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As part of the review of earth dam projects tn the Little Rock District 
aich you requested us to undertake, we have examined avaf.lable design memo­
randa and other lnfol'IDation furnished us on the design of Greers Perry Dam. 

.Our comments with respect to those features of geolocr, soil conditions, 
and stability computations which 11ay have bearing on the stability of the 
earthen sections of the dam (cUkes 1 and 2) are given 1n the inclosed report• 
Miscellaneous Paper No. 3-582. 
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Preface 

l:bsinee:- D~zt:-ict, Little ;{ocl~, to revie":r !"rem tho soils nr.C. fou."lcle:~io::. 

st~~d~oi~t t~e dcsisn o~ t=r~~ ~~~;h ~~ D:"Oje~ts i~ tr~t district, ~ely, 

~::es~::-;~u. in :..:::s :,:p !·ro. 3-4S9, :rR.av::.c-:·:- o~~ 2:-::;.v..::.'" :c~ ;:~sign," Jm1c l9o2; 

the :-e·:i~: oz. .. ~::.ble Reek Da!:l is ~=~~a:l·;e_: i:4 :·38 !.::., ~:c. 3-51
: ';., "R~vie~·r of 

Stab!.lit.~· ;:~lysis 

~e res~ts ot the revie~r cz .. 

"';"' . ... . .., u ~-- ............ 1o\~,.. 
a~~~...._..l · ••V • "-·-v• 

G ..... ~~···­
--...--~ 

~:-~ \:~!"!: v~ a't!thori~.:!.i b~ Oi.s?OZition fo:~ f'rom tho U. S. ;.:::;y E."'lgir!oa::­

D1sw::-~ct1 li~tl~ Rock, to the Diroctor, 17atcr.~ys 3::)or~~ent S~:~~c::.1 '~ted 

~ ... R. Cc:llito:l, and t-1. C • SoUs D1v1sic::., 

pi:Clic.a-~::.c::. o! tbis re~o.-t 't·~s Colc=el .<\lex G. Sw.tton, Jr., C3. 

Dir.;ctor ~::..;; ::. J. B. Tif'i"2.IlY. 

iii 



".;~ys E.:~ol•i::.c.;nt St:.t:!.o:l (~·!3:5) ~·rc.s 1·~quastcd by the Little Roc!: District -:.o 

revie:·t tr.e design of G:.. .. ~ers Ferry Da.I:l f'rc:t a soils o.r.d. :rour.~ticn ztc.r.C!.:;oir.~ •. 

!n aG.clition, c i'ielcl 

r~s been cor.pletcd ~the co~ents ~es~ntcd ~erein ccnce:r~ · those fcatu=cz 

of the geolc.:y, soil conditions, and stsbility cc:-~;ut:-.ti;;:ls ~:::ic~ t'"Y lave 

bear~ on t~e stability or the d.i!t~ sectior.s ot the. ~~. 

tound.atio::.. C.~si~ tor the co;J.c:rct~ dor~ die. r..c.t i.~cate ~"./ r.:·c·.:;:.::·.::z i':.4 c::-. o. 

soils o~ i'o~d.s:~ion s:allc.~ir.:t, ~C. · I"~c:c:.:.;_;;;;-..U"'.t~c~ eonc(;;r:li."':.g t~:;:; u.r~::.:::O~e 

system coAstitute the only co:-L"~I:.ts on t::i.s r:o=ticn or the projoc~. 

P:ovisio:."ls t:c-: 

i:co::-por.::.-;.-:;; ::!.d.ec;:~te r:easures fo-: de~ectinl un:o-:eseen or ~us'U3.l i'c~~t!.c::. 

co:o.d.it:.:.ns. 

·. 

3· !t is cc~sidered that tee to,·~dation e~oratio~ \~re s~ticie::.t 
to del~~o~t~ ~~·~~ti~ c~tions beneatb both dll~e sections. 

CC:lSiS~ 0:' .. .:.::·.:Ulo~t =ntle .Of resid~ soils overly!.nz -:celt e~ ~e co::-

. .:s~t no prob'l~.s re~tive to s~bility, se·i;tle:.e:lt, or sec:.-=.; . .::. 
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4. Rccor~l :-: ·:·::·.~1.·:: .:.. R..:co~d so.r.;)l.::c token f'recl the dik:! co::"c~~::lt:: 

ir~!c~ted ~ considc:~blc va~!~tion in ~te~~a,s in both ~~c i::~~rio~ co~e 

linits for tl:e e::f:::tr.l~::nt r..::.ter:!.:lls e.re chol,'Zl in the pl.a.s~ic:!.ty c!'.art 

(see f'i8• 1). 3cco.usc of t::e tTiC.c V2-l"i~":ion in &::ateri3l. ty:;cs a::d t~~ li~-

record sa::1?].cs w"itll t lle ~=d~Ul!l densities deter::"ned in t~ la.bcn.tc=:r cc.ule. 

not be :ade. Results of' standard caor~ction tests listed' in teble 3 of 
~·! !1o. 8 indicate cpt!rll:!l ~ater contents ra.ngin~ trcm 12.7 to 26.0 pc:rco~t 

and r.::.:d.::u=1 dl-y C.c:witics r~ei:l~ fr<=l 95.8 to 123.0 lb/cu ft. T"~se w.l'l.:c~ 

represent both the core and ~o~ fill ~tcrials. It •~ ess~~d in desi~ 

that ::ll.:<in; ot tl:e borrov soils '-ra.:.ld oceur to such an exten~ that no one 

t~ of' lmter!al. vcOlld :fcr::1 ~n e:.:t~::1s iv.;: or ~on.t!nuou.s zone in t~e e;:.b~;:o:~:t 

e.r.:l t!".at field. (l~nsities of 97.5 ~rce:J:~ or greater ot stsnii~rd. JJS:!O de::-..sity 

vould l)e o·;)-:o.~;:C. C.urin3 co~tr..1cti~. It is understood tbe.t zo:lation ~r.:.s 

effected du:in~ constntetion ~"/ scleet~d rcutin,l of bulin~ equi~:r.~nt so 

tbat ~tcr!~ vit~ the gr~te~ ~Qrcen~~:!~ ot rock fr~~nts were Placed 

to·r-..""d t!".c outer slo~s ot tb.~ di.~es. Record sampl.ca froz:l t~e m~rvio"t:S 

core s~~tio:1 1n.iica.tcd. ~ce:z.::it ·vater co:1tcnts ~~ f::'o::. l4 to 28 ~or­

cent ~ 0:::-:· de:lSities re.:l3ina frc:t S6 •.;o U7 lb/cu ft. T"~ dst3. frc= t!'.e 

reco~d ~a=.lll.e:s indi::ate e.n 'U:l".lSua.lly' 't·tiC:.e ranee of place:lZint conc'l.itiO!ls, 

:-e!'lect~c tl:.:. vari&b:!.lity· ot the ::!atel·i~ used. 

5 • ?.t,;suJ.ts Of laboratory S~:!U str~h tests or. t~C r~co:'C. S&.:::.;les 

&r:! t.;.";.·.:.:.;.;;c.d in ta:,les l a.nQ. 2 tond. e.r~ sliel:n gra.pllicall.y in f'it;s. 2 a~i 3. 
The rct~~.-::ce nn-.bers scg,Q e.dja.cont to sheer envclo~~s 11), f'i:;s. 2 a,.,r 3 
cor:-esy.:.·.i to reference nu_.:.ocrs shown in te.~es 1 and 2. S~ strcr.~:.=.s 

we:-~ SQle:ted '!or chee~ stability co."':l'puta.tions uti,Uzins tile results o: 
le.bcr;.tol7 shec.r st~ngtb tests on record ~es trca the :~tion. ar.d. 

trc::. -:~.;; ~:~rvi~us core a.nd .r-...nC.,;._;, till sactions of c!~e 1 . She~ stren~l: 

val~:. .tclcc~d lt-cre as tollovs: 



~ . . 

Four.c!atio:l 

!::porVious core 

Rn-:-.d.c:1 fill 

Q Tcs~ 
(J:, v v ... .ft 
L- c, .. s:r 

15 0.60 

R r.rezt~ 
[: c,tsi' 

15 
14-
13 

0.20 

0.40 

0.45 

25 

25 
25 

3 

0.20 

0.0 

o.o 
~ abo~e-1i~~cd sh~ stren~;~~ arc sh~H1l gra~hic~,Jy in fi~s. 2 c:Ji 3, 
to~ethe:r 't·ii~n -;h-' shear strer.3"'~h e!lvelo~es used in design. T'!:e dcsian · 

shear str~~~~ co~sis~cd g~nercll7 ot cc~ined strenzth enve1cp~s c~ce 

plt.te 19 or r:-! 8); co::seCluently, a c:.::.:..4 oct nnn:.ericc.l com~iso:l. vit~ th~ 

:hear stren~h3 b~sed. 0:1 record su~es is :lot. ~ossible. I:l sc:e c&.Ses t;:~ 

shear str.z:n,T~lls used in design "t-rarc ~:ore co.""lservative than l·TZS selected 

values, uhil.e in other ce.se3· the st:oe:1zths used: in d~sign lTC~e less th!:n 

those used in ou:- ec::.pute:~ions. I:1 aene:-al., tho s~eu str~zths ~ed 0:::1 
. . 

reco:U s~~les did not dif'ter grea.tl¥ tr\J::J. ~ de3ig:l sl:ea.r str~:l~hs. 

6. As no Q. tests verc pc:'fo:r=.~d on record sal!lples :tr~ t;:e i::pcrvicus 

core and ranclcc till, a Q shear stren~'h o-r· ~ • o•, c • ~-2S ton/sq 1"t "~s 

selected tor both the ~per~o~.core end the ~dcm 'fill based on there­

sults o! s~ear stren&th te~ts pertcr.ced 1:1 CGDDect~cn with desi~ studies 
(see pl&te 17 :C:·t 8). 

Cl:ec!t st3.b!.l1ty 
ane.lvses t 'Y ~-~ 

7. Check stability &nalyses were ~:-f0%"'..:..."'<1. on. a typical sec\;io:l ct 

dike 1 (sec fis. 4). Dike 1 is a.oow.t 80 f't b:ish, w~~reas dike 2 is only 

about 30 tt !Ugh. Stre~h tes-;s on reccrd. sc:1,J.es tro: di:te 2 {s~e fi:;. 3) 

fndic~t~ tr~t ~terials us~d in dike 2 w~re simi~~r to t~ose used in ~~e l. 

AJ.-;l:olJC:: ~o stabilitY. e.Wyscs vere }ler-t~d. on dike 2, it is conzic!e::-~e. 

tbat t!:i3 eli!= is inherent~ core stabie ~d th res~ct to sliding -;:--.:a.n cii:·;e 1 

be~uso ot its lesser heiGht. 

e. ?.e~·lll.ts 0: the stabili~y ana.lyses are ·~m in table 3· ~ f's.c-;c::-s 

·of sa.f\~~~· s~.r.l are the :cast critical o'! several. arcs a.:la.J.yzed. T'.o1G lc~tio~s 

o'! crit::.cr.l a:-cs are show:l ~~ ;::.~. 4. . For ca:ipa,ns0:1, the ra.cto:-s of sa.!'ety 

cc:::17.:.tc.i tar -~~sisn a2.-e also shoW 1:1 table 3. A close ac:re~nt 'CoY be 

.·. 



not.ed bet...-~cn l-iES cc::mutcd racto::-s or s~fety and th~ fo.cto:rs ot :ultcty .• 

compated to'!.· dc:;icn., except tor t~ co~trw.ctio::~. col:d.ition. The 'tiES 

factor or s~ety for the co~t~tion conditi~ ~~s 2.47 es c~parcd to 

l.. 7 co::.pated. for desi:;n. Bc.se:d O!'l the res\!lts ot the stability ana.lyses, 

it is considered tb:l.t th3 dil~~ are t:ate with respect to sliding. 

DraL"la,;;e syct~::. 
for cc~c:rete d~~ 

9· 0~ only cc~~nt with respect to'the concrete gravity~ is in 

connection ~~th r~asu_~~ents tor cceckin~ the effectiveness ot ~he grout 

curtain a~i t~e &dsquacy o'f the draina.ze system. Reference is made to ~IES 

l-!P lTo. 3-4991 "Rcvie-.r 0: Eea.vcr Da::l D~sisn," June 1902, contc.ining 001r 

com::.ents on the d.~ina.ze syS"IOe'!!l for the concrete section ot Eeavcr· D;:::. Our 

reco:cendaticns tils.t piezo::leters be installed beneath that da:n to check tr.e 

ettectiveness ot tbe ;srout cu...~ and the drain holes to deter.:Wle vl'letiler 

the. existil:g d.oooo.ins v1ll. need to be cle3llcd, or vhether sdditional drains 

may be necessary in the i'w.ture, are equall.y applicable to ti'.c concrete 

section of Greers Fer.r,y D~, 

S~rv 

10. In s~., it is considered that tlle geoloSY and soil. ccnditions 

bene&th the concrete ~ and earth dikes vere _ade~tely explored ~ reason­

ably vell · de:~ea. · Z~ ea~h cU.ko~ vera properly desizned v1th e.decr.:.c.-;~ 

tactors 0'! s~et;r !)rov1clecl. A system o~ p1ez~te~s should be insta.lled be­

neath the cc:.cre-:e Ca:!::1 to pemit a check ~ tha ctf'ectiveness of the grout 

curtain -:on'~ C.:a.1:-",:e syatm ~ to iDdicate a:ar cie~·ease 1D efficiency of 
the d...""ai: holes ~'i.o;h til::le. 



r. w 

V 

I 
c 

o (.- •   • 
*>        O C 

•Sj H CVJ 

^1 

CVJ CM CVJ CVJ ^ CVJ 
• •     • # I • 

o o o o o o 

<n PSCJ H CVJ H 

«-.I      H     ^-C^HUNCVJCU     rocoH^-^-rncu 
■PI       O      OOOOOO       OOHOOOO 

CN     CO O -d- ^- P VO       L-NCO CO O CJ M UN 
W      rtHHHCMH       CVJ       HfOHHH 

CM       O CM •                                 • 
o        o 

CM CM •         • o o 

CM       CM CM H PO 

•         •        •         • o o o o 
VO O •         • 
O H 

roro 
H H 

■p 
<y 

VDCO VO P- • • • • 
o o o o 

^  8 ONOVgj 

CO 
o 

p 

i t-CO UVJt ^- f ^t" OvrvHt-CMCMTvOiA 
0\ONCNÖ^Ö\00000\HOOC\0\ 

HH       HHHH       HHH H iH H 

lA 

3 a 

I 1 
to 
u o s 
•p 

s 
4» 

N 
öl 

roCJ IAVOCO C-voCOO\OCO(J\OVC^CJO 
CUCUCUHHHHHHCMCJHHCUMrO 

CU ON M t- CM f»"> C>-vo ro O CM CO ON ir»vo ON 
lACVJCMHHCMHCMHCUiArnCM-a-iAM 

t-C^O HJ-CO H^i-CO OVH^VOVDCOro 
t-.3- ^J- PO W CO pr> jj- CM CO :—VO -# v3 C-VO 

H IA CM PO C- CM CO l/VCO COVO r—^- jZ-Jt^t 
CVJCMHHHHHHHCMVicOCMCUHCJ 

M CO SO CO CO CO M CO CO r,0 CO CO 33 CO W CO 

lAlAQ IAO IfVUMAOQVO W'AOÖtA 
^-^-o^-c^>■^-^oo CMHCOCOmCM 
HHHHHHHHHH 

co ON H ON 
CM H CM H 

COCO-i-VO 

t-^J HVO 
VOO C^ l/N 

ir\ t/vo CJ 
-ri- CM ITNCM 

00 CO 
p p 

i trvcu 

8888^8888888888$ ü 

lAtAoOQirkOiAO L\^t o lAirv ö O    5 
W O <p t-Ö f t-\P t-^ 5N 5^C0 CO CO O 
CUCMCMCMCMCMCMäcuCMftjCVJCMCMCMM 

H CM m^- IAVO P-CO ON O H CM CO^; IP.V0. 
H H H HH 

8888 
■i-   +■   ->   a. 
6 i.-\0 O 
w\C0 GNt^ 
CM CM OJ CM 

COO 
CM CM 

CM.* 
ITvCM 

C^CO 

CM O 

f-co o>p 
H H H CM 

g 
6 
n I 

g 

'S 

88 
CM 
CM i 

cJSi 



CVI 

1 w 

u cu • 
o 

•       •                 *       • 
o o     o o 

O O MfO •      • 
o o 

•        • 
o o 

• 
o 

1 
CO 

^J a 8 £\     roST COCO H IA 
evi cu cu CVJ &£ s 

o 1 X 

CU H CM roi/wo >-vo 
oooooooo 

•   •   •   . 
oooo 

• 
o 

1 ^J ^^^^^M ss^ 3 

+> 
u Of 

^1 

• 
o 

nnro 
•       • 

o o 

00 s? 

^1 ^Q 
CO a CO or» irvCO tf\ 

00 O O r-| O 
H H H H 

VD fOPOCO 
rH H O O 
H H H H 

tl   a 
O   V) 
p -p 

|3 ä| 

s 
•H 
■P 

I 

ä 

^5 

r-vo co o c— IA o 
CO H M CVJ H i-< CVJ 

O ONO HCO H C-H 
IAVO cn\a cu cu H m 

C-Q^t£X5 UMAHCO 

fi 
tAO V) IA ^CD CO 
O O^CO »A lAVO o 
»A^J--* ^-^J--a--* 

m to co co to rn r/i co 

rooooooocu 
d» lACO r>-) O iA H rt 

88888S$8 
T ± + .-t i ± I +. 
* OMA U-\ Ö Ö IA H 

H H COPOCJ CO 

<nj- lAvp t-co g\o 
CJCUCUCJCUOJCUOO 

%itä% IAVO IAC\ 
H S CU H 

*MZ (*■> co ro m 

QNVO O <M 
VO C^ J- tA 

CO J- H IA 
lAlTvVO IA 

VO 00 COOS c\>-Sco 

CO 

8 

I   I   I 
I   I   I 

88$8 
- 8 CVI CO 

tA ä 

CO rocooS 

co co co o 
« « » p 

ö ö ö b 
.d- IAIACO 

o 5 IAS Cu corocu 

CO CO CO CO 

i 

J 



Table 3 

Results of StabJlity Analysis 

SlfiSSL 

US 

Test PacJ ;or of Safety 
Gerrit Ion '••SS 

2.47 • 

Arc 

1 

DM ITo. 8 

Construction 1.7 
Construction DS Q 1.97 2 — 

Rapid Drawdown 
(el ^98-^61) 

US' R 1.U0 1 1.4 .. 

Critical Pool 
(«11*8) 

US R 1-52 1 1.5 

Steady Seepage DS R 1.3^ 2 . 1.^ 

Steady Seepage DS S 1.31 3 1.3 . 

NCOS: All factors of safety were cenputed by the circular arc 
method. WES factors of safety vere computed using 
shear strengths based on tests on record samples; 
factors of safety fron DM No. 8 vere cenputed using 
design shear strengths. 
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