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Braced Cuts
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9.1 iuawleasda

L 4 v o a w a o v
Tuanuresinunaitadissitnisganuadiludneazuwsedeindiaesiy
‘=’: . . @ 1 1 :’l Yo =
WIIRN (vertical or near-vertical) Ainaeng 1w TulARRI2991A15 U developed area #ra 1y
Lo A=i =4 a o ar @ o
szuuntsrudelaau lnefiszavagaudnatniafuatiyl nsflasiuunanmednluiuamsres
a o 13 ¥ o e ] = ol = ges, <4 ey
Auazilalnaldszuumsadudaasaienanidesnsitmwasatamutianisiansnnlu
4=d Qs < @ o = i 1 L
[FastesniangaRavFaN RtRnFIUAtdaLnIuTesauiiet Indiugiun
Braced Cuts Hag] 2 lsznv Ag
1. Soldier beam type
b4
Soldier beam type aznIn1smanasbliauiinisyanga Andwazinnisaandls
[ -] 1 ] 1 B :’r ml dll =X nl
flusALTnMTadNesTRdNe Soldier beam dunauntavanarBuIliansuszazAILAnT

v 2 & p A T - =
FIENNIT LUALATARATIU wales WAL struts NIFAAF

Wale  Strut

Lagging

=
GA

Soldier
beam

Plan

7117 9.1.1 Soldier beam type
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2. Interlocking sheet piles

[
=i

. - o 1 P o
Interlocking sheet piles azWnsaanasiunaugangs iatlasziuaasani

s ] 14
FBaN19azi wales wae struts NRRATUARN NI IANgLiaGaRLY

Elevation " 7. Plan
) . :
919 9.1.2 Interlocking sheet piles

9.1.1 Pressure Envelope for Braced Cuts Design
LR LANA U (Lateral earth pressure) TulnseaFreiufuLlszunm Braced Cuts

JunEiy

1. 98m1898% (type of soil)

2.38n"sneaF14 (construction method)

3. 91lnva9glnsalil4 (equipment used)

TnaussfumNs ez Aguuasansumiaiielifeandrumioniis

Strut uﬁazﬁqngnﬂﬂnu,uumﬁﬂﬁ?ﬂﬁqwﬂ’nqoqﬂﬁnwﬁq #arf Braced Cuts Asgn
aanuulneld apparent-pressure diagram TugiluansBisiinsdrwiuman apparent-
pressure diagram futhdnann strut load lugilan P1, P2, P3, P4, ... Am measured strut

loads A1 apparent horizontal pressure aunTaATNAI AN



G, = P,
B, + 0,2)

5U# 9.1.3 nariaa¥n4 Braced cut

151



o~

152

o1

L

i

fr e e

e et e

gﬂﬁ 9.1.4 Procedure for calculating apparent-pressure diagram

from measured strut loads

Peck (1969) THaunns envelope 183 apparent-lateral-pressure diagrams aviuaanuy

ludufunse envelope uanslugih 9.1.5 uazluaunis

G, = 0.65 YHK,
where Y = unit weight
H = height of the cut
K, = Rankine active pressure coefficient

@ = effective friction angle of sand

Cuts in Clay
Tuninuasifeaiu Peck (1969) 1 envelope 999 apparent-lateral-pressure diagrams
&9FU soft to medium clay kaglu stiff clay Aae L35 envelope @45 soft to medium
clay ugnalu gﬂ‘ﬁlgj 6 Tmﬂ@gmﬂlﬁﬁfﬂuh

YHIC > 4

Lﬂji'ﬂ C = undrained cohesion { 8 = 0)
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1 @ b7 ) ﬂll t 1
ALTIAY, O, aldAMunndnsEudng

O, =VH [1 - (4C/‘YH)]

LAY
G, =0.3YH
Wi ¥ = unit weight of clay

396t envelope #1351 cuts T stiff clay Teuanslug® 9.1.7 wnldaan

G, =0.2YH to 0.4YH (1a@e 0.3YH)
melsiauty yH/C <4

0.25H

3

s }
[~
B
[ TR §
L4 & \er)/

0.5H

LA =

&k

0.75H

0.25H

;f.

S 3 3
!-‘

F

gﬂﬁ 9.1.5 for cuts gﬂ‘ﬁ 9.1.6 for cuts in soft gﬂ‘ﬁ 9.1.7 for cuts in

in sand to medium clay stiff clay

9.1.2 Pressure Envelope for Cuts in Layered Soil
z‘ d:: oy - ﬂll [ ] ?& oy ej o :’l oy nll
Tuuepfienaiitufuassadaiuaary Wuduiunidy sand watuduauiie

clay uaziilafinnsrinaing Braced cuts Tunsel Peck (1943) Wiaualild equivalent value

23
o o

1 Aﬂl 1 d' b
YBIANAIMHTBNLUY (5=0) 999 vlddadl

C,, ={1/2H) [YS K5H25 tan @, + (H - Hs)n‘qu]
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Where H = total height of cut

Y, = unit weight of sand

H, = height of sand layer

K, = a lateral earth pressure coefficient for sand layer (& 1)

2, = angle of friction

q, = unconfined compression strength of clay

n’ = a coefficient progressive failure (ranges from 0.5 to one ; avera'ge value
0.75)

o

AR MIiniefe (The average unit weight), ¥, 1esdufugauisanals st

Ya 0 (1/H)[ YsHs +(H - HS)YCJ
Where Y, = saturated unit weight of clay layer

Al L] y 1 A 1 g -4 i
#ndFaInsIAIRMNIds NI BeRLaT T e MENIR R (Average values of

cohesion and unit weight) tial¥uw1@n pressure envelopes TuRwriendauiuniseaniun

cuts
C, = (W/H)( C.H, + C,H, +...+ CH,)

Where C,, C,, ..., C, = undrained cohesion in layers 1,2,...,n

H,, H,,..., H, = thicknesses of layers 1,2,...,n

o

v H L L
Anvidaginuiniade (The average unit weight), ¥, 183fuRusnsnuald Al

Ya = (WH{YH, + YoH, + Y H)
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9.1.3 Design of Various Components of a Braced Cut
Struts

Tusuriaate struts aiiszezrieluiuniotneias 2.75 wiss (Uszann 9 Ym)
struts ﬁwﬁ'\ﬁﬂumﬂﬂmﬂmmi’\uzﬁka@:?uiumuﬁwduﬁq(sending moment)
Avuasnlun1ssUTInges struts @:ﬁuﬂgjﬁuﬁﬁ slendemess ratio, Ifr &1ufu cuts Tt
fianundnanndndudaainmssieUsyny struts ndnetu uasdauiulunsdififesi
Braced cuts W clayey soils azsasnnwun L struts éuusn@giﬁ'ﬂndﬁqﬁuﬁ@ﬂndﬂmwﬁn
199 tensile crack, z,
ANANMT

Oa = YZK,-2cK,"

Where K, = coefficient of Rankine active pressure
o , o &
G3AN18Y tensile crack, z, LiUAE
1/2
Oa = YZK, - 2cK,
<
1B

Z, = 2c/yK,”
Wa e =0, K =tan’ (45— 0/2) = 1 Aawu
Z.= 2cly

i’um‘ﬂux‘iﬂﬂjﬁﬁummﬂﬂﬂﬂﬁﬂ (a simplified conservative procedure) 814198

Q 1 g o A‘ a g onamf s'i’ 3 | ar o d' dl 2 o
muﬂ'ﬂum'a?mmmwnmmn%nszmnu struts Qﬁﬂ‘]?uﬁz‘]}uﬂgﬂ‘u‘}lF'i'Jﬂ‘a"ﬂLﬂEl'J‘llﬂx?ﬂ‘U

<

Trsan3(the engineers involved in the project) e sumousel
1. 91NA391M pressure envelope §145U Braced cuts FEFnnsanesziy struts
-0 31.!1‘&; 9.1.8a w@m3 pressure envelope &MU sandy soil aginglsfimuisaunse
U1 clay 18laeld pressure envelope &%5u clayey soil %ﬂlﬁgﬂﬁ?:ﬁmm struts
yMAuAEeN®s A, B, C uaz D a8 sheet piles (38 soldier beams)ANTONINT

auyRiFduannyu (hinge) Asedv struts sine] enviue struts AaTiegLugauazsaag
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ANGATDY cuts b ﬁ;ﬂﬁ 9.1.8a ‘ﬁamgu (hinge)@:’ﬂg:‘ﬁﬁ‘::ﬁu B uaz C 184 struts (10
BRNLLULNYIURRAzaNNR T sheet piles 958 soldier beams iTluanmsi (hinge)'?’; struts
NNSTAY aniiusiLugn)
z.mﬁhumﬂﬁﬁ”ﬁ"mﬁnsxﬁﬁu strutsTnefansnnludnraasauiuetisine
(simple cantilever beams) Ag 42eLUriuT99819 uazlsiRansen struts T ludnuny
189ATBEN 9 (simple beam) 1w gﬂ‘ﬁ 9.1.8b usasnInTedusLfizen A, B, B, C,, G,
way D
3. fiminuessnms struts (struts load) Tu 717 9.1.8 snansnmndlEail
Pa=(A)s)
Py = (B,+5,} (s}
P, = (C,+C, s}
Pp=(D) (s}
il Py Po, Py, Py = ﬁwﬁnmmnﬁﬂszﬁqﬁ’u struts wsassia Mses A, B, C, weg D
A B,B,C,Cusx D= rohuﬁ-\sﬂg‘jﬁ?ﬂﬁﬁﬁquqmlﬁmn%um@uﬁ' PR L GRITER
Wit usa@iﬂuﬁwmﬂmqumwm Braced cuts)
S = szazsilunuIsueed struts (g lFannawsiauunle 9.1.8a)
4. dlensnnininussyniinsgiinsie struts winzszMiudn meldidenlasasnise
fiusewinanana (The intermediate bracing conditions) #asnsaidanuinsnaannanlsdlae

¥ailanasraaielaseadiaunan (steel construction manual)

L
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Simple
cantilever

7,

Simple
beam

T da (o T, — |
c—1t.
M —L Simple

C cantilever
d
Ptaﬂ . D *" a‘ﬂ
d;
¥

{a) {b}
g'ﬂﬁ 9.1.8 Determination of strut loads

Sheet Piles
lunnseanuuy Sheet Piles Aasimsdunausasialufil

1. WA Tuudgegm (Maximum bending moment) dvuusiasutiinfiandly
g1l 9.1.8b

2.ﬁ@'1‘:t;u'1t§ﬂn1%’ﬁ'\mnﬁzgmLﬁﬂi%uqqnﬁﬁimwﬁnggmﬁﬁmn%um@nﬁ 1

3.AM9RAN section modulus 984 sheet piles aNANANS

S = Mmax/ Gall
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e g,, = allowable flexural stress 184 sheet pile matenal
. :zi o 13 ¥ =i . 1 ] j o -
4. sheet piles fununlfazsiaall section modulus NANNFUTALRAU section

aw
modulus iR8INg

Wales

1. Wales \hidugaiiigneniiunusiaiiauasainsainmdnmdnsia i
finnsrntisznuiuadhanunzay lnedneaeialiuds Wales @:ﬁﬂ-gwqu (pinned) 7 struts
davFuwinsafiuandlu 71 9.1.8a Anluudigean (Maximum bending moment) §1u5

|
Wales azl@nail

2

at level A, M., = {Al(S")
8

at level B, M, = (B1+ B2)(s’)
8

at level C, M_,, = (C1+C2)(s’)
8

atlevel D, M, .. = (DJ(szl
8

] [ 1 i
\fa A, B, B,, C,, C, a2 D = Ausiififfeiinueadldaindumens 2 seenisaanuuy

struts (Mo aeuse LTI LTIAaniawuat A NeN9TRe Braced cuts)

2. AYUIMAN section modulus 184 Wales angxnig
S = Mma,\/ O-a!!

3.vhanld Wales 713 section modulus ¥nndnvidawinfiu section modulus #

k74
AENg
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9.1.4 Bottom Heave of a Cutin Clay
¥ e ol a v o

Braced cuts luduRwnilegarasnfaniazlfiatiosnin (unstable) [iaaunsNea
1BINTYAFIIR A FIUANTBIITUAYR (heaving of the bottom of the excavation) Atk
Terzaghi (1943) Aslémnsdmsvaifieanautlaendt (factor of safety) AaamA N9

= di 9 o = 9 1 3 - - Qe =l é’
VBINURRYANEFUNITNITLAFII1RIFUATUAN cuts IneuRansITRTeINstiduliay
ludnmoues homogeneous soil deuantlaluly 51 9.1.9 Aandnaaz Iddyanunisastelliy;
B = A1NuNd19784 cuts, H = AIANTEN cuts, T= AnunaBstuAuilealfgunudiu

t 4 1 ] ]
37 WAz g= wmdnussgnaunufifiaauasnanedeag indiunuinge

L

4] N y
B 6=0

. C

; S
| s e

L e N ey i
R gged k ._45/5 4
circle

717 9.1.9 Heaving in braced cuts

AaanInlunsfuLsLLInWIsesE (The ultimate bearing capacity) g%

. o 4
384 soil column NANNTIN B’ Tegusau liiag

. %ZCN

[

=l

e N, = 5.7 (dwfugiusniiflagrszanysal)
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?’l o n‘ ] dil 5 4‘ =5
u’munmﬂgnluummmwmwwma'ﬂmtm fi AR
g=YH+q-cH/B’
o : J [ % ei B ar =y
Al ArpuLlaaadesiunTefa Ae

FS = ag/a= cN,

YH + g - (cH/B")
= cN

(+]

(¥ + g/H - /B H

&FLuANgaTfidaspoenadie (imited length, L) ansnsavlfuadadaumnia

[

vaande Tasall

FS= cN,(1+0.2B"L)

(Y +g/H~c/B)H

dl o 9 1 A 8 1
e B'= T vss B /2" (1 ldAaifiasndn)

£ =

Tl A.4. 2000 Chang ldswauueldifudlsaunisiunismandadaunanutlaansds Tei
Funeudail
1. fantsRansnisAnaud s naay (shearing resistance) AN ij BAY
FliAamsaaaiminusnadtyl
2. g'].l?i 9.1.9 1du fg AeAINNd1e B” ﬁgqummmuﬁuqm Fainmnanw negatively
footing 1aag U Nty
3. @984 bearing capacity factor, N_ azldamwvinfy 5.14 (lild 5.7) a‘?ws*ugﬁm’mﬁ
WuunusuFeuasysad (perfectly smooth footing) Feafidasanidfiusadeani
n‘ﬁ“mmﬁuﬁﬁgflu&rmmuﬁu&;m

1 as

] 3
Wannsfulgasnislunismedndaunanudasadiaudoasldaunisg luddsi
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FS =5.14c (1 + 0.2 B"/L) + cH/B’

YH+q

Wa B =T T1<pR"

B'=B2"” §17>BrR"™

B’l = 21'QBI

Bjerrum uag Eide (1956) Tasinnismusinatwinteinsainlanintsduinl3dwiu
neyasiaeas cut lu clay Chang (2000) ildteyaantiuiinilunisdwans FS Tneisnas
pringe v s el
AlFLaUBNILEY BT

Chang Aunuldgnagdldlu aened 9.1.1 rwduamudsandailiwusinliee 1.5

e .
#199% 9.1.1 Calculated Factors of safety for Selected Case Records Compiled by

Bjerrum and Eide and Calculated by Chang

8 H ¥ ¢ q FS Type of

Site (m) BiL (m) H/E KN/m® &N/m* (KN/m?) [Eg. {10141 fallure
Pumping station,

Foranebu, Oslo 50 10 30 04 17.5 7.5 ¢ 1.05 Total failure
Storehouse,

Drammen 48 0 24 0.5 19.0 12 15 1.05 Total failure
Sewerage tank, ' :

Drammen 535 069 335 064 18.0 10 i0 0.92 Total fajlure
Excavation,

Grey Wedels i

Plass, Oslo 58 072 45 078 180 14 10 1.07 Total failure
Pumping station, [

Jernbanetorget, .

Oslo 85 070 63 074 19.0 22 0 1.26 Partia) faiture
Storehouse, Freia, .

Oslo 50 0 50 100 19.0 16 0 110 Partial failure
Subway,Chicepo 16 0 113 070 19.0 s 0 . 100 Near failure

1
ot

fvfuRumieaitidnsosduiodset (homogeneous clay) &1 FS flavas
n91 1.5 1¥vnnemen sheet pile Wanaindudin laetnfudarimanuan d szfealansas
nenvizawiniy B/2 Tunadipiuse( P) ﬁiwf‘lwuqzlmwmwmm?ﬁq sheet pile (a2’ way
bb') @:L‘ﬂuﬁ\‘i‘ﬁ (U.8. Department of the Navy,1971)
P =0.7 (YHB - 1.4cH - tcB) A19150 d > 0.47B
haL

P=1.5d (YH - 1.4cH/B - Ttc) #19F1 d < 0.47B
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=,
oy sg Al
FCA I T
¥ - Sy b
PO AL S ot

7171 9.1.10 Stability of the bottom of a cut in sand

Water kable Water table

AN A -

Aol |-|\‘:',INP;
GV 5k P

P Ui L P D) RSN RN S

Impervious layer

FaUr o
VT

gﬂﬁ 9.1.11 Determining the factor of safety against piping by drawing a flow net
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o o 3 ar & & o =
9.2 Tqmﬂ‘numuﬂqwg ﬂ'?"INL‘II'ﬂ‘ﬂ,‘u“ﬂﬂﬂ’]‘i’ﬂﬂﬁé’lﬂ’ﬂ’ﬂ%ﬂ@“’]ﬂL‘i‘EI‘L!

1. Braced cuts Tusznn aglsie
may 2 Usznw Aa Soldier beam type usg Interlocking sheet piles
2. wsesuAusudneaansriaaiie Braced cuts azauagfu@lating
ey 1. BUsRdAY (type of soil)
2. 38nsnias¥s (construction method)

3. winvesgUnsafi e (equipment used)

3. uiinfiwas struts Aeazls

pau  struts wuthmduatfnesluinem v s lnawsiiigwia(Bending

moment)

4, Wales anazls ddnwnsdluatnels
g i Qs 1 4 Qr 1
g8y Wales iflududouniiansniidupiusdaiiatuaza unsofneannaanane

Py o ] -0 1
1@“7““']5‘@@1' FENUNUBELWUNEAY
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' 4 a_a o = 92 2
9.3 landvngauanusiansolunishsitasziivalssenaldaiing

1. lumsriea$ne braced cuts Tuantmugtl 9.3.1 Auwsleres struts 91Uy 12 f
tugneimanadaeniuy audeu earth pressure envelope wazwn strut foads 7

*HU A, B uay C.

16ft
T~ T AR SR N~
y
- Ton B j
Y =112 bAt’
Ll 3
e : oft C ] c=0
TR ¢ =32°
i | B

71l#t 9.3.1 Cross-section 284 Braced Cuts

Step? ¥ Soil Properties azlé

Y =112, c =0, ¢ = 32°

Step2 msvR@BUITRAUIIY medium to soft clay Wie stiff clay videilu sand 1Wegan

Y
¢ = 0 fathudsld earth pressure envelopes §115y sand

Step3 e pressure envelopes for cuts in sand %
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—»| G,=0.65YHK, le—
| A | 77 NN
> O B
—» ]
ol | C __{
- ||
o T 0.65YHK,
= 0.65(112)(27)[tan’(45-32%/2)]
= 604 Ib/ft

Steps4 W wserfjiizendiqnsasii

L 604 I/’ 604 o/’ |
A B, B, c
l<—+————> « :!: -
6t oft ot 6ft

Step5 WnaNlunwsirauan B, (EM,, = 0) uay
A(9)-(604)(6+9)(6+9)/2 = 0
A 7550 1b/ft
(604)(6+9)-7550
1510 1b

I

B,



Step6 winazInluLuiTRLAn B,

166

C(9)-604(9+3)(9+3)/2 = 0
C = 4832 Ib/ft
B, = (604)(6+3)-4832 = 2416 |b/ft
Step7 \TeIu shear foree diagram
3926 Ib/ft
2‘”‘& 1812 Ib/ft
A N B \I C
-1510 Ip/ft
-3624 Ib/ft -3020 Ib/ft
A9
Strutloadat A = (7550)(12)
= 90600 lo/ft
B = (1510+2416)(12)
= 47112 |b/ft
-~ = (4832)(12)

57984 Ib/ft
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9.4 Tandnagauanugnrgaiunisdtaud il untevingiuass

Bm
A7 NN ‘: ; A | /7 NN
m
Sheet Pile Cla
- E 2.5m B = Y
Y = 18 kN/m®

WY o )
| 2.5m C A ¢ = 35 kN/m

h
L] 2 1m d) = 00

y

gﬂﬁ 9.4.1 suAnsiudnetes Braced Cuts

Tsansriesirsanusansalimuuisiianithiasiinisraathe Braced Cuts anmiin
189 Braced Cuts ?'imelug;ﬂ lugnugdansyaaism ngon

a) A491A the earth pressure envelope.

b) mmﬁmﬁ’nmmm‘fme:ﬁﬁﬁu strut fsofu A, B uaz C

c) A% section modulus 184 shest pile lelﬁmmﬁ‘

d) a9u1 section modulus ARaINN910e Wales Fsvdu B

(Munemg struts 219119774 3 LuAs (center-to-center))

Call = 170*10° kN/m”>
Part a
Step 1 Find Soil Properties
iy = 18 kN/m’
C = 35 kN/m°

Step 2 msaaaaudnilu Medium ¥7a Stiff Clay angunas (ia H = 7m)

YHIc = (18}7)3s = 3.6 < 4 \flu stiff clay
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°

e
Step 3 MUY Earth pressure envelope audaulanail

em
A ‘ A T SN
0.25H = 0.25g) =1.75m > im
P e e e |
T > 2.5m B —
‘ y
0.5H = 0.5(7) = 3.5m[t—22—*
|| 4 | |
| 2.5m C |

l YYVY
L

0.25H = 0.25(7) = 1.75m

4
¢1m

Ga 0.3YH

0.3(18)7)

37.8 kN/m’

Parib
Step 1 lunsAnuananAininussnnssiuu strut W ldlsiuiseuan B,

1l 2M,, = 0

' 1.75m | 1.75 m 1.75m
37.8kN/m” 37.8kN/m”

l l

1m 2.5m 25m 1m
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43,23kN 43.23kN
Xx=1.196m
B, B,

CNAE e oy
10.8kN 10.8kN
45,2kN 45.2kN
A(2.5)-(1/2)(37 8)(1.75)(1.75+1.75/3)-(1.75)(37.8)(1.75/2) = 0

Rt A = 54.02 kN/m

19
o ar

PP TIE Xy LTI (Zvertical forces = 0) At
4(1.75)(37.8)+(37.8)(1.75) = A+B,
33.08 + 66.15 -A

B,

I

B, 45.2 kN/m
di % = ar
bUB991N Shear Diagrams NANBWSANNAT

45.2 kN/m

B2
Az
C

1d L ¥ i
Step 2 fat WmdnussynAingeiniu struts Aiusiasseay

54 .02 kN/m

il

P = 54.02 x horizontal spacing, s = 54.02*3 = 162.06 kN
P, = (B,+B,)3 = (45.2+452)3 = 271.2 kN
P = 54.02*3 = 162.06 kN

Partc Tisudneiiavaszyl Anduiisiumdilisusigagauauninusadeuandy
Al Inaiolludoumuninusadeuwiian E anansaniilag
X = reaction at B,/37.8

= 45.2/37.8 = 1.196m
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d'ﬂdl []
PYUNALR I TN URN RN A

Y(1)(37.8*1/1.75)(1/3)
= 3.6 kN-m/meter of wall
WA wmmm‘fmmuﬁ"ﬁﬁmmﬂa E = (45.2%1.196)-(37.8%1.196)(1.196/2)
= 54.06-27.03
= 27.03 kN-m/meter of wall

-i ; ir: a’ ar 8 ol ?ﬂ
Wasaniwinussynanwiindaaindnellaeasaliewtusiuan ages i
] o’ & A el 1 o ‘;I 1 -8
7 F uag C azmilewiu fuawarasuaudiaumis E sy A Atiuaiumudigge s
i 27.03 kN-m/meter of wall
w = . : 1 or
HUAB section modulus 984 sheet piles A¥LwINU

S = M /G, E 27.03 kN-m/170*10° kN/m”

il

15,9*10° m*/m of the wall

4
L

Partd sussdfifsenilsesy B #dmsAruaniann Part b Fers
Mmax = (B1+Bz)32/8
= (45.2+45.2)378
101.7 kN-m

1l

101.7/0,,
101.7/(170*1000) *
0.593*10° m’

war  Section modulus, S

!





