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STEEL BEAM ANALYSIS & DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

37.713

Load Envelope - Combination 1

TEDDS calculation version 3.0.05

0.0

mm|

4500

kNm

Bending Moment Envelope

Pay

68.621
mm |

6868.6
4500

kN

35.7

Shear Force Envelope

35.675 I—NE
0.0

4500

-71.9

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead full UDL 2 KN/m

Imposed full UDL 2 kN/m

Dead point load 11.15 kN at 2500 mm

Dead partial UDL 19 kN/m from 2500 mm to 4500 mm
Dead partial UDL 3.2 kN/m from 2500 mm to 4500 mm

Dead self weight of beam x 1

Support A

Span 1

Support B

Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60
Dead x 1.40
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Analysis results
Maximum moment

Maximum moment span 1 segment 1
Maximum moment span 1 segment 2

Maximum shear

Maximum shear span 1 segment 1
Maximum shear span 1 segment 2

Deflection segment 3
Maximum reaction at support A

Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A

Maximum reaction at support B

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Section details
Section type
Steel grade

From table 9: Design strength py

Thickness of element
Design strength
Modulus of elasticity

Lateral restraint

Effective length factors

203.2

Mmax = 68.6 KNm

M51 _segi_m
M51 _seg2_m

Vmax = 35

ax = 63.5 KNm
ax = 68.6 KNm
.7 kN

Vs1_seg1_max =35.7 kN
Vs1_seg2_max = 208 kN

Smax = 10

mm

RAﬁmax = 357 kN

RAﬁDead =

RAﬁImposed

20.3 kN
=4.5kN

RBﬁmax =71 9 kN

RBﬁDead =

RBﬁImposed

46.2 kN
=4.5kN

UC 203x203x46 (BS4-1)

S355

max(T, t)

=11.0 mm

py = 355 N/mm?
E = 205000 N/mm?

E \
¥ N
> 72
o \
T
¢ 203.6 »

Effective length factor in major axis
Effective length factor in minor axis

Effective length factor for lateral-torsional buckling

Classification of cross sections - Section 3.5

Imposed x 1.60

Mmin = 0 kNm
Ms1_segt_min = 0 KNm
Ms1_seg2_min = 0 KNm
Vmin = =71.9 kN
Vs1_segt_min = 0 kN
Vs1_seg2_min = =71.9 kN

Omin =0 mm
RAﬁmin = 357 kN
RB_min = 71.9 kN

Span 1 has lateral restraint at supports plus midspan

Kv = 1.00
K, = 1.00

Kira =1.00

Kire =1.00

e =1[275

N/mm? / p,] = 0.88
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Internal compression parts - Table 11
Depth of section d=160.8 mm
d/t=25.4xe<=80x¢ Class 1 plastic
Outstand flanges - Table 11
Width of section b=B/2=101.8 mm
b/T=105xe<=15x¢ Class 3 semi-compact

Section is class 3 semi-compact

Shear capacity - Section 4.2.3

Design shear force Fv = max(abs(Vmax), abs(Vmin)) = 71.9 kN
d/t<70xe
Web does not need to be checked for shear buckling
Shear area Ay =tx D =1463 mm?
Design shear resistance Py =0.6 x py x Ay = 311.6 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity at span 1 segment 2 - Section 4.2.5

Design bending moment M = max(abs(Ms1_seg2_max), abS(Ms1_seg2_min)) = 68.6 KNm
Effective plastic modulus - Section 3.5.6

Limiting value for class 2 compact flange Ba2r =10 x € = 8.801

Limiting value for class 3 semi-compact flange Bsr =15 x € = 13.202

Limiting value for class 2 compact web Baw = 100 x € = 88.014

Limiting value for class 3 semi-compact web Bsw =120 x € = 105.617

Effective plastic modulus - ¢l.3.5.6.2
Seft = MiN(Zxx + (Sxx - Zxx) X Min([((Baw / (d / 1))2 - 1) / ((Baw / Paw)? - 1)], [(Bat/ (b / T) - 1) / (Bat / Pat - 1)]), Sxx) = 490411 mm?

Moment capacity low shear - cl.4.2.5.2 Mc = min(py X Sefr, 1.2 X py X Zxx) = 174.1 KNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling Le = 1.0 X Ls1_sege = 2250 mm
Slenderness ratio A =Le/ry=43.823

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u=0.847

Torsional index x=17.713

Slenderness factor v=1/[1+0.05x(A/x)?°% =0.935
Ratio - cl.4.3.6.9 Bw = Seft / Sxx = 0.986

Equivalent slenderness - cl.4.3.6.7 AT = U X V X A X V[Bw] = 34.455
Limiting slenderness - Annex B.2.2 Ao = 0.4 x (1 x E / py)°® = 30.198

At > Ao - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant ot =7.0
Perry factor nut = max(owt X (ALt - ALo) / 1000, 0) = 0.030
Euler stress pe = ® x E / A = 1704.3 N/mm?
oLt = (py + (MUt + 1) x pe) / 2 = 1055 N/mm?
Bending strength - Annex B.2.1 Pb = PE X Py / (OLT + ($L72 - PE X Py)°®5) = 342.2 N/mm?

Equivalent uniform moment factor - Section 4.3.6.6
Moment at quarter point of segment Mz = 67.7 KNm
Moment at centre-line of segment Ms = 57.1 kKNm
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Moment at three quarter point of segment Ms = 34.5 KNm
Maximum moment in segment Mabs = 68.6 KNm

Maximum moment governing buckling resistance ~ Mt = Mabs = 68.6 kNm
Equivalent uniform moment factor for lateral-torsional buckling

mut = max(0.2 + (0.15 x Mz + 0.5 x Ms + 0.15 x Ma) / Mabs, 0.44) = 0.839

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mo = po X Sett = 167.8 KNm
Mo / mrt = 200 KNm
PASS - Moment capacity exceeds design bending moment

Check vertical deflection - Section 2.5.2
Consider deflection due to dead and imposed loads
Limiting deflection 8im = Ls1 /250 = 18 mm
Maximum deflection span 1 4 = max(abs(8max), abs(dmin)) = 10.016 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Load Envelope - Combination 1
229.000

TEDDS calculation version 3.0.05

0.0- J s 4

mm | 4200

KNm Bending Moment Envelope

w—

Pas

215.969 197.6

216.0
mm | 4200

Shear Force Envelope
154.9

kN
154.943 r\
0.0

Pay

-274.

-384.631

-384.6

mm | 4200
A 1
Support conditions
Support A Vertically restrained
Rotationally free
Support B Vertically restrained

Rotationally free

Applied loading

Beam loads Dead partial UDL 80 kN/m from 3600 mm to 4200 mm
Imposed partial UDL 10.35 kN/m from 3600 mm to 4200 mm

Dead point load 135 kN at 3600 mm
Imposed point load 25 kN at 3600 mm
Dead full UDL 32 kN/m

Imposed full UDL 6 kN/m

Dead self weight of beam x 1

Load combinations

Load combination 1 Support A Dead x 1.40

Imposed x 1.60
Span 1 Dead x 1.40
Imposed x 1.60
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Support B Dead x 1.40

Analysis results
Maximum moment
Maximum shear
Deflection

Maximum reaction at support A
Unfactored dead load reaction at support A

Mmax = 216 kNm
Vimax = 154.9 kN
Omax = 1.6 mm
Ra_max = 154.9 kN
Ra_pead = 91.7 kN

Unfactored imposed load reaction at support A RA_imposed = 16.6 kKN

Maximum reaction at support B
Unfactored dead load reaction at support B

RB_max =384.6 kN
RB_Dead = 2293 kN

Unfactored imposed load reaction at support B Re_imposed = 39.8 kN

Section details
Section type
Steel grade

From table 9: Design strength py

Thickness of element
Design strength
Modulus of elasticity

Lateral restraint

Effective length factors

259.6

2 x UB 254x146x43 (BS4-1
S§355

max(T, t) = 12.7 mm
py = 355 N/mm?
E = 205000 N/mm?

Imposed x 1.60

Mmin = 0 kNm
Vmin = -384.6 kKN
Omin = 0 mm

Ra_min = 154.9 kN

Rg_min = 384.6 kN

)

> 127

> 127

1473

Effective length factor in major axis
Effective length factor in minor axis
Effective length factor for lateral-torsional buckling Kir.a =1.00

Span 1 has lateral restraint at supports only

Kv = 1.00
K, = 1.00

Kire =1.00

Classification of cross sections - Section 3.5

Internal compression parts - Table 11

Depth of section

e = V[275 N/mm?/ p,] = 0.88

d=219 mm
d/t=34.6xe<=80x¢

Class 1 plastic
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Outstand flanges - Table 11
Width of section b=B/2=73.7mm
b/T=66xe<=9xe Class 1 plastic

Section is class 1 plastic

Shear capacity - Section 4.2.3

Design shear force Fv = max(abs(Vmax), abs(Vmin)) = 384.6 kKN
d/t<70xe
Web does not need to be checked for shear buckling
Shear area Ay =1tx D = 1869 mm?
Design shear resistance Py =0.6 x N x py x Ay = 796.2 kN

PASS - Design shear resistance exceeds design shear force

Moment capacity - Section 4.2.5

Design bending moment M = max(abs(Ms1_max), abs(Ms1_min)) = 216 KNm
Moment capacity low shear - ¢l.4.2.5.2 Mc = N x min(py X Sxx, 1.2 X py X Zxx) = 402.1 KNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling Le = 1.0 X Ls1 = 4200 mm

Slenderness ratio A =Le/ry=119.431

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u = 0.891

Torsional index x =21.162

Slenderness factor v=1/[1+0.05x(A/x)?°% =0.788

Ratio - cl.4.3.6.9 Bw = 1.000

Equivalent slenderness - cl.4.3.6.7 AT =UXVXAXV[Pw] = 83.817

Limiting slenderness - Annex B.2.2 Ao = 0.4 x (1 x E / py)°® = 30.198

At > Ao - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant ot =7.0
Perry factor nut = max(owt X (ALt - ALo) / 1000, 0) = 0.375
Euler stress pe = ® x E / ALt® = 288 N/mm?
ot = (py + (Mt + 1) x pe) / 2 = 375.5 N/mm?
Bending strength - Annex B.2.1 Pb = PE X Py / (OT + (¢L72 - PE X Py)°®5) = 178.6 N/mm?
Equivalent uniform moment factor - Section 4.3.6.6
Moment at quarter point of segment Mz = 132.1 kNm
Moment at centre-line of segment Ms = 202.8 kNm
Moment at three quarter point of segment Ms = 212.3 kNm
Maximum moment in segment Mabs = 216 KNm

Maximum moment governing buckling resistance ~ Mt = Mabs = 216 kNm
Equivalent uniform moment factor for lateral-torsional buckling
mct = max(0.2 + (0.15 x Mz + 0.5 x Mz + 0.15 x Ma) / Maps, 0.44) = 0.909

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mb = N X pb X Sxx = 202.3 kKNm
Mo / mit = 222.6 kNm
PASS - Buckling resistance moment exceeds design bending moment




Project Job no.
1 ST. MARKS CRESCENT 180507
Conisbee Calcs for Start page no./Revision
1.5 Offord Street NEW LOWER BOOM BOX FRAME REAR 4
London Calcs by Calcs date Checked by Checked date Approved by Approved date
N1 1DH HH 12/06/2018
Check vertical deflection - Section 2.5.2
Consider deflection due to imposed loads
Limiting deflection Sim = Ls1 / 360 = 11.667 mm
Maximum deflection span 1 & = max(abs(dmax), abs(dmin)) = 1.588 mm

PASS - Maximum deflection does not exceed deflection limit
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229.228

Load Envelope - Combination 1

TEDDS calculation version 2.1.12

4500

Bending Moment Envelope

580.2
4500

Shear Force Envelope

0.0
mm |
A
kNm
0.0
580.232
mm |
kN
515.762 5158
0.0 j=
-515.762

mm | 4500 —515'8|
1 B
Support conditions
Support A Vertically restrained
Rotationally free
Support B Vertically restrained
Rotationally free
Applied loading
Dead self weight of beam x 1
Dead full UDL 100 kN/m
Imposed full UDL 40 kN/m
Load combinations
Load combination 1 Support A Dead x 1.40
Imposed x 1.60
Span 1 Dead x 1.40
Imposed x 1.60
Support B Dead x 1.40
Imposed x 1.60
Analysis results
Maximum moment support A Ma_max = 0 KNm Ma_red = 0 KNm
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Maximum moment span 1 at 2250 mm
Maximum moment support B

Maximum shear support A

Maximum shear support A span 1 at 450 mm
Maximum shear support B

Maximum shear support B span 1 at 4050 mm
Maximum reaction at support A

Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A
Maximum reaction at support B

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Rectangular section details
Section width
Section depth

Ms1_max = 580 kNm
Mg_max = 0 KNm
Va_max = 516 kKN
Va st_max = 413 kN
VB_max = =516 kN
VB st_max = =413 kN
Ra =516 kN
RA_pead = 266 kN
Ra_imposed = 90 kN
Re = 516 kN
RB_pead = 266 kN
RB_imposed = 90 kN

Ms1_red =580 kNm

Mg _red = 0 KNm
VA red = 516 kN
Va st_reda = 413 kN
VB _red = =516 kN

VB_51_red = '413 kN

«———500——»

Concrete details

b =1500 mm
h =500 mm
|l q
< 1500 >
C40/50

Concrete strength class

Characteristic compressive cube strength
Modulus of elasticity of concrete
Maximum aggregate size

Reinforcement details
Characteristic yield strength of reinforcement

feu = 50 N/mm?

Ec = 20kN/mm? + 200 x fey = 30000 N/mm?

hagg =20 mm

fy = 500 N/mm?

Characteristic yield strength of shear reinforcement f,v = 500 N/mm?2

Nominal cover to reinforcement
Nominal cover to top reinforcement
Nominal cover to bottom reinforcement
Nominal cover to side reinforcement

Mid span 1

Cnom_t = 50 mm
Cnom_b = 50 mm
Cnom_s = 35 mm

-« 1500

2 x 16¢ bars

3 x 8¢ shear legs at 100 c/c

10 x 25¢ bars
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Desigh moment resistance of rectangular section (cl. 3.4.4) - Positive moment

Design bending moment
Depth to tension reinforcement
Redistribution ratio

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement

Maximum area of reinforcement

M = abs(Ms1_red) = 580 kKNm
d=h-Cromb - ¢v- oot/ 2 =430 mm
Bb = min(1 - mrs1, 1) = 1.000
K=M/(bxd?xfew) = 0.042
K'=0.156

K' > K - No compression reinforcement is required
z =min(d x (0.5 + (0.25 - K/ 0.9)°%), 0.95 x d) = 408 mm
x=(d-2)/0.45=48 mm
Asreq = M/ (0.87 x fy x z) = 3269 mm?
10 x 25¢ bars
As prov = 4909 mm?
Asmin = 0.0013 x b x h = 975 mm?2
Asmax = 0.04 x b x h = 30000 mm?

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

Rectangular section in shear
Shear reinforcement provided
Area of shear reinforcement provided

Minimum area of shear reinforcement (Table 3.7)
PASS - Area of shear reinforcement provided exceeds minimum required
Maximum longitudinal spacing (cl. 3.4.5.5)

3 x 8¢ legs at 100 c/c
Asv,prov =1508 mm%/m
Asv,min = 0.4N/mm?2 x b / (0.87 x fyw) = 1379 mm?/m

Svlmax = 0.75xd =322 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Design concrete shear stress

Design shear resistance provided
Design shear stress provided
Design shear resistance

Ve = 0.79N/mm?2 x min(3,[100 x Asprov / (b x d)]"3) x max(1, (400mm
/d)") x (min(feu, 40N/mm?) / 25N/mm?3)'? / v = 0.675 N/mm?

Vs prov = Asv,prov X 0.87 x fyv / b = 0.437 N/mm?

Vprov = Vsprov + Ve = 1.112 N/mm?

Voprov = Vprov X (b x d) = 716.7 kN

Shear links provided valid between 0 mm and 4500 mm with tension reinforcement of 4909 mm?

Spacing of reinforcement (cl 3.12.11)

Actual distance between bars in tension

S = (b -2 X (Crom_s + Ov + Pbot/2)) /(Nbot - 1) - doot = 129 mm

Minimum distance between bars in tension (cl 3.12.11.1)

Minimum distance between bars in tension

Smin = hagg + 5 mm =25 mm
PASS - Satisfies the minimum spacing criteria

Maximum distance between bars in tension (cl 3.12.11.2)

Design service stress

Maximum distance between bars in tension

Span to depth ratio (cl. 3.4.6)
Basic span to depth ratio (Table 3.9)

Design service stress in tension reinforcement

Modification for tension reinforcement

fs = (2 X fy X Asreq) / (3 X Asprov X Pb) = 222.0 N/mm?
Smax = Min(47000 N/mm / fs, 300 mm) = 212 mm
PASS - Satisfies the maximum spacing criteria

span_to_depthoasic = 20.0
fs = (2 X fy X Asreq)/ (3 X Asprov X Bb) = 222.0 N/mm?

ftens = min(2.0, 0.55 + (477N/mm? - f5) / (120 x (0.9N/mm? + (M / (b x d?))))) = 1.259
Modification for compression reinforcement
feomp = mln(1 51+ (100 X As2 prov / (b X d)) / (3 + (100 X As2.prov / (b X d)))) =1.020
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Modification for span length flong = 1.000
Allowable span to depth ratio span_to_depthaiow = span_to_depthpasic X fiens X feomp = 25.7
Actual span to depth ratio span_to_depthactual = Ls1 / d = 10.5

PASS - Actual span to depth ratio is within the allowable limit




Project

1 St Marks Crescent

Job no.

180507

R.C slab at lower ground (SHORTER SPAN DESIGN)

Start page no./Revision

1

Conisbee Calcs for
1-5 Offord Street
London Calcs by
N1 1DH HH

Calcs date

12/06/2018

Checked by

Checked date Approved by

Approved date

RC BEAM ANALYSIS & DESIGN BS8110
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Load Envelope - Combination 1

TEDDS calculation version 2.1.12

0.0

4500

kNm
0.0

Bending Moment Envelope

34.448

34.4
4500

Shear Force Envelope

4500

-30.6

Support conditions
Support A

Support B

Applied loading

Load combinations
Load combination 1

Analysis results
Maximum moment support A

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1

Dead full UDL 2 kN/m
Imposed full UDL 1.5 kN/m

Support A

Span 1

Support B

MAﬁmax =0 kNm

Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Ma_red = 0 KNm
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Maximum moment span 1 at 2250 mm Ms1_max = 34 KNm Ms1_red = 34 KNm
Maximum moment support B Mg_max = 0 KNm Msg_rea = 0 KNm
Maximum shear support A VA max = 31 kN Va_red = 31 kN
Maximum shear support A span 1 at 200 mm Va_st_max = 28 kN Va_st_red = 28 kN
Maximum shear support B Ve_max = =31 kN Ve_red = =31 kN
Maximum shear support B span 1 at 4300 mm VB_s1_max = =28 kN VB_s1_red = =28 kN
Maximum reaction at support A Ra=31kN

Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A
Maximum reaction at support B

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Rectangular section details
Section width
Section depth

RA_pead = 18 kN
Ra_imposed = 3 kN
Re = 31 kN

RB_pead = 18 kN
RB_imposed = 3 kN

<« 250—»

Concrete details

b =1000 mm
h =250 mm

- 1000 >
C40/50

Concrete strength class

Characteristic compressive cube strength
Modulus of elasticity of concrete
Maximum aggregate size

Reinforcement details
Characteristic yield strength of reinforcement

feu = 50 N/mm?

Ec = 20kN/mm? + 200 x fey = 30000 N/mm?

hagg =20 mm

fy = 500 N/mm?

Characteristic yield strength of shear reinforcement f,v = 500 N/mm?2

Nominal cover to reinforcement
Nominal cover to top reinforcement
Nominal cover to bottom reinforcement
Nominal cover to side reinforcement

Mid span 1

Cnom_t = 35 mm
Cnom_b = 35 mm
Cnom_s = 35 mm

«—250—»]

1000

A

2 x 16¢ bars
2 x 8¢ shear legs at 100 c/c
5 x 20¢ bars
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Desigh moment resistance of rectangular section (cl. 3.4.4) - Positive moment

Design bending moment M = abs(Ms1_red) = 34 KNm
Depth to tension reinforcement d=h-Cromb - ¢v- oot/ 2=197 mm
Redistribution ratio Bo = min(1 - mrs1, 1) = 1.000
K=M/(bxd?xfw)=0.018
K'=0.156
K’ > K - No compression reinforcement is required
Lever arm z =min(d x (0.5 + (0.25 - K/ 0.9)°%), 0.95 x d) = 187 mm
Depth of neutral axis x=(d-2)/0.45=22mm
Area of tension reinforcement required Asreq = M/ (0.87 x fy X z) = 423 mm?
Tension reinforcement provided 5 x 20¢ bars
Area of tension reinforcement provided Asprov = 1571 mm?
Minimum area of reinforcement Asmin =0.0013 x b x h = 325 mm?
Maximum area of reinforcement Asmax = 0.04 x b x h = 10000 mm?

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

Rectangular section in shear
Shear reinforcement provided 2 x 8¢ legs at 100 c/c
Area of shear reinforcement provided Asv,prov = 1005 mm?/m
Minimum area of shear reinforcement (Table 3.7)  Asvmin = 0.4N/mm?2 x b / (0.87 X fy) = 920 mm?2/m
PASS - Area of shear reinforcement provided exceeds minimum required

Maximum longitudinal spacing (cl. 3.4.5.5) Svimax = 0.75 x d = 148 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum
Design concrete shear stress Ve = 0.79N/mm?2 x min(3,[100 x Asprov / (b x d)]"3) x max(1, (400mm
/d)") x (min(feu, 40N/mm?) / 25N/mm?2)"? / vy = 0.818 N/mm?
Design shear resistance provided Vs prov = Asv,prov X 0.87 x fyv / b = 0.437 N/mm?
Design shear stress provided Vprov = Vs prov + Ve = 1.256 N/mm?
Design shear resistance Vprov = Vprov X (b x d) = 247.3 kN

Shear links provided valid between 0 mm and 4500 mm with tension reinforcement of 1571 mm?

Spacing of reinforcement (cl 3.12.11)
Actual distance between bars in tension 8 = (b -2 X (Cnom_s + Ov + Poot/2)) /(Nbot - 1) - Poot = 204 mm

Minimum distance between bars in tension (cl 3.12.11.1)
Minimum distance between bars in tension Smin = hagg + 5 mm =25 mm
PASS - Satisfies the minimum spacing criteria

Maximum distance between bars in tension (cl 3.12.11.2)
Design service stress fs = (2 X fy X Asreq) / (3 X Asprov X Pb) = 89.8 N/mm?
Maximum distance between bars in tension Smax = Min(47000 N/mm / fs, 300 mm) = 300 mm
PASS - Satisfies the maximum spacing criteria

Span to depth ratio (cl. 3.4.6)
Basic span to depth ratio (Table 3.9) span_to_depthoasic = 20.0
Design service stress in tension reinforcement fs = (2 X fy X Asreq)/ (3 X Asprov X Bb) = 89.8 N/mm?
Modification for tension reinforcement

flens = Min(2.0, 0.55 + (477N/mm? - f5) / (120 x (0.9N/mm? + (M / (b x d?))))) = 2.000
Modification for compression reinforcement

feomp = min(1.5, 1 + (100 X Asz,prov / (b x d)) / (3 + (100 X As2prov / (b x d)))) = 1.064

Modification for span length flong = 1.000
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Allowable span to depth ratio span_to_depthaiow = span_to_depthpasic X fiens X feomp = 42.5
Actual span to depth ratio span_to_depthactua = Ls1 / d = 22.8

PASS - Actual span to depth ratio is within the allowable limit
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Load Envelope - Combination 1

TEDDS calculation version 2.1.12
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Bending Moment Envelope

77.384
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2700

kN
114.643 114.6

0.0

Shear Force Envelope

-114.643

mm | 2700 e
1 B
Support conditions
Support A Vertically restrained
Rotationally free
Support B Vertically restrained
Rotationally free
Applied loading
Dead self weight of beam x 1
Imposed full UDL 50.5 kN/m
Load combinations
Load combination 1 Support A Dead x 1.40
Imposed x 1.60
Span 1 Dead x 1.40
Imposed x 1.60
Support B Dead x 1.40
Imposed x 1.60
Analysis results
Maximum moment support A Ma_max = 0 kKNm Ma_red = 0 KNm

Maximum moment span 1 at 1350 mm

MsLmax =77 kNm

M517red = 77 kNm
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Maximum moment support B Mg_max = 0 KNm Msg_rea = 0 KNm
Maximum shear support A Va_max = 115 kN VA red = 115 kN
Maximum shear support A span 1 at 300 mm Va_st_max = 89 kN Va_st_red = 89 kN
Maximum shear support B VB max = =115 kN VB_red = =115 kN
Maximum shear support B span 1 at 2400 mm VB_s1_max = -89 kN VB_s1_red = -89 kN

Maximum reaction at support A

Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A
Maximum reaction at support B

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Rectangular section details

Section width
Section depth

Concrete details
Concrete strength class

Characteristic compressive cube strength

Modulus of elasticity of concrete

Maximum aggregate size

Reinforcement details

Characteristic yield strength of reinforcement

Ra =115 kN

RA _pead = 4 kN
Ra_imposed = 68 kN
Re = 115 kN
RB_pead = 4 kN
RB_imposed = 68 kN

b =350 mm
h =350 mm

———350———»f

350

C40/50
feu = 50 N/mm?

Ec = 20kN/mm? + 200 x fey = 30000 N/mm?

hagg =20 mm

fy = 500 N/mm?

Characteristic yield strength of shear reinforcement f,v = 500 N/mm?2

Nominal cover to reinforcement
Nominal cover to top reinforcement
Nominal cover to bottom reinforcement
Nominal cover to side reinforcement

Cnom_t = 50 mm
Cnom_b = 35 mm
Cnom_s = 35 mm
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Mid span 1
2 x 8¢ bars

2 x 8¢ shear legs at 200 c/c

3 x 20¢ bars

le———350———»]

l¢e——350———»

Desigh moment resistance of rectangular section (cl. 3.4.4) - Positive moment

Design bending moment M = abs(Ms1_req) = 77 KNm
Depth to tension reinforcement d=h-Cnomb - {v- oot/ 2 =297 mm
Redistribution ratio Bo = min(1 - mrs1, 1) = 1.000

K=M/ (b xd?xfw) = 0.050

K'=0.156

K' > K - No compression reinforcement is required

Lever arm z =min(d x (0.5 + (0.25 - K/ 0.9)%%), 0.95 x d) = 279 mm
Depth of neutral axis x=(d-2z)/0.45=39 mm
Area of tension reinforcement required Asreq = M/ (0.87 x fy X z) = 637 mm?
Tension reinforcement provided 3 x 20¢ bars
Area of tension reinforcement provided Asprov = 942 mm?2
Minimum area of reinforcement Asmin = 0.0013 x b x h = 159 mm?
Maximum area of reinforcement Asmax = 0.04 x b x h = 4900 mm?

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

Rectangular section in shear
Shear reinforcement provided 2 x 8¢ legs at 200 c/c
Area of shear reinforcement provided Asvprov = 503 mm3/m
Minimum area of shear reinforcement (Table 3.7)  Asvmin = 0.4N/mm?2 x b / (0.87 X fy) = 322 mm?/m
PASS - Area of shear reinforcement provided exceeds minimum required

Maximum longitudinal spacing (cl. 3.4.5.5) Svmax = 0.75 x d = 223 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum
Design concrete shear stress Ve = 0.79N/mm? x min(3,[100 x Asprov / (b x d)]') x max(1, (400mm
/d)") x (min(feu, 40N/mm?) / 25N/mm?2)"3 / ym = 0.771 N/mm?
Design shear resistance provided Vs prov = Asvprov X 0.87 x fyv / b = 0.625 N/mm?
Design shear stress provided Vprov = Vsprov + Ve = 1.395 N/mm?
Design shear resistance Vprov = Vprov X (b x d) = 145.1 kN

Shear links provided valid between 0 mm and 2700 mm with tension reinforcement of 942 mm?

Spacing of reinforcement (cl 3.12.11)
Actual distance between bars in tension S = (b -2 X (Cnom_s + Ov + Poot/2)) /(Noot - 1) - Poot = 102 mm

Minimum distance between bars in tension (cl 3.12.11.1)
Minimum distance between bars in tension Smin = Nagg + 5 mMm = 25 mm
PASS - Satisfies the minimum spacing criteria
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Maximum distance between bars in tension (cl 3.12.11.2)
Design service stress fs = (2 X fy X Asreq) / (3 X Asprov X Pb) = 225.2 N/mm?
Maximum distance between bars in tension Smax = Min(47000 N/mm / fs, 300 mm) = 209 mm
PASS - Satisfies the maximum spacing criteria

Span to depth ratio (cl. 3.4.6)
Basic span to depth ratio (Table 3.9) span_to_depthoasic = 20.0
Design service stress in tension reinforcement fs = (2 X fy X Asreq)/ (3 X Asprov X Bb) = 225.2 N/mm?
Modification for tension reinforcement
ftens = min(2.0, 0.55 + (477N/mm? - f5) / (120 x (0.9N/mm? + (M / (b x d?))))) = 1.166
Modification for compression reinforcement
feomp = Min(1.5, 1 + (100 % Aszprov / (b x d)) / (3 + (100 X Asz,prov / (b x d)))) = 1.031

Modification for span length flong = 1.000
Allowable span to depth ratio span_to_depthaiow = span_to_depthpasic X fiens X feomp = 24.0
Actual span to depth ratio span_to_depthactual = Ls1 / d = 9.1

PASS - Actual span to depth ratio is within the allowable limit
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RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.06

fe——1175———»]
[¢————1000 ———»{«- 350-»]
o kr”" [T ho kewms
Prop - + i
——x
°
3
L [=3
3
&
°
23
S
L2
H
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¥ L2 L2

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

[e————1350———»]

Cantilever propped at both
hstem = 3500 mm

twan = 350 mm
Itoe = 1000 mm
lheet = 0 mm

lbase = lioe + Iheel + twan = 1350 mm
toase = 350 mm

dgs = 0 mm
las = 900 mm
tds = 350 mm

hwail = hstem + tbase + ddas = 3850 mm

dcover =0 mm

dexc =0 mm

hwater = 2850 mm

hsat = max(hwater - tbase - das, 0 mm) = 2500 mm
Yuall = 23.6 kN/m?3

Yoase = 23.6 kN/m?

o =90.0 deg

B =0.0 deg

hett = hwan + Iheel X tan(p) = 3850 mm

M=15
Y = 18.0 kN/m®
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Saturated density of retained material
Design shear strength
Angle of wall friction

Base material details
Firm clay

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
0' =24.2 deg
4 =18.6 deg

Ymb = 18.0 kN/m3
0'b = 24.2 deg

o = 18.6 deg
Pbearing = 125 kN/m?

Ka = sin(a + ¢')2 / (sin(ar)2 x sin(o - 8) x [1 + V(sin(¢' + 8) x sin(¢" - B) / (sin(c - 8) x sin(ax + B)))]2) = 0.369

Passive pressure coefficient for base material

Kp = sin(90 - 0'5)2 / (sin(90 - 8b) x [1 - V(sin(0' + &b) x sin(0') / (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 = 10.0 kN/m?
Wgead = 80.2 KN/m

Wive = 14.0 kN/m

load = 1175 mm

Fdead = 0.0 kN/m

Five = 0.0 KN/m

hicad = 0 mm
7

f (e

Prop

é Prop—ﬁ

25.0

99.5

99.5

Loads shown in kN/m, pressures shown in kN/m?
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Vertical forces on wall
Wall stem

Wall base

Applied vertical load
Total vertical load

Horizontal forces on wall
Surcharge

Moist backfill above water table
Moist backfill below water table

Saturated backfill
Water
Total horizontal load

Calculate total propping force

Passive resistance of soil in front of wall

Propping force

Overturning moments
Surcharge

Moist backfill above water table
Moist backfill below water table

Saturated backfill

Water

Total overturning moment
Restoring moments
Wall stem

Wall base

Design vertical dead load
Total restoring moment
Check bearing pressure
Total vertical reaction

Distance to reaction
Eccentricity of reaction

Bearing pressure at toe
Bearing pressure at heel

Wuwall = Nstem X twan X Ywan = 28.9 kN/m
Whase = Ibase X tbase X Yoase = 11.2 KN/m
Wy = Waead + Wive = 94.2 KN/m

Wiotal = Wwall + Whbase + Wy = 134.3 KN/m

Fsur = Ka x c0s(90 - a + 8) x Surcharge X het = 13.5 kKN/m

Fm_a=0.5%xKaxcos(90 - o + &) X Ym X (Neff - hwater)2 =3.1 kN/m
Fm_b = Ka x COS(QO -0+ 8) X Ym X (heff - hwater) X hwater = 17.9 KN/m
Fs = 0.5 x Kax cos(90 - o + 3) X (ys- Ywater) X hwater® = 15.9 kN/m

Fwater =0.5x hwater2 X Ywater = 39.8 KN/m
Fiotal = Fsur + mea + meb + Fs + Fwater = 90.3 KN/m

Fp =0.5x Kp X COS(&)) X (dcover + toase + das - dexc)2 X Ymb = 4.4 KN/m

Fprop = maX(Ftotal - Fp - (Wtotal - Wlive) X tan(Sb), 0 kN/m)
Fprop =45.5 KN/m

Msur = Fsur X (Neit - 2 X das) / 2 = 25.9 kKNm/m

Mm_a = Fm_a X (heft + 2 X hwater - 3 X das) / 3 = 10 kNm/m
Mm_b = Fm_b X (hwater - 2 X dds) / 2 = 25.6 kNm/m

Ms = Fs X (hwater - 3 X das) / 3 = 15.1 kKNm/m

Muwater = Fwater X (hwater - 3 X dds) / 3 = 37.8 kNm/m

Mot = Msur + Mm_a + Mim_b + Ms + Mwater = 114.5 KNm/m

Muwail = Wwail X (loe + twa / 2) = 34 KNm/m
Mbase = Woase X lbase / 2 = 7.5 KNm/m

Maead = Waead X lioad = 94.2 KNm/m

Mrest = Mwall + Mbase + Mdead = 135.7 kNm/m

R = Wiotas = 134.3 KN/m
Xbar = lbase / 2 = 675 mm
€ = abs((lbase / 2) - Xpar) = 0 mm

Reaction acts within middle third of base

Proe = (R / lbase) - (B x Rx e/ |ba5e2) =99.5 kN/m?
Pheel = (R / lbase) + (6 X R x e/ |base2) =99.5 kN/m?

Calculate propping forces to top and base of wall

Propping force to top of wall

Propping force to base of wall

PASS - Maximum bearing pressure is less than allowable bearing pressure

Fpropitop = (Mot - Mrest + R X lbase / 2 - Fprop X tbase / 2) / (hstem + thase / 2) =16.713 kN/m

Fpropﬁbase = Fprop - Fpropﬁtop = 28.746 kN/m
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RETAINING WALL DESIGN (BS 8002:1994)

Ultimate limit state load factors
Dead load factor

Live load factor

Earth and water pressure factor

Factored vertical forces on wall

Wall stem

Wall base

Applied vertical load
Total vertical load

Factored horizontal at-rest forces on wall

Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total horizontal load

Calculate total propping force

Passive resistance of soil in front of wall

kN/m
Propping force

Factored overturning moments
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total overturning moment

Restoring moments
Wall stem

Wall base

Design vertical load
Total restoring moment

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

Bearing pressure at toe

Bearing pressure at heel

Rate of change of base reaction
Bearing pressure at stem / toe

TEDDS calculation version 1.2.01.06

Yid=1.4
Ya=1.6
Yie= 1.4

Wuwall f = Yi_d X Nstem X twall X Ywal = 40.5 KN/m

Whase_f = ¥ d X |base X toase X Yoase = 15.6 KN/m
Wy t =7 d X Wdead + Y1 X Wive = 134.7 KN/m
Whotal f = Wwall_f + Whase_f + Wy_f = 190.8 KN/m

Fsur_f = Y1 x Ko x Surcharge X het = 36.3 kN/m

Fm_a f="YeX 0.5 x Ko X ym X (Neff - hwater)?> = 7.4 KN/m
Fm_b t =Vt e X Ko X Ym X (Deff - hwater) X Nwater = 42.4 KN/m
Fs_t = Ve X 0.5 X Ko X (s~ Ywater) X Nwater® = 37.5 kN/m
Fuwater f = ¥t e X 0.5 X Nwater® X Ywater = 55.8 KN/m

Fiotal_f = Fsur_t + Fm_a_ + Fm_b_t + Fs_t + Fwater f = 179.5 KN/m

Fpﬁf ="YeX 0.5x Kp X COS(Sb) X (dcover + toase + das - dexc)2 X Ymb = 6.1

Fprop_t = maX(Ftotal_f - Fp_s- (Wtotal_f =YX Wlive) X tan(Sb), 0 kN/m)
Fprop_ =116.7 KN/m

Mesur_t = Fsur_t X (heff - 2 X das) / 2 = 70 kKNm/m

Mm_a_t = Fm_a_t X (et + 2 X hwater - 3 X das) / 3 = 23.7 kNm/m
Mm_b_f = Fm_b_t X (hwater - 2 X dds) / 2 = 60.4 KNm/m

Ms_ = Fs 1 X (Nwater - 3 X das) / 3 = 35.7 KNm/m

Muwater t = Fwater_f X (Nwater - 3 X das) / 3 = 53 KNm/m

Mot 1 = Msur f + Mm_a_f + Mm_b_f + Ms_t + Mwater 1 = 242.7 KNm/m

Muwail_f = Wwall_f X (loe + twai / 2) = 47.6 KNm/m
Mbase_f = Woase_f X lbase / 2 = 10.5 KNm/m

Mv_t = Wy_ X lioad = 158.2 kNm/m

Mrest_t = Mwai_f + Moase_t + My_ = 216.3 kNm/m

Rt = Wiotal t = 190.8 kN/m
Xoar_f = lbase / 2 = 675 mm
et = abs((lbase / 2) - Xbar_f) = 0 mm
Reaction acts within middle third of base
Proe_f = (Rt / lbase) - (6 X Rt X €1/ lbase?) = 141.3 KN/m?
Pheel f = (R / Ibase) + (6 X R x €1/ Ibase?) = 141.3 kN/m?
rate = (Proe_ - Pheel_1) / lbase = 0.00 KN/m?/m
Pstem_toe_f = MaX(Proe_f - (rate X loe), 0 kKN/m?) = 141.3 kN/m?
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Bearing pressure at mid stem
Bearing pressure at stem / heel

Pstem_mid_f = MaX(Proe_f - (rate X (loe + twan / 2)), 0 KN/m?) = 141.3 kN/m?
Pstem_heel f = MaX(Proe_f - (rate x (loe + twan)), 0 kN/m2) = 141.3 kN/m?

Calculate propping forces to top and base of wall

Propping force to top of wall

Fprop_top_ = (Mot_f - Mrest_f + Rf X |base /2 - Fprop_f X tbase / 2) / (hstem + tbase / 2) = 36.649 kN/m

Propping force to base of wall

Fprop_base_f = Fprop_f - Fprop_top_ = 80.049 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

Total shear for toe design

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

Total moment for toe design

feu = 40 N/mm?2
fy = 500 N/mm?

k=0.13 %
Ctoe = 50 mm

Vioe_bear = (Ptoe_f + Pstem_toe_1) X loe / 2 = 141.3 KN/m
Vioe_wt base = Yt d X Yoase X ltoe X tbase = 11.6 KN/m
Vtoe = Vtoefbear - Vtoefwtfbase =129.7 KN/m

Mioe_bear = (2 X Ptoe_f + Pstem_mid_f) X (hoe + twan / 2)2 /6 =97.5 kNm/m
Mioe_wt base = ('Yf_d X Yoase X loase X (|toe + twan / 2)2 / 2) =8 kNm/m
Mioe = Mtoe_bear - Mtoe_wt_base =89.6 KNm/m

i
'3

o
v
I

—

l¢—150—»

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

Area of reinforcement provided

b =1000 mm/m
dioe = tbase — Ctoe — (Ptoe/ 2) = 292.0 mm
Kioe = Mioe / (b X ditoe? X feu) = 0.026
Compression reinforcement is not required
Zioe = MiN(0.5 + V(0.25 - (min(Kice, 0.225) / 0.9)),0.95) X droe
Zioe = 277 MM
As 106 _des = Mioe / (0.87 X fy X Zioe) = 742 mm?/m
As_toe_min = K X b X toase = 455 mm?2/m
As _toe_req = Max(As._toe_des, As_toe_min) = 742 mm?/m
16 mm dia.bars @ 150 mm centres
As toe_prov = 1340 mm?2/m
PASS - Reinforcement provided at the retaining wall toe is adequate
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Check shear resistance at toe
Design shear stress
Allowable shear stress

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

Vioe = Vioe / (b X dtoe) = 0.444 N/mm?
Vagm = mMin(0.8 x V(few / 1 N/mm2), 5) x 1 N/mm? = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vcﬁtoe = 0.617 N/mm2
Vioe < Vc_toe - 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 at-rest forces on stem
Surcharge

Moist backfill above water table

Moist backfill below water table

Saturated backfill

Water

Calculate shear for stem design
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total shear for stem design

Calculate moment for stem design
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

kNm/m

Total moment for stem design

Calculate moment for wall design
Surcharge

Moist backfill above water table
kNm/m

Moist backfill below water table
Saturated backfill

Water

kNm/m

fou = 40 N/mm?2
fy = 500 N/mm?

k=0.13 %
Cstem = 50 mm
Cwal = 50 mm

Fs surt = ¥t 1 X Ko X Surcharge X (heft - toase - das) = 33 kN/m

Fs m_at=0.5 XY e X Ko X Ym X (Neff - tbase - dds - Nsat)? = 7.4 KN/m
Fs m_b_t =7te X Ko X Ym X (Neff - tbase - ds - Nsat) X hsat = 37.2 KN/m
Fs_sr=0.5x Y e x Ko X (Ys- Ywater) X hsa® = 28.9 kN/m

Fs_water f = 0.5 X ¥t e X Ywater X hsat? = 42.9 kN/m

Vs_surf =5 X Fs_sur_f/ 8 =20.7 KN/m

Vs mat=Fsmaixbix((5xL?-bd)/(5xL%=2kN/m

Vs mbit=Fsmbtx(8-(n?x(4-n)))/8=29.1kN/m
Vssi=Fssix(1-(@a?x((5xL)-a)/ (20 xL3)) =25.6 kN/m

Vi water f = Fs wator 1 % (1 - (@2 (5 x L) - a) / (20 x L?))) = 38.1 kN/m
Vstem = Vs sur_t + Vs m a f+ Vs m b f + Vs_s_f + Vs_water r = 115.4 KN/m

Ms sur = Fs sur tx L/ 8 = 15.2 kNm/m
Ms ma=Fsmatxbix((5xL2 - (3xb?)/(15x L2) = 2.4 kNm/m
Ms m b= Fs mbixax(2-n)?2/8=20.1 kNm/m

Ms s = Fs s 1 xax((3xa?)-(15xaxL)+(20xL2))/(60xL2) = 13.7 kNm/m
Ms_water = Fs water 1 xaix((3xa?)-(15xaxL)+(20xL2))/(60xL2) = 20.4

Mstem = Ms_sur + Ms m a + Ms m b + Ms s + Ms_water = 71.8 KNm/m

Mwﬁsur =9x Fsisurif x L /128 = 8.5 KNm/m
Mw_m_a = Fs_m_a_t X 0.577xbix[(b+5xaxL?)/(5xL%)-0.577%/3] = 2.7

Ma m b = Fs m b 1 x @ x [((8-n2x(4-n))2 /16)-4+nx(4-n)}/8 = 10.4 kNm/m
M s = Fs s 1 x [axxx((5xL)-a)/(20xL3)-(x-bi)® /(3xa?)] = 5.2 kNm/m
M water = Fs water 1 % [a2xxx((5xL)-a1)/(20xL3)-(x-bi)® /(3xa?)] = 7.8
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Total moment for wall design

Muwan = Mw_sur + Mw_m_a + Mw_m_b + Mw_s + Mw_water =34.6 kKNm/m

294

« 350 »]
- m—

Check wall stem in bending

«—150—»]
l¢—150—»|
b =1000 mm/m

Width of wall stem
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 mid height of wall in bending
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

dstem = twan — Cstem — (@stem / 2) = 294.0 mm
Kstem = Mstem / (D X dstem?® X feu) = 0.021
Compression reinforcement is not required
Zsiem = Min(0.5 + V(0.25 - (Min(Kstem, 0.225) / 0.9)),0.95) x dstem
Zstem = 279 mm
Asﬁstemfdes = Mstem / (0.87 X fy X Zstem) =591 mm2/m
As_stem_min = K X b X twal = 455 mm2/m
As_stem_req = Max(As_stem_des, As_stem_min) = 591 mm?2/m
12 mm dia.bars @ 150 mm centres
As_stem_prov = 754 mm3/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (b X dstem) = 0.393 N/mm?
Vagm = mMin(0.8 x V(few / 1 N/mm2), 5) x 1 N/mm2 = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vc_stem = 0.507 N/mm?
Vstem < Vc_stem - NO shear reinforcement required

dwall = twall — Cwall — (Qwai/ 2) = 294.0 mm
Kwail = Mwan / (b X dwai? X feu) = 0.010
Compression reinforcement is not required
Zwal = Min(0.5 + V(0.25 - (min(Kwai, 0.225) / 0.9)),0.95) x dwai
Zwall = 279 mm
As_wall_des = Mwail / (0.87 x fy X Zwan) = 285 mm?2/m
As_wall_min = K X b X twai = 455 mm?/m
As_wal_req = Max(As_wall_des, As wall_min) = 455 mm?/m
12 mm dia.bars @ 150 mm centres
As_wall_prov = 754 mm>?/m

PASS - Reinforcement provided to the retaining wall at mid height is adequate
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Check retaining wall deflection
Basic span/effective depth ratio ratiopas = 20
Design service stress fs = 2 X fy X As_stem_req / (3 X As_stem_prov) = 261.4 N/mm?
Modification factor factorens = min(0.55 + (477 N/mm? - f5)/(120 x (0.9 N/mm? + (Mstem/(b X dstem?)))),2) = 1.59
Maximum span/effective depth ratio ratiomax = ratiooas X factoriens = 31.76
Actual span/effective depth ratio ratioact = hstem / dstem = 11.90

PASS - Span to depth ratio is acceptable
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Indicative retaining wall reinforcement diagram

Wall reinforcement

Stem reinforcement

Toe reinforcement

Toe bars - 16 mm dia.@ 150 mm centres - (1340 mm?/m)
Wall bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
Stem bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
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RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.06

fe——1175———»]
[¢————1000 ———»{«- 350-»]
123 kN/me KNim?
Prop ‘ - + i
%
S
3
L [=3
3
&
°
3
]
v
H
2 Prop —=
R2 L2 L2

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

[e————1350———»]

Cantilever propped at both
hstem = 3500 mm

twan = 350 mm
Itoe = 1000 mm
lheet = 0 mm

lbase = lioe + Iheel + twan = 1350 mm
toase = 350 mm

dgs = 0 mm
las = 900 mm
tds = 350 mm

hwail = hstem + tbase + ddas = 3850 mm

dcover =0 mm

dexc =0 mm

hwater = 2850 mm

hsat = max(hwater - tbase - das, 0 mm) = 2500 mm
Yuall = 23.6 kN/m?3

Yoase = 23.6 kN/m?

o =90.0 deg

B =0.0 deg

hett = hwan + Iheel X tan(p) = 3850 mm

M=15
Y = 18.0 kN/m®
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Saturated density of retained material
Design shear strength
Angle of wall friction

Base material details
Firm clay

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
0' =24.2 deg
4 =18.6 deg

Ymb = 18.0 kN/m3
0'b = 24.2 deg

o = 18.6 deg
Pbearing = 125 kN/m?

Ka = sin(a + ¢')2 / (sin(ar)2 x sin(o - 8) x [1 + V(sin(¢' + 8) x sin(¢" - B) / (sin(c - 8) x sin(ax + B)))]2) = 0.369

Passive pressure coefficient for base material

Kp = sin(90 - 0'5)2 / (sin(90 - 8b) x [1 - V(sin(0' + &b) x sin(0') / (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 = 10.0 kN/m?
Woead = 110.0 KN/m
Wive = 13.1 kN/m

load = 1175 mm

Fdead = 0.0 kN/m

Five = 0.0 KN/m

hicad = 0 mm
123

f (e

Prop

é Prop—ﬁ

120.9

120.9

Loads shown in kN/m, pressures shown in kN/m?
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Vertical forces on wall
Wall stem

Wall base

Applied vertical load
Total vertical load

Horizontal forces on wall
Surcharge

Moist backfill above water table
Moist backfill below water table

Saturated backfill
Water
Total horizontal load

Calculate total propping force

Passive resistance of soil in front of wall

Propping force

Overturning moments
Surcharge

Moist backfill above water table
Moist backfill below water table

Saturated backfill

Water

Total overturning moment
Restoring moments
Wall stem

Wall base

Design vertical dead load
Total restoring moment
Check bearing pressure
Total vertical reaction

Distance to reaction
Eccentricity of reaction

Bearing pressure at toe
Bearing pressure at heel

Wuwall = Nstem X twan X Ywan = 28.9 kN/m
Whase = lbase X toase X Yoase = 11.2 KN/m
Wy = Waead + Wive = 123.1 KN/m

Wistal = Wwall + Woase + Wy = 163.2 KN/m

Fsur = Ka x c0s(90 - a + 8) x Surcharge X het = 13.5 kKN/m

Fm_a=0.5%xKaxcos(90 - o + &) X Ym X (Neff - hwater)2 =3.1 kN/m
Fm_b = Ka x COS(QO -0+ 8) X Ym X (heff - hwater) X hwater = 17.9 KN/m
Fs = 0.5 x Kax cos(90 - o + 3) X (ys- Ywater) X hwater® = 15.9 kN/m

Fwater =0.5x hwater2 X Ywater = 39.8 KN/m
Fiotal = Fsur + mea + meb + Fs + Fwater = 90.3 KN/m

Fp =0.5x Kp X COS(&)) X (dcover + toase + das - dexc)2 X Ymb = 4.4 KN/m

Fprop = maX(Ftotal - Fp - (Wtotal - Wlive) X tan(Sb), 0 kN/m)
Fprop =35.4 KN/m

Msur = Fsur X (Neit - 2 X das) / 2 = 25.9 kKNm/m

Mm_a = Fm_a X (heft + 2 X hwater - 3 X das) / 3 = 10 kNm/m
Mm_b = Fm_b X (hwater - 2 X dds) / 2 = 25.6 kNm/m

Ms = Fs X (hwater - 3 X das) / 3 = 15.1 kKNm/m

Muwater = Fwater X (hwater - 3 X dds) / 3 = 37.8 kNm/m

Mot = Msur + Mm_a + Mim_b + Ms + Mwater = 114.5 KNm/m

Muwail = Wwail X (loe + twa / 2) = 34 KNm/m
Mbase = Woase X lbase / 2 = 7.5 KNm/m

Mdead = Waead X lioad = 129.3 KNm/m

Mrest = Mwall + Mbase + Mdead = 170.7 kNm/m

R= Wtotal =163.2 kN/m
Xbar = lbase / 2 = 675 mm
€ = abs((lbase / 2) - Xpar) = 0 mm

Reaction acts within middle third of base

Proe = (R / lbase) - (B x Rx e/ |ba5e2) =120.9 kN/m?
Phreel = (R / Ibase) + (6 X R x € / lbase?) = 120.9 kN/m?

Calculate propping forces to top and base of wall

Propping force to top of wall

Propping force to base of wall

PASS - Maximum bearing pressure is less than allowable bearing pressure

Fpropitop = (Mot - Mrest + R X lbase / 2 - Fprop X tbase / 2) / (hstem + thase / 2) =12.975 kN/m

Fpropﬁbase = Fprop - Fpropﬁtop =22.454 kN/m
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RETAINING WALL DESIGN (BS 8002:1994)
TEDDS calculation version 1.2.01.06
Ultimate limit state load factors
Dead load factor Yid=1.4
Live load factor Ya=1.6
Earth and water pressure factor Yie=1.4

Factored vertical forces on wall

Wall stem

Wall base

Applied vertical load
Total vertical load

Factored horizontal at-rest forces on wall

Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total horizontal load

Calculate total propping force

Passive resistance of soil in front of wall

kN/m
Propping force

Factored overturning moments

Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total overturning moment

Restoring moments
Wall stem

Wall base

Design vertical load
Total restoring moment

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

Bearing pressure at toe

Bearing pressure at heel

Rate of change of base reaction
Bearing pressure at stem / toe

Wuwall f = Yi_d X Nstem X twall X Ywal = 40.5 KN/m
Whase_f = ¥ d X |base X toase X Yoase = 15.6 KN/m
Wy t =7 d X Wdead + Y1 X Wive = 175 KN/m
Whotal f = Wwall_f + Whase_f + Wy_f = 231.1 KN/m

Fsur_f = Y1 x Ko x Surcharge X het = 36.3 kN/m

Fm_a f="YeX 0.5 x Ko X ym X (Neff - hwater)?> = 7.4 KN/m
Fm_b t =Vt e X Ko X Ym X (Deff - hwater) X Nwater = 42.4 KN/m
Fs_t = Ve X 0.5 X Ko X (s~ Ywater) X Nwater® = 37.5 kN/m
Fuwater f = ¥t e X 0.5 X Nwater® X Ywater = 55.8 KN/m

Fiotal_f = Fsur_t + Fm_a_ + Fm_b_t + Fs_t + Fwater f = 179.5 KN/m

Fpﬁf ="YeX 0.5x Kp X COS(Sb) X (dcover + toase + das - dexc)2 X Ymb = 6.1

Fprop_t = maX(Ftotal_f - Fp_s- (Wtotal_f =YX Wlive) X tan(Sb), 0 kN/m)
Fprop_ =102.7 KN/m

Mesur_t = Fsur_t X (heff - 2 X das) / 2 = 70 kKNm/m

Mm_a_t = Fm_a_t X (et + 2 X hwater - 3 X das) / 3 = 23.7 kNm/m
Mm_b_f = Fm_b_t X (hwater - 2 X dds) / 2 = 60.4 KNm/m

Ms_ = Fs 1 X (Nwater - 3 X das) / 3 = 35.7 KNm/m

Muwater t = Fwater_f X (Nwater - 3 X das) / 3 = 53 KNm/m

Mot 1 = Msur f + Mm_a_f + Mm_b_f + Ms_t + Mwater 1 = 242.7 KNm/m

Mwall_f = Wwall_f X (ltoe + twan / 2) = 47.6 kKNm/m
Mbase_f = Woase_f X lbase / 2 = 10.5 KNm/m

Mv_f = Wy 1 X lioad = 205.6 KNm/m

Mrest_t = Mwai_f + Moase_t + My_t = 263.7 kNm/m

Rt = Wiota f = 231.1 kN/m
Xoar_f = lbase / 2 = 675 mm
et = abs((lbase / 2) - Xbar_f) = 0 mm
Reaction acts within middle third of base
Proe_f = (Rt / lbase) - (6 X Rt X €1/ lbase®) = 171.2 KN/m?
Pheel f = (R / Ibase) + (6 X Rt x €1/ lpase?) = 171.2 kN/m?
rate = (Proe_ - Pheel_1) / lbase = 0.00 KN/m?/m
Pstem_toe_f = MaX(Proe_f - (rate X loe), 0 kKN/m?) = 171.2 kN/m?
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Bearing pressure at mid stem
Bearing pressure at stem / heel

Pstom mid_f = MaX(Puos. 1 - (rate X (oo + twa / 2)), 0 KN/M?) = 171.2 kN/m?
Pstem_heel f = MaX(Proe_f - (rate x (loe + twan)), 0 kN/m2) =171.2 kN/m?

Calculate propping forces to top and base of wall

Propping force to top of wall

Fprop_top_ = (Mot_f - Mrest_f + Rf X |base /2 - Fprop_f X tbase / 2) / (hstem + tbase / 2) =31.832 kN/m

Propping force to base of wall

Fprop_base_f = Fprop_f - Fprop_top_ =70.825 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

Total shear for toe design

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

Total moment for toe design

feu = 40 N/mm?2
fy = 500 N/mm?

k=0.13 %
Ctoe = 50 mm

Vioe_bear = (Ptoe_f + Pstem_toe_) X loe / 2 = 171.2 KN/m
Vioe_wt base = Yt d X Yoase X ltoe X tbase = 11.6 KN/m
Vioe = Vtoefbear - Vtoefwtfbase =159.6 KN/m

Mioe_bear = (2 X Ptoe_f + Pstem_mid_f) X (hoe + twan / 2)2 /6 =118.2 kNm/m
Mioe_wt base = ('Yf_d X Yoase X loase X (|toe + twan / 2)2 / 2) =8 kNm/m
Mioe = Mtoe_bear - Mtoe_wt_base =110.2 kKNm/m

i
'3

o
v
I

—

l¢—150—»

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

Area of reinforcement provided

b =1000 mm/m
dtoe = tbase — Ctoe — (¢toe/ 2) =292.0 mm
Ktoe = Mtoe / (b X droe? X feu) = 0.032

Compression reinforcement is not required

Zioe = MIN(0.5 + V(0.25 - (min(Kie, 0.225) / 0.9)),0.95) X die
Ztoe = 277 mm

As 106 des = Mioe / (0.87 X fy X Zioe) = 913 mm?/m

As_toe_min = K X b X toase = 455 mm?2/m

As _toe_req = Max(As._toe_des, As_toe_min) = 913 mm?2/m

16 mm dia.bars @ 150 mm centres

As toe_prov = 1340 mm?2/m

PASS - Reinforcement provided at the retaining wall toe is adequate
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Check shear resistance at toe
Design shear stress
Allowable shear stress

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

Vioe = Vioe / (b X dtoe) = 0.547 N/mm?2
Vagm = mMin(0.8 x V(few / 1 N/mm2), 5) x 1 N/mm? = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vcﬁtoe = 0.617 N/mm2
Vioe < Vc_toe - 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 at-rest forces on stem
Surcharge

Moist backfill above water table

Moist backfill below water table

Saturated backfill

Water

Calculate shear for stem design
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total shear for stem design

Calculate moment for stem design
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

kNm/m

Total moment for stem design

Calculate moment for wall design
Surcharge

Moist backfill above water table
kNm/m

Moist backfill below water table
Saturated backfill

Water

kNm/m

fou = 40 N/mm?2
fy = 500 N/mm?

k=0.13 %
Cstem = 50 mm
Cwal = 50 mm

Fs surt = ¥t 1 X Ko X Surcharge X (heft - toase - das) = 33 kN/m

Fs m_at=0.5 XY e X Ko X Ym X (Neff - tbase - dds - Nsat)? = 7.4 KN/m
Fs m_b_t =7te X Ko X Ym X (Neff - tbase - ds - Nsat) X hsat = 37.2 KN/m
Fs_sr=0.5x Y e x Ko X (Ys- Ywater) X hsa® = 28.9 kN/m

Fs_water f = 0.5 X ¥t e X Ywater X hsat? = 42.9 kN/m

Vs_surf =5 X Fs_sur_f/ 8 =20.7 KN/m

Vs mat=Fsmaixbix((5xL?-bd)/(5xL%=2kN/m

Vs mbit=Fsmbtx(8-(n?x(4-n)))/8=29.1kN/m
Vssi=Fssix(1-(@a?x((5xL)-a)/ (20 xL3)) =25.6 kN/m

Vi water f = Fs wator 1 % (1 - (@2 (5 x L) - a) / (20 x L?))) = 38.1 kN/m
Vstem = Vs sur_t + Vs m a f+ Vs m b f + Vs_s_f + Vs_water r = 115.4 KN/m

Ms sur = Fs sur tx L/ 8 = 15.2 kNm/m
Ms ma=Fsmatxbix((5xL2 - (3xb?)/(15x L2) = 2.4 kNm/m
Ms m b= Fs mbixax(2-n)?2/8=20.1 kNm/m

Ms s = Fs s 1 xax((3xa?)-(15xaxL)+(20xL2))/(60xL2) = 13.7 kNm/m
Ms_water = Fs water 1 xaix((3xa?)-(15xaxL)+(20xL2))/(60xL2) = 20.4

Mstem = Ms_sur + Ms m a + Ms m b + Ms s + Ms_water = 71.8 KNm/m

Mwﬁsur =9x Fsisurif x L /128 = 8.5 KNm/m
Mw_m_a = Fs_m_a_t X 0.577xbix[(b+5xaxL?)/(5xL%)-0.577%/3] = 2.7

Ma m b = Fs m b 1 x @ x [((8-n2x(4-n))2 /16)-4+nx(4-n)}/8 = 10.4 kNm/m
M s = Fs s 1 x [axxx((5xL)-a)/(20xL3)-(x-bi)® /(3xa?)] = 5.2 kNm/m
M water = Fs water 1 % [a2xxx((5xL)-a1)/(20xL3)-(x-bi)® /(3xa?)] = 7.8
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Total moment for wall design

Muwan = Mw_sur + Mw_m_a + Mw_m_b + Mw_s + Mw_water =34.6 kKNm/m

294

« 350 »]
- m—

Check wall stem in bending

«—150—»]
l¢—150—»|
b =1000 mm/m

Width of wall stem
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 mid height of wall in bending
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

dstem = twan — Cstem — (@stem / 2) = 294.0 mm
Kstem = Mstem / (D X dstem?® X feu) = 0.021
Compression reinforcement is not required
Zsiem = Min(0.5 + V(0.25 - (Min(Kstem, 0.225) / 0.9)),0.95) x dstem
Zstem = 279 mm
Asﬁstemfdes = Mstem / (0.87 X fy X Zstem) =591 mm2/m
As_stem_min = K X b X twal = 455 mm2/m
As_stem_req = Max(As_stem_des, As_stem_min) = 591 mm?2/m
12 mm dia.bars @ 150 mm centres
As_stem_prov = 754 mm3/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (b X dstem) = 0.393 N/mm?
Vagm = mMin(0.8 x V(few / 1 N/mm2), 5) x 1 N/mm2 = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vc_stem = 0.507 N/mm?
Vstem < Vc_stem - NO shear reinforcement required

dwall = twall — Cwall — (Qwai/ 2) = 294.0 mm
Kwail = Mwan / (b X dwai? X feu) = 0.010
Compression reinforcement is not required
Zwal = Min(0.5 + V(0.25 - (min(Kwai, 0.225) / 0.9)),0.95) x dwai
Zwall = 279 mm
As_wall_des = Mwail / (0.87 x fy X Zwan) = 285 mm?2/m
As_wall_min = K X b X twai = 455 mm?/m
As_wal_req = Max(As_wall_des, As wall_min) = 455 mm?/m
12 mm dia.bars @ 150 mm centres
As_wall_prov = 754 mm>?/m

PASS - Reinforcement provided to the retaining wall at mid height is adequate
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Check retaining wall deflection
Basic span/effective depth ratio ratiopas = 20
Design service stress fs = 2 X fy X As_stem_req / (3 X As_stem_prov) = 261.4 N/mm?
Modification factor factorens = min(0.55 + (477 N/mm? - f5)/(120 x (0.9 N/mm? + (Mstem/(b X dstem?)))),2) = 1.59
Maximum span/effective depth ratio ratiomax = ratiooas X factoriens = 31.76
Actual span/effective depth ratio ratioact = hstem / dstem = 11.90

PASS - Span to depth ratio is acceptable
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Indicative retaining wall reinforcement diagram

Wall reinforcement

Stem reinforcement

Toe reinforcement

Toe bars - 16 mm dia.@ 150 mm centres - (1340 mm?/m)
Wall bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
Stem bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
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RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.06
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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

[e————1350———»]

Cantilever propped at both
hstem = 3500 mm

twan = 350 mm
Itoe = 1000 mm
lheet = 0 mm

lbase = lioe + Iheel + twan = 1350 mm
toase = 350 mm

dgs = 0 mm
las = 900 mm
tds = 350 mm

hwail = hstem + tbase + ddas = 3850 mm

dcover =0 mm

dexc =0 mm

hwater = 2850 mm

hsat = max(hwater - tbase - das, 0 mm) = 2500 mm
Yuall = 23.6 kN/m?3

Yoase = 23.6 kN/m?

o =90.0 deg

B =0.0 deg

hett = hwan + Iheel X tan(p) = 3850 mm

M=15
Y = 18.0 kN/m®
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Saturated density of retained material
Design shear strength
Angle of wall friction

Base material details
Firm clay

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
0' =24.2 deg
4 =18.6 deg

Ymb = 18.0 kN/m3
0'b = 24.2 deg

o = 18.6 deg
Pbearing = 125 kN/m?

Ka = sin(a + ¢')2 / (sin(ar)2 x sin(o - 8) x [1 + V(sin(¢' + 8) x sin(¢" - B) / (sin(c - 8) x sin(ax + B)))]2) = 0.369

Passive pressure coefficient for base material

Kp = sin(90 - 0'5)2 / (sin(90 - 8b) x [1 - V(sin(0' + &b) x sin(0') / (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 = 10.0 kN/m?
Woead = 47.6 KN/m

Wive = 4.2 KN/m

load = 1175 mm

Fdead = 0.0 kN/m

Five = 0.0 KN/m

hicad = 0 mm
52

f (e

Prop

é Prop—ﬁ

25.0

68.1

68.1

Loads shown in kN/m, pressures shown in kN/m?
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Vertical forces on wall
Wall stem

Wall base

Applied vertical load
Total vertical load

Horizontal forces on wall
Surcharge

Moist backfill above water table
Moist backfill below water table

Saturated backfill
Water
Total horizontal load

Calculate total propping force

Passive resistance of soil in front of wall

Propping force

Overturning moments
Surcharge

Moist backfill above water table
Moist backfill below water table

Saturated backfill

Water

Total overturning moment
Restoring moments
Wall stem

Wall base

Design vertical dead load
Total restoring moment
Check bearing pressure
Total vertical reaction

Distance to reaction
Eccentricity of reaction

Bearing pressure at toe
Bearing pressure at heel

Wuwall = Nstem X twan X Ywan = 28.9 kN/m
Whase = Ibase X tbase X Yoase = 11.2 KN/m
Wy = Waead + Wive = 51.8 KN/m

Wistal = Wwall + Whase + Wy = 91.9 kKN/m

Fsur = Ka x cos(90 - a + 8) x Surcharge X hett = 13.5 kN/m

Fm_a = 0.5 x Ka x cos(90 - o + 8) X Ym X (Neft - hwater)? = 3.1 KN/m
Fm b =Kaxcos(90 - o + 8) X ym X (eft - hwater) X hwater = 17.9 kN/m
Fs = 0.5 x Ka x cos(90 - o + 8) X (Ys- Ywater) X hwater® = 15.9 KN/m
Fuater = 0.5 X hwater® X Ywater = 39.8 KN/m

Fiotal = Fsur + Fm_a + Fm_b + Fs + Fuater = 90.3 KN/m

Fp =0.5x Kp X COS(&)) X (dcover + toase + das - dexc)2 X Ymb = 4.4 KN/m
Fprop = maX(Ftotal - Fp - (Wtotal - Wlive) X tan(Sb), 0 kN/m)
Fprop = 56.4 kN/m

Msur = Fsur X (Neit - 2 X das) / 2 = 25.9 kKNm/m

Mm_a = Fm_a X (heft + 2 X hwater - 3 X das) / 3 = 10 kNm/m
Mm_b = Fm_b X (hwater - 2 X dds) / 2 = 25.6 kNm/m

Ms = Fs X (hwater - 3 X das) / 3 = 15.1 kKNm/m

Muwater = Fwater X (hwater - 3 X dds) / 3 = 37.8 kNm/m

Mot = Msur + Mm_a + Mim_b + Ms + Mwater = 114.5 KNm/m

Muwail = Wwail X (loe + twa / 2) = 34 KNm/m
Mbase = Woase X lbase / 2 = 7.5 KNm/m

Maead = Waead X lioad = 55.9 KNm/m

Mrest = Mwail + Mbase + Mdead = 97.4 KNm/m

R= Wtotal =91.9 kN/m
Xbar = lbase / 2 = 675 mm
€ = abs((lbase / 2) - Xpar) = 0 mm

Reaction acts within middle third of base

Proe = (R / lbase) - (B x Rx e/ |ba5e2) =68.1 kN/m?
Pheel = (R / lbase) + (6 X R x e/ |base2) = 68.1 kN/m?

PASS - Maximum bearing pressure is less than allowable bearing pressure

Calculate propping forces to top and base of wall

Propping force to top of wall

Propping force to base of wall

Fpropitop = (Mot - Mrest + R X lbase / 2 - Fprop X tbase / 2) / (hstem + thase / 2) =18.829 kN/m

Fprop_base = Fprop - Fprop_top = 37.600 KN/m
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RETAINING WALL DESIGN (BS 8002:1994)
TEDDS calculation version 1.2.01.06
Ultimate limit state load factors
Dead load factor Yid=1.4
Live load factor Ya=1.6
Earth and water pressure factor Yie=1.4

Factored vertical forces on wall

Wall stem

Wall base

Applied vertical load
Total vertical load

Factored horizontal at-rest forces on wall

Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total horizontal load

Calculate total propping force

Passive resistance of soil in front of wall

kN/m
Propping force

Factored overturning moments

Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total overturning moment

Restoring moments
Wall stem

Wall base

Design vertical load
Total restoring moment

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

Bearing pressure at toe

Bearing pressure at heel

Rate of change of base reaction
Bearing pressure at stem / toe

Wuwall f = Yi_d X Nstem X twall X Ywal = 40.5 KN/m
Whase_f = ¥ d X |base X toase X Yoase = 15.6 KN/m
Wy t =7 d X Wdead + Y1 X Wive = 73.4 KN/m
Whotal f = Wwall_f + Whase_f + Wy_f = 129.5 KN/m

Fsur_f = Y1 x Ko x Surcharge X het = 36.3 kN/m

Fm_a f="YeX 0.5 x Ko X ym X (Neff - hwater)?> = 7.4 KN/m
Fm_b t =Vt e X Ko X Ym X (Deff - hwater) X Nwater = 42.4 KN/m
Fs_t = Ve X 0.5 X Ko X (s~ Ywater) X Nwater® = 37.5 kN/m
Fuwater f = ¥t e X 0.5 X Nwater® X Ywater = 55.8 KN/m

Fiotal_f = Fsur_t + Fm_a_ + Fm_b_t + Fs_t + Fwater f = 179.5 KN/m

Fpﬁf ="YeX 0.5x Kp X COS(Sb) X (dcover + toase + das - dexc)2 X Ymb = 6.1

Fprop_t = maX(Ftotal_f - Fp_s- (Wtotal_f =YX Wlive) X tan(Sb), 0 kN/m)
Fprop_ =132.1 KN/m

Mesur_t = Fsur_t X (heff - 2 X das) / 2 = 70 kKNm/m

Mm_a_t = Fm_a_t X (et + 2 X hwater - 3 X das) / 3 = 23.7 kNm/m
Mm_b_f = Fm_b_t X (hwater - 2 X dds) / 2 = 60.4 KNm/m

Ms_ = Fs 1 X (Nwater - 3 X das) / 3 = 35.7 KNm/m

Muwater t = Fwater_f X (Nwater - 3 X das) / 3 = 53 KNm/m

Mot 1 = Msur f + Mm_a_f + Mm_b_f + Ms_t + Mwater 1 = 242.7 KNm/m

Mwall_f = Wwall_f X (ltoe + twan / 2) = 47.6 kKNm/m
Mbase_f = Woase_f X lbase / 2 = 10.5 KNm/m

Mv_t = Wy_t X lioad = 86.2 KNm/m

Mrest_t = Mwai_f + Moase_t + Mv_ = 144.3 kNm/m

Rt = Wiota 1 = 129.5 KN/m
Xoar_f = lbase / 2 = 675 mm
et = abs((lbase / 2) - Xbar_f) = 0 mm
Reaction acts within middle third of base
Proe_f = (Rt / lbase) - (6 X Rt X €1/ lbase?) = 95.9 kN/m?
Pheel f = (Rt / lbase) + (6 X Rt X €1/ Ipase?) = 95.9 KN/m?
rate = (Proe_ - Pheel_1) / lbase = 0.00 KN/m?/m
Pstem_toe_f = MaXx(Proe_f - (rate x lwoe), 0 KN/m?) = 95.9 kN/m?
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Bearing pressure at mid stem
Bearing pressure at stem / heel

Pstem_mid_f = maX(ptoeff - (rate X (|toe + twan / 2)), 0 kN/m2) = 95.9 kN/m?
Pstem_heel f = MaX(Proe_f - (rate x (loe + twan)), 0 kN/m2) = 95.9 kN/m?

Calculate propping forces to top and base of wall

Propping force to top of wall

Fprop_top_ = (Mot_f - Mrest_f + Rf X |base /2 - Fprop_f X tbase / 2) / (hstem + tbase / 2) = 44.256 kN/m

Propping force to base of wall

Fprop_base_f = Fprop_f - Fprop_top_ =87.801 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

Total shear for toe design

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

Total moment for toe design

feu = 40 N/mm?2
fy = 500 N/mm?

k=0.13 %
Ctoe = 50 mm

Vioe_bear = (Ptoe_f + Pstem_toe_f) X hoe / 2 = 95.9 KN/m
Vioe_wt base = Yt d X Yoase X ltoe X tbase = 11.6 KN/m
Vioe = Vtoefbear - Vtoefwtfbase = 84.3 kKN/m

Mioe_bear = (2 X Ptoe_f + Pstem_mid_f) X (hoe + twan / 2)2 / 6 =66.2 kNm/m
Mioe_wt base = ('Yf_d X Yoase X loase X (|toe + twan / 2)2 / 2) =8 kNm/m
Mioe = Mtoe_bear - Mtoe_wt_base =58.2 KNm/m

g
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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

Area of reinforcement provided

b =1000 mm/m
dioe = tbase — Ctoe — (Ptoe/ 2) = 294.0 mm
Kioe = Mioe / (b X ditoe? X feu) = 0.017
Compression reinforcement is not required
Zioe = MiN(0.5 + V(0.25 - (min(Kice, 0.225) / 0.9)),0.95) X droe
Zioe = 279 mm
As 106 _des = Mioe / (0.87 X fy X Zioe) = 479 mm?/m
As_toe_min = K X b X toase = 455 mm?2/m
As _toe_req = Max(As._toe_des, As_toe_min) = 479 mm2/m
12 mm dia.bars @ 150 mm centres
As toe_prov = 754 mm3/m
PASS - Reinforcement provided at the retaining wall toe is adequate
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Check shear resistance at toe
Design shear stress
Allowable shear stress

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

Vioe = Vioe / (D X dioe) = 0.287 N/mm?
Vagm = mMin(0.8 x V(few / 1 N/mm2), 5) x 1 N/mm? = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vcﬁtoe = 0.507 N/mm2
Vioe < Vc_toe - 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 at-rest forces on stem
Surcharge

Moist backfill above water table

Moist backfill below water table

Saturated backfill

Water

Calculate shear for stem design
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total shear for stem design

Calculate moment for stem design
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

kNm/m

Total moment for stem design

Calculate moment for wall design
Surcharge

Moist backfill above water table
kNm/m

Moist backfill below water table
Saturated backfill

Water

kNm/m

fou = 40 N/mm?2
fy = 500 N/mm?

k=0.13 %
Cstem = 50 mm
Cwal = 50 mm

Fs surt = ¥t 1 X Ko X Surcharge X (heft - toase - das) = 33 kN/m

Fs m_at=0.5 XY e X Ko X Ym X (Neff - tbase - dds - Nsat)? = 7.4 KN/m
Fs m_b_t =7te X Ko X Ym X (Neff - tbase - ds - Nsat) X hsat = 37.2 KN/m
Fs_sr=0.5x Y e x Ko X (Ys- Ywater) X hsa® = 28.9 kN/m

Fs_water f = 0.5 X ¥t e X Ywater X hsat? = 42.9 kN/m

Vs_surf =5 X Fs_sur_f/ 8 =20.7 KN/m

Vs mat=Fsmaixbix((5xL?-bd)/(5xL%=2kN/m

Vs mbit=Fsmbtx(8-(n?x(4-n)))/8=29.1kN/m
Vssi=Fssix(1-(@a?x((5xL)-a)/ (20 xL3)) =25.6 kN/m

Vi water f = Fs wator 1 % (1 - (@2 (5 x L) - a) / (20 x L?))) = 38.1 kN/m
Vstem = Vs sur_t + Vs m a f+ Vs m b f + Vs_s_f + Vs_water r = 115.4 KN/m

Ms sur = Fs sur tx L/ 8 = 15.2 kNm/m
Ms ma=Fsmatxbix((5xL2 - (3xb?)/(15x L2) = 2.4 kNm/m
Ms m b= Fs mbixax(2-n)?2/8=20.1 kNm/m

Ms s = Fs s 1 xax((3xa?)-(15xaxL)+(20xL2))/(60xL2) = 13.7 kNm/m
Ms_water = Fs water 1 xaix((3xa?)-(15xaxL)+(20xL2))/(60xL2) = 20.4

Mstem = Ms_sur + Ms m a + Ms m b + Ms s + Ms_water = 71.8 KNm/m

Mwﬁsur =9x Fsisurif x L /128 = 8.5 KNm/m
Mw_m_a = Fs_m_a_t X 0.577xbix[(b+5xaxL?)/(5xL%)-0.577%/3] = 2.7

Ma m b = Fs m b 1 x @ x [((8-n2x(4-n))2 /16)-4+nx(4-n)}/8 = 10.4 kNm/m
M s = Fs s 1 x [axxx((5xL)-a)/(20xL3)-(x-bi)® /(3xa?)] = 5.2 kNm/m
M water = Fs water 1 % [a2xxx((5xL)-a1)/(20xL3)-(x-bi)® /(3xa?)] = 7.8
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Total moment for wall design

Muwan = Mw_sur + Mw_m_a + Mw_m_b + Mw_s + Mw_water =34.6 kKNm/m

294

« 350 »]
- m—

Check wall stem in bending

«—150—»]
l¢—150—»|
b =1000 mm/m

Width of wall stem
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 mid height of wall in bending
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

dstem = twan — Cstem — (@stem / 2) = 294.0 mm
Kstem = Mstem / (D X dstem?® X feu) = 0.021
Compression reinforcement is not required
Zsiem = Min(0.5 + V(0.25 - (Min(Kstem, 0.225) / 0.9)),0.95) x dstem
Zstem = 279 mm
Asﬁstemfdes = Mstem / (0.87 X fy X Zstem) =591 mm2/m
As_stem_min = K X b X twal = 455 mm2/m
As_stem_req = Max(As_stem_des, As_stem_min) = 591 mm?2/m
12 mm dia.bars @ 150 mm centres
As_stem_prov = 754 mm3/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (b X dstem) = 0.393 N/mm?
Vagm = mMin(0.8 x V(few / 1 N/mm2), 5) x 1 N/mm2 = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vc_stem = 0.507 N/mm?
Vstem < Vc_stem - NO shear reinforcement required

dwall = twall — Cwall — (Qwai/ 2) = 294.0 mm
Kwail = Mwan / (b X dwai? X feu) = 0.010
Compression reinforcement is not required
Zwal = Min(0.5 + V(0.25 - (min(Kwai, 0.225) / 0.9)),0.95) x dwai
Zwall = 279 mm
As_wall_des = Mwail / (0.87 x fy X Zwan) = 285 mm?2/m
As_wall_min = K X b X twai = 455 mm?/m
As_wal_req = Max(As_wall_des, As wall_min) = 455 mm?/m
12 mm dia.bars @ 150 mm centres
As_wall_prov = 754 mm>?/m

PASS - Reinforcement provided to the retaining wall at mid height is adequate
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Check retaining wall deflection
Basic span/effective depth ratio ratiopas = 20
Design service stress fs = 2 X fy X As_stem_req / (3 X As_stem_prov) = 261.4 N/mm?
Modification factor factorens = min(0.55 + (477 N/mm? - f5)/(120 x (0.9 N/mm? + (Mstem/(b X dstem?)))),2) = 1.59
Maximum span/effective depth ratio ratiomax = ratiooas X factoriens = 31.76
Actual span/effective depth ratio ratioact = hstem / dstem = 11.90

PASS - Span to depth ratio is acceptable




Conisbee
1-5 Offord Street
London

N1 1DH

Project Job no.
1 St Marks Crescent 180507
Calcs for Start page no./Revision
Retaining wall No. 1/2 Rear 9
Calcs by Calcs date Checked by Checked date Approved by Approved date
HH 13/06/2018

Indicative retaining wall reinforcement diagram

Wall reinforcement Stem reinforcement

Toe reinforcement

Toe bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
Wall bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
Stem bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
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RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.06
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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

[e————1350———»]

Cantilever propped at both
hstem = 3500 mm

twan = 350 mm
Itoe = 1000 mm
lheet = 0 mm

lbase = lioe + Iheel + twan = 1350 mm
toase = 350 mm

dgs = 0 mm
las = 900 mm
tds = 350 mm

hwail = hstem + tbase + ddas = 3850 mm

dcover =0 mm

dexc =0 mm

hwater = 2850 mm

hsat = max(hwater - tbase - das, 0 mm) = 2500 mm
Yuall = 23.6 kN/m?3

Yoase = 23.6 kN/m?

o =90.0 deg

B =0.0 deg

hett = hwan + Iheel X tan(p) = 3850 mm

M=15
Y = 18.0 kN/m®
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Saturated density of retained material
Design shear strength
Angle of wall friction

Base material details
Firm clay

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
0' =24.2 deg
4 =18.6 deg

Ymb = 18.0 kN/m3
0'b = 24.2 deg

o = 18.6 deg
Pbearing = 125 kN/m?

Ka = sin(a + ¢')2 / (sin(ar)2 x sin(o - 8) x [1 + V(sin(¢' + 8) x sin(¢" - B) / (sin(c - 8) x sin(ax + B)))]2) = 0.369

Passive pressure coefficient for base material

Kp = sin(90 - 0'5)2 / (sin(90 - 8b) x [1 - V(sin(0' + &b) x sin(0') / (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

é Prop—ﬁ

25.0

Prop

Ko = 1 —sin(¢) = 0.590

Surcharge = 10.0 kN/m?
Waead = 79.2 KN/m

Wiive = 5.4 KN/m

load = 1175 mm

Fdead = 0.0 kN/m

Five = 0.0 KN/m

hicad = 0 mm
85

f (e

92.4

92.4

Loads shown in kN/m, pressures shown in kN/m?
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Vertical forces on wall
Wall stem

Wall base

Applied vertical load
Total vertical load

Horizontal forces on wall
Surcharge

Moist backfill above water table
Moist backfill below water table

Saturated backfill
Water
Total horizontal load

Calculate total propping force

Passive resistance of soil in front of wall

Propping force

Overturning moments
Surcharge

Moist backfill above water table
Moist backfill below water table

Saturated backfill

Water

Total overturning moment
Restoring moments
Wall stem

Wall base

Design vertical dead load
Total restoring moment
Check bearing pressure
Total vertical reaction

Distance to reaction
Eccentricity of reaction

Bearing pressure at toe
Bearing pressure at heel

Wuwall = Nstem X twan X Ywan = 28.9 kN/m
Whase = Ibase X tbase X Yoase = 11.2 KN/m
Wy = Waead + Wive = 84.6 KN/m

Wiotal = Wwall + Whase + Wy = 124.7 KN/m

Fsur = Ka x c0s(90 - a + 8) x Surcharge X het = 13.5 kKN/m

Fm_a=0.5%xKaxcos(90 - o + &) X Ym X (Neff - hwater)2 =3.1 kN/m
Fm_b = Ka x COS(QO -0+ 8) X Ym X (heff - hwater) X hwater = 17.9 KN/m
Fs = 0.5 x Kax cos(90 - o + 3) X (ys- Ywater) X hwater® = 15.9 kN/m

Fwater =0.5x hwater2 X Ywater = 39.8 KN/m
Fiotal = Fsur + mea + meb + Fs + Fwater = 90.3 KN/m

Fp =0.5x Kp X COS(&)) X (dcover + toase + das - dexc)2 X Ymb = 4.4 KN/m

Fprop = maX(Ftotal - Fp - (Wtotal - Wlive) X tan(Sb), 0 kN/m)
Fprop = 45.8 kN/m

Msur = Fsur X (Neit - 2 X das) / 2 = 25.9 kKNm/m

Mm_a = Fm_a X (heft + 2 X hwater - 3 X das) / 3 = 10 kNm/m
Mm_b = Fm_b X (hwater - 2 X dds) / 2 = 25.6 kNm/m

Ms = Fs X (hwater - 3 X das) / 3 = 15.1 kKNm/m

Muwater = Fwater X (hwater - 3 X dds) / 3 = 37.8 kNm/m

Mot = Msur + Mm_a + Mim_b + Ms + Mwater = 114.5 KNm/m

Muwail = Wwail X (loe + twa / 2) = 34 KNm/m
Mbase = Woase X lbase / 2 = 7.5 KNm/m

Maead = Waead X lioad = 93.1 KNm/m

Mrest = Mwail + Mbase + Mgead = 134.6 kNm/m

R = Wiotas = 124.7 KN/m
Xbar = lbase / 2 = 675 mm
€ = abs((lbase / 2) - Xpar) = 0 mm

Reaction acts within middle third of base

Proe = (R / lbase) - (B x Rx e/ |ba5e2) =92.4 kKN/m?
Phreel = (R / Ibase) + (6 X R x € / lbase®) = 92.4 kN/m?

PASS - Maximum bearing pressure is less than allowable bearing pressure

Calculate propping forces to top and base of wall

Propping force to top of wall

Propping force to base of wall

Fpropitop = (Mot - Mrest + R X lbase / 2 - Fprop X tbase / 2) / (hstem + thase / 2) =15.260 kN/m

Fprop_base = Fprop - Fprop_top = 30.534 kKN/m
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RETAINING WALL DESIGN (BS 8002:1994)
TEDDS calculation version 1.2.01.06
Ultimate limit state load factors
Dead load factor Yid=1.4
Live load factor Ya=1.6
Earth and water pressure factor Yie=1.4

Factored vertical forces on wall
Wall stem

Wall base

Applied vertical load

Total vertical load

Factored horizontal at-rest forces on wall
Surcharge

Moist backfill above water table

Moist backfill below water table

Saturated backfill

Water

Total horizontal load

Calculate total propping force
Passive resistance of soil in front of wall
kN/m

Propping force

Factored overturning moments
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total overturning moment

Restoring moments
Wall stem

Wall base

Design vertical load
Total restoring moment

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

Bearing pressure at toe

Bearing pressure at heel

Rate of change of base reaction
Bearing pressure at stem / toe

Wuwall f = Yi_d X Nstem X twall X Ywal = 40.5 KN/m

Whase_f = ¥ d X |base X toase X Yoase = 15.6 KN/m
Wyt =7 d X Wdead + Y1 X Wive = 119.6 KN/m
Whotal f = Wwall_f + Whase_f + Wy_f = 175.7 KN/m

Fsur_f = Y1 x Ko x Surcharge X het = 36.3 kN/m

Fm_a f="YeX 0.5 x Ko X ym X (Neff - hwater)?> = 7.4 KN/m
Fm_b t =Vt e X Ko X Ym X (Deff - hwater) X Nwater = 42.4 KN/m
Fs_t = Ve X 0.5 X Ko X (s~ Ywater) X Nwater® = 37.5 kN/m
Fuwater f = ¥t e X 0.5 X Nwater® X Ywater = 55.8 KN/m

Fiotal_f = Fsur_t + Fm_a_ + Fm_b_t + Fs_t + Fwater f = 179.5 KN/m

Fpﬁf =Y e X 0.5x Kp X COS(Sb) X (dcover + toase + das - dexc)2 X Ymb = 6.1

Fprop_ = maX(Ftotal_f - Fp_ - (Wtotal_f -V X Wlive) X tan(Sb), 0 kN/m)
Fprop_ =117.2 kN/m

Mesur_t = Fsur_t X (heff - 2 X das) / 2 = 70 kKNm/m

Mm_a_t = Fm_a_t X (et + 2 X hwater - 3 X das) / 3 = 23.7 kNm/m
Mm_b_f = Fm_b_t X (hwater - 2 X dds) / 2 = 60.4 KNm/m

Ms_ = Fs 1 X (Nwater - 3 X das) / 3 = 35.7 KNm/m

Muwater t = Fwater_f X (Nwater - 3 X das) / 3 = 53 KNm/m

Mot 1 = Msur f + Mm_a_f + Mm_b_f + Ms_t + Mwater 1 = 242.7 KNm/m

Muwail_f = Wwall_f X (loe + twai / 2) = 47.6 KNm/m
Mbase_f = Woase_f X lbase / 2 = 10.5 KNm/m

Mv_f = Wy 1 X lioad = 140.5 KNm/m

Mrest_t = Mwai_f + Moase_t + My_f = 198.6 kNm/m

Rt = Wiota 1 = 175.7 KN/m
Xoar_f = lbase / 2 = 675 mm
et = abs((lbase / 2) - Xbar_f) = 0 mm
Reaction acts within middle third of base
Proe_f = (Rt / lbase) - (6 X Rt X €1/ lbase?) = 130.1 KN/m?
Pheel f = (Rt / lbase) + (6 X Rt X €1/ Ipase?) = 130.1 KN/m?
rate = (Proe_ - Pheel_1) / lbase = 0.00 KN/m?/m
Pstem_toe_f = MaX(Proe_f - (rate X loe), 0 kKN/m?) = 130.1 kN/m?
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Bearing pressure at mid stem
Bearing pressure at stem / heel

Pstom mid_f = MaX(Puos 1 - (rate X (oo + twa / 2)), 0 KN/m?) = 130.1 kN/m?
Pstem_heel_f = Max(Proe_f - (rate x (loe + twar)), 0 kN/m2) =130.1 kN/m?

Calculate propping forces to top and base of wall

Propping force to top of wall

Fprop_top_ = (Mot_f - Mrest_f + Rf X |base /2 - Fprop_f X tbase / 2) / (hstem + tbase / 2) =38.680 kN/m

Propping force to base of wall

Fprop_base_f = Fprop_f - Fprop_top_ =78.488 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

Total shear for toe design

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

Total moment for toe design

feu = 40 N/mm?2
fy = 500 N/mm?

k=0.13 %
Ctoe = 50 mm

Vioe_bear = (Ptoe_f + Pstem_toe_) X loe / 2 = 130.1 kKN/m
Vioe_wt base = Yt d X Yoase X ltoe X tbase = 11.6 KN/m
Vioe = Vtoefbear - Vtoefwtfbase =118.6 KN/m

Mioe_bear = (2 X Ptoe_f + Pstem_mid_f) X (hoe + twan / 2)2 / 6 = 89.8 kKNm/m
Mioe_wt base = ('Yf_d X Yoase X loase X (|toe + twan / 2)2 / 2) =8 kNm/m
Mioe = Mtoe_bear - Mtoe_wt_base =81.8 KNm/m

g
JL -

o
v
I

—

l«—150—»

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

Area of reinforcement provided

b =1000 mm/m
dioe = tbase — Ctoe — (Ptoe/ 2) = 294.0 mm
Kioe = Mioe / (b X ditoe? X feu) = 0.024
Compression reinforcement is not required
Zioe = MiN(0.5 + V(0.25 - (min(Kice, 0.225) / 0.9)),0.95) X droe
Zioe = 279 mm
As t0e_des = Mioe / (0.87 X fy X Zi0e) = 674 mm?3/m
As_toe_min = K X b X toase = 455 mm?2/m
As _toe_req = Max(As._toe_des, As_toe_min) = 674 mm2/m
12 mm dia.bars @ 150 mm centres
As toe_prov = 754 mm3/m
PASS - Reinforcement provided at the retaining wall toe is adequate
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Check shear resistance at toe
Design shear stress
Allowable shear stress

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

Vioe = Vioe / (b X dtoe) = 0.403 N/mm?2
Vagm = mMin(0.8 x V(few / 1 N/mm2), 5) x 1 N/mm? = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vcﬁtoe = 0.507 N/mm2
Vioe < Vc_toe - 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 at-rest forces on stem
Surcharge

Moist backfill above water table

Moist backfill below water table

Saturated backfill

Water

Calculate shear for stem design
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total shear for stem design

Calculate moment for stem design
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

kNm/m

Total moment for stem design

Calculate moment for wall design
Surcharge

Moist backfill above water table
kNm/m

Moist backfill below water table
Saturated backfill

Water

kNm/m

fou = 40 N/mm?2
fy = 500 N/mm?

k=0.13 %
Cstem = 50 mm
Cwal = 50 mm

Fs surt = ¥t 1 X Ko X Surcharge X (heft - toase - das) = 33 kN/m

Fs m_at=0.5 XY e X Ko X Ym X (Neff - tbase - dds - Nsat)? = 7.4 KN/m
Fs m_b_t =7te X Ko X Ym X (Neff - tbase - ds - Nsat) X hsat = 37.2 KN/m
Fs_sr=0.5x Y e x Ko X (Ys- Ywater) X hsa® = 28.9 kN/m

Fs_water f = 0.5 X ¥t e X Ywater X hsat? = 42.9 kN/m

Vs_surf =5 X Fs_sur_f/ 8 =20.7 KN/m

Vs mat=Fsmaixbix((5xL?-bd)/(5xL%=2kN/m

Vs mbit=Fsmbtx(8-(n?x(4-n)))/8=29.1kN/m
Vssi=Fssix(1-(@a?x((5xL)-a)/ (20 xL3)) =25.6 kN/m

Vi water f = Fs wator 1 % (1 - (@2 (5 x L) - a) / (20 x L?))) = 38.1 kN/m
Vstem = Vs sur_t + Vs m a f+ Vs m b f + Vs_s_f + Vs_water r = 115.4 KN/m

Ms sur = Fs sur tx L/ 8 = 15.2 kNm/m
Ms ma=Fsmatxbix((5xL2 - (3xb?)/(15x L2) = 2.4 kNm/m
Ms m b= Fs mbixax(2-n)?2/8=20.1 kNm/m

Ms s = Fs s 1 xax((3xa?)-(15xaxL)+(20xL2))/(60xL2) = 13.7 kNm/m
Ms_water = Fs water 1 xaix((3xa?)-(15xaxL)+(20xL2))/(60xL2) = 20.4

Mstem = Ms_sur + Ms m a + Ms m b + Ms s + Ms_water = 71.8 KNm/m

Mwﬁsur =9x Fsisurif x L /128 = 8.5 KNm/m
Mw_m_a = Fs_m_a_t X 0.577xbix[(b+5xaxL?)/(5xL%)-0.577%/3] = 2.7

Ma m b = Fs m b 1 x @ x [((8-n2x(4-n))2 /16)-4+nx(4-n)}/8 = 10.4 kNm/m
M s = Fs s 1 x [axxx((5xL)-a)/(20xL3)-(x-bi)® /(3xa?)] = 5.2 kNm/m
M water = Fs water 1 % [a2xxx((5xL)-a1)/(20xL3)-(x-bi)® /(3xa?)] = 7.8
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Total moment for wall design

Muwan = Mw_sur + Mw_m_a + Mw_m_b + Mw_s + Mw_water =34.6 kKNm/m

294

« 350 »]
- m—

Check wall stem in bending

«—150—»]
l¢—150—»|
b =1000 mm/m

Width of wall stem
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 mid height of wall in bending
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

dstem = twan — Cstem — (@stem / 2) = 294.0 mm
Kstem = Mstem / (D X dstem?® X feu) = 0.021
Compression reinforcement is not required
Zsiem = Min(0.5 + V(0.25 - (Min(Kstem, 0.225) / 0.9)),0.95) x dstem
Zstem = 279 mm
Asﬁstemfdes = Mstem / (0.87 X fy X Zstem) =591 mm2/m
As_stem_min = K X b X twal = 455 mm2/m
As_stem_req = Max(As_stem_des, As_stem_min) = 591 mm?2/m
12 mm dia.bars @ 150 mm centres
As_stem_prov = 754 mm3/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (b X dstem) = 0.393 N/mm?
Vagm = mMin(0.8 x V(few / 1 N/mm2), 5) x 1 N/mm2 = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vc_stem = 0.507 N/mm?
Vstem < Vc_stem - NO shear reinforcement required

dwall = twall — Cwall — (Qwai/ 2) = 294.0 mm
Kwail = Mwan / (b X dwai? X feu) = 0.010
Compression reinforcement is not required
Zwal = Min(0.5 + V(0.25 - (min(Kwai, 0.225) / 0.9)),0.95) x dwai
Zwall = 279 mm
As_wall_des = Mwail / (0.87 x fy X Zwan) = 285 mm?2/m
As_wall_min = K X b X twai = 455 mm?/m
As_wal_req = Max(As_wall_des, As wall_min) = 455 mm?/m
12 mm dia.bars @ 150 mm centres
As_wall_prov = 754 mm>?/m

PASS - Reinforcement provided to the retaining wall at mid height is adequate
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Check retaining wall deflection
Basic span/effective depth ratio ratiopas = 20
Design service stress fs = 2 X fy X As_stem_req / (3 X As_stem_prov) = 261.4 N/mm?
Modification factor factorens = min(0.55 + (477 N/mm? - f5)/(120 x (0.9 N/mm? + (Mstem/(b X dstem?)))),2) = 1.59
Maximum span/effective depth ratio ratiomax = ratiooas X factoriens = 31.76
Actual span/effective depth ratio ratioact = hstem / dstem = 11.90

PASS - Span to depth ratio is acceptable
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Indicative retaining wall reinforcement diagram

Toe reinforcement

Wall reinforcement Stem reinforcement

Toe bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
Wall bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
Stem bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
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Load Envelope - Combination 1

TEDDS calculation version 2.1.12

3500

kNm
0.0

Bending Moment Envelope

136.160
mm |

136.2
3500

ki
155.611 185.6

0.0

Shear Force Envelope

-155.611
mm |

3500

-155.6

Support conditions
Support A

Support B

Applied loading

Load combinations
Load combination 1

Analysis results
Maximum moment support A
Maximum moment span 1 at 1750 mm

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Dead self weight of beam x 1

Imposed full UDL 53 kN/m

Support A

Span 1

Support B

MAﬁmax =0 kNm
MsLmax =136 kNm

Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60
Dead x 1.40
Imposed x 1.60

Ma_red = 0 KNm
M517red = 136 kNm
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Maximum moment support B Mg_max = 0 KNm Msg_rea = 0 KNm
Maximum shear support A Va_max = 156 kKN Va_red = 156 kN
Maximum shear support A span 1 at 300 mm Va_st_max = 129 kN Va_st1_red = 129 kN
Maximum shear support B VB_max = =156 kN VB _red = =156 kN

Maximum shear support B span 1 at 3200 mm
Maximum reaction at support A

Unfactored dead load reaction at support A
Unfactored imposed load reaction at support A
Maximum reaction at support B

Unfactored dead load reaction at support B
Unfactored imposed load reaction at support B

Rectangular section details

Section width
Section depth

Concrete details

Concrete strength class

Characteristic compressive cube strength

Modulus of elasticity of concrete
Maximum aggregate size

Reinforcement details
Characteristic yield strength of reinforcement

———350———»f

VB _st_max = =129 kN
Ra = 156 kN

RA _pead = 5 kN
Ra_imposed = 93 kN
Re = 156 kN
RB_pead = 5 kN
RB_imposed = 93 kN

b =350 mm
h =350 mm

350

C40/50
feu = 50 N/mm?

Ec = 20kN/mm? + 200 x fey = 30000 N/mm?

hagg =20 mm

fy = 500 N/mm?

Characteristic yield strength of shear reinforcement f,v = 500 N/mm?2

Nominal cover to reinforcement
Nominal cover to top reinforcement
Nominal cover to bottom reinforcement
Nominal cover to side reinforcement

Cnom_t = 50 mm
Cnom_b = 35 mm
Cnom_s = 35 mm

VB_51_red =-1 29 kN
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Mid span 1
2 x 8¢ bars

2 x 8¢ shear legs at 200 c/c

4 x 20¢ bars

le———350———»]

l¢e——350———»

Desigh moment resistance of rectangular section (cl. 3.4.4) - Positive moment

Design bending moment M = abs(Ms1_rea) = 136 KNm
Depth to tension reinforcement d=h-Cnomb - {v- oot/ 2 =297 mm
Redistribution ratio Bo = min(1 - mrs1, 1) = 1.000

K=M/ (b xd?xfw) = 0.088

K'=0.156

K' > K - No compression reinforcement is required

Lever arm z =min(d x (0.5 + (0.25 - K/ 0.9)%%), 0.95 x d) = 264 mm
Depth of neutral axis x=(d-2z)/0.45=73 mm
Area of tension reinforcement required Asreq = M/ (0.87 x fy X z) = 1184 mm?
Tension reinforcement provided 4 x 20¢ bars
Area of tension reinforcement provided Asprov = 1257 mm?
Minimum area of reinforcement Asmin = 0.0013 x b x h = 159 mm?
Maximum area of reinforcement Asmax = 0.04 x b x h = 4900 mm?

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

Rectangular section in shear
Shear reinforcement provided 2 x 8¢ legs at 200 c/c
Area of shear reinforcement provided Asvprov = 503 mm3/m
Minimum area of shear reinforcement (Table 3.7)  Asvmin = 0.4N/mm?2 x b / (0.87 X fy) = 322 mm?/m
PASS - Area of shear reinforcement provided exceeds minimum required

Maximum longitudinal spacing (cl. 3.4.5.5) Svmax = 0.75 x d = 223 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum
Design concrete shear stress Ve = 0.79N/mm? x min(3,[100 x Asprov / (b x d)]') x max(1, (400mm
/d)") x (min(feu, 40N/mm?) / 25N/mm?2)"3 / ym = 0.848 N/mm?
Design shear resistance provided Vs prov = Asvprov X 0.87 x fyv / b = 0.625 N/mm?
Design shear stress provided Vprov = Vsprov + Ve = 1.473 N/mm?
Design shear resistance Vprov = Vprov X (b x d) = 153.1 kN

Shear links provided valid between 100 mm and 3400 mm with tension reinforcement of 1257 mm?

Spacing of reinforcement (cl 3.12.11)
Actual distance between bars in tension S =(b-2xX(Cnom_s + Ov + Poot/2)) /(Nbot - 1) - Poot = 61 mm

Minimum distance between bars in tension (cl 3.12.11.1)
Minimum distance between bars in tension Smin = Nagg + 5 mMm = 25 mm
PASS - Satisfies the minimum spacing criteria
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Maximum distance between bars in tension (cl 3.12.11.2)
Design service stress fs = (2 X fy X Asreq) / (3 X Asprov X Pb) = 314.2 N/mm?
Maximum distance between bars in tension Smax = Min(47000 N/mm / fs, 300 mm) = 150 mm
PASS - Satisfies the maximum spacing criteria

Span to depth ratio (cl. 3.4.6)
Basic span to depth ratio (Table 3.9) span_to_depthoasic = 20.0
Design service stress in tension reinforcement fs = (2 X fy X Asreq)/ (3 X Asprov X Bb) = 314.2 N/mm?
Modification for tension reinforcement
ftens = min(2.0, 0.55 + (477N/mm? - f5) / (120 x (0.9N/mm? + (M / (b x d?))))) = 0.806
Modification for compression reinforcement
feomp = Min(1.5, 1 + (100 % Aszprov / (b x d)) / (3 + (100 X Asz,prov / (b x d)))) = 1.031

Modification for span length flong = 1.000
Allowable span to depth ratio span_to_depthaiow = span_to_depthpasic X fiens X feomp = 16.6
Actual span to depth ratio span_to_depthactuai = Ls1 /d = 11.8

PASS - Actual span to depth ratio is within the allowable limit
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RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.06
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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

[e————1350———»]

Cantilever propped at both
hstem = 3500 mm

twan = 350 mm
Itoe = 1000 mm
lheet = 0 mm

lbase = lioe + Iheel + twan = 1350 mm
toase = 350 mm

dgs = 0 mm
las = 900 mm
tds = 350 mm

hwail = hstem + tbase + ddas = 3850 mm

dcover =0 mm

dexc =0 mm

hwater = 2850 mm

hsat = max(hwater - tbase - das, 0 mm) = 2500 mm
Yuall = 23.6 kN/m?3

Yoase = 23.6 kN/m?

o =90.0 deg

B =0.0 deg

hett = hwan + Iheel X tan(p) = 3850 mm

M=15
Y = 18.0 kN/m®
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Saturated density of retained material
Design shear strength
Angle of wall friction

Base material details
Firm clay

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
0' =24.2 deg
4 =18.6 deg

Ymb = 18.0 kN/m3
0'b = 24.2 deg

o = 18.6 deg
Pbearing = 125 kN/m?

Ka = sin(a + ¢')2 / (sin(o)2 x sin(o - 8) x [1 + V(sin(¢' + 8) x sin(¢' - B) / (sin(ex - ) x sin(a + B)))]?) = 0.369

Passive pressure coefficient for base material

Kp = sin(90 - ¢'5)2 / (sin(90 - 8b) x [1 - V(sin(¢'s + &) x sin(¢'v) / (sin(90 + &v)))]?) = 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 = 33.0 kN/m

Wive = 4.0 KN/m

load = 1175 mm

Fdead = 0.0 kN/m

Five = 0.0 KN/m

hicad = 0 mm
37

f (e

Prop

é Prop—ﬁ

25.0

571

57.1

Loads shown in kN/m, pressures shown in kN/m?
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Vertical forces on wall
Wall stem

Wall base

Applied vertical load
Total vertical load

Horizontal forces on wall
Surcharge

Moist backfill above water table
Moist backfill below water table

Saturated backfill
Water
Total horizontal load

Calculate total propping force

Passive resistance of soil in front of wall

Propping force

Overturning moments
Surcharge

Moist backfill above water table
Moist backfill below water table

Saturated backfill

Water

Total overturning moment
Restoring moments
Wall stem

Wall base

Design vertical dead load
Total restoring moment
Check bearing pressure
Total vertical reaction

Distance to reaction
Eccentricity of reaction

Bearing pressure at toe
Bearing pressure at heel

Wuwall = Nstem X twan X Ywan = 28.9 kN/m
Whase = Ibase X tbase X Yoase = 11.2 KN/m
Wy = Waead + Wive = 37 KN/m

Wiotal = Wwall + Woase + Wy = 77.1 KN/m

Fsur = Ka x c0s(90 - a + 8) x Surcharge X het = 13.5 kKN/m

Fm_a=0.5%xKaxcos(90 - o + &) X Ym X (Neff - hwater)2 =3.1 kN/m
Fm_b = Ka x COS(QO -0+ 8) X Ym X (heff - hwater) X hwater = 17.9 KN/m
Fs = 0.5 x Kax cos(90 - o + 3) X (ys- Ywater) X hwater® = 15.9 kN/m

Fwater =0.5x hwater2 X Ywater = 39.8 KN/m
Fiotal = Fsur + mea + meb + Fs + Fwater = 90.3 KN/m

Fp =0.5x Kp X COS(&)) X (dcover + toase + das - dexc)2 X Ymb = 4.4 KN/m

Fprop = maX(Ftotal - Fp - (Wtotal - Wlive) X tan(Sb), 0 kN/m)
Fprop =61.3 kN/m

Msur = Fsur X (Neit - 2 X das) / 2 = 25.9 kKNm/m

Mm_a = Fm_a X (heft + 2 X hwater - 3 X das) / 3 = 10 kNm/m
Mm_b = Fm_b X (hwater - 2 X dds) / 2 = 25.6 kNm/m

Ms = Fs X (hwater - 3 X das) / 3 = 15.1 kKNm/m

Muwater = Fwater X (hwater - 3 X dds) / 3 = 37.8 kNm/m

Mot = Msur + Mm_a + Mim_b + Ms + Mwater = 114.5 KNm/m

Muwail = Wwail X (loe + twa / 2) = 34 KNm/m
Mbase = Woase X lbase / 2 = 7.5 KNm/m

Maead = Waead X lioad = 38.8 KNm/m

Mrest = Mwail + Mbase + Mdead = 80.3 KNm/m

R = Wiotas = 77.1 KN/m
Xbar = lbase / 2 = 675 mm
€ = abs((lbase / 2) - Xpar) = 0 mm

Reaction acts within middle third of base

Proe = (R / lbase) - (B x Rx e/ |ba5e2) =57.1 kKN/m?
Phreel = (R / Ibase) + (6 X R x € / lpase®) = 57.1 kN/m?

Calculate propping forces to top and base of wall

Propping force to top of wall

Propping force to base of wall

PASS - Maximum bearing pressure is less than allowable bearing pressure

Fpropitop = (Mot - Mrest + R X lbase / 2 - Fprop X tbase / 2) / (hstem + toase / 2) =20.541 kN/m

Fprop_base = Fprop - Fprop_top = 40.801 KN/m
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RETAINING WALL DESIGN (BS 8002:1994)
TEDDS calculation version 1.2.01.06
Ultimate limit state load factors
Dead load factor Yid=1.4
Live load factor Ya=1.6
Earth and water pressure factor Yie=1.4

Factored vertical forces on wall

Wall stem

Wall base

Applied vertical load
Total vertical load

Factored horizontal at-rest forces on wall

Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total horizontal load

Calculate total propping force

Passive resistance of soil in front of wall

kN/m
Propping force

Factored overturning moments
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total overturning moment

Restoring moments
Wall stem

Wall base

Design vertical load
Total restoring moment

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

Bearing pressure at toe

Bearing pressure at heel

Rate of change of base reaction
Bearing pressure at stem / toe

Wuwall f = Yi_d X Nstem X twall X Ywal = 40.5 KN/m
Whase_f = ¥ d X |base X toase X Yoase = 15.6 KN/m
Wyt =¥t d X Waead + ¥1_1 X Wive = 52.6 KN/m
Whotal f = Wwall_f + Whase_f + Wy_f = 108.7 KN/m

Fsur_f = Y1 x Ko x Surcharge X het = 36.3 kN/m

Fm_a f="YeX 0.5 x Ko X ym X (Neff - hwater)?> = 7.4 KN/m
Fm_b t =Vt e X Ko X Ym X (Deff - hwater) X Nwater = 42.4 KN/m
Fs_t = Ve X 0.5 X Ko X (s~ Ywater) X Nwater® = 37.5 kN/m
Fuwater f = ¥t e X 0.5 X Nwater® X Ywater = 55.8 KN/m

Fiotal_f = Fsur_t + Fm_a_ + Fm_b_t + Fs_t + Fwater f = 179.5 KN/m

Fpﬁf ="YeX 0.5x Kp X COS(Sb) X (dcover + toase + das - dexc)2 X Ymb = 6.1

Fprop_ = maX(Ftotal_f - Fp_ - (Wtotal_f -V X Wlive) X tan(Sb), 0 kN/m)
Fprop_t = 138.9 KN/m

Mesur_t = Fsur_t X (heff - 2 X das) / 2 = 70 kKNm/m

Mm_a_t = Fm_a_t X (et + 2 X hwater - 3 X das) / 3 = 23.7 kNm/m
Mm_b_f = Fm_b_t X (hwater - 2 X dds) / 2 = 60.4 KNm/m

Ms_ = Fs 1 X (Nwater - 3 X das) / 3 = 35.7 KNm/m

Muwater t = Fwater_f X (Nwater - 3 X das) / 3 = 53 KNm/m

Mot 1 = Msur f + Mm_a_f + Mm_b_f + Ms_t + Mwater 1 = 242.7 KNm/m

Muwail_f = Wwall_f X (loe + twai / 2) = 47.6 KNm/m
Mbase_f = Woase_f X lbase / 2 = 10.5 KNm/m

Mv_t = Wy_ X licad = 61.8 KNm/m

Mrest_t = Mwai_f + Moase_t + Mv_f = 119.9 kNm/m

Rt = Wiota t = 108.7 kN/m
Xoar_f = lbase / 2 = 675 mm
et = abs((lbase / 2) - Xbar_f) = 0 mm
Reaction acts within middle third of base
Proe_f = (Rt / lbase) - (6 X Rt X €1/ lvase?) = 80.5 kN/m?
Pheel f = (Rt / lbase) + (6 X Rt X €1/ Ipase?) = 80.5 KN/m?
rate = (Proe_ - Pheel_1) / lbase = 0.00 KN/m?/m
Pstem_toe_f = MaXx(Proe_f - (rate x lwoe), 0 KN/m?) = 80.5 kN/m?
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Bearing pressure at mid stem Pstem_mid_f = MaX(Proe_f - (rate X (loe + twan / 2)), 0 kN/m?2) = 80.5 kN/m?
Bearing pressure at stem / heel Pstem_heel_f = MaX(Proe_f - (rate X (hoe + twan)), 0 kN/m?2) = 80.5 kN/m?

Calculate propping forces to top and base of wall
Propping force to top of wall

Fprop_top_f = (Mot_f - Mrest 1 + Rf X Ibase / 2 - Fprop_t X tbase / 2) / (Nstem + toase / 2) = 46.757 KN/m
Propping force to base of wall Fprop_base_f = Fprop_f - Fprop_top_f = 92.179 kN/m

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

Material properties

Characteristic strength of concrete fou = 40 N/mm?
Characteristic strength of reinforcement fy = 500 N/mm?
Base details

Minimum area of reinforcement k=0.13 %
Cover to reinforcement in toe Ctoe = 50 mm

Calculate shear for toe design

Shear from bearing pressure Vioe_bear = (Ptoe_f + Pstem_toe_f) X loe / 2 = 80.5 KN/m
Shear from Welght of base Vtoeiwtibase = Yt d X Ybase X ltoe X toase = 11.6 KN/m
Total shear for toe design Vioe = Vioe_bear - Vioe_wt_base = 68.9 KN/m

Calculate moment for toe design

Moment from bearing pressure Mioe_bear = (2 X Ptoe_f + Pstem_mid_f) X (loe + twai / 2)2/ 6 = 55.6 kNm/m
Moment from weight of base Mioe_wt base = (¥ d X Ybase X toase X (ltoe + twan / 2)2 /2) =8 KNm/m
Total moment for toe design Mioe = Mioe_bear - Mioe_wt_base = 47.6 KNm/m

lz =
!

350

le—150—»]
Check toe in bending
Width of toe b =1000 mm/m
Depth of reinforcement dioe = tbase — Ctoe — (Ptoe/ 2) = 294.0 mm
Constant Kioe = Mioe / (b X dtoe? X feu) = 0.014
Compression reinforcement is not required
Lever arm Zioe = MiN(0.5 + V(0.25 - (min(Kice, 0.225) / 0.9)),0.95) X droe
Zioe = 279 mm
Area of tension reinforcement required As 106 des = Mioe / (0.87 X fy X Zioe) = 392 mm?/m
Minimum area of tension reinforcement As_toe_min = K X b X thase = 455 mm?/m
Area of tension reinforcement required As _toe_req = Max(As._toe_des, As_toe_min) = 455 mm?2/m
Reinforcement provided 12 mm dia.bars @ 150 mm centres
Area of reinforcement provided As toe_prov = 754 mm3/m

PASS - Reinforcement provided at the retaining wall toe is adequate
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Check shear resistance at toe
Design shear stress
Allowable shear stress

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

Vioe = Vioe / (D X dioe) = 0.235 N/mm?
Vagm = mMin(0.8 x V(few / 1 N/mm2), 5) x 1 N/mm? = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vcﬁtoe = 0.507 N/mm2
Vioe < Vc_toe - 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 at-rest forces on stem
Surcharge

Moist backfill above water table

Moist backfill below water table

Saturated backfill

Water

Calculate shear for stem design
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total shear for stem design

Calculate moment for stem design
Surcharge

Moist backfill above water table
Moist backfill below water table
Saturated backfill

Water

kNm/m

Total moment for stem design

Calculate moment for wall design
Surcharge

Moist backfill above water table
kNm/m

Moist backfill below water table
Saturated backfill

Water

kNm/m

fou = 40 N/mm?2
fy = 500 N/mm?

k=0.13 %
Cstem = 50 mm
Cwal = 50 mm

Fs surt = ¥t 1 X Ko X Surcharge X (heft - toase - das) = 33 kN/m

Fs m_at=0.5 XY e X Ko X Ym X (Neff - tbase - dds - Nsat)? = 7.4 KN/m
Fs m_b_t =7te X Ko X Ym X (Neff - tbase - ds - Nsat) X hsat = 37.2 KN/m
Fs_sr=0.5x Y e x Ko X (Ys- Ywater) X hsa® = 28.9 kN/m

Fs_water f = 0.5 X ¥t e X Ywater X hsat? = 42.9 kN/m

Vs_surf =5 X Fs_sur_f/ 8 =20.7 KN/m

Vs mat=Fsmaixbix((5xL?-bd)/(5xL%=2kN/m

Vs mbit=Fsmbtx(8-(n?x(4-n)))/8=29.1kN/m
Vssi=Fssix(1-(@a?x((5xL)-a)/ (20 xL3)) =25.6 kN/m

Vi water f = Fs wator 1 % (1 - (@2 (5 x L) - a) / (20 x L?))) = 38.1 kN/m
Vstem = Vs sur_t + Vs m a f+ Vs m b f + Vs_s_f + Vs_water r = 115.4 KN/m

Ms sur = Fs sur tx L/ 8 = 15.2 kNm/m
Ms ma=Fsmatxbix((5xL2 - (3xb?)/(15x L2) = 2.4 kNm/m
Ms m b= Fs mbixax(2-n)?2/8=20.1 kNm/m

Ms s = Fs s 1 xax((3xa?)-(15xaxL)+(20xL2))/(60xL2) = 13.7 kNm/m
Ms_water = Fs water 1 xaix((3xa?)-(15xaxL)+(20xL2))/(60xL2) = 20.4

Mstem = Ms_sur + Ms m a + Ms m b + Ms s + Ms_water = 71.8 KNm/m

Mwﬁsur =9x Fsisurif x L /128 = 8.5 KNm/m
Mw_m_a = Fs_m_a_t X 0.577xbix[(b+5xaxL?)/(5xL%)-0.577%/3] = 2.7

Ma m b = Fs m b 1 x @ x [((8-n2x(4-n))2 /16)-4+nx(4-n)}/8 = 10.4 kNm/m
M s = Fs s 1 x [axxx((5xL)-a)/(20xL3)-(x-bi)® /(3xa?)] = 5.2 kNm/m
M water = Fs water 1 % [a2xxx((5xL)-a1)/(20xL3)-(x-bi)® /(3xa?)] = 7.8
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Total moment for wall design Mwai = Mw_sur + Mw_m_a + Mw_m_b + Mw_s + Mw_water = 34.6 KNm/m
l¢—150—»|
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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 mid height of wall in bending
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

dstem = twan — Cstem — (@stem / 2) = 294.0 mm
Kstem = Mstem / (D X dstem?® X feu) = 0.021
Compression reinforcement is not required
Zsiem = Min(0.5 + V(0.25 - (Min(Kstem, 0.225) / 0.9)),0.95) x dstem
Zstem = 279 mm
Asﬁstemfdes = Mstem / (0.87 X fy X Zstem) =591 mm2/m
As_stem_min = K X b X twal = 455 mm2/m
As_stem_req = Max(As_stem_des, As_stem_min) = 591 mm?2/m
12 mm dia.bars @ 150 mm centres
As_stem_prov = 754 mm3/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (b X dstem) = 0.393 N/mm?
Vagm = mMin(0.8 x V(few / 1 N/mm2), 5) x 1 N/mm2 = 5.000 N/mm?
PASS - Design shear stress is less than maximum shear stress

Vc_stem = 0.507 N/mm?
Vstem < Vc_stem - NO shear reinforcement required

dwall = twall — Cwall — (Qwai/ 2) = 294.0 mm
Kwail = Mwan / (b X dwai? X feu) = 0.010
Compression reinforcement is not required
Zwal = Min(0.5 + V(0.25 - (min(Kwai, 0.225) / 0.9)),0.95) x dwai
Zwall = 279 mm
As_wall_des = Mwail / (0.87 x fy X Zwan) = 285 mm?2/m
As_wall_min = K X b X twai = 455 mm?/m
As_wal_req = Max(As_wall_des, As wall_min) = 455 mm?/m
12 mm dia.bars @ 150 mm centres
As_wall_prov = 754 mm>?/m

PASS - Reinforcement provided to the retaining wall at mid height is adequate
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Check retaining wall deflection
Basic span/effective depth ratio ratiopas = 20
Design service stress fs = 2 X fy X As_stem_req / (3 X As_stem_prov) = 261.4 N/mm?
Modification factor factorens = min(0.55 + (477 N/mm? - f5)/(120 x (0.9 N/mm? + (Mstem/(b X dstem?)))),2) = 1.59
Maximum span/effective depth ratio ratiomax = ratiooas X factoriens = 31.76
Actual span/effective depth ratio ratioact = hstem / dstem = 11.90

PASS - Span to depth ratio is acceptable
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Indicative retaining wall reinforcement diagram

Wall reinforcement Stem reinforcement

Toe reinforcement

Toe bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
Wall bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
Stem bars - 12 mm dia.@ 150 mm centres - (754 mm?/m)
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STEEL BEAM ANALYSIS & DESIGN (BS5950)
In accordance with BS5950-1:2000 incorporating Corrigendum No.1
TEDDS calculation version 3.0.05
Load Envelope - Combination 1
44.300
0.0
mm | 1750 | 3000 | 2500 | 3000 | 1750 |
A 1 B 2 C 3 D 4 E 5 F
KNm Bending Moment Envelope
08.695 -28.7 -28.6 -28.6 -28.7
R P S—— S~—=
5.6 6.0 5.6
21.194 21.2 21.2
mm | 1750 | 3000 | 2500 | 3000 | 1750 |
A 1 B 2 C 3 D 4 E 5 F
KN Shear Force Envelope
66.485 665 55.4 6.4 55.2
ﬁ
0.0 j= =
-22.4
66.485 55.2 o4 -55.4 o5
mm | 1750 l 3000 | 2500 l 3000 | 1750 |
A 1 B 2 C 3 D 4 E 5 F
Support conditions
Support A Vertically restrained
Rotationally free
Support B Vertically restrained
Rotationally free
Support C Vertically restrained
Rotationally free
Support D Vertically restrained
Rotationally free
Support E Vertically restrained
Rotationally free
Support F Vertically restrained
Rotationally free
Applied loading
Beam loads Other full UDL 44.3 kN/m
Load combinations
Load combination 1 Support A Dead x 1.40

Imposed x 1.60
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Analysis results
Maximum moment
Maximum moment span 1
Maximum moment span 2
Maximum moment span 3
Maximum moment span 4
Maximum moment span 5
Maximum shear
Maximum shear span 1
Maximum shear span 2
Maximum shear span 3
Maximum shear span 4
Maximum shear span 5
Deflection

Span 1

Support B

Span 2

Support C

Span 3

Support D

Span 4

Support E

Span 5

Support F

Mmax = 21.2 kNm

Ms1_max = 5.6 kNm
Ms2_max =21.2 kNm

MsS_max =6 kNm

Ms4_max =21.2 kNm
Mss_max =5.6 kKNm

Vmax = 66.5 kN
Vsi_max = 22.4 kN
Vs2_max = 66.5 kN
Vs3_max = 55.4 kN
Vsa_max = 66.4 kN
Vss5_max = 55.2 kN
Omax =4 mm

Other x 1.00
Dead x 1.40
Imposed x 1.60
Other x 1.00
Dead x 1.40
Imposed x 1.60
Other x 1.00
Dead x 1.40
Imposed x 1.60
Other x 1.00
Dead x 1.40
Imposed x 1.60
Other x 1.00
Dead x 1.40
Imposed x 1.60
Other x 1.00
Dead x 1.40
Imposed x 1.60
Other x 1.00
Dead x 1.40
Imposed x 1.60
Other x 1.00
Dead x 1.40
Imposed x 1.60
Other x 1.00
Dead x 1.40
Imposed x 1.60
Other x 1.00
Dead x 1.40
Imposed x 1.60
Other x 1.00

Mmin = -28.7 kNm
Ms1_min = -28.7 KNm
Ms2_min = -28.7 kNm
Ms3_min = -28.6 kNm
Msa_min = -28.7 kNm
Mss_min = -28.7 kNm
Vmin = -66.5 kN
Vsi1_min = -55.2 kN
Vs2_min = -66.4 kKN
Vs3_min = -55.4 kN
Vs4_min = -66.5 kKN
Vss_min = -22.4 kN
Omin = 0.3 mm
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Deflection span 1

Deflection span 2

Deflection span 3

Deflection span 4

Deflection span 5

Maximum reaction at support A

Unfactored other load reaction at support A
Maximum reaction at support B

Unfactored other load reaction at support B
Maximum reaction at support C

Unfactored other load reaction at support C
Maximum reaction at support D

Unfactored other load reaction at support D
Maximum reaction at support E

Unfactored other load reaction at support E
Maximum reaction at support F

Unfactored other load reaction at support F

Section details

Section type

Steel grade

From table 9: Design strength py
Thickness of element

Design strength

Modulus of elasticity

Os1_max = 0.1 mm
Os2_max = 4 mm
8s3_max = 0.1 mm
Os4_max =4 mm
8s5_max = 0.1 mm
RA_max = 22.4 kN
Ra_other = 22.4 kN
RB_max = 121.6 kN
RB_other = 121.6 kN
Rc_max = 121.8 kN
Rc_other = 121.8 kN
Rb_max = 121.8 kN
Ro_other = 121.8 kN
Re_max = 121.6 kN
Re_other = 121.6 kN
RF_max = 22.4 kN
RF other = 22.4 kN

UC 152x152x30 (BS4-1)
S275

max(T, t) = 9.4 mm
py = 275 N/mm?
E = 205000 N/mm?

¥
A ‘
(2]
* N
©
5 > 65
$ VAN
y o
t
[« 152.9 »

Lateral restraint

5517min =0.3 mm
552_min =0 mm
5537min =0.3 mm
554_min =0mm
5557min =0.3 mm
Ra min = 22.4 KN
RBﬁmin =121.6 kN
RC?min =121.8 kN
RDfmin = 1218 kN

REﬁmin =121.6 kN

RF min = 22.4 kN

Span 1 has lateral restraint at supports only

Span 2 has full lateral restraint
Span 3 has full lateral restraint
Span 4 has full lateral restraint
Span 5 has full lateral restraint
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Effective length factors
Effective length factor in major axis Kx=1.00
Effective length factor in minor axis Ky =1.00
Effective length factor for lateral-torsional buckling Kir.a =1.00
Kire =1.00
Kirc =1.00
Kiro =1.00
Kire =1.00
Kirr=1.00

Classification of cross sections - Section 3.5

Internal compression parts - Table 11

Depth of section

Outstand flanges - Table 11
Width of section

Shear capacity - Section 4.2.3
Design shear force

Shear area
Design shear resistance

Moment capacity at span 1 - Section 4.2.5

Design bending moment

Moment capacity low shear - cl.4.2.5.2

e =V[275 N/mm2/ py] = 1.00

d=123.6 mm

d/t=19.0xe<=80x¢ Class 1 plastic

b=B/2=76.5mm
b/T=81xe<=9xe Class 1 plastic

Section is class 1 plastic

Fv = max(abs(Vmax), abs(Vmin)) = 66.5 kN
d/t<70xe
Web does not need to be checked for shear buckling
Ay =tx D =1024 mm?
Py = 0.6 x py x Ay = 169 kN
PASS - Design shear resistance exceeds design shear force

M = max(abs(Ms1_max), abs(Ms1_min)) = 28.7 KNm
Mc = min(py X Sxx, 15 X py X Zxx) = 68.1 KNm

Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling

Slenderness ratio

Equivalent slenderness - Section 4.3.6.7

Buckling parameter

Torsional index

Slenderness factor

Ratio - cl.4.3.6.9

Equivalent slenderness - cl.4.3.6.7
Limiting slenderness - Annex B.2.2

Bending strength - Section 4.3.6.5
Robertson constant

Perry factor

Euler stress

Le=1.0 x Ls1 =1750 mm
7\,= LE/ryy=45.725

u = 0.849
x = 15.999
v=1/[1+0.05x (A/x)?]°% = 0.918
Bw = 1.000

AT = U X VXA xV[Bw] = 35.615
Ao = 0.4 x (n® x E / py)®® = 34.310
ALt > Awo - Allowance should be made for lateral-torsional buckling

our=7.0

Nur = max(owr X (ALt - ALo) / 1000, 0) = 0.009
pe = 12 x E / A7 = 1595.1 N/mm?

ot = (py + (Mt + 1) x pe) / 2 = 942.3 N/mm?
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Bending strength - Annex B.2.1

Pb = PE X Py / (OLT + (OLT? - PE X Py)°5) = 272 N/mm?

Equivalent uniform moment factor - Section 4.3.6.6
Moment at quarter point of segment
Moment at centre-line of segment

Moment at three quarter point of segment

Maximum moment in segment

Mz = 5.5 kKNm
Ms = 2.6 KNm
Ms = 8.8 KNm

Moabs = 28.7 kNm

Maximum moment governing buckling resistance ~ Mct = Mabs = 28.7 kNm
Equivalent uniform moment factor for lateral-torsional buckling

mut = max(0.2 + (0.15 x Mz + 0.5 x Ms + 0.15 x Ma) / Mavs, 0.44) = 0.440

Buckling resistance moment - Section 4.3.6.4

Buckling resistance moment

Check vertical deflection - Section 2.5.2

Consider deflection due to other loads

Limiting deflection
Maximum deflection span 4

Mo = po X Sxx = 67.4 kNm
My / mir = 153.1 KNm
PASS - Moment capacity exceeds design bending moment

Oiim = Ls4 / 360 = 8.333 mm
8 = max(abs(dmax), abs(dmin)) = 4.046 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL MEMBER DESIGN (BS5950)

In accordance with BS5950-1:2000 incorporating Corrigendum No.1

Section details

Section type

Steel grade

From table 9: Design strength py
Thickness of element

Design strength

Modulus of elasticity

TEDDS calculation version 3.0.05

UC 152x152x30 (BS4-1)
S275

max(T, t) = 9.4 mm
py = 275 N/mm?
E = 205000 N/mm?

A ‘?ri‘ ‘
+ N [
E > |65
; RN
vy o ‘
ﬁ
¢ 152.9 »
Lateral restraint
Distance between major axis restraints Lx = 5000 mm
Distance between minor axis restraints Ly =5000 mm
Effective length factors
Effective length factor in major axis Kx =1.00
Effective length factor in minor axis Ky =1.00

Effective length factor for lateral-torsional buckling Kir = 1.00

Classification of cross sections - Section 3.5

Internal compression parts - Table 11
Depth of section
Stress ratios

Outstand flanges - Table 11
Width of section

e = V[275 N/mm2/ py] = 1.00

d=123.6 mm

r1 =min(Fc/ (dxtx pyw), 1) =1

r2 = Fo/ (A X pyw) = 0.232

d/t=19.0xe<=max(80 xe/(1+r1),40x¢e)  Class 1 plastic

b=B/2=76.5mm
b/T=81xe<=9xe Class 1 plastic
Section is class 1 plastic
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Moment capacity - Section 4.2.5

Design bending moment M =1 kNm

Moment capacity low shear - cl.4.2.5.2 Mc = min(py X Sxx, 1.2 X py X Zxx) = 68.1 kNm
Effective length for lateral-torsional buckling - Section 4.3.5

Effective length for lateral torsional buckling Le = 1.0 x Ly = 5000 mm
Slenderness ratio A =Le/ry=130.643

Equivalent slenderness - Section 4.3.6.7

Buckling parameter u = 0.849

Torsional index x =15.999

Slenderness factor v=1/[1+0.05x(A/x)?°% =0.693
Ratio - cl.4.3.6.9 Bw = 1.000

Equivalent slenderness - cl.4.3.6.7 AT = U XV XA XV[Pw] = 76.829
Limiting slenderness - Annex B.2.2 Ao = 0.4 x (1 x E / py)°® = 34.310

ALt > Aro - Allowance should be made for lateral-torsional buckling

Bending strength - Section 4.3.6.5

Robertson constant ot =7.0
Perry factor Mt = max(owt X (ALt - ALo) / 1000, 0) = 0.298
Euler stress pe = 2 X E / AL? = 342.8 N/mm?
ot = (py + (Mt + 1) x pe) / 2 = 359.9 N/mm?
Bending strength - Annex B.2.1 Pb = PE X Py / (OT + ($L72 - PE X Py)°®5) = 172.1 N/mm?

Equivalent uniform moment factor - Section 4.3.6.6
Equivalent uniform moment factor for LTB mcT = 1.000

Buckling resistance moment - Section 4.3.6.4
Buckling resistance moment Mo = pb X Sxx = 42.6 KNm
Mo / mit = 42.6 KNm
PASS - Buckling resistance moment exceeds design bending moment

Compression members - Section 4.7
Design compression force Fc =243.6 kN

Effective length for major (x-x) axis buckling - Section 4.7.3

Effective length for buckling Lex = Lx X Kx = 5000 mm
Slenderness ratio - cl.4.7.2 Ax = Lex / r = 73.975
Compressive strength - Section 4.7.5
Limiting slenderness M =0.2x%x (2 xE/py)5=17.155
Strut curve - Table 23 b
Robertson constant ox=3.5
Perry factor MNx = 0x X (Ax - Ao) / 1000 = 0.199
Euler stress Pex = W x E / L@ = 369.7 N/mm?
dx = (py + Mx + 1) X pex) / 2 = 359.1 N/mm?
Compressive strength - Annex C.1 Pex = Pex X Py / (Ox + (0 - Pex X py)°5) = 193.9 N/mm?

Compression resistance - Section 4.7.4
Compression resistance - cl.4.7.4 Pex = A X pex = 742 kKN
PASS - Compression resistance exceeds design compression force
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Effective length for minor (y-y) axis buckling - Section 4.7.3

Effective length for buckling Ley = Ly x Ky = 5000 mm
Slenderness ratio - ¢l.4.7.2 Ay = Ley/ ryy = 130.643
Compressive strength - Section 4.7.5
Limiting slenderness ho=0.2x (m®x E/py)°5=17.155
Strut curve - Table 23 c
Robertson constant oy =5.5
Perry factor Ny = oy X (Ay - Ao) / 1000 = 0.624
Euler stress pey = @ x E / A/ = 118.5 N/mm?
dy = (py + My + 1) X pey) / 2 = 233.8 N/mm?
Compressive strength - Annex C.1 Pey = Pey X Py / (¢y + (Oy2 - PEy X Py)°?) = 85.3 N/mm?

Compression resistance - Section 4.7.4
Compression resistance - cl.4.7.4 Pey = A X pey = 326.3 kN
PASS - Compression resistance exceeds design compression force

Compression members with moments - Section 4.8.3
Comb.compression & bending check - cl.4.8.3.2 Fe/ (Axpy) + M/ M =0.246
PASS - Combined bending and compression check is satisfied

Member buckling resistance - Section 4.8.3.3

Max major axis moment governing My M.t = Mx = 1.00 KNm
Equivalent uniform moment factor for major axis flexural buckling
mx = 1.000
my = 1.000
Buckling resistance checks - cl.4.8.3.3.2 Fc/Pex + My x M/ Mcx (1 +0.5%Fc/Pcx) =0.345

Fc/ Pey + mur X Mt/ Mo = 0.770
PASS - Member buckling resistance checks are satisfied




