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t t e tim when the assumptions illustrated by Fig. 3-2 were 
rig~nated, t e physical conditions for the validity of t£ese assum -

ere still known. ~ince that time, many 0 servational data 
een accumulated which are incompatible wi th t ~e original assump­

L;evertheless, the methods of bu.lknead des': >n remained pr:acti -

unc aneed. 

The design meth od s illustrated in Pi • 3-2 involve the as UT1p " 

an :n~initesimal yield of a lateral ~upport is suffie~ent to 
the :ntensity of the earth pressure to its minimum valle and 

t ' f rtter yield has no influence on this pressure. This assurr. 
is inco tible with the results of large-scale earth pressure 

hie Pu nished accurate inIornation concerning relavions a 0 

t e yield ratio d = Y/H of a vertical ~all ( ig. 3-3 ( it L 

h t r = 5 ft, backf.1.1led VI~ th coarse, clean sand in loose or "AL 

st te; the coefficient of active earth pr ss"r. L 
( 7 + 

./ ) 
mobili~ d part ~' of vhe angle of 'nternal frict'on ¢; and 

(.4) t a le of all friction. he tests led to the folIo :ng co~-

clu 

~he assu d val e KA for the dense sand ~as its lni urn valu 

co r p nalr~ to d = 0.0005. Thi value ~as retaired tr d 

ratio beca e e~ual to Q.0002. urthcr yield ~as a soc:a 

increase of K to ard tne ffiin:'mu value of loose ear. 
Fi • 3-3. t d = 0.0046 aJ. 8l.t iLle slip occ rred :n ./.e bacl--fill. 

10 t e line of ntersectlon oet een t.e s rfaee of s:" 'r~ a 

sur.ac or t ' e bacl f 11 a low faul t scarp a peared. 

~h v~lue of KA for loose sa dec rea e 1 ro 11 .4 J a 0. ~O wh '1 

the y' ld ratio d increa ed from ~ero vO .0003. 'urther yiel a 
associated ith a less important decrease of A (Pig. 3- ( ). t a 
y~eld ra ~o of d = 0.0007, corresponding to tne naxin ~svance 

t.rough hich the model retaining wall coul be advance, the value 

of K as still considerably greater than the mini urn value for the 

dense s rrl (0.23), and no slip had yet occurred. 
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Fig. 3-3 Iff ct of ~ll ovement on. oe.ficient f 
Eart 1 1 ressure 

( 

The a y ~e of al frict'on assumed its fJll val e e ore t 

nternal friction was completely active. On the oth r 
all adv nced to lard the backfil over a dis+an~e 0 .OO? 

all fric~ion W'as s ill much 6 aJ...Ler than 'ts max' U 

, he J. 

, the 

t a~~ s a,e of t e tests, ~s soor. as t e aLl ce uO yiel , 

oth tt e an~le of int ernal friction rt' and the ar Ie 0 1" frict 1 r 

escreased sl~ ~tly at a decreasing rate. f'art of t e decrease 

rebabl c used by Le nev t t tne bac'fill c e n 
11 s ) 'eo v to invert 1. II e1 t 'ibrati. 006~S ce:t. ,... tra'r. • 

Tl rc'fi of b lk~ead almost never co b rt~ficia 

ethods, and the avera~e yield of the bllkhea e ce ds a 
I 

'raction of 1 of the height of the b~11"head. rn.erl 0 e, i is un-

i i.kely t la the later 1 press re of a sanl a, pf'l on a cho e 
is as low as the active earth pres.ure of the fi ateriat • 

In tne tests illu trated in Fig. 3-3, the lal as n t allo ed 

e y'eld ntll the entire bac fill had been placed. In pr ctice, 
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"11· operations and yield take place sim ltaneously. In t s 

istinction must be made between total anii e .. fec ive y"eld .... 1 

fec iv yield" refers to that part of the total horifPont 1 

oint on the back of a lateral 8UpT'Ort '{ icl. occ~r 

~ ~e point has been buried. ~he value of t e coeffici nt 0 ~ar 

re dep 1 s on the average effecti ve yield of te s lp 0 a n 

vera total yield. 

t th t 

ste c 

for c 

r ptlon t 

ces of sl 
i e \ edg 

me 

HI ~IO.l 0... A~ ;IVE E1 '1'r r IE' )" 

hen the analytical !!lethod for' ul ad de i. n ca " 

it ~las gen,erall believed that t ... e t;o Ion e.lt od .1. r 

eart presslre ~as as reI able as Le Jo 10 b ro­
ting active earth rressure. .....otfJ. are vas d on t e 

surface of sliding is plane. In F:g. 3- fa) Ae 
are indicated by lines bCl (ac ive e) and v 

( 0 ). 

~i • 3-4 DIagrams illustrating errors "nvolve ~oulorn 's 
assu~ptibn that the passive fail re tares place 
along a pI ne surface of sliding. 

If he Coulomb assumption represented by line d 1 er ju ti "e 
coefficient of passive earth rressure Kp, of a sand ith an a Ie 

of internal friction ~, would increase ~ith increasing angle of w 11 

friction 6 , as .shown ·in ~i • 3-4(b) by dashed lines. ubse uent 
-0 ~ical i~ves~i .ations have sho n that the based 0 t e active 
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(a) low net 

(b) Distribution 
of unbalanced 
ater pressure 

TIi r
• 3-5 Jnbalanced ~ater ressure 

r pr osure, in \v~lich "d"MI js t e unit wei""ou of 

.....: 
- ) 2 n 
0D.,. 

~ 1 

(c) v rage 
tion of 
\Jive 
e: 

ere Jelow t 

/~ = ~wliv (~9 ~., 
t e dred., line, Iu decreases from ~ru to .ero at the 10' er d e 0 t 

e tiles, as indicated in Fig. 3-5(b) by t e straO ) d • 

If t e permeability var~es in vertical direct'ons ode 

Ii iv v , t c determ":'na~ion o~ tLe lstriuu&ion. of t e un al ced ater 
'pressure ay renu~re the construction of a rIo' net • 

. 'hen t~le water table ° n the backfill 1s a o"e !;' e a er 

l~v 1, t e later percolates throUGh the bac f~l in a rd d'r 

':'on, lows around the ·lo~ er dcre of the sheet pile" nd r sea 

vle o~te face, as ':'ndica~" i4 F':' .3-5(a). essur 

c erted b" ~ e ri ding )roli 1d w ter red uces tr e f:.c ~. e un ° u e 

of t te co'l On contact with the ou er face o~ t~e u a a 

conseo\.(euce, it reduces the passive earth pressure. if i is th 

average hy raulic gradient in '!; rte soil actj oinine the 0 t r face, th 

corres ond~ng reduction of the submer,ed unit elght t' of the ~'l is 

I V "?:: 7 A 2( -= ,(.. a W i c--9 J -~ ... 

Under the conditions illustrated i.n Fig. 3-5(a), the v ra e val e 0 

i i sorne~hat smaller than ~~. Hence, the effective unit wei h 
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TE T NO. 

1 

2 

3 

5 

~ri n to ion 
of Lay rs 

1 • )-10 

0=34,6=25' ) 
4ressure ~lstr~b~t'on on ~C i Ie 0 1 s 

lar 

11...e 

Of 

- ., 

, ce!1 t ... e H ars 1 "44 and 1 QSl 

r: vest S 0.:1 b'll.t~r ead nod. els • 

• -:- "SCYle otar' off, p rfor!"' ( 

ffe meas ro ",' .. e lu.",eral 

o treF1e fiLer stresses in Le ~1.LU1('ad sa. d i f r 

1.. e':' .. 10 rt' r eJ gear r e cop OJ ed 1'e s r 

1 by · ~ • 3-8 I c) f r oll 'hen. S 0 ge 

res<.,J're 0 _ "ILe inner face of 

iuS found to oe vi 11'- r 0 t~at S J •• ! ':'n ,)8. 

and ..... -..L • ",es s .epresen+-ed b were a re ,. 

0.1 0 

l':n • 
1 s. 

verti 

The cc 

~ad :Jt a .axim n deflection eOlul o 
~)ta ce et~een t e anc or in~ a 1 

K~ -value as nearly 0.4, ,hie 

enum tlC coefficient of ear} press re at es. 

dis~r_bJv~on of the active ar h e su e on ore 

a defl~ction ratio of a 0 t .51, is sno .. 

e cor spon ng fj- value a prox:ma",~d t t of the ac·~ a~t 

.jurve 2' represents Test .1 o. 2 after com action of trie 
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piles decreases. This interdependence is illustrated in Figs. 3-11 
to 3-11(g). If sheet piles are driven into peat (Pi • 3-11(e), e 

receive "free earth support" even if they are made of a flexi 1e 
material s ch as wood. 

-DEvIGN OF AJ.T'v IGR .. ill BULKHEADS 

The experimental investigations described ·n Part I have made t 

possible to eliminate the most serious misconceptions aSaOC1& ed 
the custonary met .ods of bulkhead deai n. On the basis of t e 
ings, one can reliably estimate the forces exerted on a chored 

heads by homogeneous layers of soil w~th known physical ro er es. 
Hence, t e uncertainties involved in the deslgn of ul head 
result from inadeQuate knowledge of t e funda e tal pre c' 1 
They are caused only by the fact t.at the str cture t 
deposits is usually complex, whereas the theories of 
inevitably presuppose homogenous materials. ot eve lIs 
composed of excavated and transported soil ca be c 
genous. Because of local variations of the soil pro 
the borrowpit area and segregation accord·ng to gra' 
process o~ ·.urlerwater deposition, tl e c .. arac eristics 
may change from place to place and its properties can 0 

de ermined uy tests in advance of constrlction. 

e f 1 

e reliabl 

Becau e of these condit~or~ t e cost econoMical an ex edie t pr 

cedure consists in estimatin the constants and coeff cient - s ch 
as t e unit weights and the coefficients of earth pre sure - 0 the 
bas·s of tD re ults of exploratory borings and of rvu i e e ts 

perfo med on representative sampl s, and comp nsati r e ncer-
tBinties involved in this proced re by an adeQuate r of safety. 

FREE EARTH SUPI'ORT 1~ETHOD 

~iB method is based on the assumption that the soil in 0 which 
the lower end of the sheet piling ·s driven is incapa Ie of producing 
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