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Introduction

The purpose of this letter is to set out the required groundwater mitigation measures required during the
excavation of the basement for 26 Kings Mews.

Groundwater Conditions

During the excavation of a single borehole undertaken during Ground Engineering’s site investigation
water was struck at 4.00m bgl which then rose to 3.60m bgl within fifteen minutes.

Using a 7m deep standpipe the water level recorded after a 3-week period was 3.04m below ground level.
This is 810mm above the final excavation level of the new basement, taking into consideration the
thickness of the basement slab and blinding layer. Therefore, de-watering methods will need to be
utilised during the construction of the proposed basement.

Construction of Underpins/Retaining Walls

To construct the front and rear underpins, temporary supports will be installed to the faces of the
trenches. At the bottom of the trench a sump pump is to be installed to reduce the ground water level
around the excavation (see figure 1). The pumped water will discharge into an observable v-notch tank
which can then feed into a bowser or discharged at a low rate to the foul drainage system (control testing
for contaminants and physical measurement of flow may prove necessary by local authority).

e To prevent boiling at the bottom of the trench the sheeting will be installed a minimum of 300mm
below the foundation level of the excavation and an open pump surrounded by gravel will be
used as the sump.

e To prevent the removal of fines from the soil, surround the suction inlet with a protected grade
filter and reduce the flow rate through the soil, this is achieved by using an open pipe surrounded
by gravel.

e The pumped water will be monitored taking water samples and checking proportion of fines
being removed. If excessive fines are being continuously withdrawn or signs of trench instability
sump pumping will be stopped.

© DCL Consulting Engineers Ltd 1
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Figure 1 -Trench Sump Pump Section

Construction of Basement Slab

Once the retaining walls are cast and cured, the remainder of the basement excavation will take place.
To control ground water levels during this stage a sump pump will again be used. The sump will be
located in the corner of the excavation and drains leading to the sump will have a sufficient fall to prevent
silting up and be cleaned out regularly.

A cage will be installed at the base of the sump and fill between the cage and the shaft with graded filter
material.

e To prevent the removal of fines from the soil, surround the suction inlet with a protected grade
filter.

e To prevent ground loss around the sumps install cage at base of sump and fill cage with well
graded filter material, along with appropriately designed sump casing perforations.

e The pumped water will be monitored taking water samples and checking proportion of fines
being removed if excessive fines are being continuously withdrawn.

Note: This report will need to be provided as part of the Tender document pack to the required
contractors.
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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

Prop height

Stem thickness

Angle to rear face of stem
Stem density

Toe length

Base thickness

Base density

Height of retained soil
Angle of soil surface
Depth of cover

Height of water

Water density

Retained soil properties

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
Variable surcharge load
Vertical line load at 15675 mm

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

Propped cantilever
hstem = 3550 mm
hprop = 3550 mm
fstem = 250 mm

o =90 deg
Ystem = 25 kN/m?
loe = 1450 mm

tpase = 600 mm
Ybase = 25 KN/m?
hret = 3550 mm
p=0deg

doover = 0 mm
hwater = 2550 mm
vw = 9.8 kN/m?

Yme = 18 kN/m?®
ysr = 18 kN/m?®
d'rk = 28 deg
drk = 14 deg

Medium dense fine or silty sand

= 21 KN/m®

d'vx = 36 deg

dok =18 deg

Sobk = 20 deg
Phearing = 300 kN/m?

Surchargeq = 7.2 kN/m?
Pg1 = 39.8 kN/m
Pa1 = 10.6 kN/m

lbase = loe + tstem = 1700 mm

hsat = Nwater + deover = 2550 mm
hmoist = hret - hwater = 1000 mm

Isur = lheet = 0 mm

Xsur v = Ibase - lheet / 2 = 1700 mm
eit = Nbase + deover + hret = 4150 mm

Xsur_h = hert / 2 = 2075 mm

Asten = hstem x tstem = 0.888 m?
Xstem = loe + tstem / 2 = 1575 mm

Tedds calculation version 2.9.21
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Area of wall base Abase = lbase % tbase = 1.02 m?
- Distance to vertical component Xpase = Ibase / 2 = 850 mm
Using Coulomb theory
Active pressure coefficient Ka = sin(o + ¢'rx)? / (sin{o)? x sin(o - 8rk) x [1 + V[sin(0'rk + 8rk) x sin(¢'rx
- B) / (sin(or - 8rk) x sin(o + B))]2) = 0.326
Passive pressure coefficient Ke = sin(90 - ¢'ox)? / (SIN(90 + b)) x [1 - V[sin(d'ok + Sbk) x sin('vk) /

(sin(90 + Bbx))]1?) = 8.022

Bearing pressure check -3 Q&:fe:" to beor \3 BLIgUe Ao comn on S0 (poee u‘}

Vertical forces on wall ‘ o

Wall stem Fstem = Astem x vstem = 22.2 KN/m

Wall base Foase = Aoase X Ybase = 25.5 KN/m

Line loads Fp v =Poa1 + Par = 50.4 KN/m

Total Fiotalv = Fstem + Fpase + Fp_v + Fuater v = 98,1 kN/m

Horizontal forces on wall

Surcharge load Fsurh = Ka x cos(8rx) x Surchargea x het = 9.5 kN/m

Saturated retained soil Fsatn = Ka x €08(3rk) * (Yer - yw) x (Nsat + hbase)? / 2 = 12.9 kN/m

Water Fuwater h = Yw % (Nwater + Qoover + hbase)® / 2 = 48.7 kN/m

Moist retained soil Frmcist_h = Ka x c0S(8rk) % ymr % ((Nefr - Nsat = Noase)? / 2 + (et - hsat - Nbase) x
(hsat + hbase)) = 20.8 kN/m

Base soil Fpass_n = -Kp % COS(8b.k) % ¥b x (deover + hpase)? [ 2 = -28.8 kN/m

Total Fiotal_h = Fsur_n + Fsat_n + Fuater n + Froistn + Fpass_h = 83 kKN/m

Moments on wall

Wall stem Mstem = Fstem x Xstem = 34.9 kNm/m

Wall base Mbase = Foase  Xpase = 21.7 kKNm/m

Surcharge load Msur = -Fsur_h x Xsur_h = -19.6 KNm/m

Line loads Mp = (Pe1 + Pat) x p1=79.4 kNm/m

Saturated retained soil Msat = -Fsat_n x Xsat_p = -13.5 KNm/m

Water Mwater = -Fuwater_h % Xwater_n = -571.1 KNm/m

Moist retained soil Mmoist = -Fmoist_n % Xmoist_h = -38.2 kNm/m

Total Mictal = Mstem + Mbase + Msur + Mp + Msat + Mwater + Mmoist = 13.5 KNm/m

Check bearing pressure

Propping force to stem Fprop_stem = 17.5 KN/m

Propping force to base Forop_base = Fiotal_n - Fprop_stem = 45.4 kN/m

Moment from propping force Mprop = Forop_stem x (Nprop + tbase) = 72.7 KNm/m

Distance to reaction X = (Muotal + Mprop) / Frotal v = 879 mm

Eccentricity of reaction €= X-lbase /2 =29 mm

Loaded length of base libad = lbase = 1700 mm

Bearing pressure at toe Qioe = Fiotal_v / Ibase x (1 -6 x € / Ipase) = 51.8 kKN/m?

Bearing pressure at heel Qheel = Fiotalv / Ibase % (1 + 6 x € / lpase) = 63.6 kN/m?

Factor of safety FoSup = Prearing / max(Qroe, Gnee) = 4.714

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure
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RETAINING WALL DESIGN

In accordance with EN1992-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex

incorporating National Amendment No.1

Tedds calculation version 2.9.21

Concrete details - Table 3.1 - Strength and deformation characteristics for concrete

Concrete strength class

Characteristic compressive cylinder strength
Characteristic compressive cube strength
Mean value of compressive cylinder strength
Mean value of axial tensile strength

5% fractile of axial tensile strength

Secant modulus of elasticity of concrete
Partial factor for concrete - Table 2.1N
Compressive strength coefficient - ¢1.3.1.6(1)

Design compressive concrete strength - exp.3.15

Maximum aggregate size

Ultimate strain - Table 3.1

Shortening strain - Table 3.1

Effective compression zone height factor
Effective strength factor

Bending coefficient ki

Bending coefficient kz

Bending coefficient ks

Bending coefficient k4

Reinforcement details

Characteristic yield strength of reinforcement
Modulus of elasticity of reinforcement

Partial factor for reinforcing steel - Table 2.1N
Design yield strength of reinforcement

Cover to reinforcement
Front face of stem

Rear face of stem

Top face of base

Bottom face of base

Check stem design at base of stem
Depth of section

Rectangular section in flexure - Section 6.1
Design bending moment combination 1
Depth to tension reinforcement

Lever arm

C35/45

fek = 35 N/mm?

fexcube = 45 N/mm?

om = fox + 8 N/mm? = 43 N/mm?

fom = 0.3 N/mm?2 x (foc / 1 N/mm#)2? = 3.2 N/mm?
fet0.05 = 0.7 % fom = 2.2 N/mm?

Een = 22 KN/mmZ x (fen / 10 N/mm?)°2 = 34077 N/mm?
vc=1.50

tee = 0.85

fod = atee x fox / yc = 19.8 N/mm?

hagg = 20 mm

gcuz = 0.0035

ecuz = 0.0035

% =0.80

n = 1.00

K+ =0.40

Kz =1.00 x (0.6 + 0.0014/gcu2) = 1.00

Ks =0.40

Kas=1.00 x (0.6 + 0.0014/gcu2) =1.00

fyc = 500 N/mm?

Es = 200000 N/mm?
vs=1.15

fya = fyk / ys = 435 N/mm?

Csi = 35 mm
Csr = 35 mm
cot = 35 mm
Cbo = 35 mm

h =250 mm
M =131.8 kNm/m

d=h'Csr'¢srl’2=202mm
K =M/ (0 x fu) = 0.092

K'= (2 x 1 x aeelye)=(1 - & x (8 - Ki)/(2 x K2))x(h x (8 - K1)/(2 x K2))

K'=0.207

K'> K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 -2 x K/ (n x oec / 7c))°%, 0.95) x d = 184 mm
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Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement - exp.9.1N
Maximum area of reinforcement - ¢1.9.2.1.1(3)

x=25x%x(d-2z)=45mm

Asrreq = M/ (fya x 2) = 1644 mm?/m

25 dia.bars @ 200 c/c

Asrprov = T % dsi? [ (4 % 8sr) = 2454 mm?/m

Asrmin = Max(0.26 x foum / fyk, 0.0013) x d = 338 mm2/m
Asrmax = 0.04 » h = 10000 mm?/m

max(Asr.req, Asrmin) / Asr.prov = 0.67

PASS - Area of reinforcement provided is greater than area of reinforcement required

Deflection control - Section 7.4
Reference reinforcement ratio

Required tension reinforcement ratio
Required compression reinforcement ratio
Structural system factor - Table 7.4N
Reinforcement factor - exp.7.17

Limiting span to depth ratio - exp.7.16.b

Actual span to depth ratio

Crack control - Section 7.3

Limiting crack width

Variable load factor - EN1990 — Table A1.1
Serviceability bending moment

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Maximum crack spacing - exp.7.11
Maximum crack width - exp.7.8

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Library item: Rectangular single output

po = V(fo / 1 N/mm2) / 1000 = 0.006
p = Asrreq / d = 0.008
p' = Asr2req / dz = 0.000
Ko=1
Ks = min(500 N/mm2 / (fy x Asrreq / Astprov), 1.5) = 1.493
min(Ks x Ko x [11 + 1.5 x V(fec / 1 N/mm2) x po / (p - p') + V(fex / 1
N/mm?2) s \(p' / po) / 12], 40 x Kp) = 26.1
Horop / d = 17.5
PASS - Span to depth ratio is less than deflection control limit

Wmax = 0.3 mm
w2 = 0.6
Msis = 88.4 KNm/m
os = Msis / (Asrprov ¥ 2) = 195.3 N/mm?
Long term
ki=0.4
Acei=min25x (h-d),(h-x)/3,h/2)
Aceit = 68320 mm?/m
feteti = fom = 3.2 N/mm?
pp.et = Asrprov [ Acert = 0.036
oe = Es / Ecm = 5.869
ki=0.8
kz=0.5
ks=3.4
ks = 0.425
Srmax = K3 x Csr + K1 % K2 x K4 x dsr / ppert = 237 mm
Wi = Srmax x Max(os — ki x (fetert / ppeett) x (1 + 0e x ppen), 0.6 x 65) / Es
wk = 0.18 mm
Wk / Wmax = 0.601
PASS - Maximum crack width is less than limiting crack width

V =97.9 kN/m

Croc=0.18/yc = 0.120

k = min(1 + ¥(200 mm / d), 2) = 1.994

pi = min(Ascerov / d, 0.02) = 0.012

Vmin = 0.035 N"2/mm x k32 x 05 = 0.583 N/mm?
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Design shear resistance - exp.6.2a & 6.2b Vrae = max(Crac x K x (100 N2/mm? x pi x fa)2, vmin) x d

Vrd.c = 169 kN/m

V [ VRae = 0.579

PASS - Design shear resistance exceeds design shear force

Check stem design at prop
Depth of section h =250 mm
Rectangular section in shear - Section 6.2
Design shear force V =7.9 kN/m

Crac=0.18/yc = 0.120

k =min(1 + V(200 mm / d), 2) = 1.994

Longitudinal reinforcement ratio pi = min(Asr prov / d, 0.02) = 0.005
Viin = 0.035 N"2/mm x k32 x f0% = 0.583 N/mm?
Design shear resistance - exp.6.2a & 6.2b Vrae = max(Crac x k x (100 N/mm* x pi x k)2, vmin) x d

Vrde = 125.5 KN/m
V / Vrac = 0.063
PASS - Design shear resistance exceeds design shear force
Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — ¢1.9.6.3(1) Asxreq = max(0.25 x Asrprov, 0.001 x tstem) = 614 mm?/m
Maximum spacing of reinforcement — ¢1.9.6.3(2) Ssx_max = 400 mm

Transverse reinforcement provided 12 dia.bars @ 150 clc

Area of transverse reinforcement provided Asxprov = T % Psi { (4 x Ssx) = 754 mm?/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Check base design at toe

Depth of section h =600 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1 M =148.3 kNm/m

Depth to tension reinforcement d="h-ce-doo/2 =557 mm

K=M/(d? x f) = 0.014
K'= (2 x n x aeeye)=(1 - & = (8 - Ki)/(2 x K2))=(h x (8 - Ki)/(2 x K2))

K'=0.207
K'> K - No compression reinforcement is required

Lever arm z=min(0.5+ 0.5 x (1-2 x K/ (n x oee / yc))®%, 0.95) x d = 528 mm
Depth of neutral axis x=25x(d-2z)=70 mm
Area of tension reinforcement required Abbreqg = M/ (fya x z) = 645 mm2/m
Tension reinforcement provided 16 dia.bars @ 200 c/c
Area of tension reinforcement provided Asbprov = T X dpb? [ (4 x Spo) = 1005 mm?/m
Minimum area of reinforcement - exp.9.1N Avbmin = Max(0.26 x fem / fyk, 0.0013) x d = 930 mm?/m
Maximum area of reinforcement - ¢l.9.2.1.1(3) Abomax = 0.04 x h = 24000 mm?/m

maX(Abb‘req, Abb,min) { Abb.prov = 0.925
PASS - Area of reinforcement provided is greater than area of reinforcement required
Library item: Rectangular single output

Crack control - Section 7.3

Limiting crack width Wmax = 0.3 mm
Variable load factor - EN1990 — Table A1.1 w2 = 0.6
Serviceability bending moment Msis = 99.9 kKNm/m
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Tensile stress in reinforcement
Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Maximum crack spacing - exp.7.11
Maximum crack width - exp.7.8

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

s = Msis / (Abbprov x 2) = 187.8 Nfmm?
Long term

ki=0.4

Acerr = min(2.5 x (h-d), (h-x) /3, h/2)
Acer = 107500 mm?/m

feterr = fom = 3.2 N/mm?

ppeft = Abb.prov / Acerr = 0.009

oe = Es/ Ecm = 5.869

ki =0.8
k2= 0.5
ks = 3.4
ks = 0.425

Srmax = Ka x Cob + K1 x k2 x ka4 x ¢uo / pper = 410 mm
Wk = Srmax x Max(as — kt x (fetest / ppet) % (1 + 0le % pper), 0.6 x 6s) / Es
wk = 0.231 mm
Wi [ Wmax = 0.77
PASS - Maximum crack width is less than limiting crack width

V =104.6 kN/m
Crac=0.18/yc=0.120
k=min{1 | Y(200 mm/d), 2) = 1.599
pr = min(Assprov / d, 0.02) = 0.002
Vmin = 0.035 N"2/mm x k®2 x f&0° = 0,419 N/mm?
VRkac = max(Crae x K x (100 N2/mm* x pi x fex) "2, vimin) x d
Vrec = 233.2 KN/m
V[ Vrae = 0.449
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — ¢1.9.3.1.1(2)

Maximum spacing of reinforcement — cl.9.3.1.1(3)

Transverse reinforcement provided
Area of transverse reinforcement provided

Abxreq = 0.2 x Apbprov = 201 mm?/m
Sbx_max = 450 mm

12 dia.bars @ 150 clc

Abxprov = T % ¢bx2 [ (4 x spx) = 754 mmé/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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horizontal reinforcement
parallel to face of stem

12 dia bars @ 150 clogs iy ity 35

16 dia bars @ 200 Elc—cb“] ¢—16 dia bars @ 200 c/c

16 dia bars @ 200 c/c— 4— 16 dia bars @ 200 cic

16 dia.bars @ 200 cic 25 dia bars @ 200 c/c

16 dia.bars @ 200 cic

b8

gl

16 dia.bars @ 200 c/c

12 diabars @ 150 cic
transvarse rainforcement
in base

Reinforcement details




