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Table 2.3

| 0366 bay- l/}

Support stifiness cafegories (Carder, 1995)

Support stiffness

Description/examples

High

Moderate

Low

Top-down construction, temporary props instatled before permanent props
at high level

Temporary praps of high stiffhess installed before permanent props at low
level

Cantilever walls, temporary props of low stiffhess or temporary props
installed at low level

Table 2.4 summarises the magnitude and extent of the monitored groumd surface
movenients due to excavation in front of bored pile, diaphragm and sheet pile walls
wholly embedded in stiff clay under conditions of good workmanship. The case history
data, upon which Table 2.4 is based, relate to excavations that range in depth from 8§ m
to 31 m, have a factor of safety against base heave in excess of 3 and where walls are
wholly embedded in stiff clay.

Table 24  Ground surface movements due to excavation in front of bored pile, diaphragm wall
and sheet pife walls wholly embedded in stiff clays
Movement type High support stiffness Low support stiffness
(high propped wall, top-down (cantilever or low-stifiness temporary
construction) props or temporary props installed at
low level)
Surface Distance behind  Surface Distance behind
movenient at wall to negligible movement at wall to negligible
wall nievement wall nmovement
(per cent of max  (mudtiple of max  (per cent of max  (multiple of max
excavation depth) excavation depth) excavation depth) excavation depth)
Horizontal 0.15 4 04 4
Vettical 0.1 35 0.35 4
Notes

1. Maximum surface movement occurs close to the wall and is expressed as a percentage of
maxintem excavation depth in front of the wall.

2. Extent of movement is caleutated non-dimensionally by dividing by maximum excavation

depth.

Movements exclude those atising from wall installation effecis.

Movements correspond to good workmanship and to walls wholly embedded in stiff clays
retaining stiff clays or competent soils.

5. Movements will be greater where soft soils are cncountered at formation level; see Appendix 2.
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Selectwall fype and construction method /sequence

¥

Estimate ground movements due 1o wall
instafation from Table 2.2 and
Figures 2.8 and 2.9

v

Determine wall E1, Select h, calculate system

stifiness from Box 2.4

v ¥

Estimate ground surface
movements from:

-Table 24

-Figures 2.11 and 2.12

¥

. Add ground movements due to . It Wa
e wall instalation to detenine
(Appendx2) . tolal ground surface
movements

¥

Plot contours of ground sudace
movements

Estimate wall deflections from:

¥

Arewall defieclions and ground Yes
surface movements M Acceptdesign
acceptable?

No
v ¥

Re-appraise design Ganry oul more complex

- change h analysis

~change wall £/

Compare resulls with monitored
comparable construction

¥

Are wall deflections and ground Yes N
No mavements acceptable 7 Accept design

Figure 214  Procedure for prediction of wall deflections and ground surface movements

Estimates of wall deflections and associated ground surface movements should
follow the procedure shown in Figure 2.14. Case-history-based empirical methods
of prediction are fo be preferred to use of complex analyses, unless such analyses
are first "calibrated” against reliable measurements of well-monitored comparable
excavations and wall systems. Table 2.4, in conjunction with Figure 2.11, can be used
to estimate ground surface movements associated with walls wholly embedded in stiff
elay. Figure 2.12 can be used for walls wholly embedded in sands. Preliminary
estimmates of wall deflection can be obtained from Figure 2.13 and from Section A2.3 in
Appendix 2. This will depend upon the system stiffiiess, ps, and the factor of safety
against base heave. System stiffiiess is defined in Box 2.4, The reader is referred to
CIRIA publication C517 (1999), Appendix 4, for a good definition and explanation of
base stability.
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Principles of building damage assessment

near excavations supported by embedded retaining walls; see IF

(036604 1/7

A fhree-stage approach should be adopted for assessing potential damage to buildings

igure 2,17,

See also
Figure 2.14
Procedure for ) A B c A
prediction of wall Estimate ground §uﬂace movements from 0
Figure 2.14

deflections and

ground surlace | I
0is1

he change in gradient of

movements
a line jeining two reference

= =

Estabi i ind i ‘s
STAGE 1 stablish zone of influence 'b.ehln vtet.alnmg wall on basis of
specified criteria

Carry out condition survey of all structures and
utifities within the zone of Influence

=

Estimate potentiai damage to structure or ulilily based on the
visible damage criteria of Burland et alf (1977) as moedified by

STAGE 2 Boscardin and Cording (1989} and Buriand (2001)
from Table 2.5 and Figure 2.18

= =

. . o utside
Determine location of all struciures and ulilities 0 Mo further assessment
e ) — zone of —M .
within zone of influence . required
influence

Plot contours of ground surface movements
points (eg AB above).

Does the estimated damage {o structure or utilily
exceed that specified?

No furlher assessment
required

Carry out structural survey of slructure or utility

= =

Refine greund mevement and structure distortion estimates and
analyse soil slructure interaction effects
eg by finite element or finite difference metheds
allowing for depth of struciure foundations, 3D geometrical
effects, nen-Enear ground response, structural slifiness

~ =

STAGE 3

Does the estimated damage to struciure or utitity
exceed that specified?

No further assessment
required

Yes

Igentify mitigalion and remedial measures for
structural protection

Figure 2.17 Procedure for building damage assessment
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Stage 1

Ground movemeits behind the retaining wall should be estimated as deseribed in
Section 2.5.2 assuming greenfield conditions, ie ignoring the presence of the building
or utility and the ground above foundation level. Contours of ground surface
movements should be drawn and a zone of influence established based on specified
setttement and distortion criteria. All structures and utilities within the zone of influence
should be identified.

Stage 2

A condition sarvey should be carried out on all structures and utilities within the zone
of influence before starting work on site. The structure or utility should be assumed to
follow the ground (ie it has negligible stiffness), so the distortions and consequently the
strains in the structure or utility can be calculated. The method of damage assessment
should adopt the limiting tensile strain approach as described by Burland ef af (1977),
Boscardin and Cording (1989) and Burland (2001); see Table 2.5 and Figure 2.18.

Table 2.5 Classification of visible damage fo walls {after Burtand et al, 7977, Boscardin and
Cording, 1989, and Burland, 2001}

Category of  Description of typical damage Approximate Limiting
damage {case of repair is underlined) crack width  tensile strain

(mm) Eim (Per cent)
0 Negligible  Hairline cracks of less than about 0.1 mm are < 0.1 0.0-0.05

classed as negligible.

I Veryslight Tine cracks that can easily be treated during <1 0.05-0.075

normal decoration. Perhaps isotated skight
fracture in building. Cracks in external
brickwork visible on inspection.

2 Slight Cracks easily filled. Redecoration probably <5 0.675-0.15
required. Several stight fractures showing inside

of building. Cracks are visible externally and
some repointing may be required extemally to
cnsure weathertightness. Doors and windows
may stick slightly.

3 Moderate The cracks require some opening up and canbe 5-15o0ra 0.15-0.3
patched by a mason. Recurrent eracks can be number of
masked by suitable linings. Repointing of cracks > 3
external brickwerk and possibly a small amount

of brickowork to be replaced. Doors and
windows sticking. Service pipes may fracture.

Weathertightness often impaired.

4 Severe Extensive repair work involving breaking-out 15-25 but >0.3
and replacing sections of walls, especially over  also depends

doors and windows, Windows and frames on nuinber of
distorted, floor sloping noticeably, Walks leaning cracks

or bulging noticeably, some loss of bearing in

beams, Service pipes disrupted.

5 Very severe  This requires a major repair involving patial or  usuafly > 25
complete rebuilding, Beams lose bearings, walls but depends

lean badly and require shoring. Windows broken on number of

with distortion. Danger of instability. cracks.
Notes
1. In assessing the degree of damage, account must be taken of its location in the building or
structure,

2. Crack width is only one aspect of damage and should not be used on its own as a direct
measure of it.
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Deflection ratio = AL

(a) Definition of deflection ratio.

-12 {LiH} = 10
4. g
1/H)=15 =
{LH) s
0.8 o
3'3 J% =05 @
-0.6 c
o
0.4 1 %
]

-0.2
T T T Ti I
0 02 04 08 08 1 o 04 1%} 0.3
Enim Horizonta! strain (%)
(b} Influence of horizontal strain on A/L lepm (c) Relationship between damage category and
(afer Burland. 2001) deflection ratio and horizontal tensile strain for

hogging for (L/H) = 1.0 (after Burland, 2001}

By adopting vauas of £, associated with the various damage categoies given in Table 2.5, Figure (b) can be developed into an
interaction diagram showing the relationsiyp between AA. andepfor a particutar value of LM Figure (<) shows such a
chagram for (L/H) = 10.

Figure 2.18 Relalionship between damage category, deflection raffo and horizontal tensile sirain
(after Burland, 2001)

Reinforced concrete-framed structures are more flexible in shear than are masomy structures
and are consequently less susceptible to damage. Nevertheless, for the purposes of a stage 2
assessment of potential damage, all structures should be treated as masonry structures.

Box 2.5 Procedure for stage 2 damage calegory assessment

The following steps should be undertaken in making a stage 2 assessment ofthe damage to

a structure:

(i)  establish £ and H for the structure (see Figure 2.18(a) for definitions of L and H)

(i)  determine (L)

(i) determine relationship between (A/1) and &, for the required (£/F) fom Figure
2.18(b) for €y, values from Table 2.5

(iv) estimate vertical and horizontal ground surface movements in the vicinity ofthe
stnucture from Figure 2.14

(v} determine (A/L) and &, (= 8h/L) where &, is the horizontal movement
(vi) estimate damage category from the relationship between (4/1) and &, established

from step (iii) above. j

684 CIRIA G580




Gvoury Self

CONSULTING ENGINEERS

STRUCTURALCIVIL-ENVIRONMENRTAL

Yo TITLE

{sc Qf'/(f’:ﬂ?/i / %//

DATE

Hoel. s

ITEM

gﬁw/ Myenn] Il

Jos No.

(0366 A4

SHEET No.

yia

PREPARED BY W
7

CHECKED BY

REF CALCULATIONS

OurpPUT

@in'a Cg%

- Qt?clﬂn 2

us ' 4.

@)0\5}0{'11{/'\ }

Qlaaa\w

%L Qw({yy

Tl 2.4

oy +d ¢ 384

l . L’F/ 2

Qw’j)m ;err@} o} vell - Tedle 2 4
tl <0 l%) ¥ p‘ 5o,
V . %059,
o) el 5
Zone lhﬁw]a i
) 4. 259 . 4.3 i
v 3:9¢ 3.4 . 12:50 w
e 44 »
j.] 2o
) PR
o /
1 .
:\Z é/? JD H
% B e
b
5 d
e s e d:“ — ———— t ! ) )

CALCULATION SHEET




GMoury Self

Jor TiTie

/S /g”éﬂ&?/ /%%

D

Mool 15

CONSULTING ENGINEERS
STRUCTURALCIVIL-ENVIRONMENTAL

ITEMZ;W/V/ %Mm{rﬁ/ /é5 .

JoB No.

[O364 mA

SHEET No.

WK

Preparen By (7%

CHECKED BY

s’
REF CALCULATIONS Qureut
50 2 54mm 5DA ’ 21“‘
D = 10, S/ + & an
limh 10, /2’
< a * (; Fay
5{_ g__Lj S m é£ ¥ 2 <
TC\LQ A * gK %'Sal' |O¥?T‘n.
E“{‘«\?«n Ha 4:~<%"f!2-
UQ 13414
Ny 15
I ‘ ,' B
\ l // I [
e i
| 2. 89, {
|
. — e}
/
H
J /y/ 7 g
l 3 \'?‘2,, 1, ] QM
4 d
@ﬂ&@wa M ( Vonero heqoporls ¢ ’VJ
ogaue  odandd deligs e N(U&ﬁ%
acloeont 4o hes O\QJ\{ d

CALCULATION SHEET




Gvoury Self

CONSULTING ENGINEERS

STRUCTURALCIVIL ENYIRONMENTAL

" kg et W

DaTE /%G? / /j

Jos No.

(O344 1A

SHEET NO.

I/!4

PREPARED By

ITEM %W// Wfé/&@f / )Z/j

CHECKED BY

M. 184

o b ez b 0015 00

AL E’/%:Jgi»/ 2 02
£ lin 015 fos
> &, tl, - 02
v 082008 - 00123
{00
Ne f b2

aﬁé%

A( Lm } % («uw ' 901

*> S[\ ? {665

lo

IOMA

aL:«]

REF CALCULATIONS Outrut
@()Y 25,
TC&LJ? A z 5{3 ¢ gmn
u 3 [ me ¢ l VAl - 5 : DL |nd
M l /"( ) [O(Itm i« //l/ /’/lg“hlo“” 2ol lo
Wo 15 D < 5 -4
-~ T C2507

kbl 25

Ay

CALCULATION SHLET




Jop TITLE

GMonry Self

Ke 24 B

Date

j%:/ /s

Cc)mc(u& tep

u%;;n{j e UP(JQf wa\el (,uwfn

J

0.1 @ gw/mof Ca/(’rap
&{Q/K?C/m w/// /Zeaf/‘r/ 7[

Mo abowe
C@hms/??'@’ /ﬂm(‘été/ c/mnagz
“M( L-Ja// J Anup/ L

ca\aﬂ-{c, h‘ms w o

‘L’J\s\ (0 (Zuﬂ

2 Lau)
Lavd Gof e

(th,qmc,h'ue 24

M//'// Ae t’i'é(j ZI//

s

CONSULTING ENGINEERS ITEM Jor No. SHEET No.
STRUCTURALCIVIL:ENYIRONMENTAL %;m;’/ /M&/mﬁ/g}l //// l /()34({ Wf? {//5
PrEPARED BY CHECKED By
REF CALCULATIONS oureuT
=
0l o é// o bosddt 04
£ Vi oS -
‘ )
=D g}/ . 0.9
€l
6, 0015 = 224107 ¥
\Oo
- SC o 8, > Wk | [0nm
T
QKQ’()},

voal]
/ OM M,

uw\-p)foug

Whpe

CALCULATION SHEET




