REVIEW OF GREERS FERRY
DAM DESIGN
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As part of the review of earth dam projects in the Little Rock District
which you requested us to undertake, we have examined avajilable design memo-
rands and other information furnished us on the design of Greers Ferry Dam,
.Qur comments with respect to those features of geology, soil conditioms,
and stability computations which may have bearing on the stability of the
earthen sections of the dam (dikes 1 and 2) are given in the inclosed report,
Miscellaneous Paper No. 3-582,



The Waservoys Bxperiment Staticl was reguested by the U. 8. Army

Zngineer Diziriet, Li‘.:tle Rock, to review frcem the soils ané foundation
sicndpoint +the desizn of thares earth dax projects in that distriet, nz_-:ely,

-

Z:zver, Tavle Rock, apd CGrecrs Ferry Danc. Tke review of Zeaver Danm

presensed in WIS XP Ho. 3-4¢9, "Review of Zzzver Donm Design," June 1952;
the roview o Toble Roeck Dam is presancel iu WES 1D . 3-5" "Peview ol
Stability sza2lysis - Tevle Rock Dem,” Noverber 1952. Thais seport presents

.

tae results of the review o Greers Feroy Dan.

Toe werl: was avchorized by disposition form from the U, S, Arxy Eagincer
District, Little Roek, to the Dirsctor, Vaterweys Z:ijcriment Stoiicn, dsted
8 Mey 16352, suuiaet "Criticel Review of Zarth Danm Projecis, Litile Reex
Districs. This repors was writtea by Messrs. C. C. Trahan and ¥. 3.

Steinriel: vnder the genersl sugparvisica cf ¥essrs. W. J. Turnoulil, 7. G.

Saocler, <. R. Ceoupten, and W. C. Sheimon, Soils Divisicz, Woteriveys Zuzorie
rent Szztica.
Diszeior @ the Vaterways Zxgporinment Statica during the prejzratics anid

publicatics o7 this report wes Coicnel Alex G. Sutton, Jr., C2. Tecimiczl
Dirsctor wo: ==, J, B, Tiffany. .

iii



1. Grecrs Ferry Dam, & coacrete gravity strueture with two eartn déil:
» - S 3 V.54 TN oqr - L \ - - - -~
sagticns, is loceied on the Little Red River in Centrel Arkonses. Tho Vatere-

woys Exgorinens Staticn (WES) was reguested by the Litile Roel Distriet o

Jo

- 2 - R Lard
exry Dam £frox 2 eolls and foundaticn stondzoint.

F
A1l éoite were furaished by the Little Roek District. In aéditien, o fieid

- -

insneation of tac damsite twas made by representatives of WES. The review-
has been co::pletcd erd the comments prescnted kerein concern those footures
£ the geolozy, soil ccrditions, and stzbility cemputoticas vhich oy heve
bearinz on the stability of the dike sectiens of the ézm. Thc sevicw of the
foundstion Gesign for the coacrete dexm Gid net indicate eany nrculicas foenm o

s0ils or foundstion standpoint, zad recc.icrdaticns conccraing tis draeiisge

systen coastitute the only ecmmcents on this roriica of the project.
Gzolesyr

2. A study of availzble protcgrerzs end geolozical lcsis of borings,
alcag wita 2 review of Dasign Hemoranda Fos. 1, T, and &, risecls no regporsed
factors of & zgeolozical nature which would matsrially effeec wie stabiizy

or perlorzance of the varicus structures. Tze geologiccl analyiis and iztersre-

tetioa of foundation conditiocns are comsidcorid adequate and to lave been pre-
gsented In sullicicnt deteil for deogign of the struetures. Zrovicicns Ior
cereful incpestion and additionel ;::t_giora‘cian durinz tha coustructica paase
{ncorzperaic a2decuate measures for deiecting waforeseen or wusuzl foumiaticn
condisisus. )

2 - o e ' &
Ezhenionont sitavilisy

P L e

3. % is ccasidered that the fousdotion explorations were sufficiexnt
to delincate Jtundation ccaditions beneath both dilie sections. Tihe founmiaticns
ecasist ¢f .. :na2llow montle of residusi soils overiying Tcck 2nd ore coa-

sidercd ¢ ..sént no problems relotive Yo stability, scitlement, or secno::.



2

L. Recorid surwlzs. Record samples taken froa the dike entanimants

indiceted o ecnsiderciule varistion in meterials in both the imnervious core
end sandenm 111 sccticns. The materizlc consisted primarily of lean and
fat clays end chalie with varying smownis of gravel azd send. Alterverg
linits for the embtani=cat materizls erc showa in the plasticity crart
(sec £ig. 1). Zecause of %he wide verizcsion in material tyzes azd thae limfe
ted nmver of rocord scmples, a direet comperison of the densities of tae
record samples with the nmoxivum denmsiiies determinced in the leteraiery could
not be made. Results of standard compaction tests listed in teble 3 of
IM Wo. 8 indicate cptirum tater contents ranging from 12.7 to 256.0 percent
and maxizua dry densitics ranging frem 95.8 to 123.0 1b/en fi. These values
reprasent voth the core and randoa £ill xaterials. It was assumed in design
that mixins of the vorrew soils woxld cccur to such an extent that no one
tyve of material would form 2nr exteasive or coatinuous zone in the exdexiziont
and that field deasities of §7.5 percext or greaier of standard AASHO éensisty
would be obizoincd during coastruction. It is wmderstood trat zonstion was
effected during constructica Uy seleeteld routing of haulinzg equirzeat so
teat molericls with the greater percentazes of rock fré.g,"..en‘.;s wvere placed
towerd the outer slopes of the dikes. Record samples fren the imgervious
core section indicated pleceasnt water contents ranging from ik to 26 per-
cent and éxy densities ranzing Zrea 66 %o 117 1b/eu £1. Thas dasa from in
record samples indicate en wausuzlily wide range of placenicnt conditiens,
reflecsing the varizbility of the materials used.

5. Posults of laborstory siesr strangth tests on the racord sampl

es
toouiied in tebles ) and 2 znd ere siowm grapafcally in fizs. 2 and 3.

¢

2
reforince nuxbers shova adjaceat to shear envelopes in figs. 2 axd 3

correstsii %0 rcference nwsbers shown in tebles 1 and 2. Shaear strerstis
werc sclected for checlk stability computztions utilizing the results of

b

ToLOry shear strength tests on recoxd samples fram the foundation and
frex tii inzirvicus core and .rondc.. £i1l sectioas of dike 1. Saear strengik
veluss sclected were as follows:




L

v, 3 ”
Shear Sironcta

Q Tests R Teste .S Fests
Fourdation 15 0.60 15 0.20 25 0.20
Tmpervious core - == 14 oko 25 0.0
Randen £111 : -- -- 13 o5 25 0.0

The sbtove-lisicd shoear strensihs ere shom grephically in fizs. 2 and 3,
together wita tha shear strengin enveloras used in design. Tre doscim
shear strenzths consisted generally of ccombined strenzih envelc:zes (sece
plate 19 of It 8); comsecuently, o circet numericel comparison with the
shear sirenzths based oa record se.:ni:les is not possivle. In some cases the
shear strcnzilis used in design were more conservative than WES selected
values, while in other cases the s‘crens*i:hs used in design vere lesz then
those used in owr cexzputaztions. In general, the shear strenzihs tased on
recoxd saxmples did not differ greatly fran the desizn stear strenzihs.

6. As no Q tests were performed on record semples frcm the irzpervicus
core and random £il1l, & Q shear strenzth of # = 0°, ¢ = 1.25 ten/sq £ was
selected IJor tota the iImpervicus, core and The random 'fill based on the re-

ts o2 shear strength tests performed in conneetion with design studies
(see plzte 17 L 8). ;
Check stability
gnelvses T UES _ .

T. Cheék stebility enslyses were torforzed on a typical section cf
dixe 1 (see £ig. 4). Dike 1 is about 80 £t high, wicreas dike 2 is only
about 30 2% high. Strength tests on reccrd semples froz dike 2 (sze £13. 3)
indicat: that reterials used in dike 2 were similor to those used inm dile 1.

thoush 1o stability enzlyses were perforzed on dike 2, it is considerad
that t:is dike is inherently more stable wita respect to sliding than dike 1
becausc of its lesser height. '

€. Rezults of the stabiliiy analyses are shovm im table 3. The fscters
of safety saowa are the most critical of several arcs analyzed. The locations
o critical eres are showa iz Ziz. 4. For cc:iparison, the factors of salety
ccaputed for design ere also shown ia ts:ble 3. A close agreexent moy be




noted between WES ecaputed factors of sciety and the factors of safety
computed for decign, except for tiae ceustruction corndition. The W=S
factor of safety for the construciion cordition was 2.47 es compared to
1.7 cozputed for desizn. Bascd on the results of the stability anslyses,
it is considercd that the dikes ere sale with respeet to siiding.

Drainaze systen
for ccaerete dan

9. Our only co=mcnt with reszect to the concrete gravity dam ic in
conne;:tion with reasurements for creclking the effectiveness of the grout
curtain gnd the cdequacy of the drainage system.. Reference is made to ¥W=S
MP No. 3-459, "Review of Beaver Dam Design," June 1952, containing cur
cor=ents on the drzinase sysiem for the concrete section of Eeaver Dem. Owr
recomzendaticns that plezonmeters be installed bencath that dam to chkeck the
effectiveness of the grout curtain and the drain holes to determine waether
the existing érains will need to be cleancd, or whether sdditional drains
ray be necessary in the future, are équally applicable to trhe concrete
section of Greers Ferry Dan.

Surrary

10. in swizery, it is considered that the geology and soil ccaditions
beneath the ccnerate cam end earin dikes vere adequately explored and reascn-
ably well delined. ' The eavih dikes were properly designed with edequote
factors of szZet; provided. A system o. piezcuzaters should be instzllied te-
nreath the ccucrete dam to permit 2 check oa the effectiveness off the grout
curtein anl &rainase system and to indicate any decirzese in efficiency of
the draiz holes with time. '
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Table 3

Reswlss of Stebpility Anzlvsis

, Test Factor of Sgfety
Condition Sloze Tyoe WES Are DY o, B
Construction Us Q 2.47 - 1 1.7
Construction DS Q 1.97 2 .-
Rapid Drawdown us’ R 1.k0 1 1.k .
(e1 495-461)
Criticel Pool Us ‘ R 1.52 1 1.5
(el 448)
Steady Seepage DS "R 1.34 2 1.k
Steady Seepage DS S 1.31 3 1.3

NOTZ: All fectors of safety were ccomputed by the eirewlar arc

) method. WES factors of safety were corpubed using
shear strengths based on tests on record samples;
factors of safety from LM No. 8 were ccmputed using
design shear strengtihs.
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