TECHNICAL MEMORANDUM I0. 138-1

A

A Report of Soils Tests of Foundation Haterial for a.
Dan on the Warrlor River, Tusceloosz, Alabama.

Kugust 1, 1938

S T T R T T TR AT SR S T Y Y Mg g TV M e O

-~
-

U. S, Waterways Experimeont Station
Vicksburg, Mississippi

ey

-

[P
-



VJB 4” r f‘:

(/‘,\.,,,{) f ‘ [
I L

\.Afz‘(

- -

Technicel Memorandun MNo. 138;11

| , S o INDEX

. : Jext . o
A ' ‘ o - Page
' Introduction cescecocasevescccansscccnssse = L
Scope Q-.0-....o..-.c...t.co‘.t..oooollot;.‘
AUuthorily acevecececcsnecscnsocascsessane
‘Pul'pose .QOI-o.oooo--......0...0......‘.-"
Materials Tested esececsesccssssscssansss
Tablel..--...-........-.....-........'--L"

Tests ....'Ol..’l-...‘......".‘..0.....'

wwumnzé

Tablez [ XY FEFEES R R NRE R NN NS NN RN NN KN ENNEEXNJ]
Test Procedures eceeovecsecsesscccsccccsss 4=5
Results of TeStS v essesoasnescanereneses 5"7

Table 3 $s00tesesnesssraeB eI sIRIERGORTY 5 .
Table 1& Ss0enccsssvcassapascsentrssesRTeS : 6
T&ble 5 XX R REZX XYY RPN AR RS N NN A AN A 6.
Table 6 oooo.ooooo-ooo-..oo.-n.oooo-ooo.v'n:‘ 7

e Discussion of RESULLS eecececcsssssscscses 110
o o : Figures - Figures
Stress-Strain Diagren (Conpression)eceses 1
Void Ratio-Pressure Curves ‘ '
(Conso0l4dation) ececcecscasssccssccces 2-9
Shear Diagrams (Shear Tests) .eesscececece 10-13
Shear Diagrans (Bond Tests) eceeeccsccssce 14~19
Photographs showing results of T
Wetting &nd Drying Tests : -
(Deterioration) eceecececcescosacccsss 2025

31664



August 1, 1938

TECHUNICLL MFMORANDUM NO. 138-1

Subject:s A Report of Soils Tests of Foundation Uaterisl for a Dam
on the Warrior River, Tuscaloosa, Alabema.

Tos The District Engineer, U. S. Engineer Office, lobile, Alabaxa.

Introduction
1. This memorandum is a report of tests performed on samples
of the foundation materlals thet underlie the dam now under construce
tion én the Warriar River at Tuscaloosa, Alabsma. The dam . is an in-

tegrel part of a mew lock that is being built in connection with the’

general improvement of the river.

| Scope

2e in accordance \-:ith theb'spécifi_c requests of the U. S. Engincer
Office, Mobile, Alabema, as contained i;l an inclosure accompanying a
letter from the' District Engineer to thi.'.;, Station, dated Janmusry 24,
1938, Subjectt "Tests of Fourdation Materiel, Tuscaloosa Dam,® this
report is concerned oniy uith a conéise déscription of tests and results
of tésta‘. = ' | |

Authority |
‘3. Aﬁthoritj for the performance of these tests at this Station

‘was Tequested by the Mobile District ina ;L'e‘tterfdafed April 2, 1938, - -



s

Subjectx "Epecial Laborutory Investigations.® Approval for the in-
vestigation by the Chief of Engineers is contained in the Znd Indorse~

nent dated April 11, 1938, to the sbove-mentioned letters

urpose

4e The teste reported in this memorandun were nmcde to determine
strength fsctors of the foundation medies that are directly concerned
with the deternminution of its adegquucyfor supporting the projoscd

structure,

Materisls Tqﬁted
5. The foundation materizl represéntéd by the sanples ponsiSts
of sh&le, and shale streaked with ssndstone uﬁd cozl lenses. Semples
of the mnterial, obtuined by the fleld forces of the Mobile District,

vere of the undisturbed type, 4.87 und 6.00 inches in diemeter. The

‘aamplea were taken vith a core drill, using & specicl bit developed

by that District. Immedi:tely after being withdrawn from the boring,
the semples were sceled in watertight jackets formed of paraffin.
Eight semples wore delivered to this Station for testing. The eleva-

tions at which the samples were taken are shown in Teble'l.

£



Teble 1

§

5 Locations and Elevations of Samples

;'_ : , Boring Humber | Semple Humber Elevation of Sample

‘ ' in Feet, i, S. L.

1 69.6 to 68.5

! 2 67.6 to 66.7

t ‘ s-7 3 €6.2 to 65.0

:; 4 65.0 to 64.0

¥ 5 64,0 to 63.3

6 5502 t0 5445 |
L 38 7 . 54.5 to 53.8 .
( ; ‘ - 8 77 5242 to 50.7 N
it ' Tests B

' | ‘ 6. The tests made using these samples ere summarized in 'i'aﬁlo 2.
‘The test procedures are described in paragraﬁh 7 below.

Teble 2

Tests Performed

¥
H

. Type of Test Sample Ho.
";{f o Vater Content ~ 1-3, incl.
' Lbeolute Sp. Gravity 2, 43, incl.
i Unconfined Compression |1, 3, 8
Consolidation, submerged |2, 4~7, incl.
Consolidation, dry¥* 59 6, 7
‘ : Shear 2, 4y 5; 6
I ' Iliond,‘ — 112, 4,6, 7, 8
‘ N ' . 'ﬁetting end Drying 1-8, incl, .

- #*Condition of specimens during lest

_ same &g in nature - no water added. .
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Test Procedures

7. Procedures for the tests summurized in Toble 2 follo=xs

2o Genersl Tests. erCQdurea for water content, absolute
s_.ecific gruvity, consolidetion end shear tests are descrited in
& menuul of this Station, "Letoratory Proccdure in Testing Solls
and Sedimwent”, & co.y of vhich is on file in the Mobile Disdrict
Office. This mummzl contains cezeri tione of ull the standsrd
tests, &s conducted In the Soils Laboratory of this Station.

b. Unconfinced Comures:icn Tests. Cyliudrical s:ecimens for
the unconfincd com ression tests were cut from the szmples with
z cerborundun grinding whoel end fzced in 2 muchine lethe to yro-
vide jarallel faces at the ends. To conform to Awmericen Soclety
of Tecting Meteriels specilicztions for concrete cylinders,
Designetion C-42-21, the length of the specinens wes made to
equul ap roximutely twice their diumeter (ece Tcble 4). The
tests were conducted with & Southwork-Emery hydreulic compression-
tension machine, Buresu of StenCurds culibreted, huving a capec-
ity of 200,000 lbs. The imericsn Society of Testing lateriazls
srocedure referred to above, was found gatisfectory in connection
with the invectigetion of the fcundation materlels for the
following structuress KRorris Dam, Boulder Dam, zpnd the Grend
Coules Dam. .

- c. Consolidation Tests. The specimens for the consolidation
tests were shozed by mechine luthe to the exact dimensions of
the stsndard consolidstion device. S;ecimens were consolidated
in both the submerged znd dried conditicns so that the effects
of saturation und of ex;osure might be escertained. The standerd
procedure for the consoliuation testw 13f611ed Lo in & above, was

used.

d. Sheer snd Bond Tests. The specimens for the ghear tests
vere cut to spproximete dimensions with o« band saw snd sandpepered
to the exact dimensions of the stundurd shesr box. The stundard .
procedurs for the shear tesis referred to in & ubove, was useds

To determine the boad strength develo;ed botweon the
shele apd cement morter, ¢nd in wddition, to determine the co-
efficlent of friction between thoess materials, s ecimens of the

shale one-half the thickness of the stundurd sheer s.ecimens
vere jplaced in o form of the same dimensions us the shcdr boxe

'vAA mortar composod of one pert cement and two perts send ves then
“cust on top of the specimens wnd ellowed to cure for three dryse

The conventiocnal conctant-stress shear ap aratus wves used for the '

. shear and bond tests, procedurec for which sre given in the manusl -

referred to in &, wzbove. Ezch bond test consisted’ of two phoses:s

-4 -
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(1) shearing wus produced with the bond between the shele and the
cement morter intact: (2) shesring was produced with the bond
broken. For the second phase, the segments of the shale and mortar
were fitted together in their original posxtionu prior to the
application of tne shearing force. -

e Wettinn and Drying 1eutu. For the v.ettinb and d:ying
(deterioration) tests, cuplicete specimens from each sample were
obtained. Each test was divided into phases. Each phase consisted
of the followingt (1) the speciumens were saturated with distilled
water; (2) the excess free water was drained from the specimenss

"and (3) one set of specizens (the MA"™ set) wes air-dried for 22
hours, and the duplicate set (the "B" set) was oven~dried at 105°

C. for 22 hours., This procedure wss repeated for 10 phases for
Samples Nos. 1 to 5, and for 13 phases for Samples Nos. 6, 7, and 8.

-

Beuults of Tests

8. Date obtained from the detailed tests are bhown graphically by
the figures accompaqying this memorandum. Data from all tests, both
general and detailed are summarized in the following subparagraphs. |

. &e Gonersl Tests. The results of the woter content anmd
absolute specific gravity determinationb are *abulateu belon.

Table 3
Results of General Tesgg"

Semple Number | Natural Viater Content | Absolute Specific Gravity
Per Cent :
- R 1.0 ' S 2,76
3 2.0 _ _ —
5 3.6 . . ‘ ‘ 2.76
6 3.0 , " R.TL
7 . 2010 ) o 2071
8 2.1 - . 2-71 )

b. ‘Unconfined Compression Tests. The results of the unconfined .
compr9551on tests ere contained in Table 4. A typical stress-strain o
diagram is shown by Figure 1. .
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Teble 4

of Unconfined Comrression Tests

ALPreXe

Dimensions

Ultimate

of Samoles hutio
Senple Elev. of Tested Length Cruching
Humber Serple Length Dismeter | to Strength . -
Ft. In. In. ~_Blimeter Tons Per &c. Fte
1 69.2-68.5 8.82 452 1.95 55.2
3 65.8-65.0 8.80 4.60 1.92 106.9
8 5%e3-5C7 6.82 £.86 1.16 389.5%

*h.8.T.M. correction fector «.plied since rutlo of length to dismeter

vos less than 2’

by Figures < to 2, inclusive,

Lo

Consolidation Teots,

(& ee Peragrazh 11.)

Conboliunticn teb+s aata ure shown
Tuble 5 indicztes the concitions .

~of each testy that ie, uhgth&r the 5 ecimens were 5ubnerged o:‘dxvu

" de

~ Table

Conditions for Consolidation Testg j

Semple fubmerged Lyecinmen
Huaber Ticure Ho.

#Dry Epecimen

QoM N

[N ¥ L WR V]

Piure Ho!

;m;l |

*Condition of vprecimens during tebt bame &8 in
nuturo - uo water udded,

Shear end Bond xes&s.

Datu {from tae shear and bond teata

ire pummerized in Tablie 6. «nd shown by,Fﬁvures_lO to 19, 14c1u51vg.]‘

"-'6~""
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Table 6

Results of Shear and Bomi Te£t£

Shear Tests pond Tests
Shear Angle Strength Coefficient
Sample | Strength of Figure || of Bond of Friction Flgure
Number | Tons per [Internal Ho. !|Tons per | Cement on Shale Ho.
SQ Ll Ft- Friction SQ (% Ft-
1 — — - 1.28 9,50 ° -} 14
2 1.85 70°0Q¢ 10 || 1.01 Ge50 . 15
4 2.80 73°30¢ 11 0.54 0.80 16
5 3.50 76°001 12 1 — ] _— 1 —
6 Lel5 82020¢ 13 Teh5 - 0.83 17
8 — — - 7.02 . 0.67 - 19

e. ¥etting and Drying Tests. The various phases of the wetting
and drylng (deterioration) tests, and the results of the tests are
shown by Figures 20 to 25, innlusive.

Discussion of Results -

9., General Tests. The data obtained from the water content and

absolute specific gravity tests as presented in Table 3, sre self-explanae-
tory .

10. Unconfined Compression Tests., As pointed out in paragraph 7 b,
above, these tests conformed to American Society of iestihg Haterialg
Specifications. If ratio of height of specimen to dismoter 1s less than
2, it is necessary to apply a correction factor to obtain the crushing
strength compareble with that obtained, using a cylinder havirg the stane
dard retio. It may be noted that in the.caée of Samples Nos. 1 and 3

(See Table . 4), these ratios were so cloce to 2 that mo corrections wore

appliéd to the results of the tests. However, Sample No. 8 (See Table 4 and

- end Figure 1) had a ratio of only 1.16 ‘&nd failed at a vertical Btress -
;' of 425.0 tons Her square foot.
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Application of the correction factor 0.916, for the ratio of 1.16 gives
an ultinmate strength of 389.5 tons per squars foot. This application may
be questioned inssmuch as factors suiizble for concrete may not be suit-

eble for stone. However, a deviation of 50% {the maiimum that seems -

‘reasonable to expect) in the correction factor vzould result in a rela-
tively abnomal crushing strength

11. The ultinate crushing sirengibs of the samples tested vary
considerablj. The number of semples rece}ged, and their size linited the
pucber of unconfined compression tests that could be made’.‘ The results, -
for vhich possible explanation of their variation 1s given heréin, vere

obtaiped from samples selected as representative of the material. A
possible explanation followst |

Be Sample No. 1, with & comperatively low ultimate crushing
strength of 55.2 tons per square foot, may have been obtained from
relatively near the bottom of the excavation.  (See Table 1) Hence,
it may have disintegrated to some extent before being obtained,

This explanation is borne out by its relat:.vely high weter content.
(See Table 3).

b. Sample No. 3, with an ultimate crushing strength of 10649
tons per.square foobt, appears to be representative of the- group,
end the results obtained therefrom aprear to be in sccord with an

average value for the ultimste crushing strength of thia type of
naterial.

c. Sample Ho. 8, with an ultimate crushing strength of 389.5
tons per square foot, did not reet the criterion established by
the American Society of Testing Uaterials insofer as the ratlo
(1:12) of length to diameter is concerned, &s pointed out above.
Visual exsminstion of the specimen prior to testing and review of
the results of the shear and bond tests of (See Table 6) both
indicate the material to be more dense and stronger than that - -

. represented by Samples Nos. 1 and 3. Consequently, use of a value
. of 195 tons per square fool is belleved to be conservative.
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12. At the time that Samplés Nos. 1 and 3 were tested, the equip-
nent necessary to meaoure actuzl deformation resulting from spplication
of load was not availsbles consequently, the stress-sirain Characceriatica
for these samples could not be accertcineé. When Sample No. 8 wes tested,
an extcnsometer for‘mea5uring deformations to’0;00i inch wes avallable.
Figure 1 shows the stress-strain characteristicc of'tﬁis specimen.. The
small deformation occurring &t no load was caused by the nachine adjusting
itself to the faCe of the sample.

o —

13.' Consolidation Tests. The results of the conooliaation tests

revesl that the material represented by the samples is practically incon-
preusible for loads of 13 %o 20 tons per square foot. This is shown by

.the Very small change in void ratio (ratio of volume of voids to volnma

of solids) that was observed upon application of these loads. Hence, the
material 1n sltu ie very vell consolidated under its present load

The relative position of the rebound curve with respect to thc-

. coapression curve is interesting, particularly for oampleu Kos. 5, 6 and

7. Spec;mens from these ssmples were tested in their natural state, both
submerged, and dry, ac indicated in TabloVS. it‘is‘to be noted thnﬁ the
rebound curve 1s in much closer proximity to the compression curve for
the suhmerged specimens than for the dry specimens. Some change in the
physical condition of the shele appears to occur wien thic naterial is

not completely submerged. - The usual time-consolidation curves are not

shown, since 1n all cases complete consolidation occurred almost 1mmedi- '

ately after application of the load. A

""‘14; Shear and Bond Tests. The values for the frlctional strength

of the material' as indicated by the angles of 1nxernal friction ahown }
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in Table 6, are in sccordance with those whichv would be expectéd for sucﬁ
highly consolidated materialﬁ. The close agreement' betweén the angles
not only indicates £Mt the. tests are relliable, but also support# the
conclusion that the neterial is uniform. For the bond £esta it 45 inter-
esting to note that the friction angle with the bond between the shale and
the ceuent intact, ‘was found to be the same as tith the bond broken. The
vertical displacement bettreen the two ,cm'ves represents,thg shearinz ',
strength due 'to the bond between the ce‘ménﬁ mortar and tlAzle. shale. _ Tﬁe
Btrength of the bond (See Table 6), naturally depends upon the mtex‘-cemant |
ratio, tne condit.ion of the shale .,urfaca, the curing conditions, and’ other
varie.bles. , The strengt.h of the bond between the atructure -and the material
in situ may vary considersbly from the values given. L N |

15. Vettinp end Drying Tests. The results of the deterioration tests,

as shown by the phot.ographs, Figures 20 to 25 » 1nclusiva, indicate thnt the
naterial represented by Samples Nos. 1 to 5 (£roa Boring Ho. S—-‘7) are nuch
more suscept:.ble to weathering than is the material represented by Sanples
Nos. 6, 7, and 8 (from Bor.'Lno Ho. 38) : ‘

Sutmitteds

‘ ?osgph - Eustis .
. T , . Junior Enginaer .
Reconmendeds T c

o _ vzpencerY Buchapan . ..o 0 T L .

e
S TRNRE

Dl Ohs

DougYas C. Davis
1st Lieut., Corps of Engineers’
Acting Director

1
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