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RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex

incorporating Corrigendum No.1

Retaining wall details

Stem type

Stem height

Stem thickness

Angle to rear face of stem

Stem density

Toe length

Base thickness

Base density

Height of retained soil

Angle of soil surface

Depth of cover

Retained soil properties

Soil type

Moist density

Saturated density
Characteristic effective shear resistance angle
Characteristic wall friction angle

Base soil properties

Soil type

Soil density

Characteristic cohesion

Characteristic effective shear resistance angle
Characteristic wall friction angle
Characteristic base friction angle

Loading details
Variable surcharge load

Cantilever

hstem = 1700 mm
tstem = 200 mm
o =90 deg

ystem = 25 KN/m?3
ltoe = 1400 mm
toase = 200 mm
ybase = 25 KN/m?
hret = 1600 mm
B =0deg

dcover = 0 mm

Medium dense well graded sand

ymr = 21 KN/m?3
ysr = 23 KN/m?3
o'tk = 30 deg
Srk =0 deg

Dense brick hardcore

b = 16.4 kN/m?

c'bk = 0 KN/m?
o'k = 36 deg
bk = 18 deg
Sbbk = 24 deg

Surchargea = 10 kN/m?

Tedds calculation version 2.9.14
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General arrangement

Calculate retaining wall geometry

Base length lbase = ltoe + tstem = 1600 mm

Moist soil height hmoist = hsoil = 1600 mm

Length of surcharge load Isur = lheet = 0 mm

- Distance to vertical component Xsur_v = |base - lheet / 2 = 1600 mm
Effective height of wall heff = hbase + dcover + hret = 1800 mm
- Distance to horizontal component Xsur_h = heff/ 2 = 900 mm

Area of wall stem Astem = hstem x tstem = 0.34 m?

- Distance to vertical component Xstem = ltoe + tstem / 2 = 1500 mm
Area of wall base Abase = lbase x tbase = 0.32 m?

- Distance to vertical component Xbase = |base / 2 = 800 mm

Design approach 1

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

Partial factor set A1

Permanent unfavourable action ye = 1.35
Permanent favourable action yef = 1.00
Variable unfavourable action ya = 1.50
Variable favourable action yaf = 0.00

Partial factors for soil parameters — Table A.4 - Combination 1
Soil parameter set M1
Angle of shearing resistance vo = 1.00
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Effective cohesion ye = 1.00
Weight density vy =1.00

Library item Partial factors output

Retained soil properties

Design moist density yme' = yme [ yy = 21 KN/m?

Design saturated density ysr' = ysr /vy = 23 KN/m3

Design effective shear resistance angle ¢'ra = atan(tan(¢'rk) / yo') = 30 deg
Design wall friction angle 8ra = atan(tan(drk) / y¢') = 0 deg

Base soil properties

Design soil density o' = yb /vy = 16.4 KN/m3

Design effective shear resistance angle ¢'v.d = atan(tan(¢'vx) / yo) = 36 deg
Design wall friction angle Sb.d = atan(tan(dvk) / y4) = 18 deg
Design base friction angle Sbb.d = atan(tan(Sobk) / v¢) = 24 deg
Design effective cohesion C'bd = C'vk / yo = 0 KN/m?

Using Coulomb theory

Active pressure coefficient Ka = sin(a + ¢'ra)? / (sin(a)? x sin(a - 8r.a) x [1 + V[sin(¢'ra + ra) x
sin(¢'rd - B) / (sin(a - 8rd) x sin(a + B))11?) = 0.333
Passive pressure coefficient Kp = sin(90 - ¢'b.a)? / (sin(90 + 8b.a) x [1 - V[sin(¢p'b.d + Sb.d) x SiN(¢'b.a) /

(sin(90 + 8v.4))]]?) = 8.022
Overturning check

Vertical forces on wall

Wall stem Fstem = yaf x Astem x ystem = 8.5 kKN/m

Wall base Foase = yof x Abase x ybase = 8 KN/m

Total Ftotal v = Fstem + Fbase = 16.5 kN/m
Horizontal forces on wall

Surcharge load Fsur_h = Ka x ya x Surchargea x hett = 9 kN/m
Moist retained soil Fmoist h = y6 x Ka x ymr' x het® / 2 = 15.3 kKN/m
Base soil Fexc_h = -yt x Kp x c0S(8b.d) x yb' x (hpass + hbase)? / 2 = -2.5 KN/m
Total Ftotal_h = Fsur_h + Fmoist_.h + Fexc.h = 21.8 KN/m
Overturning moments on wall

Surcharge load Msur_oT = Fsur_h x Xsur_h = 8.1 KNm/m

Moist retained soil Mmoist_oT = Fmoist_h X Xmoist h = 9.2 KNm/m
Total Mtotal_oT = Msur_oT + Mmoist o1 = 17.3 KNm/m
Restoring moments on wall

Wall stem Mstem_R = Fstem x Xstem = 12.8 KNm/m

Wall base Mbase R = Fbase x Xbase = 6.4 KNm/m

Total Mtotal_ R = Mstem_R + Mbase R = 19.2 kNm/m

Check stability against overturning
Factor of safety FoSot = Mtotal_R / Mtotai_ot = 1.108

PASS - Maximum restoring moment is greater than overturning moment
Bearing pressure check

Vertical forces on wall
W all stem Fstem = YG X Astem x Ystem = 11.5 KN/m
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Wall base Foase = Y6 x Abase X ybase = 10.8 KN/m
Total Ftotal v = Fstem + Fbase = 22.3 kN/m
Horizontal forces on wall
Surcharge load Fsur_h = Ka x ya x Surchargea x het = 9 kN/m
Moist retained soil Fmoisth = y6 x Ka x ymr' x het® / 2 = 15.3 KN/m
Base soil Fpass_h = -yaf x Kp x c0S(8b.d) x yb' x (dcover + hbase)? / 2 = -2.5 KN/m
Total Ftotal_h = Fsur_h + Fmoist_.h + Fpass_h = 21.8 kN/m
Moments on wall
Wall stem Mstem = Fstem x Xstem = 17.2 KNm/m
Wall base Mbase = Fbase x Xbase = 8.6 KNm/m
Surcharge load Msur = -Fsur_h x Xsur_h = -8.1 kNm/m
Moist retained soil Mmoist = -Fmoist_h x Xmoist_h = =9.2 kKNm/m
Total Miotal = Mstem + Mbase + Msur + Mmoist = 8.6 KNm/m
Check bearing pressure
Propping force Forop_base = Ftota_h = 21.8 kKN/m
Distance to reaction X = Muotat / Frotalv = 385 mm
Eccentricity of reaction €= X-lbase/2=-415 mm
Loaded length of base lload = 2 x x =769 mm
Bearing pressure at toe Qtoe = Frotal_v / lioad = 29 kKN/m?
Bearing pressure at heel Qheel = 0 kKN/m?
Effective overburden pressure q = (tbase + dcover) x yb' = 3.3 KN/m?
Design effective overburden pressure q'=q/ 7y = 3.3 kN/m?
Bearing resistance factors Nq = Exp(n x tan(¢'v.d)) x (tan(45 deg + ¢'va / 2))? = 37.752

Nc = (Ng - 1) x cot(¢'s.a) = 50.585
Ny = 2 x (Nq - 1) x tan(¢'v.a) = 53.405

Foundation shape factors Sq =1
sy =1
sc=1
Load inclination factors H = Fsur_h + Fmoist h + Fpass_h - Fprop_base = 0 KN/m
V = Frotalv = 22.3 KN/m
m=2

iqg=[1-H/(V + load x c'b.d x cot(¢'b.a))]™ =1
iy =[1-H/(V + lioad x C'b.d x COt(¢'p.a))]™* P =1
ic =1iq - (1-1iq)/ (Nec x tan(¢'v.a)) =1
Net ultimate bearing capacity
Nf=C'v.d x Ne x 8¢ x ic + q' x Nq x 8q x ig + 0.5 x yb' x lioad x Ny x 8y x iy = 460 kN/m?
Factor of safety FoSbp = ni/ max(qoe, qheel) = 15.884
PASS - Allowable bearing pressure exceeds maximum applied bearing pressure
Design approach 1

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

Partial factor set A2

Permanent unfavourable action ye =1.00
Permanent favourable action yer = 1.00
Variable unfavourable action ya = 1.30

Variable favourable action yar = 0.00
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Partial factors for soil parameters — Table A.4 - Combination 2

Soil parameter set

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

Overturning check

Vertical forces on wall
Wall stem

Wall base

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

Total

Check stability against overturning
Factor of safety

M2

yo = 1.25
ye = 1.25
vy = 1.00

Library item Partial factors output

ym' = yme [y, = 21 KN/m3

ysr' = ysr /vy = 23 KN/m3

¢'ra = atan(tan(¢'rk) / yo') = 24.8 deg
8rd = atan(tan(drk) / v¢) = 0 deg

o' = yb /vy = 16.4 KN/m3

¢'v.a = atan(tan(¢'vk) / y¢) = 30.2 deg
Sb.d = atan(tan(do.k) / v¢) = 14.6 deg
Sbb.d = atan(tan(Sob.k) / v¢) = 19.6 deg
C'bd = C'bk / yo = 0 kKN/m?

Ka = sin(a + ¢'r.a)? / (sin(a)? x sin(a - 8r.a) x [1 + V[sin(¢'ra + ra) x
sin(¢'rd - B) / (sin(a - 8rd) x sin(a + B))]]?) = 0.409

Kp = sin(90 - ¢'s.a)? / (sin(90 + 8b.a) x [1 - V[sin(¢'b.d + Sb.a) x SiN(¢'v.a) /
(sin(90 + 8v.4))]]%) = 4.938

Fstem = YGf X Astem x Ystem = 8.5 kN/m

Foase = YGf X Abase x Ybase = 8 kN/m
Ftotal v = Fstem + Fbase = 16.5 KN/m

Fsur.h = Ka x ya x Surchargea x hetf = 9.6 kN/m

Fmoist h = y6 x Ka x ymr' x het® / 2 = 13.9 kKN/m

Fexc_h = -yaf x Kp x c0S(8b.d) x yb' x (hpass + hbase)? / 2 = =1.6 KN/m
Ftotal_h = Fsur_h + Fmoist.h + Fexc.h = 21.9 KN/m

Msur_oT = Fsur_h x Xsur_h = 8.6 kKNm/m
Mmoist_oT = Fmoist_h X Xmoist h = 8.4 KNm/m
MtotaI_OT = Msur_OT + Mmoist_OT =17 kNm/m

Mstem_R = Fstem x Xstem = 12.8 KNm/m
Mbase_R = Fbase x Xbase = 6.4 KNm/m
Miotal R = Mstem_R + Mbase R = 19.2 KNm/m

FoSot = MtotaI_R / MtotaI_OT =1.129

PASS - Maximum restoring moment is greater than overturning moment
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Bearing pressure check
Vertical forces on wall
Wall stem Fstem = y6 x Astem x ystem = 8.5 KN/m
Wall base Foase = Y6 x Abase X ybase = 8 KN/m
Total Ftotal v = Fstem + Fbase = 16.5 KN/m
Horizontal forces on wall
Surcharge load Fsur_h = Ka x ya x Surchargea x hetf = 9.6 kN/m
Moist retained soil Fmoisth = y6 x Ka x ymr' x het® / 2 = 13.9 KN/m
Base soil Fpass_h = -yof x Kp x c0S(8b.d) x yb' x (dcover + hbase)? / 2 = -1.6 KN/m
Total Ftotal_h = Fsur_h + Fmoist_.h + Fpass_h = 21.9 kN/m
Moments on wall
Wall stem Mstem = Fstem x Xstem = 12.8 KNm/m
Wall base Mbase = Fbase x Xbase = 6.4 KNm/m
Surcharge load Msur = -Fsur_h x Xsur_ h = -8.6 kNm/m
Moist retained soil Mmoist = -Fmoist_h x Xmoist_h = =8.4 KNm/m
Total Miotal = Mstem + Mbase + Msur + Mmoist = 2.2 KNm/m
Check bearing pressure
Propping force Forop_base = Ftota_h = 21.9 kN/m
Distance to reaction X = Mootat / Frotal.v = 132 mm
Eccentricity of reaction €= X-lbase /2 =-668 mm
Loaded length of base load = 2 x x =265 mm
Bearing pressure at toe Qtoe = Fiotal_v / load = 62.4 kKN/m?
Bearing pressure at heel gheel = 0 kKN/m?
Effective overburden pressure g = (tbase + doover) x yb' = 3.3 KN/m?
Design effective overburden pressure q'=q/ 7y = 3.3 kN/m?
Bearing resistance factors Nq = Exp(n x tan(¢'v.d)) x (tan(45 deg + ¢'va / 2))> = 18.753

Nc = (Ng - 1) x cot(¢'b.a) = 30.543
Ny = 2 x (Nq- 1) x tan(¢'v.a) = 20.637

Foundation shape factors Sq =1
sy =1
sc=1
Load inclination factors H = Fsur_h + Fmoist h + Fpass_h - Fprop_base = 0 kN/m
V = Frotalv = 16.5 KN/m
m=2

iqg=[1-H/(V + load x c'b.d x cot(¢'b.a))]™ =1
iy =[1-H/(V+ lioad x C'b.d x COt(¢'p.a))]™* 1 =1
ic =1iq - (1-1iq)/ (Nc x tan(¢'v.a)) =1
Net ultimate bearing capacity
Nt =C'vd x Ne x 8¢ x ic + ' x Ng x Sq x iqg + 0.5 x yb" x lioad x Ny x sy x iy = 106.1 KN/m?
Factor of safety FoSbp = ni/ max(qtoe, qheel) = 1.701
PASS - Allowable bearing pressure exceeds maximum applied bearing pressure
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RETAINING WALL DESIGN

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

incorporating National Amendment No.1

Tedds calculation version 2.9.14

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

Concrete strength class

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

5% fractile of axial tensile strength

Secant modulus of elasticity of concrete
Partial factor for concrete - Table 2.1N
Compressive strength coefficient - ¢1.3.1.6(1)
Design compressive concrete strength - exp.3.15
Maximum aggregate size

Ultimate strain - Table 3.1

Shortening strain - Table 3.1

Effective compression zone height factor
Effective strength factor

Bending coefficient ki1

Bending coefficient k2

Bending coefficient ks

Bending coefficient ks

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

C30/37

fok = 30 N/mm?

fok,cube = 37 N/mm?

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

ferm = 0.3 N/mm? x (fo / 1 N/mm?)?3 = 2.9 N/mm?
fetk,0.05 = 0.7 x fotm = 2.0 N/mm?

Ecm = 22 KN/mm? x (fem / 10 N/mm?2)°3 = 32837 N/mm?
yc = 1.50

oce = 0.85

fed = otee x fok / yc = 17.0 N/mm?

hagg = 20 mm

gcu2 = 0.0035

gcus = 0.0035

A =0.80

n =1.00

Ki1=0.40

K2 =1.00 x (0.6 + 0.0014/¢cu2) = 1.00
K3 =0.40

Ks=1.00 x (0.6 + 0.0014/¢cu2) =1.00

fyk = 500 N/mm?

Es =200000 N/mm?
ys=1.15

fya = fyk / ys = 435 N/mm?

»

cst =40 mm
Ccsr = 50 mm
cot = 50 mm

Cbb = 75 mm
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Check stem design at base of stem
Depth of section h =200 mm

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

M =12.9 kNm/m
d=h-Csr-¢sr/2= 144 mm
K =M/ (d? x fe) = 0.021

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

K'=0.207

K'> K - No compression reinforcement is required
z=min(0.5+0.5x (1-2xK/(n x occ/yc))’% 0.95)xd =137 mm

x=25x%x(d-2z)=18 mm

Asrreq = M / (fya x z) = 216 mm?m

12 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 - ¢cl.9.2.1.1(3)

Asrprov = 1t x ¢si? | (4 x ssr) = 565 mm?2/m

Asrmin = max(0.26 x fotm / fyk, 0.0013) x d = 217 mm?/m
Asrmax = 0.04 x h = 8000 mm?/m

max(Asr.req, Asrmin) / Asr.prov = 0.384

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

Deflection control - Section 7.4
Reference reinforcement ratio

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

Limiting span to depth ratio - exp.7.16.a

Actual span to depth ratio

Crack control - Section 7.3

Limiting crack width

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

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

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

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Library item: Rectangular single output

po = V(fex / 1 N/mm?) / 1000 = 0.005
p = Asrreq / d = 0.002
p' = Asr2req / d2 = 0.000
Ko = 0.4
Ks = min(500 N/mm?2 / (fyk x Asrreq / Asr.prov), 1.5) = 1.5
min(Ks x Kb x [11 + 1.5 x V(fox / 1 N/mm?2) x po / p + 3.2 x V(fex / 1
N/mm2) x (po/ p - 1)%2], 40 x Kv) = 16
hstem /d = 11.8
PASS - Span to depth ratio is less than deflection control limit

Wmax = 0.3 mm

y2 = 0.6

Msis = 7.3 kKNm/m

65 = Msis / (Asrprov x Z) = 94.9 N/mm?
Long term

ki = 0.4

Aceff = min(2.5 x (h-d), (h-x)/3,h/2)
Acerft = 60667 mm?2/m

feteft = fotm = 2.9 N/mm?

pp.eff = Asrprov / Aceff = 0.009

oe = Es/ Ecm = 6.091

k1=0.8
k2= 0.5
ks = 3.4
ks = 0.425

Srmax = K3 x Csr + K1 x k2 x Ka x ¢sr / ppeff = 389 mm
Wk = Srmax X max(os — Kt x (feteff / pp.eft) x (1 + oe x ppeff), 0.6 x os) / Es
wk = 0.111 mm
Wk / Wmax = 0.369
PASS - Maximum crack width is less than limiting crack width

V =20.1 kN/m

Crdc=0.18/yc = 0.120

k = min(1 + V(200 mm / d), 2) = 2.000

pt = min(Asrprov / d, 0.02) = 0.004

vmin = 0.035 N"2/mm x k%2 x fo®% = 0.542 N/mm?

VRd.c = max(Crd.c x k x (100 N2/mm* x pi x fek)'3, vmin) x d
VRd.c = 78.6 KN/m

V /VRrdc = 0.256
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PASS - Design shear resistance exceeds design shear force
Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — ¢l.9.6.3(1) Asxreq = max(0.25 x Asrprov, 0.001 x tstem) = 200 mm?2/m
Maximum spacing of reinforcement — cl.9.6.3(2) Ssx_max = 400 mm

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

Area of transverse reinforcement provided Asxprov = T x ¢sx? | (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 =200 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 2 M =16 KNm/m

Depth to tension reinforcement d=h-cob-¢pb/2=119 mm

K=M/(d? x fek) = 0.038
K'=(2 xn x acelyc)x(1 - A x (8 - Ki)/(2 x K2))x(A x (& - K1)/(2 x K2))

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

Lever arm z=min(0.5+0.5x (1-2xK/(n x acc/yc))’% 0.95)xd =113 mm
Depth of neutral axis x=25x%x(d-2z)=15mm
Area of tension reinforcement required Abbreq = M / (fya x z) = 326 mm?/m
Tension reinforcement provided 12 dia.bars @ 200 c/c
Area of tension reinforcement provided Abbprov = 1t x dbb> / (4 x Sbb) = 565 mm?2/m
Minimum area of reinforcement - exp.9.1N Abb.min = max(0.26 x fotm / fyk, 0.0013) x d = 179 mm?/m
Maximum area of reinforcement - cl.9.2.1.1(3) Abb.max = 0.04 x h = 8000 mm?2/m

maX(Abb,req, Abb,min) / Abbprov = 0.576

PASS - Area of reinforcement provided is greater than area of reinforcement required
Library item: Rectangular single output

Crack control - Section 7.3

Limiting crack width Wmax = 0.3 mm
Variable load factor - EN1990 — Table A1.1 y2 = 0.6
Serviceability bending moment Msis = 11.3 KNm/m
Tensile stress in reinforcement 6s = Msis / (Abbprov x ) = 176 N/mm?
Load duration Long term
Load duration factor ki= 0.4
Effective area of concrete in tension Acef =min(2.5 x (h-d),(h-x)/3,h/2)
Acerft = 61708 mm?/m
Mean value of concrete tensile strength feteft = fotm = 2.9 N/mm?
Reinforcement ratio pp.eff = Abb.prov / Aceff = 0.009
Modular ratio oe = Es/ Ecm = 6.091
Bond property coefficient ki1=10.8
Strain distribution coefficient k2= 0.5
ks = 3.4
ks = 0.425
Maximum crack spacing - exp.7.11 Srmax = K3 x Cob + k1 x k2 x ka x ¢ob / ppett = 478 mm
Maximum crack width - exp.7.8 Wk = Srmax X max(os — Kt x (feteff / pp.eft) x (1 + oe x ppeff), 0.6 x os) / Es

wk = 0.252 mm
Wk / Wmax = 0.841
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Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Secondary transverse reinforcement to base - Section 9.3
Minimum area of reinforcement — ¢cl.9.3.1.1(2)
Maximum spacing of reinforcement — ¢l.9.3.1.1(3)  Sbx_max = 450 mm

Transverse reinforcement provided
Area of transverse reinforcement provided

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

PASS - Maximum crack width is less than limiting crack width

V =15.2 kN/m

Crdc=0.18 /yc = 0.120

k = min(1 + V(200 mm / d), 2) = 2.000

pt = min(Abb.prov / d, 0.02) = 0.005

vmin = 0.035 N"2/mm x k®?2 x fe?5 = 0.542 N/mm?

VRd.c = max(Crd.c x k x (100 N2/mm* x pi x fek)'3, vmin) x d
VRd.c = 69.3 KN/m

V /Vrdc = 0.219
PASS - Design shear resistance exceeds design shear force

Abx.req = 0.2 x Abb.prov = 113 mm?2/m

10 dia.bars @ 200 c/c
Abx.prov = T X (I)bx2 / (4 X be) =393 mm?/m
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10 dia.bars @ 200 c/c
transverse reinforcement

in base

Reinforcement details

12 dia.bars @ 200 c/c




