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This technical note details the structural assessment of the existing retaining structures bordering the Plaza,
Port Talbot site, specifically to Eagle Mews, and unclassified dead-end road serving existing residential

properties.

1. EXISTING RETAINING WALLS - FORM

The existing retaining walls to Eagle Mews take two distinct forms:

e Wall A-An RC wall with RC piers of unknown construction type (i.e. embedded or bearing/cantilever)
running broadly north-south directly adjacent the existing building (now demolished)

e Wall B - A brick masonry wall, assumed to be of mass construction, running from the north end of Wall A
and following the Eagle Mews road line, eventually terminating at the intersection with Eagle Street

These distinct forms are illustrated below:
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Both walls retain Eagle Mews, and have mixed soft and hard landscaping directly behind them, including areas
of parking.

Wall A has a maximum retained height of approximately 1.2m, with the majority of the wall retaining
significantly less.

Wall B has a maximum retained height of approximately 1.0m, with the majority of the wall retaining
significantly less (or indeed not retaining at all).

2. EXISTING RETAINING WALLS - CONDITION

Wall A is generally in a fair to poor condition, with signs of concrete defects including spalling and exposed
reinforcement throughout the length, consistent with similar defects observed to the existing building prior to
demolition. However, the wall shows little to no signs of deformation via leaning or bowing. The above retained
ground elements are of differing construction, including railings, blockwork and concrete wall, none of which
are in particularly good structural condition.

Wall B is generally in good condition, showing little to no structural defects, aside from some minor cracks and
localised displacement of upper bricks.

3. DEVELOPMENT PROPOSALS

The proposed development involves the demolition of the rear auditorium portion of the existing building, and
replacement with a new structure, occupying the same footprint. The rear car park will be upgraded to serve
the development. Furthermore, the alley that Wall A creates to Eagle Mews will be reduced in level to provide a
DDA compliant escape route from different areas of the building, as well as housing proposed foul and surface
water drainage from the new building.

The ground conditions on site have resulted in deep concrete pad and strip foundations for the proposed
structure, whereas constraints around drainage, particularly the foul drainage exiting towards Talbot Road via
the Eagle Mews "alley" create some deep drainage runs within the "alley". Finally, the proposals included
reducing the levels in front of Wall A (and part of Wall B), thereby increasing the retained height and load upon
the wall in the permanent condition.

The combination of these factors, along with unknown founding level of the existing walls, particularly Wall A,
led to proposals for a new retaining wall adjacent Eagle Mews as part of the submitted planning application,
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albeit with a caveat to make an assessment of the existing structures post-demolition of the building and prior
to works to the walls. The proposals included in the planning application are included in Appendix A.

4. STRUCTURAL ASSESSMENT

Prior to any potential intrusive investigations into the walls themselves, the ground conditions directly behind
the wall were first investigated to ascertain their properties, and any potential to treat the soils, thereby
relieving load from the existing wall, and allowing a small increase in retained height in line with the proposals.
Quantum Geotechnical were engaged to excavate a trial pit on site and provide an assessment. Their report is
included in Appendix B.

In the intervening period while construction continued, a series of investigations, to include trial pits (for Walls A
and B) and concrete investigations (for Wall A) were planned. However, these investigations were never
undertaken, as explained in the subsequent section.

5. CONSTRUCTION OPERATIONS AND CURRENT SITUATION

In order to facilitate site access and demolition, part of the existing retaining wall where Eagle Mews meets
Eagle Street has been removed, as indicated below.

During excavation operations to install foundations for the proposed building adjacent Eagle Mews, the existing
Wall A was closely monitored given its unknown construction. During these operations, which included deep
excavations, sections of the wall became unstable due to the unforeseen poor ground conditions at depth,
requiring removal of a small section. Upon removal of this section, it became obvious that the wall was a) very
thin in its construction and b) had no actual foundation, and instead the wall appeared to be a facing to the
ground behind, as shown in the photo below.

In addition to the above, operations including demolition, stockpiling of materials and foundation excavations
have resulted in collateral damage to Wall B. Furthermore, the anticipated construction operations to create
the new car park - including drainage, bin store and surfacing - and the risks associated with the existing wall
given the serious construction defects observed with Wall A, it is our recommendation that Wall B is also
replaced.
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Following this discovery, and as works progressed, it became apparent that the entire Wall A was similarly built,
was deemed to be unsafe, and subsequently removed.

As such, the current situation on site is that there is no retaining wall present for the length of the former Wall
A, and requires replacement.

6. UPDATED PROPOSALS

As part of the excavations for the foundations, and following removal of the existing wall, the area near Wall A
was flooded with foundation concrete in order to ensure that a stable base could be provided for the new
retaining wall without significant re-excavation.

Given the information herein, and in line with the planning application submitted and approved, the existing
retaining walls (Wall A and Wall B) adjacent Eagle Mews will be replaced in their entirety to facilitate the
development, and to ensure the on-going integrity of Eagle Mews itself.

TECHNICAL DESIGN NOTE | Plaza Port Talbot | PPT-HYD-XX-XX-RP-5-1002 | 23 February 2021 4



TECHNICAL DESIGN NOTE Hydrock

7.1

7.2

REPLACEMENT WALL DESIGNS

Wall A

Wall A sits adjacent to the new building, with a maximum retained height from proposed levels of circa
800mm.

During the construction works for the proposed building, a significant area and depth of the formation
zone for the replacement wall in this area was dug and replaced with mass concrete. As such, a firm
formation has already been provided for the proposed wall to be installed.

Therefore, the proposed replacement wall in this area will take the following form, accounting for both

the retention of the highway (Eagle Mews), the proposed levels and the proposed drainage apparatus:

COPING STONE AND GUARD RAIL TO
ARCHITECTS DETAILS

300mm THICK RC RETAINING WALL
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The proposed wall has been designed for all relevant soil loads, and an imposed surcharge load from
the adjacent road of 15kN/m?, representing a conservative approach given the normal vehicular traffic
seen on the road itself.

A full calculation is provided in Appendix A
A drawing is provided in Appendix C
Wall B

Wall B encompasses the proposed car park to the rear of the proposed building, with a maximum
retained height of circa 800mm

This section of wall will be founded on the same bearing strata as the building, and will include brick
finish as per the planning application. As such, the wall has been design as an RC retaining wall with
brick finish, with mass fill concrete included below in anticipation of deeper founding strata.

The proposed will take the following form:
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The proposed wall has been designed for all relevant soil loads, and an imposed surcharge load from
the adjacent road of 15kN/m?, representing a conservative approach given the normal vehicular traffic
seen on the road itself.

A full calculation is provided in Appendix B

A drawing is provided in Appendix C
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Appendix A - Wall A Calculation
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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

Depth of excavation

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

hstem = 1450 mm
tstem = 300 mm

a =90 deg

Ystem = 25 kKN/m?
ltoe = 2400 mm
tbase = 300 mm
Ybase = 25 kN/m?
hret = 800 mm

B =0deg

cover = 500 mm
dexc =150 mm

Loose gravel
Ymr = 16.5 kN/m3
Ysr = 20.3 kN/m3
@rk = 28 deg

ork = 14 deg

Loose gravel

Vb = 16.5 KN/m3
@bk = 28 deg
Obk = 14 deg

dbbk = 18.7 deg
Pbearing = 80 kN/m?2

Surchargeq = 15 kN/m?

Tedds calculation version 2.9.02
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General arrangement
Calculate retaining wall geometry
Base Iength lbase = ltoe + tstem = 2700 mm
Moist soil height Nmoist = hsoit = 1300 mm
Length of surcharge load Isur = lheet = 0 mm
- Distance to vertical component Xsur_v = lbase - lheet / 2 = 2700 mm
Effective helght of wall hett = hbase + dcover + hret = 1600 mm
- Distance to horizontal component Xsur_h = hest / 2 = 800 mm
Area of wall stem Astem = hstem X tstem = 0.435 m?
- Distance to vertical component Xstem = ltoe + tstem / 2 = 2550 mm
Area of wall base Abase = Ibase X thase = 0.81 m?
- Distance to vertical component Xbase = lbase / 2 = 1350 mm
Area of base soil Apass = doover X ltoe = 1.2 m?
- Distance to vertical component Xpass_v = Ibase - (dcover X ltoeX (lbase - ltoe / 2)) / Apass = 1200 mm
- Distance to horizontal component Xpass_h = (dcover + hbase) / 3 = 267 mm
Area of excavated base soil Aexc = hpass X lioe = 0.84 m?
- Distance to vertical component Xexc_v = Ibase - (Npass X ltoeX (lbase - ltoe / 2)) / Aexc = 1200 mm
- Distance to horizontal component Xexc_h = (Npass + hbase) / 3 =217 mm
Using Coulomb theory
Active pressure coefficient Ka = sin(a + @rk)? / (sin(a)? x sin(a - drk) x [1 + V[sin(@rk + drk) x sin(@rx
- B) / (sin(a - &) x sin(a + B))]]?) = 0.326
Passive pressure coefficient Kp = sin(90 - @bk)? / (Sin(90 + dbk) % [1 - V[Sin(@bx + dbk) X Sin(@ox) /

(sin(90 + &x))]]2) = 4.325
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Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Moments on wall
Wall stem

Wall base
Surcharge load
Moist retained soil
Base soil

Total

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

Fstem = Astem X Ystem = 10.9 KN/m
Fbase = Abase X Ybase = 20.3 kKN/m
Fpass_v = Apass X yb' = 19.8 KN/m
Fiotal_v = Fstem + Fbase + Fpass_v = 50.9 KN/m

Fsur h = Ka X cos(0r.d) x Surchargeq x hett = 7.6 kN/m

Fmoist_h = Ka X cOS(dr.d) X Ymr' X het® / 2 = 6.7 KN/m

Fpass h = max(-Kp x cos(db.d) X Vo' X (dcover + hbase)? / 2, ~(Fmoist h + Fsur n))
=-14.3 kN/m

Fiotal_h = max(Fmoist_h + Fpass_h + Fsur_h = Ftotal_v X tan(dev.a), 0 kKN/m) =0
kN/m

Mstem = Fstem X Xstem = 27.7 KNm/m

Mbase = Fbase X Xoase = 27.3 KNm/m

Msur = -Fsur_h X Xsur h = =6.1 KNm/m

Mmoist = -Fmoist_h X Xmoist_h = -3.6 KNm/m

Mpass = Fpass_v X Xpass_v - Fpass_n X Xpass_h = 27.6 KNm/m
Mtotal = Mstem + Mbase + Mmoist + Mpass + Msur = 73 KNm/m

"X = Motal / Frotal v = 1433 mm

€="X-lbase /2 =83 mm

lioad = lbase = 2700 mm

Qtoe = Fiotal v / lbase X (1 - 6 X € / lpase) = 15.4 KN/m?
Qheel = Frotal_v / Ibase X (1 + 6 X € / Ipase) = 22.4 kN/m?
FoSbp = Pbearing / Max(Qtoe, qheet) = 3.579

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Partial factors on actions - Table A.3 - Combination 1

Permanent unfavourable action
Permanent favourable action
Variable unfavourable action

Variable favourable action

Partial factors for soil parameters — Table A.4 - Combination 1

Angle of shearing resistance
Effective cohesion

Weight density

Retained soil properties

Design moist density

Design saturated density

Design effective shear resistance angle
Design wall friction angle

ve = 1.35
Yo = 1.00
Ya = 1.50
Yar = 0.00
v¢ =1.00
Yo =1.00
v =1.00

Vo' = Yinr [ Yy = 16.5 KN/m3

Vo' = Yer / Yy = 20.3 KN/m3

@rq = atan(tan(@rx) / yg) = 28 deg
ora = atan(tan(drk) / yg) = 14 deg
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Base soil properties

Design soil density

Design effective shear resistance angle
Design wall friction angle

Design base friction angle

Design effective cohesion

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Sliding check

Vertical forces on wall
Wall stem

Wall base

Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Total

Check stability against sliding
Base soil resistance

Base friction

Resistance to sliding

Factor of safety

Overturning check

Vertical forces on wall
Wall stem

Wall base

Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Overturning moments on wall
Surcharge load

Moist retained soil

Total

W' =¥ /Y =16.5 kN/m3

@b.a = atan(tan(@ox) / Yg) = 28 deg
Ob.d = atan(tan(dvk) / yg¢) = 14 deg
dbb.d = atan(tan(devk) / Yg) = 18.7 deg

C'bd = C'bk / Yo = 0 kN/m?

Ka = sin(a + @r.q)? / (sin(a)? x sin(a - 8rq) X [1 + V[sin(@rd + &rq) X
sin(@rq - B) / (sin(a - &.q) x sin(a + B))]]?) = 0.326

Kp = sin(90 - @b.a)? / (sin(90 + db.a) % [1 - V[sin(@b.a + db.d) X SiN(@Pb.a) /
(sin(90 + dv.4))]]2) = 4.325

Fstem = Yot X Astem X Ystem = 10.9 KN/m
Fbase = Yot X Abase X Ybase = 20.3 KN/m
Fexc v = Yof X Aexc X Yo' = 13.9 kKN/m
Fotal v = Fstem + Foase + Fexc_v = 45 kN/m

Fsur h = Ka X cos(0r.d) x Yo X Surchargea x het = 11.4 KN/m
Fmoist h = Yo X Ka X cOS(&r.d) X Ymr' X he? / 2 =9 kKN/m
Ftotal h = Fmoist h + Fsur h = 20.4 KN/m

Fexc_h = Yof X Kp X cOS(db.d) X Yb' X (Npass + hbase)? / 2 = 14.6 kN/m
Firiction = Fiotal v X tan(Svb.d) = 15.2 kN/m
Frest = Fexc_n + Firiction = 29.9 KN/m
FoSsi = Frest / Fotah = 1.461
PASS - Resistance to sliding is greater than sliding force

Fstem = Yot X Astem X Ystem = 10.9 KN/m
Fbase = Yaf X Abase X Ybase = 20.3 KN/m
Fexc_v = Yof X Aexc X Yb' = 13.9 KN/m
Ftotal v = Fstem + Foase + Fexc_v = 45 KN/m

Fsur h = Ka X cos(0r.d) x ya X Surchargea X hett = 11.4 kN/m
Frmoist_h = Yo X Ka X c0S(8r.d) X Ymr' X he? / 2 =9 KN/m

Fexc_h = -Yor X Kp X c0S(Bb.d) X Yb' X (Npass + Nbase)? / 2 = -14.6 KN/m
Fiotal_h = Fmoist_h + Fexc_h + Fsur h = 5.8 KN/m

Msur o1 = Fsur_h X Xsur_h = 9.1 KNm/m
MmoisLOT = Fmoistﬁh X Xmoist_h = 4.8 kKNm/m
MtotaLOT = MmoisLOT + MsurﬁOT =13.9 kNm/m
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Restoring moments on wall
Wall stem

Wall base

Base soil

Total

Check stability against overturning

Factor of safety

Mstem R = Fstem X Xstem = 27.7 KNm/m

Mbase R = Fbase X Xbase = 27.3 KNm/m

Mexc R = Fexc_ v X Xexc_v - Fexc_h X Xexc_h = 19.8 KNm/m
Miotal R = Mstem_R + Mbase_R + Mexc_r = 74.9 kKNm/m

FoSot = Motal R / Miotai ot = 5.372

PASS - Maximum restoring moment is greater than overturning moment

Partial factors on actions - Table A.3 - Combination 2

Permanent unfavourable action

Permanent favourable action
Variable unfavourable action

Variable favourable action

Partial factors for soil parameters — Table A.4 - Combination 2

Angle of shearing resistance
Effective cohesion

Weight density

Retained soil properties

Design moist density
Design saturated density

Design effective shear resistance angle

Design wall friction angle

Base soil properties
Design soil density

Design effective shear resistance angle

Design wall friction angle
Design base friction angle
Design effective cohesion

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Sliding check

Vertical forces on wall
Wall stem

Wall base

Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Total

ve = 1.00
Yo = 1.00
ya=1.30
Yar = 0.00
Yo = 1.25
Yo =1.25
w=1.00

Vo' = Yinr [ Yy = 16.5 KN/m3

Vo' = Yer / Yy = 20.3 KN/m3

@rq = atan(tan(@rk) / yg) = 23 deg
ora = atan(tan(drk) / yy) = 11.3 deg

W' = Vb /Yy =16.5 KN/m?

@b = atan(tan(@ox) / yg) = 23 deg
db.d = atan(tan(dvx) / y¢) = 11.3 deg
Obb.d = atan(tan(devk) / Yg) = 15.2 deg
C'bd = C'bk / Yo = 0 kN/m?

Ka = sin(a + @ra)?/ (sin(a)? x sin(a - &ra) X [1 + V[sin(@r.a + Sra) X
sin(@rq - B) / (sin(a - dr.a) x sin(a + B))]?) = 0.397

Kp = sin(90 - @b.q)? / (Sin(90 + db.a) * [1 - V[Sin(@b.a + Bb.a) X SiN(Pb.a) /
(sin(90 + 3v.q))]?) = 3.126

Fstem = Yor X Astem X Ystem = 10.9 KN/m
Fbase = Yaf X Abase X Ybase = 20.3 KN/m
Fexc_v = Yof X Aexc X Yb' = 13.9 KN/m
Ftotal v = Fstem + Foase + Fexc_v = 45 KN/m

Fsur h = Ka X cos(0r.d) X Yo X Surchargea X hett = 12.2 kN/m
Frmoist_h = Y X Ka X COS(Or.d) X Ymr' X hei’? / 2 = 8.2 KN/m
Ftotalfh = Fmoistﬁh + Fsurﬁh =20.4 kN/m
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Check stability against sliding
Base soil resistance

Base friction

Resistance to sliding

Factor of safety

Overturning check

Vertical forces on wall
Wall stem

Wall base

Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Overturning moments on wall
Surcharge load

Moist retained soil

Total

Restoring moments on wall
Wall stem

Wall base

Base soil

Total

Check stability against overturning
Factor of safety

PASS - Maximum restoring moment is greater than overturning moment

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

Fexc_h = Yot X Kp X cOS(3b.d) X Vb' X (Npass + hbase)? / 2 = 10.7 kKN/m
Firicton = Ftotal v X tan(®vb.d) = 12.2 kN/m

Frest = Fexc_h + Fiiction = 22.9 KN/m

FoSsi = Frest / Fiota h = 1.122

PASS - Resistance to sliding is greater than sliding force

Fstem = Yot X Astem X Ystem = 10.9 KN/m
Fbase = Yot X Abase X Ybase = 20.3 KN/m
Fexc v = Yof X Aexc X Yo' = 13.9 kN/m
Fiotal v = Fstem + Foase + Fexc_v = 45 kN/m

Fsur h = Ka x cos(0r.d) x Yo X Surchargeq x hetr = 12.2 kN/m
Froisth = Yo x Ka X c0S(8r.d) X Ymr' % hef® / 2 = 8.2 kN/m

Fexc_h = -Yar X Kp X cOS(3b.d) X Yb' X (Npass + hbase)? / 2 = =10.7 KN/m
Fiotal_h = Fmoist h + Fexc_h + Fsur h = 9.7 KN/m

MsurﬁOT = Fsurﬁh X Xsur_h = 9.7 kNm/m
Mmoist_OT = Fmoist_h X Xmoist_h = 4.4 KNm/m
Miotal 0T = Mmoist_ ot + Msur ot = 14.1 KNm/m

Mstem_R = Fstem X Xstem = 27.7 kKNm/m

Moase_R = Foase X Xbase = 27.3 KNm/m

Mexc R = Fexc v X Xexc_v = Fexc_h X Xexc_ h = 18.9 KNm/m
Miotal R = Mstem_R + Mbase_rR + Mexc_ R = 74 KNm/m

FoSot = Motal R / Miotal_ ot = 5.246

Tedds calculation version 2.9.02

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

C28/35

foc = 28 N/mm?

fok.cube = 35 N/mm?

fem = fok + 8 N/mm? = 36 N/mm?

fetm = 0.3 N/mm? x (fex / 1 N/mm?2)?3 = 2.8 N/mm?
fetk,005 = 0.7 % form = 1.9 N/mm?

Ecm = 22 KN/mm? x (fem / 10 N/mm?)°-3 = 32308 N/mm?
vc = 1.50

Occ = 0.85

fed = dee X fox / Yo = 15.9 N/mm?
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Maximum aggregate size hagg = 20 mm

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

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

B.13

2].:
of

28.7.

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

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

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

fyk = 500 N/mm?

Es = 200000 N/mm?

ys =1.15

fya = fyk / ys = 435 N/mm?

Cst = 50 mm
Csr = 50 mm
Cot = 50 mm
Cob = 75 mm

Bending moment - Combination No.1 - kNm/m

Shear force - Combination No.1 - kN/m

152

Bending moment - Combination No.2 - kNm/m

Shear force - Combination No.2 - kN/m

-135

h =300 mm

M = 8.6 kNm/m
d=h-Cs-@r/2=245 mm
K =M/ (d? x f) = 0.005
K'=0.207

K'> K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 - 3.53 x K)°5, 0.95) x d = 233 mm

x=25x(d-2z)=31mm
Astreq =M/ (fja x 2) = 85 mm?/m
10 dia.bars @ 200 c/c
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Area of tension reinforcement provided Asrprov = TIX @2 / (4 % Sr) = 393 mm?/m
Minimum area of reinforcement - exp.9.1N Asrmin = max(0.26 x fem / fyk, 0.0013) x d = 352 mm?/m
Maximum area of reinforcement - c.9.2.1.1(3) Asrmax = 0.04 x h = 12000 mm?/m

maX(Asr.req, Asr.min) / Asr.prov =0.897
PASS - Area of reinforcement provided is greater than area of reinforcement required

Deflection control - Section 7.4

Reference reinforcement ratio po = V(fe / 1 N/mm?) / 1000 = 0.005

Required tension reinforcement ratio p = Asrreq / d = 0.000

Required compression reinforcement ratio p' = Asr2req / d2 = 0.000

Structural system factor - Table 7.4N Ko=0.4

Reinforcement factor - exp.7.17 Ks = min(500 N/mm? / (fyk X Asrreq / Asrprov), 1.5) = 1.5

Limiting span to depth ratio - exp.7.16.a min(Ks x Kb x [11 + 1.5 x V(fek / 1 N/mm?) x po / p + 3.2 x V(fex / 1
N/mm?) x (po / p - 1)*?], 40 x Kp) = 16

Actual span to depth ratio hstem / d = 5.9

PASS - Span to depth ratio is less than deflection control limit

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 = 4.3 kNm/m
Tensile stress in reinforcement 0s = Msis / (Asrprov X z) = 47.3 N/mm?
Load duration Long term
Load duration factor ki=0.4
Effective area of concrete in tension Aceft = min(2.5 x (h - d), (h—x)/3, h/2)=89792 mm?/m
Mean value of concrete tensile strength fetefr = form = 2.8 N/mm?2
Reinforcement ratio Pp.eff = Asrprov / Aceft = 0.004
Modular ratio Oe = Es/Ecm =6.19
Bond property coefficient ki1=0.8
Strain distribution coefficient k2=0.5
ks =3.4
ka = 0.425
Maximum crack spacing - exp.7.11 Srmax = K3 X Csr + K1 X K2 X Ka X @r / Ppett = 559 mm
Maximum crack width - exp.7.8 Wk = Srmax X Max(0s — Kt X (fotef / Ppef) X (1 + Oe X Ppefr), 0.6 X Os) / Es
wk = 0.079 mm

Wk / Wmax = 0.264
PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force V =15.2 kN/m
Crdc =0.18/yc =0.120
k = min(1 + V(200 mm / d), 2) = 1.904

Longitudinal reinforcement ratio pi = min(Asrprov / d, 0.02) = 0.002
Vmin = 0.035 N"2/mm x k32 x f405 = 0.486 N/mm?
Design shear resistance - exp.6.2a & 6.2b VRd.c = Max(Crd.c X k x (100 N¥mm?* x pi x f)"3, vmin) % d

Vrdc = 119.2 kN/m
V / Vrdc = 0.128
PASS - Design shear resistance exceeds design shear force
Horizontal reinforcement parallel to face of stem - Section 9.6
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Minimum area of reinforcement — ¢l.9.6.3(1) Asxreq = Max(0.25 x Asrprov, 0.001 X tstem) = 300 mm2/m
Maximum spacing of reinforcement — ¢l.9.6.3(2) Ssx_max = 400 mm
Transverse reinforcement provided 10 dia.bars @ 200 c/c
Area of transverse reinforcement provided Asxprov = TIX @x% | (4 X Ssx) = 393 mm?/m

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

Check base design at toe

Depth of section h =300 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 2 M = 8.7 kNm/m
Depth to tension reinforcement d=h-Cop-@n/2=220 mm

K =M/ (d? x f) = 0.006

K'=0.207

K'> K - No compression reinforcement is required

Lever arm z=min(0.5 + 0.5 x (1 - 3.53 x K)°5, 0.95) x d = 209 mm
Depth of neutral axis x=25x(d-2z)=28 mm
Area of tension reinforcement required Avb.req = M/ (fya X z) = 96 mm?/m
Tension reinforcement provided 10 dia.bars @ 200 c/c
Area of tension reinforcement provided Abbprov = TUX @b / (4 X Spp) = 393 mm?2/m
Minimum area of reinforcement - exp.9.1N Abbmin = Max(0.26 x fetm / fyk, 0.0013) x d = 316 mm?/m
Maximum area of reinforcement - ¢l.9.2.1.1(3) Abbmax = 0.04 x h =12000 mm?/m

maX(Abb.req, Abb.min) / Abb.prov =0.806
PASS - Area of reinforcement provided is greater than area of reinforcement required

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 = 4.9 kKNm/m
Tensile stress in reinforcement Os = Msis / (Abb.prov X Z) = 59.2 N/mm?
Load duration Long term
Load duration factor ki=0.4
Effective area of concrete in tension Aceff = min(2.5 x (h - d), (h—x) /3, h/2)=90833 mm?/m
Mean value of concrete tensile strength feter = form = 2.8 N/mm?2
Reinforcement ratio Pp.eff = Avb.prov / Aceff = 0.004
Modular ratio Oe = Es/Ecm =6.19
Bond property coefficient ki1=0.8
Strain distribution coefficient k2=0.5
ks =3.4
ka = 0.425
Maximum crack spacing - exp.7.11 Srmax = K3 X Cob + K1 X k2 X Ka X (b / Ppef = 648 mm
Maximum crack width - exp.7.8 Wk = Srmax X Max(0s — Kt X (fotef / Ppef) X (1 + Oe X Ppefr), 0.6 X Os) / Es

wk = 0.115 mm
Wk / Wmax = 0.384
PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force V =9 kN/m
Crdc =0.18/yc =0.120
k = min(1 + v(200 mm / d), 2) = 1.953
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Longitudinal reinforcement ratio p1 = min(Abbprov / d, 0.02) = 0.002
Vmin = 0.035 N"2/mm x k32 x {405 = 0.506 N/mm?
Design shear resistance - exp.6.2a & 6.2b VRd.c = max(Cra.c X k x (100 N¥/'mm* x pi x )", vimin) X d

Vrae = 111.2 KN/m
V /Vrdc = 0.081
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — ¢l.9.3.1.1(2) Abxreq = 0.2 X Apbprov = 79 mm?2/m
Maximum spacing of reinforcement — ¢l.9.3.1.1(3)  Sbx_max = 450 mm

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

Area of transverse reinforcement provided Abxprov = TLX @bx® / (4 % Sbx) = 393 mm?/m

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

50-» [ —» |50

10 dia.bars @ 200 c/c
horizontal reinforcement pr—
parallel to face of stem b 1

10 dia.bars @ 200 c/c 10 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c N L

oy
=
Sl o g

10 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c
transverse reinforcement
in base

Reinforcement details
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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

Heel length

Base thickness

Base density

Height of retained soil
Angle of soil surface
Depth of cover

Depth of excavation

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

hstem = 1700 mm
tstem = 250 mm
a =90 deg

Ystem = 25 kKN/m?
loe = 850 mm
lheet = 200 mm
tbase = 250 mm
Ybase = 25 kN/m?
hret = 800 mm

B =0deg

dcover = 750 mm
dexc = 150 mm

Medium dense fine or silty sand

ymr = 19 kKN/m3
Yer = 21 KN/m3
@rx = 30 deg
ork = 15 deg

Medium dense fine or silty sand

Vb = 18 KN/m?3

@bk = 30 deg

ok =15 deg

dook = 30 deg
Poearing = 225 kN/m?

Surchargeq = 15 kN/m?

Tedds calculation version 2.9.02
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[« 50 »e—250—p{4-200»f

» 150 |4—

1700

15 kN/m2

5 kN/m?

>

»‘ 150 |a—

750-

k,:n

37.5 kN/m?|

Calculate retaining wall geometry
Base length

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 moist soil

- Distance to vertical component

- Distance to horizontal component
Area of base soll

- Distance to vertical component

- Distance to horizontal component
Area of excavated base soil

- Distance to vertical component

- Distance to horizontal component

Using Rankine theory
Active pressure coefficient

1800

16.4 kN/m?

[22.7 kN/m?

f 1300 {

General arrangement

Ibase = ltoe + tstem + lheet = 1300 mm

Pmoist = hsoit = 1650 mm

Isur = lheet = 200 mm

Xsur_v = lbase - Iheel / 2 = 1200 mm

heft = hbase + dcover + hret = 1800 mm

Xsur_h = heft / 2 =900 mm

Astem = hstem X tstem = 0.425 m?

Xstem = loe + tstem / 2 = 975 mm

Abase = Ibase X tbase = 0.325 m?

Xbase = lbase / 2 = 650 mm

Amoist = Nmoist X Iheet = 0.31 m?

Xmoist v = lbase = (Nmoist X Ineet® / 2) / Amoist = 1200 mm
Xmoist_h = et / 3 = 600 mm

Apass = deover X ltoe = 0.638 m?

Xpass_v = Ibase - (dcover X ltoeX (Ibase - ltoe / 2)) / Apass = 425 mm
Xpass_h = (dcover + hbase) / 3 = 333 mm

Aexc = hpass X loe = 0.51 m?

Xexc_v = lbase - (Npass X loeX (lbase - ltoe / 2)) / Aexc = 425 mm
Xexc_h = (Npass + hpase) / 3 = 283 mm

Ka = (1 -sin(@rx)) / (1 + sin(grx)) = 0.333
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Passive pressure coefficient Ke = (1 + sin(@v)) / (1 - sin(@bx)) = 3.000
Bearing pressure check
Vertical forces on wall
Wall stem Fstem = Astem X Ystem = 10.6 KN/m
Wall base Fbase = Abase X Ybase = 8.1 KN/m
Surcharge load Fsur_v = Surchargeaq X lheel = 3 KN/m
Moist retained soil Fmoist v = Amoist X Ymr' = 5.9 KN/m
Base soil Fpass_v = Apass X yb' = 11.5 kN/m
Total Fiotal v = Fstem + Fbase + Fmoist v + Fpass v + Fsur v = 39.1 KN/m
Horizontal forces on wall
Surcharge load Fsur_h = Ka X Surchargea X her = 9 kN/m
Moist retained soil Froist h = Ka X ymr' X het® / 2 = 10.3 KN/m
Base soil Fpass_h = max(-Ke x yb' X (dcover + hbase)? / 2, -(Fmoist_h + Fsur n)) = -19.3
kN/m
Total Fiotal_h = MaX(Fmoist_h + Fpass_h + Fsur_h - Ftota_v X tan(dbb.a), 0 KN/m) =0
kN/m

Moments on wall

Wall stem

Wall base
Surcharge load
Moist retained soil
Base soil

Total

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

Mstem = Fstem X Xstem = 10.4 KNmM/m

Moase = Foase X Xoase = 5.3 KNm/m

Msur = Fsur v X Xsur v = Fsur_h X Xsur_nh = =4.5 KNm/m

Mmoist = Fmoist v X Xmoist v = Fmoist_ h X Xmoist h = 0.9 KNm/m
Mopass = Fpass_v X Xpass_ v = Fpass_h X Xpass_h = 11.3 KNm/m
Miotal = Mstem + Mbase + Mmoist + Mpass + Msur = 23.3 KNm/m

"X = Meotal / Ftotal_v =597 mm

€="X- lbase / 2 =-53 mm

lioad = Ibase = 1300 mm

Qtoe = Frotal v / lbase X (1 - 6 X € / lpase) = 37.5 KN/m?
Qheel = Frotal v / Ibase X (1 + 6 X € / lpase) = 22.7 KN/m?
FoSup = Pbearing / Max(Qoe, gheet) = 6.007

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Partial factors on actions - Table A.3 - Combination 1

Permanent unfavourable action ve = 1.35
Permanent favourable action yer = 1.00
Variable unfavourable action ya = 1.50
Variable favourable action yor = 0.00

Partial factors for soil parameters — Table A.4 - Combination 1

Angle of shearing resistance Yo = 1.00
Effective cohesion ye = 1.00
Weight density v =1.00

Retained soil properties
Design moist density

Design saturated density

Yor' = Yor / Yy =19 kN/m3
ysr' = Ysr / W= 21 kN/m3
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Design effective shear resistance angle @ra = atan(tan(@rx) / yg) = 30 deg

Design wall friction angle

Base soil properties
Design soil density

ora = atan(tan(ork) / yg) = 15 deg

W' =¥b /Yy =18 KN/m?3

Design effective shear resistance angle @o.a = atan(tan(gox) / Yg) = 30 deg

Design wall friction angle
Design base friction angle

Design effective cohesion

Using Rankine theory
Active pressure coefficient
Passive pressure coefficient

Sliding check

Vertical forces on wall
Wall stem

Wall base

Moist retained soil
Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Total

Check stability against sliding
Base soil resistance

Base friction

Resistance to sliding

Factor of safety

Overturning check

Vertical forces on wall
Wall stem

Wall base

Moist retained soil
Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Overturning moments on wall
Surcharge load

Moist retained soil

Ob.d = atan(tan(dk) / y¢) = 15 deg
Obb.d = atan(tan(dwbk) / Y¢) = 30 deg

C'bd = C'bk / Yo = 0 kN/m?

Ka = (1 - sin(@rq)) / (1 + sin(@ra)) = 0.333
Kp = (1 + sin(@b.a)) / (1 - sin(@b.a)) = 3.000

Fstem = Yot X Astem X Ystem = 10.6 KN/m

Fbase = Yof X Abase X Ybase = 8.1 KN/m

Fmoist v = Yot X Amoist X Ymr' = 5.9 KN/m

Fexc_v = Yof X Aexc X Yb' = 9.2 KN/m

Ftotal v = Fstem + Fbase + Fmoist v + Fexc v = 33.8 kN/m

Fsur_h = Ka x ya x Surchargeq x heir = 13.5 kN/m
Fmoist h = Ye X Ka X Ymr' X hei’? / 2 = 13.9 kKN/m
Ftotalfh = Fmoistﬁh + Fsurﬁh =27.4 kN/m

Fexc_h = Yot X Kp X Wb' X (Npass + Nbase)? / 2 = 19.5 KN/m
Friction = Frotal_v X tan(Sbb.d) = 19.5 KN/m
Frest = Fexc_h + Firiction = 39 KN/m
FoSsi = Frest / Fiota_h = 1.427
PASS - Resistance to sliding is greater than sliding force

Fstem = Yot X Astem X Ystem = 10.6 KN/m

Fbase = Yof X Abase X Ybase = 8.1 KN/m

Fmoist v = Yot X Amoist X Ymr' = 5.9 KN/m

Fexc_v = Yof X Aexc X Yb' = 9.2 KN/m

Ftotal v = Fstem + Fbase + Fmoist v + Fexc v = 33.8 kN/m

Fsur h = Ka X ya x Surchargeq x hetr = 13.5 kKN/m
Frmoist h = Yo X Ka X Ymr' X het® / 2 = 13.9 KN/m

Fexc_h = -Yor X Kp X yb' X (Npass + hbase)? / 2 = ©19.5 kN/m
Fiotal_h = Fmoist_h + Fexc_h + Fsur h = 7.8 KN/m

Msur_ot = Fsur_h X Xsur_h = 12.2 KNm/m

MmoisLOT = Fmoistﬁh X Xmoist_h = 8.3 kKNm/m
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Total

Restoring moments on wall
Wall stem

Wall base

Moist retained soil

Base soil

Total

Check stability against overturning
Factor of safety

MtotaLOT = MmoisLOT + MsurﬁOT =20.5 kNm/m

Mstem R = Fstem X Xstem = 10.4 KNm/m

Mbase R = Fbase X Xbase = 5.3 KNm/m

Mmoist R = Fmoist v X Xmoist v = 7.1 KNm/m

Mexc R = Fexc_v X Xexc_v = Fexc_h X Xexc_h = 9.4 KNm/m

Miotal R = Mstem_R + Mbase R + Mmoist R + Mexc R = 32.1 KNm/m

FoSot = Meotal R / Miotal ot = 1.571
PASS - Maximum restoring moment is greater than overturning moment

Partial factors on actions - Table A.3 - Combination 2

Permanent unfavourable action
Permanent favourable action
Variable unfavourable action
Variable favourable action

Partial factors for soil parameters — Table A.4 - Combination 2

Angle of shearing resistance
Effective cohesion
Weight density

Retained soil properties

Design moist density

Design saturated density

Design effective shear resistance angle

Design wall friction angle

Base soil properties

Design soil density

Design effective shear resistance angle
Design wall friction angle

Design base friction angle

Design effective cohesion

Using Rankine theory
Active pressure coefficient
Passive pressure coefficient

Sliding check

Vertical forces on wall
Wall stem

Wall base

Moist retained soil
Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

ye =1.00
yer = 1.00
ya =1.30
yor = 0.00
Vo = 1.25
ye =1.25
v =1.00

Ymr' = Y / Yy = 19 KN/m3

Ver' = Yor / Wy = 21 KN/m?3

@ra = atan(tan(@rx) / yg) = 24.8 deg
ora = atan(tan(drk) / y¢) = 12.1 deg

W' =¥ /Y= 18 KN/m3

@ba = atan(tan(@ox) / Yg) = 24.8 deg
Ob.d = atan(tan(dvk) / yg) = 12.1 deg
dov.a = atan(tan(denx) / Y¢) = 24.8 deg
C'bd = C'bk / Yo = 0 kN/m?

Ka = (1 - sin(@rq)) / (1 + sin(¢@ra)) = 0.409
Kp = (1 + sin(@b.d)) / (1 - sin(@Pv.a)) = 2.444

Fstem = Yot X Astem X Ystem = 10.6 KN/m

Fbase = Yof X Abase X Ybase = 8.1 KN/m

Fmoist v = Yot X Amoist X Ymr' = 5.9 KN/m

Fexc_v = Yof X Aexc X Yb' = 9.2 KN/m

Ftotal v = Fstem + Fbase + Fmoist v + Fexc v = 33.8 kKN/m

Fsur h = Ka X ya x Surchargeq x hett = 14.4 kN/m
Fmoist h = Ye X Ka X Ymr' X hei’? / 2 =12.6 KN/m
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Total

Check stability against sliding
Base soil resistance

Base friction

Resistance to sliding

Factor of safety

Overturning check

Vertical forces on wall
Wall stem

Wall base

Moist retained soil
Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Overturning moments on wall
Surcharge load

Moist retained soil

Total

Restoring moments on wall
Wall stem

Wall base

Moist retained soil

Base soil

Total

Check stability against overturning
Factor of safety

RETAINING WALL DESIGN

Ftotalfh = Fmoistﬁh + Fsurﬁh =27 kN/m

Fexc_h = Yot X Kp X Wb' X (Npass + Nbase)? / 2 = 15.9 KN/m
Fiiction = Frotal_v X tan(Sbb.d) = 15.6 KN/m

Frest = Fexc_h + Fiiction = 31.5 KN/m

FoSsi = Frest / Ftota_h = 1.169

PASS - Resistance to sliding is greater than sliding force

Fstem = Yot X Astem X Ystem = 10.6 KN/m

Fbase = Yof X Abase X Ybase = 8.1 KN/m

Fmoist v = Yot X Amoist X Ymr' = 5.9 KN/m

Fexc_v = Yof X Aexc X Yb' = 9.2 KN/m

Ftotal v = Fstem + Fbase + Fmoist v + Fexc v = 33.8 kN/m

Fsur_h = Ka x ya x Surchargeq x herr = 14.4 kN/m
Frmoist h = Yo X Ka X Ymr' X hef® / 2 = 12.6 KN/m

Fexc_h = -Yor X Kp X yb' X (Npass + hbase)? / 2 = -15.9 kN/m
Fotal_h = Fmoist_h + Fexc_h + Fsur n = 11.1 KN/m

Msur o1 = Fsur_h X Xsur_h = 12.9 KNm/m
MmoisLOT = Fmoistﬁh X Xmoist_h = 7.6 KNm/m
MtotaLOT = MmoisLOT + MsurﬁOT =20.5 kNm/m

MstemfR = Fstem X Xstem = 10.4 KNm/m
Mbase_R = Fbase X Xbase = 5.3 KNm/m
Mmoist R = Fmoist_v X Xmoist v = 7.1 KNm/m

Mexc_R = Fexc_v X Xexc_v - Fexc_h X Xexc_h = 8.4 kKNm/m

Miotal R = Mstem_R + Mbase R + Mmoist R + Mexc R = 31.1 KNm/m

FoSot = Motal R / Miotal_ ot = 1.519

PASS - Maximum restoring moment is greater than overturning moment

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 2.9.02

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

C32/40

foc = 32 N/mm?

fok cube = 40 N/mm?2

fom = fok + 8 N/mm? = 40 N/mm?

fetm = 0.3 N/mm? x (fe / 1 N/mm?2)?3 = 3.0 N/mm?
fet0.05 = 0.7 X form = 2.1 N/mm?

Ecm = 22 KN/mm? x (fem / 10 N/mm?)°-3 = 33346 N/mm?
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Partial factor for concrete - Table 2.1N yc =1.50
Compressive strength coefficient - ¢l.3.1.6(1) Occ = 0.85

Design compressive concrete strength - exp.3.15
Maximum aggregate size

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

Shear force - Combination No.1 - kN/m

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

Stem

fea = Olce X fox / Yo = 18.1 N/mm?
hagg =20 mm

fy = 500 N/mm?

Es = 200000 N/mm?
ys=1.15

fya = fyk / ys = 435 N/mm?

Cst = 40 mm
Csr = 50 mm
Cot = 50 mm
Cob = 75 mm

Bending moment - Combination No.1 - kNm/m

77
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Shear force - Combination No.2 - kN/m Bending moment - Combination No.2 - kNm/m
Loading details - Combination No.2 - kN/m?
6.5
:%
0 16.6
0 )
~ o~ 0.9
K= 19.4 12,6

55.

Check stem design at base of stem

Depth of section h =250 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 1 M = 14.3 kNm/m
Depth to tension reinforcement d=h-Cs-@/2=195mm

K=M/(d? x f«) = 0.012

K'=0.207

K'> K - No compression reinforcement is required

Lever arm z=min(0.5 + 0.5 x (1 - 3.53 x K)*%, 0.95) xd = 185 mm
Depth of neutral axis x=25x(d-2z)=24 mm
Area of tension reinforcement required Asrreq = M/ (fya X 2) = 178 mm?/m
Tension reinforcement provided 10 dia.bars @ 200 c/c
Area of tension reinforcement provided Asrprov = TIX @2 / (4 % Sr) = 393 mm?/m
Minimum area of reinforcement - exp.9.1N Asrmin = max(0.26 x fem / fyk, 0.0013) x d = 307 mm?/m
Maximum area of reinforcement - ¢l.9.2.1.1(3) Asrmax = 0.04 x h = 10000 mm?/m

maX(Asr.req, Asr.min) / Asr.prov =0.781
PASS - Area of reinforcement provided is greater than area of reinforcement required

Deflection control - Section 7.4

Reference reinforcement ratio po = V(fe / 1 N/mm?2) / 1000 = 0.006

Required tension reinforcement ratio p = Asrreq / d = 0.001

Required compression reinforcement ratio p' = Asr2req / d2 = 0.000

Structural system factor - Table 7.4N Ko = 0.4

Reinforcement factor - exp.7.17 Ks = min(500 N/mm? / (fyk X Asrreq / Asrprov), 1.5) = 1.5

Limiting span to depth ratio - exp.7.16.a min(Ks x Kb x [11 + 1.5 x V(fek / 1 N/mm?) x po / p + 3.2 x V(fex / 1
N/mm?) x (po / p - 1)%?], 40 x Kp) = 16

Actual span to depth ratio hstem / d = 8.7

PASS - Span to depth ratio is less than deflection control limit

Crack control - Section 7.3
Limiting crack width Wmax = 0.3 mm
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Variable load factor - EN1990 — Table A1.1 P2 =0.6

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

Msis = 7.5 KNm/m

Os = Msis / (Asrprov X Z) = 103.6 N/mm?

Long term

ki= 0.4

Acerf = min(2.5 x (h - d), (h—x)/ 3, h/2)=75208 mm?/m
fotefr = fotm = 3.0 N/mm?

Pp.eff = Asrprov / Acert = 0.005

Oe = Es/ Ecm = 5.998

ki1=0.8
k2=0.5
ks =3.4
ka = 0.425

Srmax = K3 X Csr + K1 X K2 X K4 X (¢ / pPp.eff = 496 mm
Wk = Srmax X Max(0s — kt X (feteft / Ppef) X (1 + Oe X Ppefr), 0.6 X Os) / Es
wk = 0.154 mm
Wi / Wmax = 0.513
PASS - Maximum crack width is less than limiting crack width

V =21.9 kN/m
Crdc=0.18/yc =0.120
k = min(1 + v(200 mm / d), 2) = 2.000
pi = min(Asr.prov / d, 0.02) = 0.002
Vmin = 0.035 N"2/mm x k32 x f 05 = 0.560 N/mm?
VRd.c = Max(Crd.c X k x (100 N2/mm#* x pr x fx)"”3, Vmin) % d
VRd.c =109.2 KN/m
V / Vrdc = 0.201
PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — cl.9.6.3(1)

Maximum spacing of reinforcement — ¢l.9.6.3(2)

Transverse reinforcement provided
Area of transverse reinforcement provided

Asxreq = Max(0.25 x Asrprov, 0.001 X tstem) = 250 mm?2/m
Ssx_max = 400 mm
10 dia.bars @ 200 c/c

Asxprov = TTX ([.bxz / (4 x ssx) = 393 mm?/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

h =250 mm

M =9 kNm/m
d=h-Cob-@n/2=170 mm
K=M/(d? x f«) = 0.010
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 - 3.53 x K)*%, 0.95) xd = 161 mm
x=25x(d-2z)=21mm
Abbreq = M/ (fya x 2) = 128 mm?/m
10 dia.bars @ 200 c/c
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Area of tension reinforcement provided
Minimum area of reinforcement - exp.9.1N
Maximum area of reinforcement - ¢l.9.2.1.1(3)

Abb.prov = TUX @ob? / (4 X Spb) = 393 mm?2/m

Abb.min = max(0.26 x fetm / fyk, 0.0013) x d = 267 mm?/m
Abbmax = 0.04 x h =10000 mm?/m

max(Abb.req, Abb.min) / Abb.prov = 0.681

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

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Check base design at heel
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

Wmax = 0.3 mm

Y2 =0.6

Msis = 5.2 KNm/m

Os = Msis / (Avb.prov X Z) = 82.6 N/mm?

Long term

ki= 0.4

Acerf = min(2.5 x (h - d), (h—x)/ 3, h/2)=76250 mm?/m
foter = fotm = 3.0 N/mm?

Pp.eff = Abb.prov / Acett = 0.005

Oe = Es/ Ecm = 5.998

ki1=0.8
k2=0.5
ks =3.4
ka = 0.425

Srmax = K3 X Cpb + K1 X K2 X K4 X @b / Pp.etf = 585 mm
Wk = Srmax X Max(0s — kt X (fetett / Ppef) X (1 + Oe X Ppefr), 0.6 X Os) / Es
wk = 0.145 mm
Wi / Wmax = 0.483
PASS - Maximum crack width is less than limiting crack width

V =16.6 kN/m
Crdc=0.18/yc =0.120
k = min(1 + ¥(200 mm / d), 2) = 2.000
P = min(Aob.prov / d, 0.02) = 0.002
Vmin = 0.035 N"2/mm x k%2 x f4°5 = 0.560 N/mm?
VRd.c = Max(Crd.c X k x (100 N2/mm#* x pr x )3, Vmin) % d
VRd.c = 95.2 KN/m
V/Vrac = 0.174
PASS - Design shear resistance exceeds design shear force

h =250 mm

M = 0.9 kNm/m
d=h-Cot- @t/ 2=195 mm
K =M/ (d? x f«) = 0.001
K'=0.207

K'> K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 - 3.53 x K)*%, 0.95) xd = 185 mm
x=25x(d-2z)=24 mm
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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)

Abtreq = M/ (fya X 2) = 12 mm?/m

10 dia.bars @ 200 c/c

Abtprov = TIX @2 / (4 % sbt) = 393 mm?2/m

Abtmin = Max(0.26 x fem / fyk, 0.0013) x d = 307 mm>3/m
Abtmax = 0.04 x h = 10000 mm?/m

max(Abtreq, Abtmin) / Abtprov = 0.781

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

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Wmax = 0.3 mm

W2 =0.6

Msis = 0.4 KNm/m

0s = Msis / (Abtprov X Z) = 5.8 N/mm?

Long term

ki=0.4

Acef =min(2.5 x (h - d), (h—x)/3, h/2)=75208 mm?/m
feter = form = 3.0 N/mm?2

Pp.eff = Abtprov / Acetf = 0.005

Oe = Es/ Ecm = 5.998

ki1=0.8
k2=0.5
ks =3.4
ks = 0.425

Srmax = K3 X Cpt + K1 X K2 X K4 X (ot / pp.eft = 496 mm
Wk = Srmax X Max(0s — Kt X (fcteft / Ppef) X (1 + Qe X Ppetr), 0.6 X Os) / Es
wk = 0.009 mm
Wk / Wmax = 0.029
PASS - Maximum crack width is less than limiting crack width

V =9 kN/m
Crdc=0.18/yc =0.120
k = min(1 + ¥(200 mm / d), 2) = 2.000
P = min(Aotprov / d, 0.02) = 0.002
Vmin = 0.035 N"2/mm x k32 x 305 = 0.560 N/mm?
VRd.c = max(Cra.c X k x (100 N¥mm* x pi x f)'"3, Vimin) x d
Vrd.c = 109.2 kN/m
V / Vrdc = 0.083
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — ¢l.9.3.1.1(2)

Maximum spacing of reinforcement — ¢l.9.3.1.1(3)

Transverse reinforcement provided
Area of transverse reinforcement provided

Abxreq = 0.2 X Abb.prov = 79 mm2/m
Sbx_max = 450 mm

10 dia.bars @ 200 c/c

Abxprov = TEX @2 | (4 X Sbx) = 393 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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406 - |a-50

10 dia.bars @ 200 c/c
horizontal reinforcement -
parallel to face of stem

10 dia.bars @ 200 c/c o
10 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c

N 50

. & ] . i
. ]

75

T

10 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c
transverse reinforcement
in base

Reinforcement details
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KEY PLAN
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[ ] MASONRY RETAINING WALL SEE
DETAIL 1

1310

- CAVITY FILLED MASONRY RETAINING
WALL SEE DETAIL 2

- RC RETAINING WALL WITH MASONRY
FINISH SEE DETAIL 3

|| RCRETAINING WALL SEE DETAIL 4 NOTES

1. ALL DIMENSIONS ARE TO BE CHECKED ON SITE BEFORE
THE COMMENCEMENT OF WORKS. ANY DISCREPANCIES
ARE TO BE REPORTED TO THE ARCHITECT & ENGINEER
FOR VERIFICATION. FIGURED DIMENSIONS ONLY ARE TO
BE TAKEN FROM THIS DRAWING.

2. THIS DRAWING IS TO BE READ IN CONJUNCTION WITH
ALL RELEVANT ENGINEERS' AND SERVICE ENGINEERS'
DRAWINGS AND SPECIFICATIONS. THIS DRAWING IS
COPYRIGHT.

FOUNDATIONS

1. ALL EXCAVATIONS FOR FOUNDATIONS TO BE BLINDED
50mm LEAN-MIX CONCRETE OR 50mm COMPACTED

SAND.
COPING STONE AND GUARD RAIL TO CONCRETE
ARCHITECTS DETAILS =
TOW 8.660
1. MASS FILL CONCRETE TO BE MIN GRADE FND2
300mm THICK RC RETAINING WALL
— 2. REINFORCED CONCRETE TO BE GRADE C32/C40
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T R (PLAIN FINISH) ALL OTHER SURFACES
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y 4 ° ”4,—
33854 5536 4005 o // o, \//\ SPECIFICATION.
S \\ ANE AN 4. ALL MORTAR TO BE MINIMUM M4.
GROUND PROFILE TO BACK 300mm CONCRETE GROUND PROFILE TO FRONT MASONRY FACED V-2 27 DRAINAGE TOF7.210
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AGAINST THEM

1310.02 - ELEVATION A

1:100 1310.05 - DETAIL 4 SECTION THROUGH
RC RETAINING WALL

1:25
25483 NOTES
REINFORCEMENT REQUIREMENTS (50mm COVER) —
4775 17033 1225 1225 1225
RC WALL MAIN RETAINED MATERIAL TO BE LOOSELY PLACED,
FREE DRAINING AND COMPACTED IN LAYERS.
GROUND PROFILE TO BACK GROUND PROFILE TO FRONT H12 AT 200mm C/C's EACH FACE
OF RETAINING WALL
OF RETAINING WALL H12 STARTER BARS WITH 40xDIA LAP LENGTH
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ZB FOR REVIEW & COMMENT
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