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HYDROSTATIC UPLIFT .PRESSURES UND...R m;s;;on Ps;:mfzbtrs FOUNDATTONS

The. purpose of this study is toiinvestigate tre oxistiﬁg ;
methods. or estima*ing the magnitude of. uplift prassure;’ ‘due’ to ‘a head-
of water, under: maaonry structures: on porouq foundations. R compari
son. of the various methods 13 made on" the' basis of a- collection of
observed pressuras.- under g number of exis ing structures ‘on porouu;~ﬁ
Toundations, Pressuros at’ signiflcant points under tha. structure
are computed from: each of tha. mothods anad - then” these valuos aro com-:
pared with actual meaaurod prossureﬁ under thu dam. :eu‘; “ '

. Tbc ‘most der1nitc concluqlon that can bo drawn rrom this‘FT "
study is that. nong of the methods 1nvoqt1gatod for comoutinv uplift
is satiafactory in" its: present. form.; The: ompirical mﬁthods aro: admlt-‘
tedly only - approxlmationo and whilc bhuy givu rair rusults for ‘somg
portions of any ‘one: dam tboy BTO. con51durably ins crror for: the ro—‘r%
maining portions. . The curvc cownarlng thcorotic ;
indieate. that' the plaln crcop ‘thee igh' “;_ R
favor of the weighted croou m3 ‘thod From:a oon deratlon of: safoty
it scems advisablo to. assume” thnt 0 horlzon al. oroep ds ona-third

as e¢ffeetive as the Vﬁrtical cruop. iThi is tho woight. propos:d: by*xf‘”

« W. Lanc in. Toch.;Momo uo.‘zos U.o8¢ : Intorlor Burcau
of Reelamation, - The- oleetric’ analo~ nody, ‘whi, thc!mos;
attractive-as a.basgis: for rational”d~51gn,'“" Qun! TS
at coneldcrablo VLrlaan with “tho’m i n : 3
Until it is made mory - elostlc to > ariable factora i
the problom, it 15 no bottcr thun ' mpi“icol nothod”of i
crocp. O P AT s

Thc dﬁsirabillty of havingja mothod for prodict:n pressuros

degroc. of': uccuracy 1s réadily apparent, (It ds
ry dams o nor0u0~foundations against’ some orf
idle failure by usinglerge fogtors of - safouy.ﬁ'g«'

al dcsigns of‘thi" kind ‘may: stlll fail duo

which was not takun 1nt ‘COnﬂidoration. ?ﬁTho most ’~4

de31roblo thcory for 6631gn purposo i;, of coursa), ~onc: which will giveﬁfg

8 structurs ‘that {s. sefc 8gainst any mothod of fﬂilure._ - Thisg: thooryj,o

-should also evaluate .pressurss to-a sufficlcnt ‘dugred -of Qccur"CJ e
that lerge safcty footors- need - not: bﬁ‘us : Thozscopo of this. p"pur

docs not - 2llow an attumdt to sot up-zny: ne" thoory. ST 1nclud33 only .
an onalysis of prosont désign. thoorlos 29 vull os thc propOSCd ulLC— :
tric anelogy theory. : s :

The basis for'th; n“ly51 "nd compwrioon of theso muthods,-
used in dcalgn, was a colloetiOn of prossur: pipe observutlonb under
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actu}l'étrubtﬁfdé.7ﬁ, gr1nhic l picturv of thu compe rison is showy_
for e=eh dam:on Figs. '1.=:1%, " The drtg. s s Toedived consistid of

ﬁﬁag%“%s@°£aa§?°? %ﬁg;%s,in PE;%;%E:; ig lmﬁ“é«ifos£’ﬁ°“8 positions

To cny point th¢. hond lest ig tho’ difﬁ.ronco in’hend votweon tha
~point: og

found: by subtr"cting, from; thc unstrc”n W Ly teril
in a piezom:ter: pipc Tising fromithe point. . Th
of head w=as then. oxprossod in: Durccnt*gu of thc total hq nd onithe’
The pro ssuru-uxnr-ssod ‘this: WAy vng ssqmcd to: bu const.nt at?any
‘point. Frcn Dcrcy's Lﬁv for flo'1 in tbc soil ' :

antry.nnd th. point under: conbid"rntion.J' ‘This’ loss WS |

Sinceo 1/K io constrnt ror ~ny noinﬁ 1n o homowuncous;
dircctly prOport1onﬂl to vclocity (V).

totol head (H) which cnuaos Tlo, '

inercases: ond ecusag” ¢ grentor loss;due to frlcticn.
that (h) incroasds. o8 H increascs kceping the ratio ‘
cticclly constant. By oxprouqing the 1osqj1n,this ,.'
'fluctu"tions in; hc .utur dnd tgll 5

Crcgp dlstaacc 7hich is dofinod as’ thb diﬂtﬂnCu 7
aleng thc undor: surfacs of  the! dnm, 450 diVidbd into’ tﬁo cl"quS “far
th1s rvport n creep 28, computu 7 gEl1gh'a mct}od dnd callud%herci

offoctlvo for dlssipating ho"u th"n
Therelore o rnctor 1«*“oﬁli“d to i
- eguivra lqnt vurticﬁl crucp.
report _lthounh tho. BAMG T . :
tierl An' torms of horizont.l ‘erecp. rocp to 1nv3:
is exprussud in pcrcﬁnt oI thu totﬁl crbap.

All the dqta ~n; ruducud to t.w
in the sanmc . torms. . .
prussircs znd obs»rvod pr“s urus” , : :
For this graph the: pereentaga-- oric :ts-p‘ottu 1ong thc nbsc ssn
cnd . the DQPCﬁHtOgO-hqu-lOSt "loanth- ordinnt‘ ‘Tﬁﬁ vnluos nt tho i
vorious obscrvntion pipos wore: cornuctcd by qt‘rihht ‘incs.”; ‘In- o o
order (to computy the norcuntrgo plmin crospifor’ locntinp the: pipcs S
along, thu"bacisqr it 208 nocoss r“y to [fix-thc point whoere: creep '
would be considercd ito and.’ - ‘The dut“rminntion of-»this: noint b E3 :
comnlicatsd by the faet thet tail wator potentinl must be assumcd to
oxist ot the und’ of croep, ‘Dus - to tho proscence of wocp. holos,.loug
downstr01n aprons, erouted and: ungroutod rubhla .- ork sthe bogiming:
of tail oater pOantl“l or graap ond could nat be locqt»d rigidiy.
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actunl structurcs.- A grnphIC“l plcturu o¢ thu comvnrison_iq_shovn
for o=ch dam on Flgs. A= 180 Thoe date ns reeeived consistod of

undg%q%ﬁuog uater. %HVuls An prusquru Big plreed; iEo %rﬁbngﬁ ositions: L

AnsS.: - USS: Wer:| 0Xpraus urmq o)

To cny goint the hesd: lOSt‘is tho: dxffurenco An hoad! bctweunj ho
point of entry nnd the point under considsrution. o ~Thisiloss wa

found by subtr"cting, from thc unatru“m w*tgr lovul the'n tor
in o piezemuter pipc: rlsing from tho point: An. ‘the sub-soil :
of hend was then oxpressod iin. nurcent"gc of ‘tho:!

The pressurc: oxpr-sscd this way wes nesumod to C

point. From D“ch s Lav for flo" in. thu‘

Sinee 1/K is- constrnt for'cny noint in m

directly proportionzlito. vclocity (V)

total head (H) which cnuscs flove - Whun (H) incrLaSOS"ug ‘
inerooses ~nd csusus i grentor ‘lessiduc ‘o friction. . - Pingd
that {h) incrcase: f rs H ingrenses kocping the'ratio. of_thcﬁtv
atically constdnt‘ By etprcq31ng the loss: in thls way, b
fluctu tions in hond‘ tur znd tell u.ter vcro climia“tud

Crc p dlstanco "hibh is dofinod s thu distarcu of trule
nlong: the under surfaco of the. dum, s lelde ‘intoitwo clrssoa*rar‘
this roport. < cruup NG Lomputud for Bl1gh's mculod und*callud 3
plain ercep nnd o sceond clzas, chll ed: "oivhtcd(‘ : Y
_arises from'ths aassumptionithat: '

”offact1vv for dlssipnting hos stha
Therefore o aotor is nomlizd’ t"‘
cguivelent vortienl crucp.ﬂ,, ‘
report -although' tha 'some:rosul
ticnl ‘in tgrms of horizont ) cru
is prrbSabd in: pcrc"nt of th*

All tho duta ns"'ruduc 4 tott!
in the - Rato'y tcrmq.‘ To' mrke thu comna.,\ t
prossurcs and obsorved prﬁs’urus 2 graph wns p ott,d5for*uaeh duma,
For this graph the. porecntugo- eTLep 'Asfplott» long: thé'nbsciBSW
and tho norcu4bago~hoad—loqt “1ong thiordinated  The' vnluos nt thc
vorious obscrvntion: pipoa wcru ‘connoeted by,“trri"ht 11nca. ceIn s
ordur to compute tho porcrntrge plﬂin crubp for- 1oc tinr thu piprs
ﬂlong the ~bseisan 1t was necessary to ‘fix the point whoro craop

would bo eonsidercd to ond.  The. dotormination of thisipoint im0

comnlicatod by the et thet afl ngor potuntiﬂl must be assumed o'

oxist at thue und of Crcup.:‘ DUv to the prhsoncu or ﬂDCp holna, long
downstrenm nrons, groutcd and ungrouted rubhlu vork, tho! buginning
of toil nator pouentiﬂl or crqu ond could not b lOG"tud rigidly. E
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An analysis of toe conditions and"he_agéﬁmedflbdatié#*offéréop}éhdf;f ‘ 
are givcn ror each dam.. ‘ . B T I R R

Colorado River Dan

In this cuse thc 1ust pres ure pinc Wu"

point A . Downstrean ;rom

telling what the. pressurc Was. :
water was not . ‘ziven. - Ecyond A thc water*can escape frcel ’to‘the
tallwator 30 pressure: oorrusnondlﬂg ‘to tall water clevation was
assumed’ to- oxist from section A=A downstrcan..n'

assumed ‘to be too small to release t

so it was not takun 1or thc crubp und

Pdrcha“Dém.
Z2rehy  Jan.

For thlq 1am an analySLS wvﬂ‘mad a“d”_f
points of ereep end, ' C

at point B. - It vias thus asqumbd tha 5

the weep nolus thru it of fvr““ unourh

S uplift prucsurc boubath it. BT :

. - Tn tnc s“cond cago Lhe cruﬁnL
'hole point: Ha If *hu tull‘vutar Dressy
B the “total crcep is short sred ho“izontQIWy
vcrtlca¢l by 17 “In order fo¢ ;
'tnc Tirst VL"U holo At must o2}

:can.pa is ~thru ltﬁxrcgly.

= habo Hoadworksf

‘ Ehd of eres p for thls ‘dan’ e

‘indicate the ‘location of. tni

of watu"lo"clu inthis pipc. ho :

at (db),nas grﬂatur than the . amourt oqual to tcil watbr elcvgtlo :
‘The hrick nltch1n5 Tus thcn buln{' uﬁJ-cuad to unli:t a.d“thL cruepénd
was as:uned et tbu und oz tﬂla pltcnlng._"jy S :

Dcoha Earrnpb._; Fig. A=d

E

The ¢nd point for this dcm is protty 11 fix»d.r Joth in thlﬂ runort
and in tiwo comnutntlons Pch”D“Hjlnb uhx orlginal data ‘the" po-nt A
‘was uscd. :

3.
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:PﬁnjnndﬁHead:Workﬁ.'\ $ *‘

In tho conput tiou for Crubp thu bu*mnui“”'
~ was taken as 100 percent erocp. A rusiduﬂl hcﬂd romninr
~ point of about 9:4% ol ‘total: huﬂd.«j’Thws dcerctsds to. 7.
- hoad-at th-,‘nd ‘ofthe filtoribut: 1ncrcasca hL,in to '8
beginning. el the ownstr¢nm rip—r 3 o
“tho prossurcs is ‘probobly th"t the strcm“ liPuS dividc.uf
. poss under 'the ‘shoot, plllng.‘; ‘Ons pnrt: ofrth lin’

‘tho flltur ‘and tho othercontinuos on ‘fo’ge: ‘under the
There - is prob.bly‘"“ ayor of elcy ot or ncar thr'surcho
‘this rosidunl’ pressurs uwdur“t. : Thisln yer lQ
_Suctlon of. othér parts of. hn sub5011 and [3s}

oxist ot ‘this scction. '

' Narcrc'Wdif.“j Fln.-A—G{

In tﬂlS case thu n“ly

that the creep cnded 8%t po1nf'A.., Altl
pitehing- au.tnla‘"oint thirc r"Juf--'ro wa

was in. So the ‘samc ercen-end; was. uaud.-n
Fig. BA. - Then “the’ p1tch11r~wa uasumcd i re) bb
cTrecp Was tahup‘a* p01nt 8 for FLL. Sb.

Pinhook‘Dam; ‘ Flg. A—?

The cnd ‘of ‘crecp was. Yeven ‘At aint “ihs boginning ol the down

atraam anron. . Then it wgrdausuﬁcd that ‘hc apron ustricts flovl houeh:‘

to ma1ntd1n a- hoad under: it and the: ond: Qiﬁtur ron . Mes; usad'
ereep cnd. - The change o* cr,<p Lqu chuﬂ’ﬁs thc_gradlun 3
at thu:toc of bc adron. :

DuhOG oi drau1 Eggurvcs.

“As }as b»un GIUl&lﬂudubufoﬁ sh, ac*lefundu‘huorutlcal‘uvllft
prosaurc:wcr“ plot Zd-on the” % ‘

wers nscd to evalusto T uuli?t nr' aurs

well known Bligh Line of", Gr ep: }Ltboi ahi

proportional :to thu cr;cn diata"cc uh1" hiig ,

¢reap. - The! Yinc of nrcs:;uruu “for thls_mut“od qho”s a“":utrﬁi~ht

linc from- zoro to on hundred ‘noricont. Fhis is Locauss of ithe muthod S

of plotting. Tq: sceond theory is the {lenuud Cru~ ”hvorj nronoscd
by Mr. IZ. ". Lonc, insth i Tbch.,..rc ruttrr ¢ .le urcv1ﬂu«ly. TL&J,;
mcthod assunes the hcrizo 1tal ercep to bLoomly Dﬂu—th rd as sffsctive:

os verticsl erceps  All slopss: gr,‘tur ‘thon 450 TOTO Cnllbu v,rtlcﬁl

4.




and less than 450 were. callcd Horizontal.- i To dater:nine th._, line
points were ‘taken: at cri*ical nl:ces such as breakq in tha ‘under
surfece profile. - “The loss of. ‘hend is ESSUMbd ‘to‘be proportxonal
‘to the weighted, creen. The points ‘along: the"absc1ssa remain. the
same and the : 'percentage ‘wéighted creen. 1¢5PIQttedﬁas:thc;perccntagé
loss of head.;; Thz third! thecretlcal ‘lincids onethat'is

hy means of an- electric-analogy_sot up. 'The . underlying tboo

for this mcthod and ‘the. sut—up usLd for thls study arc: a°i 61lows

“The: analogy 10 bascd on thu as Jm
for flow in-soils: ‘holds: rlgldly. ‘
erto, cstabllshc¢ the veloeity to. bchdirbctLV” i
ol :} chd The law has becn Cthkud by nu”urous expurlmuruero‘since'
it was - Plrvt sct up by Darcy.u “That oquation ofolow frdm”
s :the cquation-of viscous or - 1am11ar flow 11dr <
Ohm's Law for. flow or ulcctr1c1ty‘1n E R
Thercforc, - thu: flow of: clretrigity can bg COHSld”rbd aralo otv it
the flovw of vatur thru‘ oils.au‘ATb-b,‘bv simulatud hvurn 1ic
conditions in- an: cluctrlc 21 ﬁct up,_ i
by aﬂalugj £iv. bvad.__ i

LA ska tch of: thu‘angloLjflﬁlfnlf iVé : _i‘al

For 'z dondactor ‘a sali-solution wig. de -j;- hi‘-Tuﬁﬂth o**tn

solution is not- kqown aq i* mas

cnoush salt 1o gerry the urrunt

from nyralin, e non~conuucuor'..“

up by mcuns-of” putty.. Dutty oA R | doihdy

model  dam- but dlfficulty Tslonzounters d”'
~-vcrt1c“lly ovan;whon ‘most of heioilihad hée
models 'n"u conutructud to varlou, scs”wu‘fro :
and were all anproximatsly . g, 1nlc1~th. co
‘trodup, undcr~"‘volt.rc of ;

potentinl. acting on tho-ds

whero "“tvr ou$d.unLur*g-

- Thu D*Oc,cav‘*'h 1 e}

‘jbcu.y~n theielogtrody. Witk riQU°‘cutFoffs‘j

to the plass td: provent' any *flo ‘under: tth.ﬁ‘

applicd from an"110- volt"lin thrua b.nk o

was_placed ot critlcrl points and -ty r“slqtﬁuco slider

‘the- ruqlst"ucu;ulru until tho hum of. . voltage: d*lrurunc apod
the pereontags 10ﬁs=corruqnording to-that of tho prcbc poaition.
The ‘aceurney.of ‘this: poing dcp nds ‘on tho ﬂnount ol pot-

.erunc» thnt enn; bu duteeted: bJ oigct of hu‘d phowas onion’ nmn
with loud BPRTKILT, - ‘Thu sensitivity of the - ulifiurrtnd 8pUnlks
is chout fTour tan" nter thn that of - the hu‘d PhOnud nlonu.

The-hend phones eri dutuct nothinb l:ss th .OOE volt whilec: th ':

amplificr ¢nn plek up - differcncy of nqu..OOOS volt U*FAnJ"rnli-
Ticr wis us.d in 211 the oxn. rivonts qorformu “The restatones

wire wng divid d into » hund r>d prrts hieh "‘qu the :lidor,ruadiuég

°qusl to the nerevntage drop for nlotblug the curve of rosmro,
5- E




: By ch'hrinp thu proaodurcfgli;htly
bo - clra'm. , :

probc alonq tho linu of siluncv,ingthuﬁ"
‘ fhcllitating ‘the ' trﬁnsf“r of thc oqui-not**ti:
_p,pcr, a pﬂqtogr"ph as: usﬂdan

chgngtd. With thc u.mu procﬂduro o outlinp., tth ;
now bo draim. . :Only onc commletc: flow was plotted in th**f
it was under the Pnnjnnd Woir 1oentad i Mus i F‘; e ) -
other dains only thr unds of thc potuntisl lincs, at thy’ undcr sur‘
free, woro. locatcd. ‘ Thu ‘Tlow nct t.k“n iz sh0'n oh\E1gurc: i
The model of tnis dﬁ “”a" cwusidurrbly l rgor th*u uh;<0thmrﬁ”
the. result that mach uhortur slectrodos hed to'bu uscd..
of tho qhﬁrtur ~lactrodes s waps run» frwm thu ,iqur,.
. erowding of thusstream, linenf:_

~at the entrance andioxit of thd "ubuuil.,

‘cendition gs the actutl plancs of untronec fr
“ unbounded. Th* eﬁ'dltin ansd rbmfdiéd;by“

Sothatoinoth c °0t—up to t"Yc‘" coholot. fln'
~dovmsatrean .cll wng ﬂuglcctud._ Wbcﬁ the:
 smellor:model, tbu\ﬁqll RS . 1nnlud»d
‘ r::ults ,"ﬂ ub“‘r cd. :

_ Mijﬁ mnmum:
'atory, thuTO_ TC N L fpulptﬂ on
:forestallcd by o fsw “crds

r mide rgng-jﬁf var* tion., ; .

ologlcully... A qpun v"v couput,d fr*n ths r‘_

and this: mean value: qas plottcd S ‘Topre cnting,c e

its: pnrticul,r timu iﬁturv ele A snueinl condlt: 'goxlsts nt thiu
dam. - Whiloithe wager ean tur,tlm 3011, UJdbr:‘hQ,UDStP '1nron,
acrcss the cntire width,. it enn cnly oscﬂpc thrrugh u‘qo“stric+cd
scetion dlrcctlj under ‘the. wair: prﬂpu¢.f- This eor diti?“ cﬂusuq o
a dccroased pruusuru dinithe. scction h"'th 3_m. aculun corstrict--“
ien in & pipo. *Beenusc of this’ coatrel sccticn vur11t1gns AT likclj
to be nngnified in frant_ofﬂthg,ﬂuctivn 'sined ac -ecn uhaut1.g activn
within the scil eanireliove «thi-v-riationssin "the ‘pressurcs. "It

will be noted that in this ensc asﬁin“cthcrs uhire verticnl ercep

6&'




dis 5nc03 arc a: srﬁll part of thu tnt l crcup th*} lnln crecp "nd= e
the weighted « craep linb fall ClOSL toguthcr throuuhogt theiA,lengths.l;j i

'VPcrché*Dém, RlO Grand Projectg—'Flp.

In this plete there are threy obsorvatl n 1ines w‘f
fall out of: lﬂne with the rest, Onoiof these 14 25T
first sot of obsorvations takcn and ‘thitother: tmq”renresont
wO scts.'- In ‘the casc or the Cirst: onz it he small loss of
may have bcen the ruvult of the smillor ‘thiekncas
~ which upon thc inereesc .in: thlckness incrﬁas“‘”
~ from frco wats Titol pjpu nurber. one. - : ‘-
a summer flood whlch :Probably -disturbed tnL ullt bcd ‘and - this changed‘f
the rosistanco to ‘a- valug annrachinl that ‘for. thu f1rst obs»rvaulon.“ R
In ordor to show the erfeet on thicurves or varxiné the - poaltlon sl
at the end of erecp, anothvr plaib was mde . i
For tbxs nlat» th und of crusp wav takxn at th s,
‘Then a mcan obSLrvatlon Line' dravm on plate 2 s traanurr‘d “to
platc 24" whcro a comnar1von of‘theorut*nnlxnr “urug, conmut"d hy _
using th. ndn cnd of: CTuLp ‘ "nadc "1t' rho probable mLan of thﬁ*'?
observut1ona. B o , R

Plrhook Dam JnmargUOkbC"

: TWO sats of. curv\,u re ma 7 iTor “the *inhook Dam' = ‘ripsi g
and éA.‘- Fig. ¢ ussq tho ‘f.“_f:'f; ¢l ony doymstream .apron s
ereep cnd vhile Figi n Usos tre tnd o ' 1d.
of ercep no ‘doubt 1103, some: there: but“‘
dates of the obaarvatiOﬁs'"ru ‘shon' or
lines represent. conditions: hcfm- ny ‘anprociablos i t
accumlatéd over . thi uotton of thfiv"survoir.’”“T ST
‘scnts m¢a:u*cm‘nta ~ftﬁr o good ﬁLn0°lt h“d fc

Kabo Hcﬂd Work . Flg.-u |

e Prussurf nlcud wursflnuunllud ulong th"uc ﬁiffurcnt ‘croas 3
.sections 1ubcllcd in thk original: dnta as Sh?rbo Gpna] Side, Ye=u Cﬂnal
Side and par ntor linu.fi Thefscc 1cns dlifcr onl :ﬂliahtly in thuir ‘
dlmuqulons 80 only onciulectrienl i 't ouponias; Ude-‘ “Plitog el “ndfea
sho'. pregsur.’ CUrvis for w1l thr. Lerons ,suctinn;. CTh h*ﬁ“ T Drosge{
urcs ot U1 ,U2 ~nd U3 on thl - ccnt,r dine are duo o ridgu.of celny
under the eontur 1incef dam. o Buer Ui of Eh rastrict*d Pasusapc

the prossurcs Aare bullt up 1n ndvionec ot theorl 1tr1utlon.

7




Duohﬂ Bﬁrrﬂtc S"rd“ C"L l.- FlP

. A ngWt m"uy prussuro pirarﬁye-c
ond numeroaus obsorv t10n0“ﬁru vrllnblL
~ nlong o line of Pipes nermal 't 1o
‘tho flow neress. thn‘;holc scctioa ot sub- oil in obt 1nud.‘
‘disturbing ulbmcnt ns. nrn,uﬂ* 2An tlis duh iv tnu Pnrm or”
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