Title: Structural Calculations
Project: 6 Brynseion Street

Client: Andrew Nolan

Document No:

Project No:

Prepared By: AS

Checked By: CN
Revision: C

Date: 23/07/2024

01656 863794 | Enquiries@Vale-Consultancy.co.uk | Vale-Consultancy.co.uk
29 Bocam Park | Old Field Road | Pencoed | Bridgend | CF35 5LJ
Thornlink Limited trading as Vale Consultancy. Registered No. 04140053 | VAT No. 879726945



VVaIe Consultancy

The design has been done in accordance with British Standards BS6399, BS8110-1:1997 (Foundations).

DESIGN STATEMENT

Information provided by the client.

The design is for 1No. Block on Flat Retaining Wall supporting garden applied loading, 1No. Reinforced
Concrete Retaining Wall supporting exterior house structure and loading applied from the driveway,
and 1No. Raft Foundation supporting new structure.

Ground bearing pressure assumed to be 100kN/m?, to be confirmed on site by contractor prior to
works.

Refer to our sketches B1265 for references.
Existing & proposed blockwork assumed to have minimum 7.3N/mm? compressive strength.

All dimensions, weights, member lengths, member tables, and any other relevant design information
contained within this package is for analysis, and design purposes only, for submission to building
control, and must not be used for pricing or fabrication purposes. All queries are to be directed to the
engineer prior to tendering, pricing or fabrication. All structural members dimensions need to be taken
accurately on site by the contractor prior to fabrication.

(Note that all specialist design items (waterproofing, temporary works) are to be provided by
others/specialist as required).

During any initial site visits performed by our Engineer, assumptions have to be made where structural
elements may have been obscured by finishes. Opening up works should be undertaken prior to
fabrication or construction of any structural members to confirm that the structural layout as indicated
in our proposed sketches/detailed drawings is correct.

If there are any discrepancies, the Engineer MUST be informed immediately, and prior to proceeding
with construction works on site.

CDM Comments:

- All temporary propping/support is to correspond to contractor’s specification and details.

Tl” T 01656 863794
E enquiries@vale-consultancy.co.uk
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6 Brynseion Street

Foundations design calculations have been completed in accordance with (BS8110-1:1997).

All dimensions stated in the following calculations are for design purposes only and not for use for fabrication or
construction purposes. All dimensions must be checked by a competent contractor prior to fabrication or construction
and any discrepancies found are to be reported to the design engineer.

Design Loadings
1. Roof 35° Pitch (Max)

Dead Loading:

Tiles

Insulation, Felt & Battens
Truss or Purlins/Rafters
Plasterboard & skim

Imposed Loading:
Snow

2. Walls

Dead Loading:
Render

200mm masonry
Plaster

3. Residential Floor

Dead Loading:
Boarding

Insulation

Joists

Plaster and skim Ceiling

Imposed Loading:
Residential

0.45 kN/m?
0.10 kN/m?
0.20 kN/m?
0.15 kN/m?

0.90 KN/m? _ /cos(35) = 1.10kN/m? Total Dead Loading

0.60 kN/m? _ Total Live Loading

0.15 kN/m?
4.30kN/m?
0.15 kN/m?

0.15 kN/m?
0.05 kN/m?
0.15 kN/m?
0.15 kN/m?

0.5 kN/m? _ Total Dead Loading

1.50 kN/m2 Total Live Loading
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RETAINING WALL ANALYSIS (BS 8002:1994)
TEDDS calculation version 1.2.01.08
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Wall details

Retaining wall type

Number of steps

Height of retaining wall stem
Length of toe

Length of heel

Overall length of base
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 construction
Density of base construction
Angle of rear face of wall

Angle of soil surface behind wall

Effective height at virtual back of wall

Retained material details
Mobilisation factor

Moist density of retained material

Unpropped cantilever with stepped rear face

2
hstem = 1125 mm
ltoe =150 mm

lheet = 150 mm
Ibase = loe + lheel + ts1 = 750 mm
toase = 300 mm

dds = 0 mm
las = 148 mm
tss = 300 mm

hwall = hstem + toase + das = 1425 mm

dcover = 150 mm

dexc = 0 mm

hwater = 0 mm

hsat = max(hwater - tbase - dds, 0 mm) = 0 mm
ywal = 23.6 KN/m3

Yoase = 23.6 KN/m?®

o =90.0 deg

B =0.0deg

heff = hwai + (lheel + ts1 - ts2) x tan(p) = 1425 mm

M=1.5
ym = 18.0 KN/m?
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Saturated density of retained material
Design shear strength

Angle of wall friction

Base material details
Peat (very variable)

Moist density

Design shear strength
Design base friction
Allowable bearing pressure

Using Coulomb theory

s = 21.0 kN/m3
¢'=24.2 deg
5 =18.6 deg

Ymb = 18.0 kN/m?3
¢'b = 24.2 deg

S = 18.6 deg
Poearing = 100 kKN/m?

Active pressure coefficient for retained material
Ka = sin(a. + ¢')2 / (sin(o)? x sin(a - 8) x [1 + V(sin(¢' + 8) x sin(¢' - B) / (sin(a - 8) x sin(o. + B)))]2) = 0.369

Passive pressure coefficient for base material
Kp = sin(90 - ¢'s)? / (sin(90 - 8b) x [1 - V(sin(¢'s + 8b) x sin(¢'s) / (SiN(90 + &)))]?) = 4.187

At-rest pressure
At-rest pressure for retained material

Loading details

Surcharge load on plan

Applied vertical dead load on wall
Applied vertical live load on wall
Position of applied vertical load on wall
Applied horizontal dead load on wall
Applied horizontal live load on wall
Height of applied horizontal load on wall

Ko = 1 —sin(¢') = 0.590

Surcharge = 1.5 kN/m?
Woead = 5.0 kN/m

Wive = 0.0 kN/m

lioad = 250 mm

Fdead = 0.0 KN/m

Five = 0.0 kN/m

hicad = 0 mm
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Loads shown in kN/m, pressures shown in kN/m?
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Vertical forces on wall
Wall step no. 2

Wall step no. 1

Wall base

Surcharge

Moist backfill to step no. 2
Moist backfill to step no. 1
Soil in front of wall
Applied vertical load

Total vertical load
kN/m

Horizontal forces on wall
Surcharge

Moist backfill above water table

Total horizontal load

Calculate stability against sliding

Passive resistance of sail in front of wall

Resistance to sliding

Overturning moments
Surcharge

Moist backfill above water table

Total overturning moment

Restoring moments
Wall step no. 2

Wall step no. 1

Wall base

Surcharge

Moist backfill to step no. 2
Moist backfill to step no. 1
Soil in front of wall
Design vertical load

Total restoring moment
kNm/m

Check stability against overturning

Total overturning moment
Total restoring moment

Check bearing pressure
Total moment for bearing
Total vertical reaction
Distance to reaction
Eccentricity of reaction

Wstep2 = hs2 x ts2 X ywan = 2.8 KN/m

Wstept = hs1 X ts1 X ywan = 6.4 kN/m

Whase = |base X toase X Ybase = 5.3 KN/m

Wsur = Surcharge x [lheel + (ts1 - ts2)] = 0.6 KN/m
Wm_w2 = (lheel + ts1 - ts2) x hs2 X ym = 3.5 KN/m
Wm_wi = (Iheel + ts1 - ts1) X hst x ym = 1.6 kN/m
Wp = ltoe X deover x ym = 0.4 KN/m

Wy = Waead + Wive = 5 KN/m

Wiotal = Wstep2 + Wstept + Whase + Wsur + Wm_w2 + Wm_w1 + Wp + Wy = 25.6

sur = Ka x €0s(90 - o + 3) x Surcharge x heff = 0.7 kN/m
Fm a=0.5x Kaxcos(90 - a + 8) x Ym X (hefr - hwater)2 =6.4 kN/m
Fiotal = Fsur + mea =7.1 kN/m

Fp =0.5x Kp X COS(ab) X (dcover + thase + das - dexc)2 X Ymb = 7.2 kN/m
Fres = Fp + Wiotal x tan(Sb) =15.8 KN/m
PASS - Resistance force is greater than sliding force

sur = Fsur X (heff -2x dds) /2 =0.5 kNm/m
Mmfa = mea X (heff + 2 X hwater - 3 x dds) /3 =3 kNm/m
Mot = Msur + Mm,a = 3.6 KNm/m

Mstep2 = Wistep2 X (loe + ts2 / 2) = 0.7 KNm/m

Mstep1 = Wstep1 X (loe + ts1/2) = 2.4 KNm/m

Mbase = Whase X lbase / 2 = 2 KNm/m

Msur_r = Wsur X (lbase - (lheel + ts1 - ts2) / 2) = 0.3 KNm/m
Mm_w2 = Wm_w2 X (lbase - (Iheel + ts1 - ts2) / 2) = 2 kKNm/m
Mm_w1 = Wm_wt X (lbase - (Iheet + ts1 - ts1) / 2) = 1.1 KNm/m
Mp_r = Wp x loe / 2 = 0 KNm/m

Mv = Wy X lioad = 1.3 KNm/m

Mrest = Mstep2 + Mstept + Mbase + Msur_r + Mm_w2 + Mm_w1 + Mp_r + My = 9.8

Mot = 3.6 kNm/m
Mrest = 9.8 KNm/m
PASS - Restoring moment is greater than overturning moment

Miotal = Mrest - Mot = 6.2 KNm/m
R = Wiota = 25.6 kN/m
Xoar = Miotai / R =243 mm
e = abs((lbase / 2) - Xvar) = 132 mm
Reaction acts outside middle third of base
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Bearing pressure at toe
Bearing pressure at heel

Ptoe = R/ (1.5 x Xpar) = 70.2 kN/m?
Pheel = 0 kN/m? = 0 kN/m?

PASS - Maximum bearing pressure is less than allowable bearing pressure




Project Job no.
V Vale COHSUItanCU 6 Brynseion Street, Troedyrhiw B1265
Vale Consultancy Calcs for Start page no./Revision
29 Bocam Park Reinforced concrete retaining wall 5A
Old Field Road Calcs by Calcs date Checked by Checked date Approved by Approved date
CF355LJ AS 02/08/2024 MJ 02/08/2024 CN 02/08/2024

RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.09
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Wall details

Retaining wall type

Height of retaining wall stem
Thickness of wall stem

Length of toe

Length of heel

Overall length of base

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 construction
Density of base construction
Angle of rear face of wall

Angle of soil surface behind wall
Effective height at virtual back of wall
Retained material details

Mobilisation factor
Moist density of retained material

Prop —
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Cantilever propped at base
hstem = 2800 mm

twan = 325 mm

loe = 1725 mm

Iheel = 200 mm

Ibase = loe + lheel + twa = 2250 mm
tbase = 450 mm

dds = 0 mm
las = 40 mm
tas = 450 mm

hwail = hstem *+ toase + das = 3250 mm
cover = 200 mm
dexc = 0 mm
hwater = 0 mm
hsat = max(hwater - tbase - ddas, 0 mm) = 0 mm
ywall = 23.6 KN/m3
Ybase = 23.6 kN/m?3
o =90.0 deg
B =0.0deg
heft = hwail + Iheel x tan(pB) = 3250 mm

M=1.5
Ym = 18.0 kN/m?
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Saturated density of retained material
Design shear strength

Angle of wall friction

Base material details
Moist density

Design shear strength
Design base friction
Allowable bearing pressure

Using Coulomb theory
Active pressure coefficient for retained material

s = 21.0 kN/m3
¢'=24.2 deg
5 =18.0 deg

Ymb = 18.0 kN/m?3
¢'b = 24.2 deg

8 =18.6 deg
Poearing = 100 kKN/m?

Ka = sin(a + ¢')2 / (sin(a)? x sin(a - 8) x [1 + V(sin(¢' + &) x sin(¢' - B) / (sin(a - 8) x sin(a + B)))J?) = 0.370

Passive pressure coefficient for base material

Ko = sin(90 - ¢'s)? / (Sin(90 - b) x [1 - V(sin(¢'s + 8b) x Sin(@'v) / (SIN(90 + v)))]2) = 4.187

At-rest pressure
At-rest pressure for retained material

Loading details

Surcharge load on plan

Applied vertical dead load on wall
Applied vertical live load on wall
Position of applied vertical load on wall
Applied horizontal dead load on wall
Applied horizontal live load on wall
Height of applied horizontal load on wall

Ko = 1 —sin(¢') = 0.590

Surcharge = 10.0 kN/m?
Waead = 21.0 kN/m

Wive = 0.0 kN/m

lioad = 1800 mm

Fdead = 0.0 KN/m

Five = 0.0 kN/m

hicad = 0 mm

Prop —p»
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Loads shown in kN/m, pressures shown in kN/m?
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Vertical forces on wall
Wall stem

Wall base

Surcharge

Moist backfill to top of wall
Soil in front of wall

Applied vertical load
Total vertical load

Horizontal forces on wall
Surcharge

Moist backfill above water table
Total horizontal load

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

Overturning moments
Surcharge

Moist backfill above water table
Total overturning moment

Restoring moments
Wall stem

Wall base

Surcharge

Moist backfill

Soil in front of wall
Design vertical load
Total restoring moment

Check bearing pressure
Total moment for bearing
Total vertical reaction
Distance to reaction
Eccentricity of reaction

Bearing pressure at toe

Bearing pressure at heel

Wuwall = Nstem X twall X ywan = 21.5 KN/m

Whase = Ibase X thase X Ybase = 23.9 KN/m

Wsur = Surcharge x lheet = 2 KN/m

Wm_w = lheel X (hstem - hsat) x ym = 10.1 KN/m

Wp = ltoe X deover X ymb = 6.2 KN/m

Wy = Waead + Wive = 21 kKN/m

Wiotal = Wwall + Whbase + Wsur + Wm w + Wp + Wy = 84.7 KN/m

Fsur = Ka x cos(90 - a + 8) x Surcharge x het = 11.4 KN/m
Fm a=0.5x Kaxcos(90 - o + 8) x ym x (heff - hwater)2 = 33.4 KN/m
Fiotal = Fsur + mea =44.9 kN/m

Fp= 0.5 x Kp x COS(Sb) X (dcover + thase + das - dexc)2 X Ymb = 15.1 kN/m
Fprop = maX(FtotaI - Fp - (Wtotal = Wsur - Wp) X tan(Sb), 0 kN/m)
Fprop =4.0 kN/m

Msur = Fsur x (heff -2 x dds) /2 =18.6 kKNm/m
Mm_a = Fm_a x (heff + 2 X hwater - 3 x das) / 3 = 36.2 kKNm/m
Mot = Msur + Mm_a = 54.8 KNm/m

Mwall = Wwall X (loe + twan / 2) = 40.5 kKNm/m

Mbase = Woase X Ibase / 2 = 26.9 KNm/m

Msur_r = Wsur X (lbase - lheet / 2) = 4.3 KNm/m

Mm_r = (Wm_w X (lbase - Iheel / 2) + Wm_s X (lbase - lheet / 3)) = 21.7 KNm/m
Mp_r = Wp X lioe / 2 = 5.4 KNmM/m

My = Wy X lioad = 37.8 KNm/m

Mrest = Mwall + Mbase + Msur_r + Mm_r + Mp_r + My = 136.5 KNm/m

Miotal = Mrest - Mot = 81.8 kNm/m
R = Wiotal = 84.7 KN/m
Xpar = Miotat / R = 966 mm
e = abs((lbase / 2) - Xbar) = 159 mm
Reaction acts within middle third of base
Proe = (R / Ibase) + (6 x R x € / lpase?) = 53.6 kN/m?
Preet = (R / Ibase) - (6 x R x € / Ibase?) = 21.6 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 1.2.01.09
Ultimate limit state load factors
Dead load factor yra=14
Live load factor v =1.6
Earth and water pressure factor yie=1.4

Factored vertical forces on wall
Wall stem

Wall base

Surcharge

Moist backfill to top of wall

Soil in front of wall

Applied vertical load

Total vertical load

Factored horizontal active forces on wall
Surcharge

Moist backfill above water table

Total horizontal load

Calculate propping force
Passive resistance of sail in front of wall

Propping force

Factored overturning moments
Surcharge

Moist backfill above water table
Total overturning moment

Restoring moments
Wall stem

Wall base

Surcharge

Moist backfill

Soil in front of wall
Design vertical load
Total restoring moment

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

Bearing pressure at toe
Bearing pressure at heel
Rate of change of base reaction

Wuwall_f = ¥f d X hstem X twall X ywal = 30.1 kN/m
Whase_f = Vf_d X lbase X tbase X Ybase = 33.5 KN/m
Wsur_f = v£.1 x Surcharge x lheel = 3.2 kN/m

Wm_w_f = ¥7.d X Iheel X (Nstem - hsat) x ym = 14.1 KN/m
Wp_f = Y7 d X ltoe X deover X ymb = 8.7 kN/m

Wyt = vt d X Wdead + yr1 x Wive = 29.4 KN/m

Wiotal_f = Wwall_f + Whbase_f + Wsur f + Wm_w f + Wp_t + Wy 1 =118.9 KN/m

Fsur_f = y11 x Ka x cos(90 - a + 8) x Surcharge x hetr = 18.3 kN/m
Frm_af=7fe x 0.5 x Ka x cos(90 - & + &) x ym x (eff - Nwater)? = 46.8 KN/m
Ftotalj = Fsurﬁf + meaff =65.1 kN/m

Fo = yie x 0.5 x Kp x cOS(8b) x (dcover + thase + dds - dexc)? x ymb = 21.1
kN/m

Forop_f = max(Fiotar_f - Fp_f - (Whotal_f - Wsur_f - Wp_f) % tan(db), 0 KN/m)
Forop_t = 7.9 kN/m

Msur_f = Fsur_f X (heff - 2 x das) / 2 =29.7 KNm/m
Mm_a_f= Fm_a_f x (heff + 2 X hwater - 3 x dds) /3 =50.7 kNm/m
Motﬁf = Msurﬁf + Mmfaff = 80.4 kNm/m

Muwail_f = Wwal_f X (ltoe + twan / 2) = 56.8 KNm/m

Mbase_f = Whase_f X lbase / 2 = 37.6 KNm/m

Msur r = Wsur f X (Ibase - Iheet / 2) = 6.9 KNm/m

Mm_r_f = (Wm_w_f X (lbase - lheel / 2) + Wm_s_f X (lbase - Iheel / 3)) = 30.3 KNm/m
Mp r = Wp t X loe / 2 =7.5 KNM/m

My = Wy £ X lioad = 52.9 KNm/m

Mrest_f = Mwal_f + Mbase_f + Msur_r_f + Mm_r_f + Mp_r ¢ + Myv_r = 192 KNm/m

Miotal_f = Mrest_f - Mot_f = 111.6 KNm/m
Rt = Whota 1 = 118.9 KN/m
Xbar_f = Miotal_f / Rt = 938 mm
er = abs((lbase / 2) - Xpar 1) = 187 mm
Reaction acts within middle third of base
Proe_f = (Rt / lbase) + (6 x Rt x €/ lpase?) = 79.2 kN/m?
Pheel f = (Rr/ Ibase) - (6 x R x €1/ lbase?) = 26.6 kN/m?
rate = (Ptoe_f - Pheel_f) / lbase = 23.38 kKN/m?/m
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Bearing pressure at stem / toe
Bearing pressure at mid stem

Bearing pressure at stem / heel

Pstem_toe_f = MaX(Ptoe_f - (rate x lte), 0 kN/mz) = 38.8 kN/m?
Pstem_mid_f = maX(ptoe_f - (rate X (|toe + twail / 2)), 0 kN/m2) = 35 kN/m?

Pstem_heel_f = MaX(Ptoe_f - (rate x (loe + twan)), O kN/m2) = 31.2 kN/m?

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

Material properties
Characteristic strength of concrete
Characteristic strength of reinforcement

Base details
Minimum area of reinforcement
Cover to reinforcement in toe

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

Total shear for toe design

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

Total moment for toe design

fou = 40 N/mm?2
f, = 500 N/mm?2

k=0.13 %

Ctoe = 30 mm

Vtoe_bear = (ptoeff + pstemftoeff) x loe / 2 =101.8 KN/m

Vtoe_wt_base = Yf.d X Ybase X loe X toase = 25.6 KN/m

Vtoefwtfsoil = Wp_f- (“{ffd X Ym X ltoe x dexc) = 8.7 kN/m
Vtoe = Vtoefbear - Vtoefwtibase - Vtoefwtfsoil = 674 kN/ m

Mioe_bear = (2 X Ptoe_f + Pstem_mid_f) X (ltoe + twa / 2)? / 6 = 114.8 KNm/m
Mioe_wt base = (Yf d X Ybase X thase X (ltoe + twan / 2)? / 2) = 26.5 KNm/m
Mtoe_wt_soil = (Wp_f = (y.d X ymX ltoex dexc)) x (loe + twan) / 2 = 8.9 KNm/m
Mtoe = Mioe_bear - Mioe_wt_base - Mioe_wt_soil = 79.4 KNm/m

-
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Check toe in bending
Width of toe
Depth of reinforcement

Constant

Lever arm

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

b =1000 mm/m
dtoe = thase — Ctoe — (¢toe/ 2) =415.0 mm
Ktoe = Mtoe / (b x dtoe? x feu) = 0.012

Compression reinforcement is not required

Zioe = MIN(0.5 + V(0.25 - (Min(Kioe, 0.225) / 0.9)),0.95) x oo
Zioe = 394 mm
As_toe_des = Mioe / (087 X fy X Ztoe) =463 mm?/m

Asﬁtoefmin =Kk x b x thase = 585 mm?/m

Asﬁtoefreq = MaX(Asitoefdes, Asﬁtoefmin) =585 mm2/m
10 mm dia.bars @ 100 mm centres
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Area of reinforcement provided

Check shear resistance at toe
Design shear stress

Allowable shear stress

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

As_toe_prov =785 mm?/m

PASS - Reinforcement provided at the retaining wall toe is adequate

Vioe = Vioe / (b x dtoe) = 0.162 N/mm?
Vadm = mMin(0.8 x V(fou / 1 N/mm2), 5) x 1 N/mm2 = 5.000 N/mm?2
PASS - Design shear stress is less than maximum shear stress

Ve toe = 0.424 N/mm?

Vtoe < Vc_toe - NO shear reinforcement required

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

Material properties
Characteristic strength of concrete
Characteristic strength of reinforcement

Base details
Minimum area of reinforcement
Cover to reinforcement in heel

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

Shear from weight of moist backfill
Shear from surcharge

Total shear for heel design

Calculate moment for heel design
Moment from bearing pressure
Moment from weight of base
Moment from weight of moist backfill
Moment from surcharge

Total moment for heel design

l¢-100-»|

fou = 40 N/mm?2
f, = 500 N/mm?2

k=0.13%
Cheel = 30 mm

Vheel_bear = (pheelﬁf + pstemfheelff) X Iheet / 2 = 5.8 KN/m

Vheel_wt_base = ¥f d X Ybase X lheel X thase = 3 KN/m

Vheel_wt_m = Wm_w_ f= 14.1 kN/m

Vheel_sur = Wsur f = 3.2 KN/m

Vheel = = Vheel_bear + Vheel_wt_base + Vheel_wt_m + Vheel_sur = 14.5 KN/m

Mheel_bear = (2 X Pheel_f + Pstem_mid_f) X (lheel + twai / 2)2 /6 =19 kNm/m

Mheelfwtibase = (“{ffd X Ybase X thase X (|hee| + twan / 2)2 / 2) =1 kNm/m

Mheelwt m = Wm_w_f X (lheel + twan) / 2 = 3.7 KNm/m

Mheelfsur = Wsur_f X (|hee| + twall) /2 =0.8 kNm/m

Mheel = - Mheelﬁbear + Mheelﬁw\fbase + Mheelfwtim + Mheelfsur = 3.6 KNm/m

é%g

Check heel in bending
Width of heel

Depth of reinforcement
Constant

b =1000 mm/m
dheel = tbase — Cheel — (¢heel/ 2)

=415.0 mm

Kheet = Mheet / (b x dhee? x feu) = 0.001




V Project Job no.
ValeConsultancy 6 Brynseion Street, Troedyrhiw B1265
Vale Consultancy Calcs for Start page no./Revision
29 Bocam Park Reinforced concrete retaining wall 11 A
Old Field Road Calcs by Calcs date Checked by Checked date Approved by Approved date
CF355L AS 02/08/2024 MJ 02/08/2024 CN 02/08/2024
Compression reinforcement is not required
Lever arm Zhee! = MIN(0.5 + V(0.25 - (min(Kneel, 0.225) / 0.9)),0.95) x dheel

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 heel

Design shear stress
Allowable shear stress

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

Zheel = 394 mm

As heel_des = Mheet / (0.87 x fy x Zneel) = 21 mm?2/m
As_heel_min = K x b x tbase = 585 mm?2/m

As heel req = Max(As_heel_des, As_heel min) = 585 mm?/m
10 mm dia.bars @ 100 mm centres

As_heel_prov = 785 mm?2/m

PASS - Reinforcement provided at the retaining wall heel is adequate

Vheel = Vheel / (b x dheet) = 0.035 N/mm?
Vadm = min(0.8 x V(fou / 1 N/mm2), 5) x 1 N/mm? = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vc_heel = 0.424 N/mm?
Vheel < Vc_neel - NO shear reinforcement required

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

Material properties

Characteristic strength of concrete
Characteristic strength of reinforcement

Wall details

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

Factored horizontal active forces on stem

Surcharge

Moist backfill above water table

Calculate shear for stem design

Shear at base of stem

Calculate moment for stem design

Surcharge

Moist backfill above water table

Total moment for stem design

le—Gze———»
le——682—»]

fou = 40 N/mm?2
f, = 500 N/mm?2

k=0.13%
Cstem = 30 mm
Cwal = 30 mm

Fs_sur_t = yr1 x Ka x cos(90 - o + 8) x Surcharge x (heff - tbase - das) = 15.8
kN/m

Fsmaf=0.5x7vrex Kaxcos(90 - o+ 8) x ym x (Neff - toase - dds - Nsat)? =
34.7 kN/m

Vstem = Fsﬁsurﬁf + Fsﬁmfaif =50.5 kN/m

Msfsur = stsurff X (hstem + tbase) /2 =25.6 kKNm/m
Ms_m_a = Fs_m_a f X (2 x hsat + heff - dds + tbase / 2) / 3 = 40.2 KNm/m
Mstem = Ms_sur + Ms_m_a =65.8 kKNm/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 stress

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

Check retaining wall deflection
Basic span/effective depth ratio
Design service stress

dstem = twall — Cstem — (§stem/ 2) = 289.0 mm
Kstem = Mstem / (b x dstem? x fcu) = 0.020
Compression reinforcement is not required
Zstem = Min(0.5 + V(0.25 - (min(Kstem, 0.225) / 0.9)),0.95) x dstem
Zstem = 275 mm
As stem_des = Mstem / (0.87 x fy x Zstem) = 551 mm?3/m
As stem_min = K x b x twan = 423 mm?/m
As stem_req = Max(As_stem_des, As_stem_min) = 551 mm?3/m
12 mm dia.bars @ 100 mm centres
As stem_prov = 1131 mm?/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (b % dstem) = 0.175 N/mm?
Vadm = mMin(0.8 x V(fou / 1 N/mm2), 5) x 1 N/mm2 = 5.000 N/mm?2
PASS - Design shear stress is less than maximum shear stress

Vc_stem = 0.586 N/mm?
Vstem < Vc_stem - NO shear reinforcement required

ratiopas = 7
fs =2 x fy X Asistemfreq / (3 X Asﬁstemfprov) =162.5 N/mm?

Modification factor factorens = min(0.55 + (477 N/mm? - f5)/(120 x (0.9 N/mm? + (Mstem/(b x dstem?)))),2) = 2.00

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

ratiomax = ratiooas x factorens = 14.00
ratioact = hstem / dstem = 9.69
PASS - Span to depth ratio is acceptable
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Indicative retaining wall reinforcement diagram

Toe reinforcement

Toe bars - 10 mm dia.@ 100 mm centres - (785 mm?/m)
Heel bars - 10 mm dia.@ 100 mm centres - (785 mm?/m)
Stem bars - 12 mm dia.@ 100 mm centres - (1131 mm?/m)

@« Stem reinforcement

Heel reinforcement
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RAFT FOUNDATION DESIGN (BS8110 : PART 1 : 1997)

Tedds calculation version 1.0.13

Asedgetop / Asslabtop

Asedgelink\

I~

hedge

hboot

L4 -— e - e

hslab

- ean en ea» a» a» a» o
N

Oedge \ sslabbtm

hhcoreslab

hhcorethick

bboot

S

sedgebtm
bedge

Soil and raft definition

Soil definition

Allowable bearing pressure

Depth of hardcore beneath slab

Depth of hardcore beneath thickenings

Density of hardcore

Basic assumed diameter of local depression
Diameter under slab modified for hardcore
Diameter under thickenings modified for hardcore

Raft slab definition

Max dimension/max dimension between joints
Slab thickness

Concrete strength

Poissons ratio of concrete

Slab mesh reinforcement strength

Partial safety factor for steel reinforcement

Qatow = 100.0 kN/m?

hncoresiab = 150 mm  (Dispersal allowed for bearing pressure check)
hncoretnick = 150 mm  (Dispersal allowed for bearing pressure check)
Yhoore = 23.0 KN/m3

Odepbasic = 1500mm

(depsiab = (depbasic = Nhcoreslab = 1350 mm

¢depthick = ¢depbasic - hncorethick = 1350 mm

Imax = 5.600 m
hsiab = 175 mm

fou = 35 N/mm?
v=0.2

fysiab = 500 N/mm?
vs=1.15

From C&CA document ‘Concrete ground floors’ Table 5

Minimum mesh required in top for shrinkage
Actual mesh provided in top

Mesh provided in bottom

Top mesh bar diameter

Bottom mesh bar diameter

Cover to top reinforcement

Cover to bottom reinforcement

Average effective depth of top reinforcement
Average effective depth of bottom reinforcement
Overall average effective depth

Minimum effective depth of top reinforcement

Minimum effective depth of bottom reinforcement

A142

2 x A393 (Assiabtop = 786 mm?2/m)

2 x A393 (Asslabbtm = 786 mm?2/m)
Ostabtop = 10 mm

dslabbtm = 10 mm

Ctop = 35 mm

Cotm = 35 mm

dtsiabav = hslab - Ctop - ¢siabtop = 130 mm
dbslabav = Nslab - Cotm - Pslabbtm = 130 mm
dslabav = (dtsiabav + dbslabav)/2 = 130 mm
dislabmin = dtslabav - Psiabtop/2 = 125 mm

dbsiabmin = dbslabav - (')slabbtm/2 =125 mm
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Edge beam definition

Overall depth

Width

Depth of boot

Width of boot

Angle of chamfer to horizontal
Strength of main bar reinforcement
Strength of link reinforcement
Reinforcement provided in top
Reinforcement provided in bottom
Link reinforcement provided

Bottom cover to links

Effective depth of top reinforcement
Effective depth of bottom reinforcement
Boot main reinforcement

Effective depth of boot reinforcement

Internal slab design checks

Basic loading
Slab self weight
Hardcore

Applied loading
Uniformly distributed dead load
Uniformly distributed live load

Internal slab bearing pressure check
Total uniform load at formation level

Internal slab bending and shear check

Applied bending moments
Span of slab

Ultimate self weight udl

Self weight moment at centre
Self weight moment at edge

Self weight shear force at edge

hedge = 450 mm

bedge = 450 mm

Nboot = 225 mm

booot = 250 mm

Oedge = 45 deg

fy = 500 N/mm?

fys = 500 N/mm?

4 H16 bars (Asedgetop = 804 mm?)

4 H16 bars (Asedgebtm = 804 mm?)

4 H10 legs at 200 ctrs (Asv/sv = 1.571 mm)

Cbeam = 35 mm

dedgetop = hedge - Ctop - {slabtop - Pedgelink = Pedgetop/2 = 387 mm
dedgebtm = hedge - Cbeam - Qedgelink - Pedgebtm/2 = 397 mm
H10 bars at 200 ctrs (Asboot = 393 mm?/m)

dboot = Nboot = Cbeam = Pooot/2 = 185 mm

Wslab = 24 kN/m3 x hsiab = 4.2 kN/m?

Whcoreslab = Yhcore X hhcoresiab = 3.5 KN/m?

Woudl = 1.5 KN/m?
Wiua = 1.5 KN/m?

Wudl = Wslab + Wheoreslab + Wpudl + Wiual = 10.7 KN/m?

PASS - Wuai <= qaiow - Applied bearing pressure is less than allowable

Isiab = ¢depsiab + dislabav = 1480 mm

Wswuit = 1.4 x Wsiab = 5.9 kKN/m?

Mosw = Wewuit X lsian® x (1 + v) / 64 = 0.2 kNm/m
Mesw = Wswutt x lsian? / 32 = 0.4 KNm/m

Vsw = Wswult X lstab / 4 = 2.2 KN/m

Moments due to applied uniformly distributed loads

Ultimate applied udl
Moment at centre
Moment at edge
Shear force at edge

Resultant moments and shears
Total moment at edge

Total moment at centre

Total shear force

Reinforcement required in top
K factor

Wudiut = 1.4 x Woudl + 1.6 x Wiua = 4.5 kKN/m?
Meudi = Wudiutt X lsian® x (1 + v) / 64 = 0.2 KNm/m
Meudi = Waudiut X lsiab? / 32 = 0.3 kKNm/m

Vudi = Wudiut X Isian/ 4 = 1.7 KN/m

Mse = 0.7 KNm/m
Msc = 0.4 KNm/m
Vs = 3.8 KN/m

Kslabtop = MEe/(fcu X dtslabavz) =0.001
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Lever arm Zstabtop = Oisiabav x MiN(0.95, 0.5 + V(0.25 - Ksiabtop/0.9)) = 123.5 mm

Area of steel required for bending
Minimum area of steel required
Area of steel required

Assiabtopbend = Mse/((1.0/ys) X fysiab X Zstabtop) = 13 mm?/m
Assiabmin = 0.0013 x hsiab = 228 mm?2/m

Asslabtopreq = maX(Asslabtopbend, Asslabmin) =228 mm?2/m

PASS - Assiabtopreq <= Assiabtop - Area of reinforcement provided in top to span local depressions is adequate

Reinforcement required in bottom
K factor

Lever arm

Area of steel required for bending
Area of steel required

Kslabbtm = MZc/(fcu X dbslabavz) =0.001
Zsiabbtm = Obsiabav x MiN(0.95, 0.5 + V(0.25 - Kslabbim/0.9)) = 123.5 mm
Asslabbtmbend = Mzc/((1 O/’Ys) X fystab X Zslabbtm) = 8 mm?/m

Asslabbtmreq = maX(AssIabbtmbend, Asslabmin) =228 mm?2/m

PASS - Assiabbtmreq <= Assiabbtm - Area of reinforcement provided in bottom to span local depressions is adequate

Shear check

Applied shear stress

Tension steel ratio

From BS8110-1:1997 - Table 3.8
Design concrete shear strength

Internal slab deflection check
Basic allowable span to depth ratio
Moment factor

Steel service stress

Modification factor

Modified allowable span to depth ratio
Actual span to depth ratio

Edge beam design checks

Basic loading

Hardcore

Edge beam

Rectangular beam element
Boot element

Chamfer element

Slab element

Edge beam self weight
Edge load number 1

v = Vs/disiabmin = 0.031 N/mm?
p= 100 x Asslabtop/dtslabmin =0.629

ve = 0.810 N/mm?
PASS - v <= v. - Shear capacity of the slab is adequate

Ratiopasic = 26.0
Mactor = Msc/dbsiabav® = 0.025 N/mm?
fs = 2/3 x fystab x Asslabbtmbend/Asslabbtm = 3.367 N/mm?
MFsiab = min(2.0, 0.55 + [(477N/mm? - f5)/(120 x (0.9N/mm? + Mtactor))])
MFsiab = 2.000
Ratioaiow = Ratiobasic x MFsiab = 52.000
Ratioactual = Isiab/ dbstabav = 11.385
PASS - Ratioactua <= Ratioanow - Slab span to depth ratio is adequate

Whcorethick = Yhcore X Nhcorethick = 3.5 KN/m?

Woeam = 24 KN/m3 x hedge x Dedge = 4.9 kN/m

Whoot = 24 KN/mM? x hioot x bboot = 1.4 kN/m

Wenhamfer = 24 KN/mM3 x (hedge - hsiab)?/(2 x tan(cedge)) = 0.9 kN/m
Wislabelmt = 24 KN/m?3 x hsiab x (hedge - hsiab)/tan(ctedge) = 1.2 kN/m

Wedge = Wbeam + Whoot + Wehamfer + Wslabelmt = 8.3 kN/m

Load type Longitudinal line load
Dead load Wpedge1 = 15.0 kN/m
Live load Wiedget = 0.0 kN/m

Ultimate load
Longitudinal line load width

Centroid of load from outside face of raft

Edge load number 2
Load type
Dead load

Wuitedge1 = 1.4 X Wpedge1 + 1.6 X Wiedge1 = 21.0 KN/m
bedge1 =100 mm
Xedge1 = 50 mm

Longitudinal line load
Wbedge2 = 15.0 KN/m
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Live load Weedgez = 5.0 kN/m

Ultimate load
Longitudinal line load width
Centroid of load from outside face of raft

Edge beam bearing pressure check
Effective bearing width of edge beam
Total uniform load at formation level

Wultedge2 = 1.4 X Wpedge2 + 1.6 X Wiedge2 = 29.0 KN/m

bedge2 =100 mm
Xedge2 = 250 mm

bbearing = bedge + booot + (hedge - hslab)/tan(aedge) =975 mm

Woudledge = WDud|+WLudI+Wedge/bbearing+thorethick =14.9 kKN/m?

Centroid of longitudinal and equivalent line loads from outside face of raft

Load x distance for edge load 1
Load x distance for edge load 2

Momenti = Wuttedge1 X Xedget = 1.1 kKN
Momentz = Wuitedge2 X Xedge2 = 7.3 KN

Sum of ultimate longitud’l and equivalent line loads UDL = 50.0 kN/m

Sum of load x distances

Centroid of loads

YMoment = 8.3 kN
Xpbar = XMoment/ZUDL = 166 mm

Initially assume no moment transferred into slab due to load/reaction eccentricity

Sum of unfactored longitud’l and eff'tive line loads XUDLsls = 35.0 kN/m

Allowable bearing width
Bearing pressure due to line/point loads
Total applied bearing pressure

Edge beam bending check
Divider for moments due to udl’s

Applied bending moments
Span of edge beam
Ultimate self weight udl

Ultimate slab udl (approx)

Self weight and slab bending moment

Self weight shear force

Dalow = 2 X Xoar + 2 X hncoresiab x tan(30) = 505 mm

Qlinepoint = >UDLSsIs/ baiow = 69.3 kN/m?
Qedge = (linepoint + Wudledge = 84.2 kN/m?

PASS - qedge <= qQaiow - Allowable bearing pressure is not exceeded

Bua = 10.0

|edge = ¢depthick + dedgetop =1737 mm

Wedgeult = 1.4 x Wedge = 11.6 KN/m

Wedgeslab = 0.0 kN/m

Wedgeslab = max(O kN/m,1 .4><Wslab><(((')depthick/2X3/4)'(bedge+(hedge'hslab)/tan(Otedge))))

Medgesw = (Wedgeult + Wedgeslab) X |edgez/l3ud| = 3.5 kNm

Vedgesw = (Wedgeult + Wedgeslab) X |edge/2 =10.1 kN

Moments due to applied uniformly distributed loads

Ultimate udl (approx)
Bending moment

Shear force

Moment and shear due to load number 1

Bending moment

Shear force

Moment and shear due to load number 2

Bending moment

Shear force

Resultant moments and shears
Total moment (hogging and sagging)
Maximum shear force

Reinforcement required in top
Width of section in compression zone
Average web width

Wedgeudl = Wudlult X ¢depthick/2 x 3/4 = 2.3 KN/m

Medgeudl = Wedgeud! X |edgez/l3ud| =0.7 kNm

Vedgeudl = Wedgeud! X |edge/2 =2.0 kN

Medge1 = Wultedge1 X |edgez/l3ud| =6.3 kNm
Vedge1 = Wultedget X ledge/2 = 18.2 kN

MedgeZ = Wultedge2 X |edgez/l3ud| = 8.7 kNm
Vedge2 = Wultedge2 X ledge/2 = 25.2 kN

MZedge =19.3 kNm
VZedge =55.5kN

bedgetop = bedge + booot = 700 mm

bw = bedge + (hedge/tan(cedge))/2 = 675 mm
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K factor Kedgetop = MZedge/(fcu X bedgetop X dedgetopz) =0.005
Lever arm Zedgetop = Jedgetop x MiN(0.95, 0.5 + V(0.25 - Kedgetop/0.9)) = 368 mm

Area of steel required for bending
Minimum area of steel required

Area of steel required
PASS - Asedg

preq <= Asedg

Asedgetopbend = Msedge/((1.0/ys) x fy x Zedgetop) = 121 mm?
Asedgetopmin = 0.0013 x 1.0 x bw x heage = 395 mm?
Asedgetopreq = MaX(Asedgetopbend, Asedgetopmin) = 395 mm?
p - Area of reinforcement provided in top of edge beams is adequate

Reinforcement required in bottom
Width of section in compression zone
K factor

Lever arm

Area of steel required for bending
Minimum area of steel required

Area of steel required

PASS - Asedgebtmreq <= Asedgeb

Edge beam shear check
Applied shear stress

Tension steel ratio
From BS8110-1:1997 - Table 3.8
Design concrete shear strength

Link area to spacing ratio required

Link area to spacing ratio provided

bedgebtm = Dedge + (Nedge - hsiab)/tan(cedge) + 0.1 x ledge = 899 mm
Kedgebtm = Msedge/(fou X Dedgebtm x dedgebtm?) = 0.004

Zedgebim = dedgebtm x MiN(0.95, 0.5 + V(0.25 - Keagebtm/0.9)) = 377 mm
Asedgebtmbend = Msedge/((1.0/ys) x fy x Zedgebtm) = 118 mm?

Asedgebtmmin = 0.0013 x 1.0 x bw x hedge = 395 mm?

Asedgebtmreq = MaX(Asedgebtmbend, Asedgebtmmin) = 395 mm?2

- Area of reinforcement provided in bottom of edge beams is adequate

Vedge = Vsedge/(bw X dedgetop) = 0.212 N/mm?
Pedge = 100 x Asedgetop/(bw X dedgetop) =0.308

Vcedge = 0.481 N/mm?
Vedge <= Vcedge + 0.4N/mm? - Therefore minimum links required

Asv_UPON_Svreqedge = 0.4N/mm? x bw/((1.0/ys) x fys) = 0.621 mm

Asv_Upon_Svprovedge = Nedgelinkxﬁx¢edgelink2/(4XSvedge) =1.571 mm

PASS - Asv_upon_Svreqedge <= Asv_UPON_Svprovedge - Shear reinforcement provided in edge beams is adequate

Boot design check

Effective cantilever span

Approximate ultimate bearing pressure
Cantilever moment

Shear force

K factor

Lever arm

Area of reinforcement required

Iboot = Pboot + dboot/2 = 343 mm

quit = 1.55 x Qaliow = 155.0 kN/m?

Mboot = Quit X Iboot?/2 = 9.1 KNm/m

Voot = Quit X Iboot = 53.1 KN/m

Kboot = Mboot/(feu x dboot?) = 0.008

Zboot = Oboot x MIN(0.95, 0.5 + V(0.25 - Kpoot/0.9)) = 176 mm
Asbootreq = Mboot/((1.0/ys) x fyboot X Zboot) = 119 mm2/m

PASS - Asbootreq <= Asboot - Area of reinforcement provided in boot is adequate for bending

Applied shear stress

Tension steel ratio

From BS8110-1:1997 - Table 3.8
Design concrete shear strength

Corner design checks

Basic loading

Corner load number 1

Load type

Dead load

Live load

Ultimate load

Centroid of load from outside face of raft

Vboot = Vboot/dboot = 0.287 N/mm?
Pboot = 100 x Asboot/dboot = 0.212

Veboot = 0.511 N/mm?2
PASS - Vboot <= Vchoot - Shear capacity of the boot is adequate

Line load in x direction

Wbcornert = 15.0 KN/m

Wecomert = 0.0 KN/m

Wauttcomer1 = 1.4 X Wpcomert + 1.6 X Wicomert = 21.0 kKN/m

Ycornert = 50 mm
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Corner load number 2

Load type

Dead load

Live load

Ultimate load

Centroid of load from outside face of raft
Corner load number 3

Load type

Dead load

Live load

Ultimate load

Centroid of load from outside face of raft
Corner load number 4

Load type

Dead load

Live load

Ultimate load

Centroid of load from outside face of raft

Corner bearing pressure check
Total uniform load at formation level
Net bearing press avail to resist line/point loads

Total line/point loads

Total unfactored line load in x direction

Total ultimate line load in x direction

Total unfactored line load in y direction

Total ultimate line load in y direction

Total unfactored point load

Total ultimate point load

Length of side of sq reqd to resist line/point loads

Line load in x direction
Wbcomer2 = 15.0 KN/m
Wecomer2 = 2.0 KN/m

Waultcorner2 = 1.4 X Wpcomer2 + 1.6 X Wicomer2 = 24.2 kN/m

Ycorner2 = 250 mm

Line load in y direction
Wbcorner3 = 15.0 KN/m
Wecomerd = 0.0 KN/m

Waultcorner3 = 1.4 X Wbcorners + 1.6 X Wicomers = 21.0 kN/m

Xcomer3 = 250 mm

Line load in y direction
Wocorner4 = 15.0 KN/m
Wecomers = 7.0 KN/m

Waultcornerd = 1.4 X Wpcorners + 1.6 X Wicomers = 32.2 KN/m

Xcorner4 = 50 mm

Wudicomer = WDudi+WLudi+Wedge/Dbearing+Whcorethick = 14.9 kN/m?

Qnetcorner = Qallow = Wudicorner = 85.1 kN/m?

Wslinex = 32.0 KN/m
Wsuttinex =45.2 KN/m
Wsliney = 37.0 KN/m
Wsultiney = 53.2 KN/m
Wspoint = 0.0 kKN
Wsuitpoint = 0.0 kKN

Poorner =[Wslinex+Wsliney+ \/( (WZIinex+WZIiney)2+4><q netcornerXWspoint)][/(2XQnetcorner)

Pcormer = 811 mm

Bending moment about x-axis due to load/reaction eccentricity

Moment due to load 1 (x line)
Moment due to load 2 (x line)
Total moment about x axis

Mx1 = max(0 KNm, Wuitcomert X Pcorner X (Pcorner/2 - Ycorert)) = 6.1 KNm

My2 = max(O KNmM, Wuitcorner2 % Pcorner X (pcorner/2 - YCorner2)) =3.1 kNm

M:x = 9.1 KNm

Bending moment about y-axis due to load/reaction eccentricity

Moment due to load 3 (y line)
Moment due to load 4 (y line)
Total moment about y axis

My3 = max(O kNmM, Wuitcorners x Pcorner X (pcorner/2 - XcornerB)) =2.6 kKNm

Mys = max(0 KNm, Wuitcornera X Pcomer X (Pcorner/2 - Xcorner4)) = 9.3 KNm

Msy = 11.9 kNm

Check top reinforcement in edge beams for load/reaction eccentric moment
Mz = max(Msx, Msy) = 11.9 kNm

Max moment due to load/reaction eccentricity

Assume all of this moment is resisted by edge beam

From edge beam design checks away from corners
Moment due to edge beam spanning depression
Total moment to be resisted

Width of section in compression zone

K factor

MZedge =19.3 kNm

Mscornerbp = Ms + Msedge = 31.2 KNm
bedgetop = bedge + booot = 700 mm

Kcornerbp = MZcornerbp/(fcu X bedgetop X dedgetopz) =0.009
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Lever arm Zcomerbp = dedgetop X mln(095, 05+ \/(025 - Kcornerbp/o.g)) =368 mm
Total area of tOp steel required Ascornerbp = MZcornerbp /((1 .O/Ys) X fy X Zcornerbp) =195 mm?

PASS - Ascornerbp <= Asedgetop - Area of reinforcement provided to resist eccentric moment is adequate
The allowable bearing pressure at the corner will not be exceeded

Corner beam bending check
Cantilever span of edge beam corner = Odepthick/\(2) + dedgetop/2 = 1148 mm

Moment and shear due to self weight

Ultimate self weight udl Wedgeutt = 1.4 X Wedge = 11.6 KN/m

Average ultimate slab udl (approx) Woorersiab = Max(0 KN/m, 1.4 xWslabx((deptniok! (V(2)x2)~(Dedge*(Nedge-hsian)/tan(ctedge))))
Weomersiab = 0.0 KN/m

Self weight and slab bending moment Mcormersw = (Wedgeult + Weornerstab) X lcomer?/2 = 7.6 KNm

Self weight and slab shear force Veomersw = (Wedgeult + Weornersiab) X lcomer = 13.3 kN

Moment and shear due to udls

Maximum ultimate udl Weomerudi = ((1.4xWpud))+(1.6xWiLud))) X daeptric/V(2) = 4.3 kKN/m
Bending moment Mcormerudi = Weornerudi X lcomer?/6 = 0.9 kNm
Shear force Veomerudi = Weomerud! X lcomer/2 = 2.5 kN

Moment and shear due to line loads in x direction
Bending moment Mocomeriinex = Wsuttinex X lcomer?/2 = 29.8 KNm
Shear force Veornerlinex = Wsultiinex X lcorner = 51.9 kN

Moment and shear due to line loads in y direction
Bending moment Mecorneriiney = Wsutiiney X lcomer?/2 = 35.1 kNm

Shear force Veomerliney = Wuttiiney X lcomer = 61.1 kN

Total moments and shears due to point loads

Bending moment about x axis Mecornerpointx = 0.0 KNm

Bending moment about y axis Mecornerpointy = 0.0 KNm

Shear force Veomerpoint = 0.0 kN

Resultant moments and shears

Total moment about x axis Mzcornerx = Mcornerswt Mcomerudit Mcormertineyt Mcomerpointx = 43.6 KNm
Total shear force about x axis Vcornerx = Veomerswt Veomerudit Veomerliney + Veomerpoint = 76.8 KN
Total moment about y axis Mscornery = Mcomerswt Mcomerudit Mcorneriinext Mcormerpointy = 38.4 KNm
Total shear force about y axis Vscomery = Veomerswt Veornerudit Veorneriinex + Veornerpoint = 67.7 KN
Deflection of both edge beams at corner will be the same therefore design for average of these moments and shears
Design bending moment Mzcorner = (Mscomerx + Mscomery)/2 = 41.0 KNm

Design shear force Vscomer = (Vzcomerx + Vzcomery)/2 = 72.2 kN

Reinforcement required in top of edge beam

K factor comer = Mscomer/(feu X Dedgetop X dedgetop?) = 0.011

Lever arm Zeomer = dedgetop x MiN(0.95, 0.5 + (0.25 - Kcomer/0.9)) = 368 mm
Area of steel required for bending Ascornerbend = Mscomer/((1.0/ys) x fy x Zcomer) = 257 mm?

Minimum area of steel required Ascomermin = Asedgetopmin = 395 mm?

Area of steel required Ascomer = MaX(Ascomnerbend, Ascomermin) = 395 mm?

PASS - Ascorner <= Asedgetop - Area of reinforcement provided in top of edge beams at corners is adequate

Corner beam shear check
Average web width bw = bedge + (Nedge/tan(ctedge))/2 = 675 mm

Applled shear stress Vcorner = VZcorner/(bw X dedgetop) = 0.277 N/mm?
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Tension steel ratio peomer = 100 X Asedgetop/(bw X edgetop) = 0.308
From BS8110-1:1997 - Table 3.8
Design concrete shear strength Vecomer = 0.477 N/mm?
Vcorner <= Vecorner + 0.4N/mm? - Therefore minimum links required
Link area to spacing ratio required Asv_UpON_Svreqcomer = 0.4N/mm? x bw/((1.0/ys) x fys) = 0.621 mm
Link area to spacing ratio provided Asv_UPON_Svprovedge = NedgelinkXTtx Pedgelink?/ (4xSvedge) = 1.571 mm
PASS - Asv_upon_Svreqcorner <= Asv_UPON_Svprovedge - Shear reinforcement provided in edge beams at corners is
adequate
Corner beam deflection check
Basic allowable span to depth ratio Ratiovasiccorner = 7.0
Moment factor Mractorcomer = Mzcomer/(Dedgetop X edgetop?) = 0.391 N/mm?
Steel service stress fscomer = 2/3 x fy x Ascomerbend/Asedgetop = 106.314 N/mm?
Modification factor MPF comer=min(2.0,0.55+[(477N/mm?-fscorner)/(120x(0.9N/mm?2+Mtactorcomer))])
MF corner = 2.000
Modified allowable span to depth ratio Ratioaliowcomer = RatiObasiccorner X MFeorer = 14.000
Actual span to depth ratio Ratioactuaicomer = lcomer/ dedgetop = 2.967

PASS - RatiOactuaicorner <= RatiOanowcorner - Edge beam span to depth ratio is adequate
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