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; ; ; ; Underpinning 1. Thisdrawing is to be read in conjunction
Refer to Architects drawings for all setting out details with all relovant Architects & Engincers
1. Dry pack grout underpinning to be to the following drawings and specifications

specification:

2. Do not scale from this drawing

a. Mix to be 3:1 of sharp sand o.p.c.

. . General Propping Notes
The contractor shall be responsible for the design, b. Sand to be sharpest that can be handled pPINg
. ) . c. Water content to be just enough to allow balling when 1. The contractor will be responsible for all temporary
installation and sequencing of all temporary works arjd must compressed by hand works and will be responsible for the stability of
ensure that stability of the structure is not compromised entire structure during the works

) 2. Excavation for new foundations to be carried out in
durmg the works maximum 1.0m lengths with a minimum clear space of 5

Our plans and section show a possible solution for

3.6m between open excavations at any one time the temporary works

3: "ngr—dig" for access purpose is qnl)_/ permitfce.d in the 3. All party wall notices are to be agreed
Legend direction away from the existing building. additional
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Denotes existing masonry or timber structure existing foundations is strictly forbidden during proposed beams
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A RETAINING . ) o needles
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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

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

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
Variable surcharge load

Cantilever

hsem = 1200 mm
tstem = 250 mm
o =90 deg

Ystem = 25 KN/m?®
loe = 2560 mm
thase = 250 mm
Ybase = 25 KN/m?3
hret = 1200 mm
B =6 deg

deover = 0 mm

Firm clay

Ymr = 19 KN/m?®
Ysr = 19 KN/m3
¢k = 27 deg
ok = 13.5 deg

Firm clay

Yo = 19 KN/m3

O'vk = 27 deg

Svk = 13.5 deg
Sk = 18 deg
Pyearing = 60 KN/m?

Surchargeq = 10 kN/m?

Tedds calculation version 2.9.12
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General arrangement

Calculate retaining wall geometry

Base length Ibase = ltoe + tstem = 2810 mm

Moist soil height Nmoist = hsoil = 1200 mm

Length of surcharge load Isur = lheet = 0 mm

- Distance to vertical component Xsur_v = Ibase - lheel / 2 = 2810 mm

Effective height of wall Neft = Nbase + deover + hret + lsur x tan(p) = 1450 mm
- Distance to horizontal component Xsur_h = hef / 2 =725 mm

Area of wall stem Astem = hstem % tstem = 0.3 m?

- Distance to vertical component Xstem = loe + tstem / 2 = 2685 mm

Area of wall base Abase = lbase X thase = 0.703 m?

- Distance to vertical component Xpase = Ibase / 2 = 1405 mm

Using Coulomb theory

Active pressure coefficient Ka = sin(o + ¢"rx)2 / (sin(a)? x sin(o - 8rk) x [1 + V[sin('rk + Sex) x SIN(¢'rx
- B) / (sin(a - &) x sin(a + B))II?) = 0.367
Passive pressure coefficient Kp = sin(90 - ¢'ox)? / (SIN(90 + ux) x [1 - V[sin(@'ox + Sbk) x SiN(¢'sx) /

(sin(90 + 8p.x))I]%) = 4.044
Bearing pressure check

Vertical forces on wall

Wall stem Fstem = Astem X Ystem = 7.5 KN/m
Wall base Fbase = Abase X Yoase = 17.6 KN/m
TOta| Ftotal_v = Fstem + Fbase = 25.1 kN/m

Horizontal forces on wall
Surcharge load Fsur n = Ka x c0s(8r.x) x Surchargeq x heir = 5.2 KN/m
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Moist retained soil
Base soil
Total

Moments on wall
Wall stem

Wall base
Surcharge load
Moist retained 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

Fmoistﬁh = Ka x COS(Sr,k) X Ymr X heff2 /2=T7.1KkN/m
Fpass_n = -Kp x c0S(8bk) X 1o % (dcover + hbase)2 /2 =-2.3 KN/m
Fiota_h = Fsur h + Fmoist_h + Fpass h = 10 kN/m

Mstem = Fstem X Xstem = 20.1 KNm/m

Mbase = Fbase X Xbase = 24.7 KNm/m

Msur = -Fsur_h X Xsur_p = =-3.8 KNmM/m

Mumoist = =Fmoist_h X Xmoist h = =3.4 KNm/m

Miotal = Mstem + Moase + Msur + Mmoist = 37.6 KNm/m

Forop_base = Fiotal_ n = 10 KN/m

X = Muota / Fiotal v = 1501 mm
€= X-lbase/2=96mm
lioad = lbase = 2810 mm
Qtoe = Fiotal_v / lbase X (1 -6 x € / lpase) = 7.1 KN/m?
Qheel = Fiotal_v / Ibase X (1 + 6 x € / lpase) = 10.7 KN/m?
FOSbp = Pbearing / MaXx(Qoe; Gneer) = 5.587

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

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 2.9.12

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 - ¢l.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 k1

Bending coefficient k;

Bending coefficient ks

Bending coefficient ks

Reinforcement details
Characteristic yield strength of reinforcement

C30/37

foc = 30 N/mm?

fek.cube = 37 N/mm?

fom = foc + 8 N/mm? = 38 N/mm?

fom = 0.3 N/mm? x (foc / 1 N/mm?)?3 = 2.9 N/mm?
few005 = 0.7 x fom = 2.0 N/mm?

Ecem = 22 KN/mm? x (fom / 10 N/mm?)%3 = 32837 N/mm?
vc =1.50

Occ = 0.85

foa = otee % fok / yo = 17.0 N/mm?

hagg =20 mm

gcu2 = 0.0035

gcus = 0.0035

A =0.80

n=1.00

K1 =0.40

Kz =1.00 x (0.6 + 0.0014/gc2) = 1.00
Ks =0.40

Ks=1.00 x (0.6 + 0.0014/eci2) =1.00

fye = 500 N/mm?
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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

Loading details - Combination No.1 - kN/m 2

R Al
8

10017844
|
|
|
|
|

13.71

Loading details - Combination No.2 - kN/m 2

0. 44 625
i

8.49

Check stem design at base of stem
Depth of section

Shea

Shear

Es = 200000 N/mm?
Ys = 1.15
fyd = fyk / Ys = 435 N/mm2

Rectangular section in flexure - Section 6.1

Design bending moment combination 1

Depth to tension reinforcement

Lever arm

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 - c1.9.2.1.1(3)

Cst = 40 mm
Csr = 50 mm
Cot = 50 mm
Cob = 75 mm
r force - Combination No.1 - kN/m Bending moment - Combination No.1 - kNm/m
85
— 13 -
92
force - Combination No.2 - kN/m Bending moment - Combination No.2 - kNm/m
7
—— “ar7 —
94
h =250 mm
M = 6.5 kNm/m

d=h-Cs-dsr/2=192 mm
K =M/ (d? x fo) = 0.006

K'= (2 x 1 x acelyc)x(1 - A x (8 - K1)/(2 x K2))x(A x (8 - K1)/(2 x K2))

K'=0.207

K'> K - No compression reinforcement is required
z=min(0.5+0.5x (1-2xK/(n x ae/vc))*?, 0.95) x d =182 mm

x=25x(d—z)=24 mm

Asrreq = M/ (fya x ) = 82 mm?/m

16 dia.bars @ 150 c/c

Asrprov = T % ¢s? [ (4 x Sgr) = 1340 mm?2/m

Astmax = 0.04 x h = 10000 mm?/m

maX(Asr.req. Astmin) / Asrprov = 0.216

Asrmin = max(0.26 x fem / fy, 0.0013) x d = 289 mm?/m

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

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

Design shear resistance - exp.6.2a & 6.2b

Library item: Rectangular single output

po = V(fa / 1 N/mm2) / 1000 = 0.005
p = Asrreq / d = 0.000
p' = Asr2.req / d2 = 0.000
Ky = 0.4
Ks = min(500 N/mm? / (fyx x Asrreq / Asrprov), 1.5) = 1.5
min(Ks x Ko x [11 + 1.5 x V(fac / 1 N/mm2) x po / p + 3.2 x V(fo / 1
N/mm?2) x (po / p - 1)%2], 40 x Kp) = 16
hstem / d = 6.3
PASS - Span to depth ratio is less than deflection control limit

Wmax = 0.3 mm

Y2 = 0.6

Msis = 3.5 KNm/m

0s = Msis / (Asrprov x Z) = 14.3 N/mm?
Long term

ki= 0.4

Acer =min(2.5 x (h-d), (h-x)/3,h/2)
Acerr = 75333 mm?2/m

fereft = fom = 2.9 N/mm?

Ppeff = Asrprov | Acer = 0.018

oe = Es/ Ecm = 6.091

ki=0.8
k2=10.5
ks=3.4
ks = 0.425

Srmax = K3 X Csr + K1 x k2 x Ka x Osr / pp.eit = 323 mm
Wk = Sr.max X Max(os — ki x (fetefr / Ppef) X (1 + 0le X ppefr), 0.6 x o5) / Es
wk = 0.014 mm
Wi / Wmax = 0.046
PASS - Maximum crack width is less than limiting crack width

V =13 kN/m
Crac =0.18/vyc =0.120
k = min(1 + ¥(200 mm / d), 2) = 2.000
pi = min(Asrprov / d, 0.02) = 0.007
Vmin = 0.035 N"2/mm x k32 x %% = 0.542 N/mm?
VRkd.c = Max(Crac x k x (100 N¥mm#* x py x f)"3, Vmin) x d
VRrae = 127 KN/m
V /[ VRrdac=0.103
PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — ¢|.9.6.3(1)

Maximum spacing of reinforcement — cl.9.6.3(2)

Transverse reinforcement provided

Asxreq = Max(0.25 x Asrprov, 0.001 x tstem) = 335 mm?/m
Ssx_max = 400 mm
10 dia.bars @ 200 c/c
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Area of transverse reinforcement provided

Asxprov = T X dsi? | (4 x Ssx) = 393 mm2/m

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

Check base design at toe
Depth of section

Rectangular section in flexure - Section 6.1
Design bending moment combination 2
Depth to tension reinforcement

Lever arm

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 - ¢l.9.2.1.1(3)

h =250 mm

M = 9.4 kNm/m
d=h-co-don/2=167 mm
K=M/(d? x fx) = 0.011
K'=(2 x M x oeelye)x(1 - A x (8 - Ki)/(2 x K2))x(A x (8 - K1)/(2 x K2))
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5+ 0.5 x (1-2x K/ (1 x ae/yc))®3, 0.95) x d =159 mm
x=25x(d—2z)=21mm
Avbreq = M/ (fyg x ) = 136 mm?2/m
16 dia.bars @ 150 c/c
Avbprov = Tt X Pob? / (4 x Spp) = 1340 mmZ/m
Agp.min = Max(0.26 x fom / fy, 0.0013) x d = 252 mm?/m
Appmax = 0.04 x h =10000 mm?/m
max(Abb.req, Abb.min) / Abb.prov = 0.188

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

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

Library item: Rectangular single output

Wmax = 0.3 mm

y2 = 0.6

Msis = 6.4 KNm/m

6s = Msis / (Abb.prov X Z) = 30.1 N/mm?
Long term

ki= 0.4

Acerf = min(2.5x (h-d), (h-x)/3,h/2)
Aceif = 76375 mm?2/m

feteft = fom = 2.9 N/mm?

Pp.eft = Abbprov / Acerr = 0.018

oe = Es/ Ecm = 6.091

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

Srmax = K3 X Cpb + K1 X K2 X K4 X Qoo / ppeff = 410 mm
Wk = Sr.max X Max(os — ki x (feteff / ppef) X (1 + ole X ppefr), 0.6 x os) / Es
Wk = 0.037 mm
Wk / Wiax = 0.123
PASS - Maximum crack width is less than limiting crack width

V =8.8 kN/m
Crdc =0.18/yc =0.120
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k =min(1 + ¥(200 mm / d), 2) = 2.000

Longitudinal reinforcement ratio pi = min(Apb.prov / d, 0.02) = 0.008
Vmin = 0.035 N"2/mm x k%2 x f4%5 = 0.542 N/mm?
Design shear resistance - exp.6.2a & 6.2b Vrd.c = Max(Crac x k x (100 N'mm* x pi x fa)", Vmin) x d

Vrdc = 115.7 kN/m
V/Vrdc = 0.076
PASS - Design shear resistance exceeds design shear force
Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — cl.9.3.1.1(2) Abxreq = 0.2 x Apbprov = 268 mm?2/m
Maximum spacing of reinforcement — cl.9.3.1.1(3)  Spx_max = 450 mm

Transverse reinforcement provided 10 dia.bars @ 200 c/c

Area of transverse reinforcement provided Abxprov = T X Qox? | (4 % Sbx) = 393 mm?/m

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

w0of o e

10 dia.bars @ 200 cic:
horizontal reinforcement
parallel to face of stem of )

12 dia.bars @ 150 c/c 16 dia.bars @ 150 c/c

1?50 16 dia.bars @ 150 c/c ~a oL
* . 5
[ T T T T T T T T T T T T 5
. . . 2 2 . . 2 2 . . 2 v
/ 75
T

16 dia.bars @ 150 c/c

10 dia.bars @ 200 clc
transverse reinforcement
inbase

Reinforcement details
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