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August. 1, 1938 

TECHNICl:.L ?illlQR...l,NDID.l ltO. 13g_l 

Subject1 A Report of Soils Tests of Foundation Material for a Daa 
on the Viarrior River, Tuscaloosa, Alabama. 

Toi The District Engineer, U. S. Engineer Office, llobile, Alabama. 

Introduction. 

1. This memorandlllll.is a report of tests per.formed on samples 

or the foundation materia1s that underlie the dam now under construe-

tion on the \'\"arricr River at Tw.:caloosa, Alabama. The d8Jl.1s en in-

tegral part or a new lock that is being built in connection l'dth the 

general improvement of the river. 

Scope 

2. In accordance with the specific requests of the .u. S. Enginoer 

Office, Mobile, Alabama, as contained in an inclosure accompaeying a 

letter from the District Engineer to this Station, dated.January 24, 

1938, Subject& 11Tests of.Foundation Materiel., Tuscaloosa. Dam,• this 

report is concerned. only with a concise description of' tests and results 

of tests• 

Authority 

.. 3. · Authority for the performance of' these tests at this Station 

·was requested by. the ltoblle_ District in a. letter: dated April 21 19.381 · 

.. 
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Subjects "Special Laboratory Investigations." Approval for the in-

vestigation by' the Chier of EngineerG is conthined in the 2nd Indorse-

aent dated April 11, 19381 to the £1.bove-mentioned letter. 

l!Urpose 

/.+. The test2 reported in this memor;;.ndua \7ere me.de to determine 

strength fLctorn of the foundation ~edia that are directly concerned 

nith the determination of its adeqUllcy}for supporting the prot-1osi;d 

structure. 

M~terL-.l.G 'i'~llltad 
' . ' 

5. The foundation muterL:..l represented by the samples ~oru>1Gts 

of shale, und r;hale i:;treaked wlth se.ndstono und cotl lcnseB.· Se.mples 

of the material, obtuined by the field forceG of the Mobile District, 

were of the undisturbed ty1)e, 4.87 und 6.00 inches in di&metor. The 

samples were taken with u core drill, using a special bit developed 

by th.'it District. Immedi ... tely b.ftor bein& \iithdrar;n from the boring, 

the sru:iplets '<tere scsal.ed in \~a t.ertight jackets f orncd of paraffin. 

Eight sru:iple~ ~ere delivered to this Station for testing. The.elev-a-

tiona cc:. t which the samples were ta.ken nre shown in Table· 1. 

-2-



I 

,, .. -
i 

y (·-· ·' 
' 

• 

(
,. 

·.' ; 
~ . ........ :' 

Table 1. 

Locations and Elevations of Sa~ples 

Boring lhmber Sel!lple Number Elevation of Sample 
in Feet. ll. S. L. 

l 69.6 :to 68.5 
2 67.6 to 66.7 

S-7 3 66.2 to 65.0 
4 65.0 to 64.0 
5 64 .. 0 to 63.J 
6 55.2 to 54.5 

38 7 54.5 to 53.s· 
8 -~ 52.2 to50.7 

Tests 

6. The tests made using these samples fil'e summarized in Table 2. 

The test procedures nro de&cribed in paragraph 7 below. 

Table 2 

Tests Performed 

Type of Test Sample llo. 

tater Content l-3, incl. 

Absolute Sp. Gravity 2, 4-8, incl. 

Unconfined Compression 1, 3, 8 

Coruiolida tion, sub:iergcd 2, 4-7, incl. 

Consolidation, dr;yl- 5, 6, 7 

Shear 2, 4, 5; 6 

Bond 1., 2, 4, 6, 7, 8 

Tiotting and DrviM 1-8. incl. 
_*Condition of specimens during test. 

same as in nature - rio water added.· 
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TeBt Procedures 

· 7. ?roc~dures .for the testn 6\1.lll!nUrlzed in Tnble 2 follow& 

.£• Generri.l •rests. Procedures. for. \1ater ·content, nbsolute 
a ~-ocif ic ~ruv.:. ty, con~olid~ ti on i- ml ~hc11r tei:; ti.> H'~ described in 
n m~nu:...l of this Sktion, "Luborntory Prvc...:duro in Tes ting Soils 
und ~ediJc.ent" 1 "~ co.~'Y of "t:ltl.ch ir; on file in the Mobile Distric~ 
Office. This nmnucl conte.i~ c'ie~cri tion2 of all the stbnd.1;.rd 
teats, aa conducted in the Soil& Labore.torJ of this Station. 

b. Unconfinod Co~::rcs:.:!.cn Tests. Cylindrical s ... ecl.:i.ens :for 
the unconf:lnr3d com.:.-·re~fiion tet.tc.. '"ere cut .from the Sl!mf•lae t";ith 
e. carborundun gri!1ding ·.~heel {;.Ild, _f.::.ced in e Ilit.:.chine le.tile to yro­
vide :;,;<!rallel faces n.t the e:nds. '!o conform to J..i:.ericen Society 
of Tecting Me.terir..ls O)eci:ic::.tious for concrete cylinder:;, 
De~ic;n.etion C-42-.3.l, the l.ell6th or tho s;;ccit:ien& WW! made to 
equi.;.l l!.lJ. roxiillll tely twice their di<:.meter ( f:C:;e Ti:..ble 4). The 
tebts wel.·e conducted nith ~ LJoutµ:.ork-E.reery hydrc.ulic COilli-•ression­
te!ll>ion fili~Chine, Durer:..u or ~tw:ick.rd;;> c~libr<:.ted, l:lliving a Ct:L,t:>e.C­

ity of ,3001 000 lbs. Tile J.tleric~~n ~ocioty of Testing I4ater1tl8 
1.rocedure r~ferrcd to u.bove, lm& found t:ati;:;fuctory ln connection 
'f•ith the invecti&ution of the foundation mn.tcrii:1ls for the 
f ollowi;:lZ &tructures: Horris DUil, . Boulder D~~m, c..nd the Grand 
Coulee Dam. • 

.£• Com;olidrition Tests. The specimens for the coru;olide:t.ion 
test!' \«ere ~h<>.;cd by ~chine lti.t.he to the exact dilllem>ions ot · 
the :?.tsnd<.rd connolidstion device. S.z,:ecit:lens \lere corn>olidated. 
in both the submerged and dried conditicns 1:>0 that the effects 
of t>u turation and of ex-'"~o::-ure might be t.scertained. The istandard 
proceduro for the consoliuation· toi:.t1:> i·eferred t.o in~ above. t1as 
~~. . 

d. Shor,.r t-.nd Bond Te~•ts. The specbens for the I>henr t.c5t& 
v:ere-cut to E•i:)proximute dilr;ensioru; -with u b.s.nd suu &llcl sr,nd.f~.pered 
to the exact dimensions of the 5t<:.ndW"d ~helir box. The 5tundard 
procedure for the shear test£> refer1,od to in!: i..bovo, mu; used. 

To determine the bond litrongth develo1:ed batv.eon the 
5hcJ.e und cement mortar, end in Ldditlon, to determine the co­
efficient of friction between those m:i.terir.ls, s~ecimens or the 
abs.le one-hs.lf the thickne:;~ of the t;'tanch.rd t>hee.r 8.:..ecimem:>' 
uere flllced in '' form of the sw:.e dimon::;ions ll.6 the i;hear box • 

. A mortltr coml;o~od of or1e }-G<rt. cer.ient hlld two ptir.ts sand ~es. then 
CLflt on top of the &,t.:.eci.mcns 4'.D.U el.lO\ied to cure for three IDt76• 
The COUV(lntional coru:;tant-stross :;hear up~an1t\W .l>'l!.i.i \UH.d ror tho 
shear atld bond tests, procedure~ for ,.,hich are given in the mm1ual 
referred to in ~~ uboYe. Ee.ch bond· test confii~ted .. of tt10 phcsesz 
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(l) shearing was produced ~ith the bond between the sha:l.e and the 
cement mortar intact: (2) shearing was produced ~~th the bond 
broken. For the seconu phb.se, the segments of the shal.e and mortar 
were fitted together .1n their original. positions prior to the 
applicction of the shearing force. 

J!• l'Tctting and Dr1ing Testc. For the \'.'etting and drying. · 
(deterioration) tests, duplicate specimens from each srunple were 
obtained. Each test lit:>.S divided into phases. Each pha&e consisted 
of the followings (l} the specimens v.ere saturated 17ith distilled 
water; (2) the e:xcef.>s free t:at.er Wa$ drained from the specimens.; 

·and (3) one set of specimens (the nAn &et) wes air-dried for 22 
hours, and the duplicate set (the "B" set) was oven-dried at lOS0 

C. for 22 hours. This pi"OCedure vw.s repeated for 10 phases for 
Samples Nos. l to 5, and for 13 phases for Samples Nos. 6 1 71 and 8 • 

. ...,__.. 

Results of Teets 

8. Data obtained .from the detailed tests are shol'm graphically by 
. ' 

the figures accompanying this memorandum. Data from al~ tests 1 ·both . 

general and detailed, are 6lllllmlirized in the following subparagraphs. 

e. General Tests. The results of the water content and 
absolut~ specific gravity deten.rlnations are tabulated below. 

Table 3 

Results of General Testa 

~ample Number Natural Water Content Absolute Specific Gravity 
Per Cent 

l 4.1 -
2 l.O · 2.76 
3 2.0 -
4. ,3.0 . 2.76 
5 ).6 2.76 
6 3.0 2.71 
7 2.4 2.71 
8 2.1 2.71 

b. Unconfined Compression Tests. The results of the unconfined 
compression tests ere contained in Table 4• A typical ~tress-strain 

· diagram 18 i:;hotrn by Figure l. · . . ' . . . . 

'··. 
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Sm:tplo 
number 

l 
3 
8 

!'.e~ul.ts of Uncoaf.l.ncd Cozpres;;ion Teats 

t.:.prcx. 
l.:lcv. or 

0£>.mple 
Ft. 

69.3-611.5 
65.8-65.0 
51.J-50.7 

Diifa311dions of Snm!·,1ea 
Teutt1d 

Lencth 
In. 

8.82 
s.ao 
6.8) 

Din.meter 
In. 

ll.Citio 
Length 

to 
Dir-,mater 

1..95 
J..9.: 
1.16 

Ultimate 
Crushing 
Strength. ' 

Tom: Per Sc.' Ft-. 

55.2 
106.9 
J89.S• 

4.52 
4.60 
5.86_. 

lf----L-~~----'--~----'"--~~----rJ, *A.S.T.M. correction f&ctor b:Flied uince rutio of len~th to diameter 
t.·ns leia;. than 2. · (tee Parugra.;,.h ll.) 

..£.• Concolid.r;.tlon Tcr;;ts. Con~olich:..tion tcsti:; di.tn are shown . 
by Fir,-ill'oll 2 to 3, inclmive.. T,:.;ble- ~ indic.:::.tcs the conoitiona . 
of er:.ch test; th::i.t ie, '"heth<:r the ~l·ec_iL1ens t;ero eubnergcd or. dry. 

Ta.ble S 

Conditions for Conzolidntion Teptfs 

- fa:.t!ple ~ub;;ierged i~ecitlen *Dry Cpccix:ton 

I 

Hur:iber Fir~uro No. Fii"lll·c Ho. 

2 2 -
4 3 -s 4 s 
6 6 7 
7 8 9 

*Con'1ition of til:·.;:cilllens ci.w:i~ tef>t &a.ma .tts in 
nu turo - no ~•· ter todded. 

· ,g. ~hear ei1d Bord TeBt:s. Dett1 from tho sheur and bond tcr:iu. 
·ii.re pumw-.nrbcd in To.ble 6. nnd .aho\\n by Figures 10 to 19, L1cluaive. 

'-·6- .. 

. ' . ... \., 
. ' .... 



Table 6 

Results or Shear and Bond Tests 

Shear Teats :aond 'I'ests 

Shear Angle Strength Coaff'icient 
Sample Strength or Figure of Bond of Friction Figur< 
Number Tons per Internal No. Tons per Cettent on Sha1e no. 

l 
2 
4 
5 
6 
7 
g 

Sa. Ft. Friction Sa •. Ft. 

- - - l..28 0.50 14 
1.85 70000' 10 1.01. 0.50 15 
2.80 79°.301 ll 0.54 ·0.80 16 
3.50 76°001 12 - - -4.4; 82°.20' lJ 7.45 ' . o.SJ 17 - - - 5.28 0.63 18 

- - - 7.02 o.67 19 

~· Wetting and Dryin~ Tests. The various phases or the 'lfetting 
and dry:ing (deterioration tests, nnd the results of the tests are 
shown by Figures 20 to 25, inclusive. 

Discussion of Result& 

9. · General Tests. The data obtained .fro!ll the vater content and 

absolute specific gravity tests as presented in Table 3, are Gelf'-explana.-

tocy. 

io. Unconfined Compression Tests. As pointed out in paragraph 7 b, 
::v 
"'!."- above, t4ese tests conformed to /.merican Society of _Testing llateri~ 

Spec.ifica.tions. If ratio or height of specimen to diameter is less than 

2, it is necessary to apply ~ correction factor to obtain the crushing 

strength comparable with that obtained, using a cylinder havix:g the otan­

da.rd ratio.. It may be noted that in the case of Samples Nos. 1 am 3 
(See Table.4), these ratios were so clo&e to 2 tba.t no corrections were 

appli~d to the results of the tests. However, Sar;iple No. 8 (See Table 4 and 

e~d Figure ·l) had ~ ratio of onii 1.161 ·,md tailed at ~ vertical otresa · 

of 425.0 tons f!er square foot. · 

-7-
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Application of the correction factor 0.916,, for the ratio or 1.16 giTes 

an ultimate strength or .389.5 tens per ::iquara foot. This application eq 

be questioned inasmuch as factors suitable for concrete may not be suit­

able !or stone •. Hon~ver, a deviation of 50$ {the marlmum that seema -
reasonable to expect) in the correction factor would result in a rele.-

tively abnormal crushing strength. 

11. The ultimate crushing strengths of the samples tested varr· 

considerab17. The number of Sa!:lples received,, and their size ll.r:d.ted the 
-> .· . . 

nucber of unconfined compre.ssion tests that could be made. The resul.ts, 

for which possible explanation of their variation is given herein,, vere 

obtained from samples selected all representative or the material. A 

possible explanation follows1 . 

.!!• Sample No. 1, l'lith e. co::::ipara-tively low ultimate:.crushing 
strength of 55.2 tons per square foot, may have been obtained from 
relatively near the bottoa or the excavation. (See Table 1) Hence, 
it may have disintegrated to some extent before being obtained. 
This explanation is borne out by its rels.tivoly high we.tor content. 
(See Table .3). 

b. Sample no. 3, vith an ul:timate crushing etrength or 106.9 
tons per.square foot, appears to be representative of the·group1 
and the results .obtained therefrom ap~ear to bo in accord 11ith an 
average value for the ultim:te crushing strength or this type or . 
mterisl. • 

.2.• Sample No. S, with an ultimate crushing strength or 389.S 
tons per square foot, did not meet the criterion established br 
the At:lerican Societ~ of Testing l!a.terials insofar as the ratio 
(112) o! length to diameter is concerned, as pointed out above. 
Visual e:xamirui.tion of the specinen prior to testing and review ot 
the results of the shenr and bond tests of (See Tablo 6) both 
indicate the material to be nore dense and stronger than.that 
represented by Samples Nos. l and 3. Consequently 1 use ot a Taluo 

. of 195 tons per square .root is belle~ed to be conservatin •. 
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1.2. At the time that Sampl.es lfos. 1 and J were tested, the equip-

ment necessary to measure actual deformation resulting from application· 

of load waa not available; coru;equontly, the stress-strain characteristics 

for these samples could not be ascertained. When Sample No. g -.·aa tested, 
' I 

an extensomater !or meru>uri.ng def orz:iations to 0.001 inch was available. 

Figure 1. shows the stress-strain characteristics of this specimen. The 

small deformation occurring at no load was CbUSed by the ca.chine adjusting 

itself' to the face ot the sa.mp1e. 

13. Consolid~tion Tests. 'l'he results of the concolidation tests 

reveal that the material represented by the samples is practicsl.ly incom­

pressible for loads of 13 to 20 tons per square foot. This is sho11n by 
' 

.the very.small change in void ratio (ratio of volume' or voids to volume 

of aolids) that was observed upon application or these loads. Hence, the 

material in situ ie very well consolidated under its present l.Oad. 

The relative position or the rebound clirve with respect to the · 

ccr.tpression curve is interesting, particularly for Samples Nos• 51 6, and 

7. Specimens from these e>amples liere tested ill their natural artate, both 

submerged, and dry, a& indicated in Table 5. It is to be noted thnt .tho 

rebound curve is in much closer proximity to the compression curve for 

the submerged specimens than for the dry i>pecimens. Some change in the 

physical condition or the shale appears to occur when this z:ia~r!al is 

not completely submerged. -The w:ual time-consolidation curves are not 

shown, since in all cases complete consolidation occurred almost ilmedi­

atel.y. art'er application or· the load..· . ,'. 
. . . . . . . 

· · u:. Shear end Bond· Tests• _The vulues for_ the -fr1ction&l strength 

of the material', as indicated by the angles of internal friction shown 

-9 ... 



in Table 61 are in accordance vith those which would be expected for such 

highly consolidated materia.ls. The close agreement betT;een the angles 

not only indicates that the tests are reliable, but al.so supports the 

conclusion that the roateria.l is uniform. For the bond tests it is inter-

eating to note the.t the friction angle vi.th the .bond between the shale an! 

the cement intact, was found to be the same as "J;ith the bond broken.· 'I'b.e 

vertical diaplacement betaeen the two C\ll"Ves represents.the shearin& · 
'. ' 

strength due to the bond between the ce1nent mortar and the shale. ~he . . . . . 

·:[ strength of the bond (See Table 6), nat~J.3 dep~nds upon the ~te~~:ement 

ratio, the condition of the shtle surface, the curing coDditions, and o.ther 
" • • I • ' • ' ' ' •: ~ • • ' 

variables •. The strength of the bond between the ~tructure and the material 
' . . · .. 

',,. 

in situ may vary considerably from .the values given; . : · : .:·. ': . 

15. Wetting e.nd Drying Tests. The results 0£ .the de~rioration tests, 

as shown by the photographs,.Figures 20 to 25, inc1usive~ indicate that the 

material represented by Samples Bois. l to 5 (fro::::i Boring No~ S-7) are auch 
' ' . 

more suscepti~le to weathering than is the material represented by.Sanplea 

f.. .. :Nos. 6, 71 and S (from Boring no. JS)• · · , 
............. !'t.-

. { ··, :. 

Recommendedi . . . 
s:;,_,._1 \l -;fa~' . 
~r 6-: Buchanan· · . · .· 
. . Engineer ~ . 

' .. 

· ... 

'-10-

"' 

Submitted& 

Q~ .. ~P~~ 
p';~B. EustiJa · 
.Junior Engineer 

. ~ ... 
: '.\ 

'· I • • ••! . . ~ . 
" .~ . : : .. 

ApproveW . J.~ }. Q J~ 
Do~~~Davia. · 

1st Lieut.,· Corps of Engineers·· 
Acting Director 
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