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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

1000 >

Unpropped cantilever
hstem = 1850 mm

twan = 300 mm

loe = 0 mm

Iheet = 700 mm

Ibase = loe + Iheet + twan = 1000 mm
tbase = 300 mm

dos = 0 mm

lus = 450 mm

tas = 300 mm

hwall = hstem + tbase + dos = 2150 mm

deover = 0 mm

dexc = 300 mm

Nwater = 0 mm

hsat = max(hwater - toase - dgs, 0 mm) = 0 mm
ywal = 20.0 kN/m?

Yoase = 23.6 kN/m?

o =90.0 deg

f=0.0deg

hett = hwai + lheet x tan(p) = 2150 mm

M=1.2
ym = 17.5 kN/m?
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Saturated density of retained material

Design shear strength
Angle of wall friction
Base material details
Moist density

Design shear strength
Design base friction

Allowable bearing pressure

Using Coulomb theory

At-rest pressure

Loading details
Surcharge load on plan

Vertical forces on wall
Wall stem

Active pressure coefficient for retained material

Kp = $in(90 - ¢'s)? / (sin(90 - &) x [1 - V(sin(¢'s + &) x sin(¢'s) / (SiN(90 + &v)))12) = 5.571

At-rest pressure for retained material

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

i

S T

ys = 21.0 kKN/m3
¢' = 29.3 deg

& =22.8 deg

ymb = 18.0 kN/m3
d's = 27.5 deg

60 = 21.3 deg

Pbearing = 200 KN/m?

Ko =1~ sin(¢') = 0.511

Surcharge = 2.

5 kN/m?

Woead = 4.7 KN/m
Wive = 0.0 kN/m

lioas = 0 mm

Faeaa = 0.0 KN/m

Five = 0.0 kN/m
icas = 0 mm

I,

Resescs e
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Loads shown in kN/m, pressures shown in KN/m?

Wuwal = hstem * twail x ywal =11.1 kN/m

Ka = sin{a + ¢ / (sin(a)? x sin(a - 8) x [1 + V(sin(¢' + 8) x sin(¢' - B) / (sin(a - 8) x sin(a + B)))FF) = 0.304
Passive pressure coefficient for base material
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Wall base Woase = Ibase X tbase X Yoase = 7.1 KN/m
Surcharge Wsur = Surcharge x lheel = 1.8 kN/m

Moist backfill to top of wall
Applied vertical load
Total vertical load

Horizontal forces on wall
Surcharge

Moist backfill above water table
Total horizontal load

Calculate stability against sliding
Resistance to sliding

Overturning moments
Surcharge

Moist backfill above water table
Total overturning moment

Restoring moments
Wall stem

Wall base

Moist backfill

Total restoring moment

Check stability against overturning
Total overturning moment
Total restoring moment

Check bearing pressure
Surcharge

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

Bearing pressure at toe
Bearing pressure at heel

Wm_w = lheel ¥ (hstem - hsat) x ym = 22.7 KN/m
Wy = Waead + Wive = 4.7 KN/m
Wistal = Waall + Woase + Wsur + Wm_w + Wy = 47.3 KN/m

sur = Ka x c0s(90 - o + 8) x Surcharge x her = 1.5 kN/m
Fm a=0.5x Ka x cos(90 - a + 8) x ym x (heff - hwater) = 11.3 kN/m
Fiotal = Fsur + Fm a = 12.8 KN/m

Fres = (Wiotal - Wsur) x tan(&p) = 17.8 kN/m
PASS - Resistance force is greater than sliding force

sur = Faur % (heff -2x dds)lz = 1.6 kNm/m
Mmia = Fmﬁa X (heﬁ + 2 x hwater - 3 x dds) /3 =8.1 kNm/m
Mot - Msur + Mm_a = 9.7 kNm/m

Muall = Wwail X (loe + twan / 2) = 1.7 KNm/m

Mbase = Woase * lbase / 2 = 3.5 kKNm/m

Mm_r = (Wm_w x (lbase - Iheel / 2) + Wm_s % (lbase - Iheet / 3}) = 14.7 KNm/m
Mrest = Mwail + Moase + Mm_r = 19.9 kKNm/m

Mot = 9.7 kKNm/m
Mrest = 19.9 kNm/m
PASS - Restoring moment is greater than overturning moment

Msur_r = Wsur % (lbase - lheet / 2) = 1.1 kKNm/m
Miotal = Mrest - Mot + Msur r = 11.3 kKNm/m
R = Wiota = 47.3 kN/m .
Xbar = Miotat / R = 240 mm
e = abs((lbase / 2) - Xvar) = 260 mm
Reaction acts outside middle third of base
proe = R/ (1.5 x Xpar) = 131.6 kN/m?
Preet = 0 KN/m? = 0 kKN/m?
PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1994)
TEDDS calculation version 1.2.01.06
Ultimate limit state load factors
Dead load factor via=14
Live load factor vy =16
Earth and water pressure factor yie=14

Factored vertical forces on wall
Wall stem

Wall base

Surcharge

Moist backfiil to top of wall
Applied vertical load

Total vertical load

Factored horizontal at-rest forces on wall
Surcharge

Moist backfill above water table

Total horizontal load

Factored overturning moments
Surcharge

Moist backfill above water table
Total overturning moment

Restoring moments
Wall stem

Wall base

Surcharge

Moist backfill

Total restoring moment

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

Bearing pressure at toe

Bearing pressure at heel

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

Wwall_f = ¥t d % DNstem % twal X ywan = 15.5 kN/m
Whase_f = ¥f d X lbase * fbase X Ybase = 9.9 KN/m

Wsur_f = y1.1 x Surcharge x lheet = 2.8 kN/m

Wm_w f = Yt_d % Iheet ¥ (hstem = hsat) x ym = 31.7 kN/m
Wy 1= v1d x Waeas + 1.1 x Wive = 6.6 KN/m

Wto[au = Wwall_f + Whbase_f + Wsur_f + Wm_w f + Wv__i = 66.6 kN/m

Fsurt = 111 x Ko x Surcharge x hes = 4.4 KN/m
Fm a =7y ex 0.5 x Ko x ym x (eft - huater)* = 28.9 KN/m
Fota f = Fsur f + Fm_a_r = 33.3 KN/m

Msur = Fsur 1 % (her - 2 x das) / 2 = 4.7 KNm/m
Mm_a = Fm_a_t x (heft + 2 x hwater - 3 x dgs) / 3 = 20.7 KNm/m
Mot 1 = Msur t + Mm_a_r = 25.4 KNm/m

Mwail_t = Wwall_f * (lhoe + twan / 2) = 2.3 KNm/m
Mbase_f = Woase_f % lbase / 2 = 5 kNm/m
Msur_r_f = Wsur_f % (lbase - Ineet / 2) = 1.8 kKNm/m
M 1 £ = (Wm_w f X (Ibase = Ineel / 2) + Wm_s_f x (Ibase - Ineet / 3)) = 20.6 KNm/m
Mrest = Mwal_f + Mbase_f + Msur_r t + Mm_r ¢ = 29.7 KNm/m
Miotalf = Mrest_f - Mot 1 = 4.3 kNm/m
Ri = Wieta 1 = 66.6 kN/m
Xvar_f = Miotar 1/ Rr = 64 mm
et = abs((lbase / 2) - Xbar 1) = 436 mm
Reaction acts outside middle third of base
Proe_ = Ri /(1.5 x Xvar 1) = 688.9 kN/m?
preetf = 0 KN/m? = 0 kN/m?
rate = puoe 1/ (3 x Xoar 1) = 3564.61 kN/m?/m
Pstem_toe_f = MaX(Poe_f - (rate x lee), 0 KN/m?) = 688.9 kN/m?
Pstem_mic_f = Max(Pros_1 - (rate x (loe + twan / 2)), 0 kN/m?) = 154.2 kN/m?
Pstem_heel f = Max{pProe_f - (rate x (loe + twar)), 0 kKN/m?) = 0 kN/m?

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

Material properties
Characteristic strength of concrete
Characteristic strength of reinforcement

fou =35 N/mm?
fy = 500 N/mm?
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Base details
Minimum area of reinforcement k=013 %

Cover to reinforcement in heel

Calculate shear for heel design
Shear from weight of base

Shear from weight of moist backfill
Shear from surcharge

Total shear for heel design

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

Moment from surcharge
Total moment for heel design

200

2 R
‘ L

o | -

3 8
~

¥y X

Cheel = 35 mm

Vheel_wt_base = Yf d X Ybase X lheel X thase = 6.9 KN/m
Vhesl_wt_m = Wm_w_f = 31.7 KN/m

Vheet_sur = Wsur_f = 2.8 kN/m

Vheet = Vheel_wt_base + Vheelwt m + Vheel sur = 41.5 kN/m

Mheel_wi_base = (V¢ o X Ybase X thase x (lheet + twan / 2)2 / 2) = 3.6 KNm/m
Mheei_wt_m = Wm_w_f % (lheel + twat) / 2 = 15.9 kKNm/m

Mheel_sur = Wsur_f X (lheel + twan) / 2 = 1.4 KNm/m

Mreet = Mheel_wt_base + Mneel wt_m + Mheel_sur = 20.8 KNm/m

Check heel in bending
Width of heel

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 heel
Design shear stress
Allowable shear stress

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

b =1000 mm/m
Oheel = toase — Cheel — (Qheer/ 2) = 260.0 mm
Kheel = Mneel / (b dheer® x feu) = 0.009

Compression reinforcement is not required

Zneet = MIN(0.5 + V(0.25 - (min(Kneel, 0.225) / 0.9)),0.95) x dhee
Zhee = 247 mm

As_neel_des = Mheel / (0.87 x fy x Zneet) = 194 mm?/m

As heel min = k x b % thase = 390 mm?/m

As_neelreq = Max(As_neet_des, As_neel_min) = 390 mm?2/m

A393 mesh

As_heel_prov = 393 mm?/m

PASS - Reinforcement provided at the retaining wall heel is adequate

Vheel = Vheel / (b x dheel) = 0.159 N/mm?
Vagm = Min(0.8 x V(feu / 1 Nfmm?2), 5) x 1 N/mm? = 4.733 N/mm?

PASS - Design shear stress is less than maximum shear stress

Ve heel = 0.419 N/mm?

Vheel < Vc_neel - NO shear reinforcement required
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Design of cavity reinforced masonry retaining wall stem - BS5628-2:2000

A

>

170

300
< 100-»<« 100 p-<« 100 »
130 p<

-

< 100»

Wall details

Thickness of outer leaf of wall
Thickness of inner leaf of wall
Thickness of reinforced cavity
Depth of stem reinforcement

Masonry details

Masonry type

Compressive strength of units

Mortar designation

Category of manufactoring control of units
Partial safety factor for material strength

Characteristic compressive strength of masonry

Least horizontal dimension of masonry units
Height of masonry units

Ratio of height to least horizontal dimension
From BS5628:2 Table 3d, mortar ii
Characteristic compressive strength

Factored horizontal at-rest forces on stem
Surcharge -
Moist backfill above water table

Calculate shear for stem design

Shear at base of stem

Calculate moment for stem design
Surcharge

Moist backfill above water table

Total moment for stem design

Check maximum design moment for wall stem
Width of wall

Maximum design moment

Check wall stem in bending
Moment of resistance factor

Lever arm factor

° ° ° ° ° ° .

touter = 100 mm
tinner = 100 mm
teavity = twan - touter - tinner = 100 mm
dstem = 170 mm

Aggregate concrete blocks no voids
Punit = 7.3 N/mm?

(ii)

Category |

ymm = 2.0

bunit = 100.0 mm
hunit = 215.0 mm

ratio = hunit / bunit = 2.2

fk = 6.4 N/mm?

Fs surf = 11 x Ko x Surcharge x (hef - tbase - dus) = 3.8 KN/m~
Fs.mat=0.5x yt e x Ko x ym x (Deff - toase - das - hsat)® = 21.4 kN/m

Vstem = Fs_sur f+ Fs m a 1= 25.2 KN/m

Ms_sur = Fs_sur_t x (hstem + toase) / 2 = 4.1 kNm/m
Ms m a = Fs_.m_a rx (2 x hsat + Defr - dds + toase / 2) / 3 = 16.4 KNm/m
Mstem = Ms_sur + Ms_m_a = 20.5 KNm/m

b =1000 mm/m
Ma_stem = 0.4 x fk x b x dstem? / Yom = 37.0 kNm/m

PASS - Applied moment is less than maximum design moment

Q = Mstem / dstem? = 0.708 N/mm?
Q=2XCX(1 -C)kalf}‘mm
¢=0.873
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Lever arm Zstem = MiN(0.95, ¢) x dstem = 148.4 mm

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

Basic characteristic shear strength of masonry

Shear span
Characteristic shear strength of masonry

Allowable shear stress

Check limiting dimensions
Limiting span/effective depth ratio
Actual span/effective depth ratio

Axial load check
Factored axial load on wall
Limiting axial load

] Retaining wall (v1.2.01.06)

As_stem_des = Mstem % yms / (fy x Zstem) = 317 mm?/m
As_stem_min = K x b x twar = 390 mm?/m
As_stem_req = Max(As_stem_des, As_stem_min) = 390 mm?/m
12 mm dia.bars @ 100 mm centres
As_stem_prov = T X Qstem? / (4 x Sstem) = 1131 mm?/m
PASS - Reinforcement provided at the retaining wall stem is adequate

Vstem = Vstem / (D x dstem) = 0.148 N/mm?
fubas = MIN[0.35 + (17.5 x As_stem_prov / (b > dstem)), 0.7] x 1 N/mm?
fubas = 0.466 N/mm?
a = Mstem / Vstem = 812.9 mm
fy = Min(fuoas x max(2.5 - 0.25 x (a/ dstem), 1), 1.75 N/mm?)
fv = 0.608 N/mm?
Vadm = Ty / ymv = 0.304 N/mm?
PASS - Design shear stress is less than maximum shear stress

ratiomax = 18.00
ratioact = (hstem + dstem / 2) / dstem = 11.38
PASS - Span to depth ratio is acceptable

Nuait = ([twai x hstem % ywan + Waead] x y1_a) + (Wive x yr1) = 22.1 kN/m
Niimit = 0.1 x fk x twar = 192.0 KN/m
Applied axial load may be ignored - calculations valid

]

B Retaining wall (v1.2.01.06) (|
I} This option allows the surcharge, live vertical load and passive soil resistance to be omitted from
the sliding and overturning stability checks recognising the fact that these loads may not be

" present at all times. The effect of omitting these loads from the stability checks is conservative.
B e T B B

PP T ST T S S PR,

@ Analysis options

Variables i Method for calculating active and passive earth pressures

Retaining wall is propped

i’ Indude transient loads in stability calculations

ID Di
i

Indude: Analysis and desig
Design retaining wall in: Masonry -
Ty of masry

i
]

L'.EE Design options
Variables Pressure aoeficient used in design calaulations
Minimum percentage area of reinforcement k 0.13 % &
Check limiting dimension
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Indicative retaining wall reinforcement diagram

|

L

Heel mesh - A393 - (393 mm?/m)
Stem bars - 12 mm dia.@ 100 mm centres - (1131 mm?/m)

Stem reinforcement

l——HeeI reinforcement
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www. hilti.fr PROFIS Anchor Channel 1.5.1
Company: Vale Consultancy Page: N

Specifier: Project: Ty Twyn, Mill Road,
Address: Fastening point: Lower Wall

Phone | Fax: \ Location | Date: 13/08/2017

E-Mail:

Specifier's comments:

1Input data
Channel type; bolt HAC-50 106/1050 F; HBC-C 50R, M10 x 40 mm Bj
Effective embedment depth Nes = 106 mm
Channel specification Length: 1050 mm, anchor spacing: 250 mm, projection: 25 mm,
width: be, = 42 mm, height: he, = 31 mm
Material Anchor & Channel: hot-dip galvanized

Bolt: stainless
Europ. Tech. Assessment (ETA) -

Issued | Valid -1-

Standard CEN/TS 1992-4-3

Base material uncracked, C20/25, fy cupe = 25.0 N/mm? h = « mm
Reinforcement Exist. Reinf.:. Widely spaced

Straight edge reinf. present
Reinf. to control splitting present

Tolerance data tolerance interval: -1000 mm/1000 mm
most unfavorable tolerance: 0 mm

2Overall Result

Design ok! (Maximum utilization: 31%)
2.1 Fixtures / Bolt groups / Loads

Fixture 1

e

3Load case / Resulting bolt forces

Load case: Design load

3.1 Load distribution
3.1.1 Fixture 1: bolt: HBC-C 50R, M10 x 40 mm

Profile: LxWxT=1000x 10 x 0 mm
Standoff: No standoff
Plate dimensions: 1000 mm x 150 omx 10 e0ogn ...
Anchorplate design calculated: no N . O I 0%1 ,,,,,,,,,,,,, s B
’ Tensi
Bolt N[kN] V[kN] V. [kN] V,[kN]
1: 0.959 2.190 0.000 -2.190 (=)
1.2 0.959 2.200 0.000 -2.200 Compression

1.3 0.959 2.210 0.000 -2.210

Input dété and réél]lts must be checked for agreemeﬁi-\;iih the existing conditions and for plausibility!
PROFIS Anchor Channel © 2010 Hilti AG, FL-9494 Schaan Hilti is a registered Trademark of Hilti AG, Schaan
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www. hilti.fr PROFIS Anchor Channel 1.5.1
Company: Vale Consultancy Page: "o

Specifier: Project: Ty Twyn, Mill Road,
Address: Fastening point: Lower Wall

Phone | Fax: \ Location | Date: 13/08/2017

E-Mail:

3.2 Derivation of forces acting on anchor channels

Anchor forces [kN]

Anchor N v
ail 0.377 -0.862
a2 0.725 -1.659
a3 0.671 -1.540
a4 0.726 -1.670
ab 0.377 -0.870

3.3 Verifications for anchor channels under tension loading (CEN/TS 1992-4-3:2009 section 6.2)

Load [kN], [kNm]  Resistance [kN], [kNm] Utilization [%] Status
Bolt 0.959 10.150 10 ok

3.4 Verifications for anchor channels under shear loading (CEN/TS 1992-4-3:2009 section 6.3)

Load [kN], [kNm]  Resistance [kN], [kNm] Utilization [%] Status
Bolt w/o lever arm 2.210 7.308 31 ok

3.5 Combined tension and shear loads (CEN/TS 1992-4-3:2009 section 6.4)
Proof of interaction calculated independently for acting load and load distribution
3.5.1 Bolt (Fixture 1, bolt 1.3)

BE s + s = 0.0952° + 0.3022° = 0.100 < 1.000

Bns: governing failure mode - tension: Bolt (Fixture 1, boit 1.3)
Bvs governing failure mode - shear: Bolt w/o lever arm (Fixture 1, bolt 1.3)

3.5.2 Anchor channel (Anchor a3)

%+ PY.=0.037"%+0.122"% = 0.050 < 1.000
Bra+ BV,

Bnai governing failure mode - tension: Connection anchor-channel (Anchor )
Bva governing failure mode - shear: Concrete edge failure (Anchor )

Remarks and warnings

* Please consider all details and hints/warnings given in the detailed report!

Design dk! (Maximum utilization: 31%)

4 Remarks; Your Cooperation Duties

+ Any and all information and data contained in the Software concern solely the use of Hilti products and are based on the
principles, formulas and security regulations in accordance with Hilti's technical directions and operating, mounting and
assembly instructions, etc., that must be strictly complied with by the user. All figures contained therein are average figures,
and therefore use-specific tests are to be conducted prior to using the relevant Hilti product. The results of the calculations
carried out by means of the Software are based essentially on the data you put in. Therefore, you bear the sole
responsibility for the absence of errors, the completeness and the relevance of the data to be put in by you. Moreover, you
bear sole responsibility for having the results of the calculation checked and cleared by an expert, particularly with regard to
compliance with applicable norms and permits, prior to using them for your specific facility. The Software serves only as an
aid to interpret norms and permits without any guarantee as to the absence of errors, the correctness and the relevance of
the results or suitability for a specific application.

.

You must take all necessary and reasonable steps to prevent or limit damage caused by the Software. In particular, you
must arrange for the regular backup of programs and data and, if applicable, carry out the updates of the Software offered by
Hilti on a regular basis. If you do not use the AutoUpdate function of the Software, you must ensure that you are using the
current and thus up-to-date version of the Software in each case by carrying out manual updates via the Hilti Website. Hilti
will not be liable for consequences, such as the recovery of lost or damaged data or programs, arising from a culpable
breach of duty by you.

Input data and results must be checked for agré-e;r%ent with the existing conditions and for plausibiiity[
PROFIS Anchor Channel @ 2010 Hilti AG, FL-9494 Schaan Hilti is a registered Trademark of Hilti AG, Schaan
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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

Unpropped cantilever

hstem = 1000 mm

twar = 300 mm

Itoe = 100 mm

Iheel = 450 mm

lbase = ltoe + lheet + twan = 850 mm
toase = 300 mm

-

das = 0 mm
lgs = 450 mm
tes = 300 mm

hwail = hstem + toase + ddas = 1300 mm

deover = 0 mm

dexc = 300 mm

hwater = 0 mm

hsat = max(Nwater - toase - das, 0 mm) =0 mm
ywai = 20.0 kN/m?

Ybase = 23.6 KN/m?

o =90.0 deg

 =0.0 deg

heft = huai + lheet x tan(p) = 1300 mm

M=1.5
ym = 17.5 KN/m?
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Saturated density of retained material
Design shear strength

Angle of wall friction

Base material details

Moist density

Design shear strength

Design base friction

Allowable bearing pressure

Using Coulomb theory

Active pressure coefficient for retained material

Ka = sin(a + ¢')? / (sin(a)? x sin(o - 8) x [1 + V(sin(¢' + 8) x sin(¢' - B) / (sin(a - 8) x sin(a + B)))J?) = 0.369
Passive pressure coefficient for base material

Kp = sin(90 - ¢'s)? / (Sin(90 - 86) x [1 - V(sin(¢'s + 8v) x sin(¢'v) / (sin(90 + &:)))F) = 5.571

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

|

s = 21.0 kN/m?®
¢'=24.2 deg
8 =18.6 deg

ymbs = 18.0 kN/m?
¢'v = 27.5 deg
60 = 21.3 deg

Pbearing =150 kN/m?

Ko = 1 - sin(¢’) = 0.590

Surcharge = 2.5 kN/m?

Waead = 3.0 KN/m
Wive = 0.0 kN/m
libas = 50 mm
Fdead = 0.0 KN/m
Five = 0.0 kN/m
hicas = 0 mm

1

56.1

Vertical forces on wall
Wall stem

mHIl”IHHHHIHHHTH-H,..M

= R R A

HH’HH|H|l|HHHHIHHlHIHIHnm..,....

@
ol

Loads shown in kN/m, pressures shown in kN/m?

Wuall = hstem X twail X ywal = 6 KN/m
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Wall base Whoase = Ibase X tbase X ybase = 6 kKN/m
Surcharge Wsur = Surcharge x lheet = 1.1 kN/m

Moist backfill to top of wall
Applied vertical load
Total vertical load

Horizontal forces on wall
Surcharge

Moist backfill above water table
Total horizontal load

Calculate stability against sliding
Resistance to sliding

Overturning moments
Surcharge

Moist backfill above water table
Total overturning moment

Restoring moments
Wall stem

Wall base

Moist backfill

Design vertical dead load
Total restoring moment

Check stability against overturning
Total overturning moment
Total restoring moment

Check bearing pressure
Surcharge

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

Bearing pressure at toe
Bearing pressure at heel

Wm_w = Iheel % (Dstem - hsat) x ym = 7.9 KN/m
Wy = Waeas + Wive = 3 kKN/m
Woctal = Wuwail + Whase + Wsur + Wm_w + Wy = 24 kKN/m

Fsur = Ka x c0s(90 - o + 8) x Surcharge x herr = 1.1 kN/m
Fm_a=0.5 x Ka x c08(90 - & + 8) x ym x (heff - hwater)? = 5.2 KN/m
Fiotal = Fsur + Fm_a = 6.3 kKN/m

Fres = (Wiotal - Wsur) x tan(8s) = 8.9 kN/m
PASS - Resistance force is greater than sliding force

Msur = Fsur x (Reft =2 x das) / 2 = 0.7 kNm/m
Mm a=Fmax (heff + 2 x hwater - 3 x dds) /3 =2.2 kNm/m
Mot = Msur + Mm_a = 3 kKNm/m

Muai = Waall X (loe + twai / 2) = 1.5 KNm/m

Moase = Whoase X Ibase / 2 = 2.6 KNm/m

Mm_r = (Wm_w % (lbase = Iheet / 2) + Wm_s x (Ibase - Ihee / 3)) = 4.9 kKNm/m
Maead = Waead x lioas = 0.2 KNm/m

Mrest = Mwai + Mbase + Mm_r + Magag = 9.1 KNm/m

Mot = 3.0 KNm/m
Mresl =9.1 kNm/m
PASS - Restoring moment is greater than overturning moment

Msur_r = Wsur % (lbase - Ineet / 2) = 0.7 KNm/m
Miotal = Mrest - Mot + Msur r = 6.9 kKNm/m -
R = Wiota = 24.0 KN/m
Xoar = Miota / R = 285 mm
e = abs((lbase / 2) - Xvar) = 140 mm
Reaction acts within middle third of base
Ptoe = (R / lbase) + (B x R x & / lbase?) = 56.1 kN/m?
Preet = (R / lbase) - (6 x R x € / Ibase?) = 0.4 KN/m?

PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1994)
TEDDS calculation version 1.2.01.06
Ultimate limit state load factors
Dead load factor va=1.4
Live load factor vi1=1.6
Earth and water pressure factor vie=14

Factored vertical forces on wall
Wall stem

Wall base

Surcharge

Moist backfill to top of wall
Applied vertical load

Total vertical load

Factored horizontal at-rest forces on wall

Surcharge
Moist backfill above water table
Total horizontal load

Factored overturning moments
Surcharge

Moist backfill above water table
Total overturning moment

Restoring moments
Wall stem

Wall base

Surcharge

Moist backfill

Design vertical load
Total restoring moment

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

Bearing pressure at toe

Bearing pressure at heel

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

Waall_f = Y1 d % Nstem % twan x ywan = 8.4 kN/m

Whase_f = Yf_d % |base % tbase X Ypase = 8.4 KN/m

Wsur_f = yi_1 x Surcharge x lheet = 1.8 kN/m

Wm_w i = ¥f_d X Iheel X (Nstem = hsat) x ym = 11 kKN/m

W 1= vt a x Waead + 111 x Wive = 4.2 kN/m

Wiotal t = Waall_f + Woase_f + Wsur_f + Wm_w f + Wy s = 33.9 kN/m

Fsur_f = 1.1 x Ko x Surcharge x herr = 3.1 kN/m
Fm_a_f = YfeX 0.5 x Ko x Ym X (heﬁ = h\.vauer)2 =12.2 KN/m
Ftolal_i = Fsur_f + Fm_a_f =15.3 KN/m

Msur ¢ = Fsur 1 x (heff -2 x dds) /2=2KkNm/m
Mm_a_i = Fm_a_i X (hef‘f + 2 x Nwater - 3 x dds) /3 =15.3 kNm/m
Mot_f = Msur_f + Mm_a_f = 7.3 kNm/m

Muail_f = Wwall_f % (loe + twan / 2) = 2.1 KNm/m

Mboase f = Woase_t  lbase / 2 = 3.6 KNm/m

Msur_r_f = Wsur_f % (lbase - lheer / 2) = 1.1 KNm/m

M _r_t = (Wm_w X (Ibase - Ineel / 2) + Wm_s_1 x (loase - Ineel / 3)) = 6.9 KNm/m
Mv_f = Wy f x licag = 0.2 KNm/m

Mrest_f = Mwai_f + Mbase_f + Msur_r ¢ + Mm_r ¢+ Mv = 13.9 l'-’.Nm."m

Miotar 1 = Mrest 1 - Mot r = 6.6 KNm/m
R = Wiotar 1 = 33.9 kKN/m
Xbar_f = Miota 1/ Rf = 196 mm
er = abs((lbase / 2) - Xbar 1) = 229 mm
Reaction acts outside middle third of base
Poe_f = R/ (1.5 x Xpar 1) = 115.4 KN/m?
Phee_f = 0 KN/m? = 0 kKN/m?
rate = proe_r/ (3 x Xvar_r) = 196.78 KN/m?/m
Pstem_toe_f = Max(Proe f - (rate x lee), 0 kN/m?) = 95.7 kN/m?
Pstem_mid_f = Max(Proe_t - (rate x (hoe + twan / 2)), 0 kN/m?) = 66.2 kN/m?
Pstem_heel_t = MaxX({Proe_f - (rate x (loe + twar)), 0 kKN/m?) = 36.7 kN/m?

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

Material properties
Characteristic strength of concrete

Characteristic strength of reinforcement

fou = 35 N/mm?
f, = 500 N/mm?
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Base details
Minimum area of reinforcement k=013%
Cover to reinforcement in toe Croe = 30 mm

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
A A

300
265
v

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

Check shear resistance at toe
Design shear stress
Allowable shear stress

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

200

Mice = Mtoe_bear a Mloe_wl_nase = 2.8 kNm/m

Vice_bear = (Proe_f + Pstem_toe_f) % lhoe / 2 = 10.6 kN/m
Vice_wt base = ¥t d X Ybase X loe % thase = 1 KN/m
Vice = Vioe_bear = Vice_wt_base = 9.6 KN/m

Mice_bear = (2 % Proe_f + Pstem_mid_f) X (loe + twan / 2)2 /6= 3.1 kKNm/m
Mioe_wi_base = (¥1_d X Ybase X tbase X (lhoe + twan / 2)2 /2)=0.3 KNm/m

b =1000 mm/m
dtoe = tbase — Ctoe — (ftoe / 2) = 265.0 mm
Kice = Mioe / (b x dioe? x feu) = 0.001
Compression reinforcement is not required
Zive = MiN(0.5 + V(0.25 - (Min(Kise, 0.225) / 0.9)),0.95) x duce
Zioe = 252 mm
As _toe_des = Mioe / (0.87 x fy x Zioe) = 25 mm?/m
As 10 min = K x b x thase = 390 mm3/m
As_toe_req = Max(As_ioe_des, As_toe_min) = 390 mm?2/m
A393 mesh
As_toe_prov = 393 mm2/m

PASS - Reinforcement provided at the retaining wall toe is adequate

Vice = Vtoe / (b X dtce) =0.036 'QJ'lrr""n2
Vagm = min(0.8 x V(few / 1 N/mm?2), 5) x 1 Nimm? = 4.733 N/mm?
PASS - Design shear stress is less than maximum shear stress

Ve_toe = 0.415 N/mm?
Vioe < Vc_toe - NO shear reinforcement required

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

Material properties
Characteristic strength of concrete
Characteristic strength of reinforcement

feu = 35 N/mm?
f, = 500 N/mm?
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Base details
Minimum area of reinforcement k=10.13 %
Cover to reinforcement in heel Cheel = 30 mm

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

Shear from weight of moist backfill
Shear from surcharge

Total shear for heel design

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

Total moment for heel design

>
|
|

—-300
265

-
-

Check heel in bending
Width of heel

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 heel
Design shear stress
Allowable shear stress

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

200-

Vheel_bear = Pstem_heel f % ((3 X Xvar 1) - hoe - twa) / 2 = 3.4 kN/m

Vheel wt_base = Yi_d X Ybase X Ineel X toase = 4.5 KN/m

Vheelwt_m = Wm_w = 11 KN/m

Vheel_sur = Wsur_t = 1.8 KN/m

Vheel = = Vheel_bear + Vheel_wt_base + Vheel wt_m + Vheel_sur = 13.9 kKN/m

Mheel_bear = Pstem_mid_f % ({3 % Xoar 1) - hoe - twan / 2)? / 6 = 1.3 kKNm/m
Mheel_wt_base = (V1_d % Vbase X tbase % (Iheel + twan / 2)? / 2) = 1.8 kNm/m
Mheet wt.m = Wm_w 1 % (Ineel + twar) / 2 = 4.1 KNm/m

Mheel_sur = Wsur_f X (lheel + twan) / 2 = 0.7 kKNm/m

Mreet = - Mheel_bear + Mheel_wt_base + Mneel_wt m + Mhesi_sur = 5.3 kKNm/m

b =1000 mm/m
Oheel = thase — Cheel — ((neel / 2)=265.0 mm
Kneel = Mheei / (b x dhee? x feu) = 0.002
Compression reinforcement is not required
Znee = Min(0.5 + ¥(0.25 - (Min(Knee, 0.225) / 0.9)),0.95) x dheel
Zheel = 252 mm
As_heel_des = Mheel / (0.87 x fy x Zneer) = 49 mm?/m
As heel_min = K x D x tbase = 390 mm?/m
As_heel_req = Max(As_neel_des, As_neel min) = 390 mm?Z/m
A393 mesh
As heel prov = 393 mm?/m

PASS - Reinforcement provided at the retaining wall heel is adequate

Vheel = Vheel / (D x dheer) = 0.052 N/mm?
Vagm = min(0.8 x V(feu / 1 N/mm?2), 5) x 1 N/mm? = 4.733 N/mm?
PASS - Design shear stress is less than maximum shear stress

Ve heel = 0.415 N/mm?
Vheel < Vc_neel - NO shear reinforcement required
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Design of cavity reinforced masonry retaining wall stem - B§5628-2:2000

e s

Masonry details

Masonry type

Compressive strength of units

Mortar designation

Category of manufactoring control of units
Partial safety factor for material strength

Aggregate concrete blocks no voids
punit = 7.3 N/mm?

Characteristic compressive strength of masonry

Least horizontal dimension of masonry units
Height of masonry units

Ratio of height to least horizontal dimension
From BS5628:2 Table 3d, mortar ii
Characteristic compressive strength

Factored horizontal at-rest forces on stem

Surcharge
Moist backfill above water table

Calculate shear for stem design
Shear at base of stem

Calculate moment for stem design

Surcharge

Moist backfill above water table

Total moment for stem design

Check maximum design moment for wall stem
Width of wall

Maximum design moment

Check wall stem in bending
Moment of resistance factor

Lever arm factor

(i)

Category |

Ymm = 2.0

bunit = 100.0 mm
hunit =215.0 mm

ratio = hunit / bunit = 2.2

fc = 6.4 N/mm?

Fs_sur f = 11 x Ko x Surcharge x (heff - tbase - das) = 2.4 KN/m
Fs mat=0.5x7ytex Ko xym x (Neff - toase - dos - hsat)® = 7.2 KN/m

Vstem = Fs_sur f+ Fs_.m_a 1= 9.6 KN/m

Ms_sur = Fs_sur_f x (Nstem + toase) / 2 = 1.5 kKNm/m
Ms m a=Fs_m_afx (2 x hsat + hefr - dds + toase / 2) / 3 = 3.5 KNm/m
Mstem = Ms_sur + Ms_ m_a = 5 KNm/m

b =1000 mm/m
Md_stem = 0.4 x fk x b x dstem? / Ymm = 37.0 kNm/m

PASS - Applied moment is less than maximum design moment

Q = Mstem / dste? = 0.174 N/mm?
Q=2x%xcx(1-c)xf/ymm
c=0.972
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Lever arm Zstem = mln(095, C) % dstem = 161.5 mm

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

As_stem des = Mstem X Yms / (fy X Zstem) = T2 mm?/m
As_stem_min = k x b x twan = 390 mm?2/m

%_slem_rea = MBX(As_slemrdes, As_stem'min) =390 mm?/m
A393 mesh

As_stem_prov = T % ¢stem2 /(4 x Sstem) = 393 mm?2/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Basic characteristic shear strength of masonry

Shear span

Characteristic shear strength of masonry

Allowable shear stress

Check limiting dimensions

Limiting span/effective depth ratio

Actual span/effective depth ratio

Axial load check
Factored axial load on wall
Limiting axial load

B Retaining wall (v1.2.01.06)

Vstem = Vstem / (b % dstem) = 0.056 N/mm?
fubas = Min[0.35 + (17.5 x As_stem_prov / (D % dstem)), 0.7] x 1 N/mm?
fubas = 0.390 N/mm?
a = Mstem / Vstem = 524.4 mm
fu = Min(fubas x max(2.5 - 0.25 x (a / dsiem), 1), 1.75 N/mm?)
fo = 0.675 N/mm?
Vadm = fu / ymv = 0.337 N/mm?
PASS - Design shear stress is less than maximum shear stress

ratiomax = 18.00
ratioact = (hslem + dstem / 2) / dstem = 6.38
PASS - Span to depth ratio is acceptable

Nuwail = ([twa!l % Nstem x Ywall + Wdead] X Yf_d) + (Wlive X Yf_l) =12.6 kN/m
Nimit = 0.1 x fk x twan = 192.0 kKN/m
Applied axial load may be ignored - calculations valid

7

o

-
it Design options
Variables Pressure coeffident used in design calaulations

Minimum percentage area of reinforcement

Check limiting dimension

Atrestpressue v

0.13

(0 | WS

%

Bl Retaining wall (v1.2.01.06)

the sliding and overturning stability checks recognising the fact that these loads may not be

| present at all times. The effect of omitting these loads from the stability checks is conservative.
R e T B R

This option allows the surcharge, live vertical load and passive soil resistance to be omitted from

@ﬂ Analysis options

Variables

Retaining wall is propped

i Method for calculating active and passive earth pressures

i) Indude transient loads in stability calculations

Indude:
Design retaining wall in:

Type of masonry

HgD Dg
1N

Analysis and

Cavity reinforced ~



nick.clifford
Stamp

nick.clifford
Stamp


Project Job no.
VALEDTN G L TANGY Ty Twyn, Mill Road, Dinas Powys, Vale of Glamorgan 6154
T Calcs for Start page no./Revision
29 Bocam Park, Old Field Road Upper wall A23
Pencoed, Bridgend Calcs by Calcs date Checked by ] Checked date Approved by Approved date
CF35 5LJ NC 14/11/2017 JM | 14/11/2017 JM 14/11/2017
Indicative retaining wall reinforcement diagram
Stem reinforcement
Stem reinforcement
Toe reinforcement ———— ? Heel reinforcement
‘ l

Toe mesh - A393 - (393 mm?/m)
Heel mesh - A393 - (393 mm?/m)
Stem mesh - A393 - (393 mm?/m)




