 KNm/m

Mive = Wive % floed = 18.4 kNm/m

Miota1 = Mrest - Mot + Miive = 120.5 kNm/m
R = Wiaa = 84.8 kN/m

Xbar = Miaia / R = 1421 mm

& = abs{{luase / 2) - Xpar) = 346 mm

Reaction acts within middle third of base

Proe = (R / lbase) - (6 X R x € / lhase’) = 1.3 kN/m’
Pheet = {R  loase) + (6 x R x € / lhase’) = 77.5 KN/m?

PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1994)
TEDDS calculation version 1.2.01,06
Ultimate limit state load factors
Dead load faclor Y= 1.4
Live load factor yi1=16
Earth and waler pressure factor Tie=14

Factored vertical forces on wall
Wall stem

Wall base

Applied verticat load

Total vertical load

Factored horizontal at-rest forces on wall
Moist backfill above water table
Total horizontal 1oad

Calculate propping force

Passive resistance of soil in front of wall
kN/m

Propping force

Factored overturning moments
Moist backfill above water table
Total overturning moment

Restoring moments
Wall stem

Wall base

Design vertical load
Total restoring moment

Factored bearing pressure
Total moment for bearing

Wyall_r = Y1 d X Nstem % bwal X ywan = 33.5 kN/m
Whase_f = ¥t_d X lbase % lbase X Yoase = 21.3 kN/m
Wy 1 = ¥1.d % Waead + i1 x Wive = 65.7 kN/m
Wiotal_ = Waall 1 + Woase 1 + W, = 120.5 KN/m

Fr_atr= yr.e X 0.5 x Ko % yin % (Neft - hwater)® = 76.1 kN/m
Flola]_f = Fmﬁau[ =76.1 kN/m

Fp_f = Yt e X 05 x Kp X COS(SD) x (doover + tbase + dds - dg;«;)z X ¥mb = 4.5

Forop_t = Max{Fiatal_1 - Fp_r - (Wiotal 1 - 1 x Wiwe) x tan(do), 0 kN/m)
Fprop 1 = 36.0 kN/m

Mm a 1= Fm_a 1% (Ne + 2 % hyater - 3 x dgs) £ 3 = 81.2 kNm/m
Moy 1= Mm_a s = B1.2 KNm/m

Muai_r = Wean 1 X (fioe T twa / 2} = 66.2 KNm/m
Mbase f = Woase 1 X lbase / 2 = 22.9 KNm/m

My r =W, 1 x liaa = 131.4 kKNm/m

Mrestr = Myai_s + Mbase ¢ + My r = 220.5 KNm/m

Miotal_t = Mresi_f - Mot ¢ = 139.3 KNm/m

Total vertical reaction
Distance to reaclion
Eccentricity of reaction

Bearing pressure at toe

Bearing pressure at heel

Rale of change of base reaclion
Bearing pressure at stem / toe
Bearing pressure al mid stern
Bearing pressure at stem / heel

Ri = Wioia_r = 120.5 kN/m
Xar_f = MiotaLr / Rr = 1156 mm
€1 = abs({loase / 2) - Xpar f) = 81 mm

Reaction acts within middle third of base
Proe_i = (Ri/ loase) - (6 x Ri x €1/ lpase”) = 43.4 kN/m’
Preet = (Ri / lbass) + (6 x Ry x &1/ lpase’) = 68.7 kN/m’
rate = {(Proe_t - Preet 1) / lbass = -11.74 kN/m*m
Pstom, oo, { = MaX(Preet £ + (rate x (Ineet + luan)), 0 kKN/M?) = 64.6 kKN/m®
Pstem_ i { = MaX{(Preet  + (rate x (lheet + tuan / 2)), 0 KN/M’) = 66.6 kN/m®
Pstem_heel_t = Max{Phee_r + {rate x Iheer), 0 kNImZ) = 68.7 kN/m®

Design of reinforced concrete retaining wall toe (BS 8002:1994)

Material properties
Characteristic strength of concrete
Characterislic strength of reinforcement

for = 40 N/mm?
f, = 500 N/mm’
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Base details
Minimum area of reinforcement k=013%
Cover to reinforcementl in loe Coe = 75 MM

Calculate shear for toe design
Shear from bearing pressure
Shear from weight of base

Total shear for loe design

Calculate moment for toe design
Mormnent from bearing pressure
Moment from weight of base

Total moment for toe design

Check toe in bending
Width of toe

Depth of reinforcement
Constant

Lever arm

Area of tension reinforcernent required
Minimum area of tension reinfercement
Area of tension reinforcement required
Reinfercement provided

Area of reinforcement provided

—— 00—
j—217—f

Vice vear = (Proes + Pstern_tos_f) X hoe / 2 = 97.2 kN/m
Viee wi base = Y1.d X Yhase ¥ lioe X thase = 17.8 kN/m
Vice = Vige_bear - Vioe_wt_base = 79.4 kN/m

Mios, bear = (2 % Pioe £ *+ Pstem_mid_f) X (oo + twan / 2) / 6 = 99.8 KNm/m
Moo, wl_base = (7 d X Yoase X loase X (ltoo + bwan / 2)° / 2) = 19.3 kNm/m
Mice = Mice bear =~ Mioe_wt_pase = 80.5 kNm/m

fo 1251

b = 1000 mm/m
dioe = lhase — Ctoe — (Proef 2) = 217.0 mm
Kioe = Mige / (b x dige” x fo) = 0.043
Compression reinforcement is not required
Zioo = MIN(0.5 + ¥(0.25 - (Min{Kioe, 0.225) / 0.9)),0.95) x dhoe
Zioe = 206 mm
As toe des = Mios / {0.87 x I, x Zie) = 897 mm*/m
As_toe_min =K x b x lpace = 390 meIm
As toe req = Max(As_toe_des, As_too_min) = 897 mm%m
16 mm dia.bars @ 125 mm centres
As 1oe_piov = 1608 mm?/m
PASS - Reinforcement provided at the retaining wall toe is adequafe

Check shear resistance at toe
Design shear stress
Allowable shear stress

From BS8110:Part 1:1997 — Table 3.8

Design concrete shear stress

Vioo = Vioa / (b x dioc) = 0.366 N/mm’
Vadm = Min(0.8 x Y(fou / 1 Nfmm?), 5) x 1 Nfmm? = 5,000 N/mm”
PASS - Design shear stress is less than maximum shear stress

Ve toe = 0.779 Nimm?
Vios < V¢ _toe - NO shear reinforcement required

Design of reinforced concrete retaining wall stem {BS 8002:1994)

Material properties
Characterislic strength of concrete

Characteristic strength of reinforcement

Wall details

Minimum area of reinforcement
Cover to reinforcement in stem
Cover to reinforcement in wall

feu = 40 Nfmm?
f, = 500 N/mm®

k=013%
Cstem = 50 mm
Cwall = 75 MM
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Factored horizontal at-rest forces on stem

Moist backfill above water table Fsmat=0.5x e x Ko X ¥m X (Neft ~ thaso ~ das - hsat)® = 62.5 kN/m
Calculate shear for stem design

Shear at base of stem Vstem = Fs_m_a_r - Fprop_r = 26.5 kN/m

Calculate moment for stem design

Moist backfill above water table Ms_m a=Fs_m_arx (2 % Nga + herr - dys + thase / 2} / 3 = 69.8 kKNm/m
Total moment for stem design Mstem = Mz m a2 = 69.8 kKNm/m

< <
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b2
Check wall stem in bending
Widlh of wall stem b =1000 mm/m
Depth of reinforcement dstem = twall — Cstem — {dstem/ 2) = 292.0 mm
Constant Kstem = Mstem / (b x Ostenr” x fo) = 0.020
Compression reinforcement is not required

Lever arm Zstem = MIN(0.5 + ¥(0.25 - (Min(Ksiem, 0.225) / 0.9)),0.95) x dstem

Zstem = £17 MM
Area of tension reinforcement required As_stem_des = Mstem f (0.87 x fy x Zgem) = 579 mm?/m
Minimum area of tension reinforcement As stem min = K x b x tyan = 455 mm?*m
Area of tension reinforcement required As stem req = Max(As_stem_des, As_stem_min) = 579 mm?/m
Reinforcement provided 16 mm dia.bars @ 125 mm centres
Area of reinforcement provided As_siem_prov = 1608 mm*/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Check shear resistance at wall stem
Design shear stress Vstern = Vstem / (b x dsiem} = 0.091 N/mm’
Allowabte shear stress Vadm = min(0.8 x (fo, / 1 N/mm?), 5) x 1 N/fmm? = 5.000 Nfmm?

PASS~Design shear stress is less than maximunt shear stress
From BS8110:Part 1:1997 — Table 3.8

Design concrete shear stress Ve _stem = 0.656 N/mm?

Vstem < Ve_stem - NO shear reinforcement required

Check retaining wall deflection

Basic span/effeclive depth ratio ratiopas = 7

Design service siress fs = 2 x fy X As_stem_req / (3 X As_siem prov} = 119.9 N/mm’

Modification factor factoniens = Min(0.55 + (477 Nimm?” - f:}/(120 x (0.9 N/mm? + (Mstem/(b x dsien2))}),2) = 2.00
Maximum span/effective depth ratio Fatiomax = raliopas x factorens = 14.00

Actual span/effeclive depth ratio ralicact = hstem / dstem = 9.93

PASS - Span fo depth ratio is accepfable
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Indicative retaining wall reinforcement diagram
Stem reinforcement
Toe reinforcement
i ——

Toe bars - 16 mm dia.@ 125 mm centres - (1608 mmzlm)
Stem bars - 16 mm dia.@ 125 mm centres - (1608 mmzlm)
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RETAINING WALL ANALYSIS & DESIGN (BS8002)
RETAINING WALL ANALYSIS {(BS 8002:1994}
TEDDS calculation version 1.2.01.06
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;_ ¥ ¥

Wall details

Retaining wall type

Height of retaining wall stem
Thickness of wall stem
Length of toe

Length of heet

Overall length of base

Cantilever propped at both

hstem = 2900 mm
twan = 300 mm
liee = 1200 mm
lneet = 0 mm

lhasa = hoe ¥ Iheet + tyan = 1500 mm

Thickness of base

Depth of downstand

Position of downstand

Thickness of downstand

Height of retaining wall

Depth of cover in front of wall
Depth of unplanned excavation
Height of ground water behind wall
Height of saturated fill above base
Density of wall construclion
Density of base conslruction
Angle of rear face of wall

Angle of soil surface behind wall
Effective height at virtuat back of wall

Retained material details
Mobilisation factor

tbase = 300 mm

dags = 0 mm

lgs = 900 mm

tas = 300 rom

hwall = Nstem + toase + das = 3200 mm
deover =0 mm

dexe =0 MM

hywater = 2800 mm

hsat = Max(hater - boase - dgs, 0 mmy) = 2600 mm
Yot = 23.6 kN/m®

Yoase = 23.6 kN/m®

« = 90.0 deg

p=0.0deg

heff = hwall + lheet % tan(p} = 3200 mm

M=15
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Moist densily of relained malterial
Saturated density of retained malerial
Design shear strength

Angle of wall friction

Base material details

Stiff clay

Meist density

Design shear strength
Design base friction
Allowable bearing pressure

Using Coulomb theory

Ym = 18.0 KN/m”®
ys = 21.0 kN/m®
¢ =24.2deg
8 =18.6 deg

ymo = 18.0 kN/m®
b = 24.2 deg

8p = 18.6 deg
Phearing = 100 kN/m?

Aclive pressure coefficient for retained material
Ka = sinfa + ¢ 1 (sinfe)® x sinfa - 8) x {1 + V(sin(d’ + 8) x sin(¢' - P) / (sinfo: - 8) x sin(w + BN’ = 0.369

Passive pressure coefficient for base material

K, = sin(90 - ¢'b)2 1 (Sin(90 - 8) x [1 - ¥(sin{¢'s + Bu) x sin{d'v) / (sin(90 + S = 4.187

At-rest pressure
At-rest pressure for retained malerial

Loading details
Surcharge load on plan
Applied vertical dead load on wall

Ko = 1 - sin(¢’) = 0.590

Surcharge =10.0 kN/m?
Woaeas = 26.1 KN/m

Applied vertical live load on wall Wive = 0.0 kN/m

Position of applied vertical load on wall lioad = 1400 mm

Applied horizontal dead load on wall Faeaa = 0.0 kKN/m

Applied horizontal live load on wall Fiive = 0.0 kNfm

Heighl of applied horizontal load on wall Nigag = Q mm

Tomoe
Fros - Fo¥er ol N S
P s . %
214 sz _|| ” | | l“g 35 19 114 784

Loads shown in XN/m, pressures shown in kNim?
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Vertical forces on wall
Wali stem

Wall base

Applied vertical load
Total vertical load

Horizontal forces on wall
Surcharge

Moist backfiil above waler fable
Moist backfill below water table

Saturated backfill
Water
Total horizontal load

Calculate total propping force

Passive resistance of soil in front of wall

Propping force

Overturning moments
Surcharge

Moist backfill above water table
Moist backfill below water table

Saturated backfill

Water

Total overturning moment
Restoring moments
Wall stem

Wall base

Design vertical dead load
Total restoring moment

Check bearing pressure

Wyal = Natern % bwanl X ywan = 20.5 kN/m
Whase = lbase % lhase X Yoase = 10.6 kN/m
W, = Waead + Wive = 26.1 kN/m

Wiotal = Wwall + Whase + W, = 57.3 kN/m

Feur = Kz x c0s(90 - ¢ + &) x Surcharge x heg = 11,2 KN/m

Fn a= 0.5 x Ko x COS(90 - & + 8) X Y X (et - Nyater)” = 0.3 kN/m
Favb = Ka x COS(90 - & + 8) % Y % {Natt - Duvater) X Duvater = 6.5 kN/m
Fs = 0.5 x Ka x £08(90 - ot + 8) x (Yo Ywrater) X Nwater = 16.5 kN/m
Fuater = 0.5 x hyater X Yuwater = 41.3 kKN/m

Fiota = Fsur + Fm_a + Fr_b + Fs + Fuater = 74.7 kKN/m

Fp = 05 x Kp x COS(&;) X (dm + tbase + dds - dam)z X ¥mb = 3.2 kN,m
Forcp = MaX(Frota - Fp - (Wiota) % tan(3s), 0 kN/m)
Forop = 52.2 kN/m

Msur = Fsur % (Reft - 2 x das) /2 = 17.9 kNm/m

Mm a = Fn_a X {Nefr + 2 x huater - 3 x dys) /3 = 0.9 kKNm/m
Mm b= Fm b X (hwater -2 x dus) /2=17.9 kNm/m

M;s = Fs x (Rwater - 3 x dgs) / 3 = 15.9 kNm/m

Muyater = Fuater % (Dwater - 3 x dgs) / 3 = 39.9 kNm/m

Mot = Msur + Mm_a + M b + Ms + Muater = 82.5 kNmi/m

Muatl = Waall X (hos ¥ twan £ 2} = 27.7 XNm/m
Moase = Woase X lhase / 2 = 8 KNm/m
Maead = Wisad X Tload = 36.5 KNm/m
Mrest = Muall + Mbase + Mdead = 72.2 KNmM/mM

Tolal verlical reaction
Distance to reaction
Eccentricity of reaction

Bearing pressure at loe
Bearing pressure at heel

R=Wioia = 57:3 kN/m

Xbar = lpase / 2 = 750 mm
e = abs(({lpase f 2) - Xpar) = 0 MM
Reaction acts within middle third of base
Proe = (R / Ibase) = (6 x R x &/ lpass’) = 38.2 kN/m?
Prost = (R { lpase) + (6 x R x € / lhase’) = 38.2 kN/m’

PASS - Maximum bearing pressure is less than allowable bearing pressure

Calculate propping forces to top and base of wall

Propping force to top of wall

Propping force to base of wali

Forop_top = (Mot - Mrest + R lbase { 2 - Fprop % thase 1 2) I (hstem + thase / 2) = 14.8B0 kN/m

Fprop_base = prop - Fp(op_(op = 37.309 kNIm
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Ultimate limit state load factors
Dead load factor Yra=1.4
Live load factor =16
Earth and water pressure faclor Yie=14

Factored vertical forces on wall
Wali stem

Wall base

Applied vertical load

Total vertical lkoad

Factored horizontal at-rest forces on wall
Surcharge

Moist backlfill above waler table

Moist backfill below water table

Saturated backfill

Water

Tolal horizontal load

Calculate total propping force
Passive resistance of soil in front of wall
kN/m

Propping force

Factored overturning moments
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Walter

Wiall_f = ¥ d X Dstem % twanl X Ywan = 28.7 kN/m
Wiase_f = Y.d X lbase % thase X Yhase = 14.9 kN/m
W, 1= vt g X Waead + 111 x Wine = 36.5 kN/m
Wiotal f = Waall 1 + Whase 1 + W, 5= 80.2 KN/m

Faur 1= v x Ko x Surcharge x her = 30,2 kN/m
Frm_at=1ex 0.5x Ko x ¥ x (Nett - huoted)” = 0.7 kN/m
Frmb 1= Yo % Ko x ym % (Neit - hwater) % hwater = 12.9 kN/m
Fer=Yrex 0.5 x Ko x (s~ Ywater) X hwater” = 38.9 kN/m
Fueater 1 = Yie x 0.5 x Nwater X Ywater = 57.8 KN/m

Fiotal = Fsue 1+ Fm a t + Fr_p_i + Fs_r + Fuaterr = 140.4 kN/m

Fo =1 e x 0.5 x Kp x COS(8b) X (dcover + lbase + Uas - Dexc)” X Ymb = 4.5

Forop_ 1 = MaX{Fstar_r - Fo_r - (Wiotar 1) x tan{Bs), O kN/m)
Fprop_r = 109.0 KN/m

Maur 1 = Fsur ¢ % (Nett - 2 % dus) / 2 = 48.3 kKNm/im

Mm_ar=Fm a 1% (het ¥ 2 x hyater - 3 x dus) / 3 = 2 kNm/m
Mm_b 1 = Fr_b_r x (hwater - 2 x das) / 2 = 18.8 kKNm/m

Ms £ = Fs 1 % (Nuater - 3 % das) / 3 = 37.6 kNm/m

Muater 1 = Fuater 1 % (Mwater - 3 % das) / 3 = 56.8 kNm/m

Total overturning moment

Restoring moments
Wall stem

Wall base

Design vertical load
Total restoring moment

Factored bearing pressure
Totat vertical reaction
Distance to reaclion
Eccenlricity of reaction

Bearing pressure al toe
Bearing pressure at hee}

Rate of change of base reaclion
Bearing pressure at stem / toe

Motr = Msur 1 + Mm_a (¥ MmbsrtMsrt Muater ¢ = 162.5 kNm/m

Myt t = Wual_f X {lee *+ bwai £ 2) = 38.8 KNm/m
Mbase_t = Whasa 1 X lbase / 2 = 11.2 KNm/m

My 1 =Wy 1 x ligaa = 51.2 kNm/m

Mrest 1 = Mua_r + Mbase ¢ + My ¢ = 101.1 KNm/m

Ri= Wlolalj = 80.2 kN/m
Xpar [ = lbase / 2 =750 mm
er = abs((lsase / 2) - Xpar 1y =0 mm
Reaction acts within middie third of base
Proe. = (Ri/ lbase) - (6 x Rr x €/ Ipase”) = 53.4 kN/m’
Proe,1 = (Rr / loase} + (6 x Re x €1/ loase) = 53.4 kN/m®
rate = {Pue ( ~ Peel.1) / loase = 0.00 kKN/m*/m
Pstem_toe.f = Max(Puos ¢ - (rate x hoe), 0 kN/M’} = 53.4 kKN/m’
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Bearing pressure at mid stem Pstemn_mid_f = MaAX{Proe ¢ - {rate x {liwe + twan / 2)), 0 kNfm?) = 53.4 kN/m?
Bearing pressure at stem { heel Peter_neal_t = MaX{Droe_r - {rate x (oo + tua)), O KN/M?) = 53.4 kKN/m®

Calculate propping forces to top and base of wall
Propping force to top of wall

Foron. too.1 = (Mot_r ~ Mrestt + Rt % lbase / 2 - Fprop_t X toase / 2) / {hsiem + toase / 2) = 34.480 kN/m
Propping force to base of wall Fpron vase § = Fprep_t - Fprop_top_r = 74.487 kN/m

Design of reinforced concrete retaining wall toe {BS 8002:1994)

Material properties

Characteristic strength of concrete fou = 40 N/mm?
Characleristic strength of reinforcement f, = 500 Nfmm’
Base details

Minimum area of reinforcement k=013 %
Cover to reinforcement in toe Cioe =75 MM

Calculate shear for toe design

Shear from bearing pressure Vios_bear = (Pioa_f + Pstem_toe 1) % loe / 2 = 64.1 kN/m

Shear from weight of base Vioe wt base = Y1_d X Yoase X hoe X toase = 11.9 kN/m

Total shear for toe design Vioe = Viga_bear - Viae_wt_base = 52.2 KN/mM

Calculate moment for toe design

Moment from bearing pressure Mioe_bear = (2 X Pros_t + Pstem_mid_f) X {loe + tuat / 2)° 16 = 48.7 kNm/m
Moment from weight of base Mioe_vi_base = (¥t d X Ybase X lbase % {lioe + tual / 2)* 1 2) = 9 kNm/m
Total moment for toe design Mioe = Mice_bear - Mice_wt base = 39.7 KNm/m

T

Je———300——|
——220——|

I+ 1004
Check toe in bending
Width of toe b = 1000 mm/m
Depth of reinforcement dtos = tbase = Ctoe — (Pioe f 2) = 220.0 mm
Conslant Kioe = Mise / (b x dios” x foy) = 0.020
Compression reinforcement is not required
Lever arm Zioe = MIN{0.5 + V{0.25 - (Min(Kyoe, 0.225) f 0.9)),0.95} x dioe
Zioe = 209 mm

Area of tension reinforcement required As 100 dos = Mice / (0.87 x fy x Zioe) = 436 mm?/m
Minimum area of tension reinforcement As 1oe_min = k x b x thase = 390 mm’m
Area of tension reinforcement required As 1o req = Max{As_toe_des, As_tos_min) = 436 mm?/m
Reinforcement provided B785 mesh
Area of reinforcerent provided As toe_prov = 785 mm?m

PASS - Reinforcement provided at the retaining wall toe is adequate
Check shear resistance at toe
Design shear siress Vioe = Vioe / (D x dioa) = 0.237 Nimm?
Allowable shear slress Vadgm = MIN(0.8 x ¥(fou / 1 NfMm?), 5) x 1 Nimm? = 5.000 N/mm?

PASS - Design shear siress is less than maximum shear stress
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From BS8110:Part 1:1997 — Table 3.8
Design concrele shear stress Ve toe = 0.609 N/mm’
Voo < Ve _toe - NO shear reinforcement required

Design of reinforced concrete retaining wall stem (BS 8002:1994)

Material properties

Characteristic strength of concrete fou = 40 Nfmm?
Characteristic strength of reinforcement f, =500 N/mm?
Wall details

Minimum area of reinforcement k=013 %
Cover to reinforcement in stem Cstem = 50 mMm
Cover to reinforcement in wall Cwall = 75 mm

Factored horizontal at-rest forces on stem

Surcharge Fs_sur 1= 11 X Ko x Surcharge x (hefr - tease - dus) = 27.4 kKN/m
Moist backfill above waler table Fomar=05xyex Kox ymx (Netr - toase - s - heat) = 0.7 kN/m
Moist backfill below water table Fs mb = Yiex Ko x Ym x (Nefr - thase = dds - Nsar) % hsar = 11.6 kN/m
Saturated backfll Fs 5= 0.5 x y_e x Ko x {ys- Ywater) % hsa” = 31.2 kN/m

Water Fs_water = 0.5 X Yt o X Yuater X Nsa” = 46.4 kKN/m

Calculate shear for stem design

Surcharge Ve sur (=5 x Fs e t/8=17.1kN/m

Moist backfill above water table Vi mai=Fsmarxbix ((6xL%-b/(5xL%=0.1kNim

Moist backlfill below water table Vempit=Fsmbrx(8- ("’ x (4-n))/8=7.9kN/m

Salurated backfill Vsor=Fssrx(1-(a®x((5xL)-a)/ (20 x L%)) = 26 kN/m
Water Vs water t = Fs water 1 x (1 - (@ x (6 x L) - @) / (20 = L%))) = 38.7 kN/m
Total shear for stem design Vtem = Vs sur i + Ve mat + Vo m b+ Ve s r+ Vs yater 1 = 89.9 KN/m

Calculate moment for stem design

Surcharge Ms sue = Fs sur % L/ 8=10.4 kNm/m

Moist backfill above water table Ms_m a = Fom asx bix (5 x L% - (3x b7}/ (15 x £%) = 0.1 kNm/m
Moist backfill below water table Msmo=Fsmbrxax(2- n)?/ 8 = 4.8 kNm/m

Salurated backfill Ms_s = Fs_s ¢ xax((3xa)-(16xaxl)+(20xL2))/(60xL%) = 12,8 kNm/m
Water M water = Fs wator_( Xax((3xa )-(15xaL)H{20xL)HBOXL") = 19 KNm/m
Total moment for stem design Mstem = Ms_sur + Ms m a + Ms_m_b + Ms_s + Ms_water = 47 kKNm/m

Calculate moment for wall design

Surcharge My sur = @ x Fs surfx L /128 = 5.9 kNm/m

Moist backfill above water table Mu_m_a = Fs_m a1 x 0.577xbix[(b+5xap L )(5xL%)-0.577%/3] = 0.1
KNm/m

Moist backill below water table My m b = Fs_m b £ x & x [((8-n?x(4-n)) 116)-4+nx(4-n)}/8 = 2.7 KNm/m
Salurated backfill My, s = Fs s ¢ x [axxx((5xL)-a)(20<LY)-(x-b)" /(3xa’)] = 5.5 kNm/m
Water My_vater = Fs wator_t  {ax{(8xL)-a)/(20xL%)-(x-by)° /(3xa’)] = 8.1
kNm/m

Total moment for wall design Myan = My sor + My m_a + Mi_m_b + Ma s + My water = 22.2 KNm/m
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Check wall stem in bending
Width of wall stem b = 1000 mm/m

Depth of reinforcement
Constant

Lever arm

Area of tension reinforcement required
Minimum area of tension reinforcement
Area of tension reinforcement required
Reinforcement provided

Area of reinforcement provided

Check shear resistance at wall stem
Design shear stress
Allowable shear slress

From BS8110:Part 1:1997 — Table 3.8
Design concrele shear stress

Check mid height of wall in bending
Depth of reinforcement

dstem = bwall — Cstem — (Pstem ! 2) = 245.0 mm
Kstem = Mstom / (B x dsien”  fas) = 0.020
Compression reinforcement is not required
Zgtem = MIN(0.5 + V{0.25 - (Min{Kstem, 0.225) / 0.9)),0.95) x dstem
Zgtem = 233 mm
Asﬁslemfdes = Msiem / (0,87 x fy X Zstem) = 465 mmzlm
As_stem_min = K % b X byat = 390 mm’/m

As_stem_req = Max{As_stem_des, As_stem_min) = 465 mm*/m
B785 mesh
As stem prov = 785 mm*“m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (D % dsiem) = 0.367 N/mm?®
Vadm = mMin{0.8 x V{fe, / 1 Nimm?), 5) x 1 N/mm? = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Ve stem = 0.572 N’i’l’ll’l’l2
Vstem < Vc_stem - NO shear reinforcement required

Auatl = tyeall — Cwall — (bya / 2) = 220.0 mm

Constant

Lever arm

Area of tension reinforcement required
Minimum area of tension reinforcement
Area of tension reinforcement required
Reinforcement provided

Area of reinforcement provided

Kesrar =Mz (b x-Grzarx-fez) =+ 0:011

Compression reinforcement is nof required
Zwanl = MiIn(0.5 + ¥(0.25 - (min(Kyan, 0.225) / 0.9)),0.95) x dyal
Zyan = 209 mm
As_wall_des = Myail / (0.87 x f, x Zyan) = 244 mm?/m
As wall_min = K x b x tyan = 390 mmZ/m
As_wall_req = Max(As wall_ges, As wall_min) = 390 mmm
B785 mesh
As wail_prov = 785 mm?/m

PASS - Reinforcement provided to the refaining wall at mid height is adequate

Check retaining wall deflection
Basic span/effective depth ratio
Design service siress
Meadification factor

Maximum span/effective depth ratio
Actual span/effective depth ratio

ra“ﬂbas =20
fo= 2 x fy % As_stom_req/ (3 % As_stem prov) = 197.2 Nimm?

factoriens = Min{0.55 + (477 N/mm? - f/(120 x (0.9 N/mm? + (Msenf(b x dsiem)})),2) = 1.93

ratiomax = ratiopas x factornens = 38.69
ratiOad = hsiem ’ ds[em = 11.84
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Indicative retaining wall reinforcement diagram

Wall reinforcement

PASS - Span to dapth ratio is acceptable

Siem reinforcemenl

Starter reinfarcement

Toe reinforcemeant

Toe mesh - B785 - (785 mm%m)
Wall mesh - B785 - (785 mm/m)
Stem mesh - B785 - (785 mm’/m)
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BEAM ANALYSIS (BRITISH STANDARDS)

ANALYSIS
Tedds calculation version 1.0.10
Geometry
Geometry
Z
I & . B 2
[ 4 T
i A
Member
Nodes
Node Co-ordinates Freedom Coordinate system Spring
X z X Z Rot. Name Angle X z Rot.
(m) (m) ) (kNim} | (kN/m) | kNm/°
1 ¢] 0 Fixed Fixed Free 0 0 0 0
2 6 0 Fixed Fixed Free 0 1] 0 0
Materials
Name Density Youngs Modulus | Shear Modulus Thermal
Coefficient
(kg/m™) kN/mm* kN/mm? og!
Concrete (BS8110 2400 29 12 0.00001
normal)
Sectlions
Name Area Moment of inertia Shear area
Major Minor Ay A
(cm?) (cm®) (cm?) (cm’) fcm®)
R 1000x300 3000 225000 2500000 2500 2500
Elements
Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
1 6 1 2 R 1000x300 Concrete (BS8110 | Fixed Fixed Fixed
normal)
Members
Name Elements
Start End

Member 1 1
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Loading
Load cases
Name Enabled Self welght factor Patternable
Self Weight no 1 no
Permanent yes 0 no
Imposed yes 0 no
Load combinations
Load combination Type Enabled Patterned
DL +LL Strength yes no
DL+LL1.4 Strength yes ne
Load combination: DL + LL (Strength)
Load case Factor
Permanent 1
imposed 1
Load combination: DL + LL 1.4 (Strength)
Load case Factor
Permanent 1.4
Imposed 1.4
Member point loads
Member Load case Position Load | Orientation
Type Start
(kN)
Member Permanent Absolute Im -41 GlobalZ
Member UDL loads
Member Load case Position Load | Orientation
Type Start End
(KN/m)
Member Permanent Ralio 0 1 27.1 Globalz
Results
Total deflection
Permanent - Total deflection @ 10x
1 2
— A
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Imposed - Tolal deflection @ 10x
1
e X 2
Z
Node deflections
Load case: Permanent
Node Deflection Rotation |Co-ordinate
system
X Zz

(mm) {(mm) {*)
1 0 0 0.13316
2 0 0 -0.13316
Load case: Imposed

Node Deflection Rotation |Co-ordinate
system
X z

(mm) (mm) ]
1 0 0 0
2 0 0 0
Total base reactions

Load case/combination Force
FX FZ
(kN) (kN)
Permanent 0 1216
Imposed 0 0

Element end forces

Coadcase; Permanent

Element| Length Nodes Axial force | Shear force| Moment
(m) Start/End {kN) {kN) {kNm)
1 6 1 0 -60.8 0
2 0 -60.8 0
Load case: Imposed
Element| Length Nodes Axial force | Shear force| Moment
{m) Start/End {kN} {kN) {kNm)
1 6 1 0 0 0
2 0 0 0
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Forces

Member results

All load cases - Moment envelope (kNm)

66.2

All load cases - Shear envelope (kN)

All load cases - Defleclion envelope (mm)

-60.8

g

Envelope - All load cases

Member Shear force Moment
Pos Max abs Pos Max Pos Min
{m) {KN) {m) {KNm) {m) (kNmm)
Member 6 60.8 3.756 68.2 0 0
Envelope - All load cases
Member Deflection
Pos Max Pos Min
{m) {mm) (m) (mm)
Member 2.993 4,2 6
Member resuits
Load case: Permanent
Member Deflection
Pos Max Pos Min
{m) {mm) {m) (mm)
Member 2.993 42 6
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Member results
Load case: Imposed
Member Deflection
Pos Max Pos Min
(m) (mm) (m) {mm)
Member 0 0 6 0
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