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Base of the extracted pile No. 10.

FIG.24
the design of pile foundations.
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PERFORMANCE OP_PILE FOUNDATIONS OF NAVIGATION LOCES AND DAMS
ON THE UPPER MISSISSIPPI RIVER

LAWRENCE B, FEAGIN

Head Engineer, St. Louis District,
Corps of Engineers, Department of the Army, St. Louis, Mo., U. S, A,

Vila10

SUMMARY

From 8 to 12 years have elapsed since completion of the navigation locks ana
dams on the upper Mississippi River, thereby affording an appreciable period for
observing movement of those structures founded on piles. Records of such observa-
tions are presented for selected representative locks and dams, and comparisons
are made with the results of pile driving and load tests made during construction.

Description of Project. The Congress of
the UnIted Etates. by an act approved by the
President on July 3, 1930, authorized the im~
provement by the Corps of Engineers, United
States Army, of some 650 miles of the upper
Mississippi River to provide a navigable chan-
nel with minimum depth of 9 feet and width of
300 feet. The improvement was accomplished by
construction of 23 locks and dams in addition
to 3 previously completed. The last was placed
in operation in 1940,

The locks are 110 ft. wide by 600 ft.
long with provision for a future auxiliary

lock at most projects. At Alton the auxiliary
lock, 110 f£t. by 360 ft., was provided initial-
ly. Most of the dems consist of various com-
binations of tainter and roller gates separat-
ed by concrete piers. Sills are at approximate-
ly river bed level.

Of the 26 locks and dems, 22 are founded
in whole or in paft on piles., The maximum 1ift
for these 22 locks ranges from 5.5 to about 25
ft. (See Fig. 1) .

Foundations. With few exceptions the pile
foundations are in deep deposits of sand, very-
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ing from fine to coarse, occasionally mixed
with small percentages of gravel. At certain
sites, silt and clay presented special problems.

Design Criteria. In general, foundations
were designed on the assumption that timber
Piles could support a maximum vertical load of
25 tons per pile and concrete piles 50 tomns
per pile with a minimum spacing of 3 ft. on
centers. Lateral loads were limited to about 4
tons per pile. Batter piles were used omly for
special conditions. Allowable lateral movement
or vertical settlement was assumed to be 0,02
ft. (1/4 in,)

Load Tests. At the beginning of construc-
tion at each site, appropriate pile lengths
were determined by load tests on individual
Piles of various lengths at representative loc-

ations, and in some instances on small groups
of plles. Maximum vertical loads at least
double and sometimes triple tne design load
were applied and usually sustained until fur-
ther settlement could not be measured.

Lateral load tests at several sites were
also performed by applying loads with a hydraul-
ic jack to adjacent concrete test monollths in
which the heads of groups of piles were fixed.
Those at Lock 26, Alton, Illinois, are describ-
ed in Ref, 1).

Pile Drivineg Practice. Piles were driven
almost exclusively with a steam single acting
hammer with 5,000 - 1b., ram and theoretical
36~in., stroke, usually with the aid of a jet
except for the last 5 feet of penetration. A
record was kept of the indicated bearing capac-
ity for each pile as computed by the Engineering
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TABLE I

COMPOSITION OF SELECTED DAMS

Roller Gates

Loca- Tainter Gates
tlon
miles § Thick< Size of pier Thick- Size of pier
above | Max, ness foundation ness | foundation
D mout | reed N Length| Height 0{ Length | Width N Length|Height oi Length jWidth
am|of Mo. um-| Le elg er um- ng eig er n
No. (River | (£t.)| ber (Ft.)| (Ft.)|(Ft.) | (Ft.) (Ft.) |per (Pt.)| (Pt.)]|(Ft.) (Ft.) |(Ft.)

26 | 7.5 25| 30 40 30 8 85, 21 3 80 25 15 100 21

25 |46.0 15 14 60 25 8 80.5 21 3 100 25 15 101 27
18 |215.1 9.8 14 60 20 8 68.5 21 3 100 20 15 95.25 27
9 l452.5 | 9 8 35 15 8 52,0 18 5 80 20 15 9%,7 27
TABLE 2
DAM RO, 26
RESULTS OF PILE LOAD TESTS COMPARED WITH PERFORMANCE OF STRUCTURE
Indi- Maximum Settle- FNo. of Average
Pene- cated design load ment of Settle-|piles indi- Total Total
tra- Diameter |bearing per pile test pile ment driven | Aver-|cated |Period{observed observed
Location |tion tesgt 1 value, o " c for design|{Maxi-|under in per-] age |bearing| of |verticall lateral
of test |of 3 pile gng. perat- | Construc-| load con- |mum |maximum|manent | pene-|velue, |obser-|settle-| movement
pile teat fg;;ula éggicon gigg con-| struction | test |test foun- |tra- |Eng, vation|ment
pile |Butt |Tip on on condition |load |load dation | tion |News (1) (2)
formula
(£t.)| in. |[in.| (tons)| (tems) (tons) (ft.) (tans)| (£t.) (£t.)] (tons)|(yrs.)| (£v.) (£t,)
Tainter
ate Pler 1937-
0e 3 26 |10-34| 8 37 16.5 23,5 .007 80 .056 .86 |37.2 | 36.1 [1947 052 .08
Tainter
ate Plar 1937=
0. 7 28 [12-12| 8% 34 16.5 23.5 .008 80 .091 186 |37.8 | 34.7 |1947 «057 .08
RBoller
gate Plar 1936-
No.17 36 [13-14| 10 43 22.0 28.0 .007 70 +032 239 |38.9 | 35.4 |1947 +105 05
Roller
ate Pler 1936~
o, 18 40 [12-34 9 35 22,0 28,0 .009 80 . 034 239 |38.3 | 34.8 |1947 .094 03
Tainter
ate Pler 1935-
0. 30 36 |13 9 42 16.5 23.5 .009 60 »069 186 [37.6 | 36.0 |1947 045 .02
Tainter
gate Pler 1935-
No. 33 36 |13-12 9 42 16.5 23.5 »009 80 059 186 |[37.7 | 39.0 |1947 .038 .01

(1) Average of settlement observed on 4 corners of foundation pour for all plers during construction in cofferdam
ranged from about .02 to .03 ft. Remainder 1s the average of that on upstream and downstream ends of piers
after removal of cofferdam, except for roller gate piers Nos. 17 and 18 for which remainder is that observed
on upstream end of pier only.

(2) Lateral movement is that observed on top of piers at mid-point from 22 Sept. 1937 with no head on dam to
29 SGE. 1947, when head was 22,6 ft. and lateral load on tainter and roller gate piler piles was about 4 tons.
If piles beneath the apron adjacent to downstream side of piers were fully affective, lateral load per pile
was about 3.25 tons for tainter gate pilers and 2.7 tons per pile for roller gate piers,

fine to coarse gradation. In any particular
stratum, the sizes of the sand particles are

News formula, x) in order to provide in some
measure a correlation between the load tests

and the general comnstruction pile driving oper-
ations, and as an aid in detecting local foun-
dation variations, though it wes known that
bearing values thus computed are by no means
reliable. 2)

Settlement Observations. Reference points
were esta ed on some oI the structures to
afford an opportunity of correlating results
of load and driving tests with actual perform-
ance under both vertical and lateral operating
loads. Pertinent data are given in Tables 1 to
7 for certain representative locks and dams
described below.

LOCK AND DAM NO, 26, ALTON, ILLINOIS
The dam and locks are founded on sand of

rather uniform with an absence of gredation in
sizes conducive to impermeability. The general
plan and sections are shown in Figs 2 and 3.
Dam. It will be noted from Table 2 that
settlements ranging from 1/2 to 1-1/4 inches
and lateral movements from 1/8 to 1 inch have
occurred for certain piers of the dam. Records
indicate thet most of the vertical settlement
occurred during and soon after the comstruction

X) Engineering News Formula: R = 2_Wh
Height of fall of hammer Feet

. 8+0.1
@_zﬁbol Definition Unit
h
Penetration of pile per blow Inches

Welght of striking parts of hammer Pounds
8
R Allowable static safe load on plle Founds
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Fig.3. For Boring 4 see Table 3.

LOCK & DAM NO. 286
ALTON,ILLINOIS
GENERAL PLAN AND
SELECTED BORINGS

FIG.2

period, and that no significant settlement has
occurred in recent years. On the other hand,
most of the latersl movement seems to have oc-
curred within the past 4 years, during which
there have been a number of floods, and the
head has varied from 0.5 to about 25 ft., caus-
ing a veriation in lateral load per pile of
from less than 0.5 to about 4 tons. Since there
appears to have been slightly more settlement
of the upstream than downstream end of the
piers, this apparent lateral movement cannot
be explained as rotation ebout the dam axis.
ock. Because of the range in river stage,
lock 8 51 ft. high are required. Under cer-
tein operating conditions loads as great mss 40
tons occur on the piles beneath the edges of
the wells adjacent to the lock chambers, and as
much as 50 tons if either lcck chamber is ever
unwatered. Accordingly, 3 rows of concrete

plles were provided adjacent to the lock side
of each wall. Under the monoliths supporting
the miter gates all piles are concrete. For the
remalnder the design load was generally within
the allowable limit of 25 tons for timber plles.
For load tests to simulate compaction ex-
pected in the permanent foundation, 45 piles
were driven, arranged in 5 rows, each with 9
plles. Rows were 3 ft. apart and piles in each
row were 3 £t. 6 in. on centers, with concrete
and timber test piles in the interior. These
tests (Table 3), performed in the wet, indicat-
ed that timber piles with 35 ft. and 30 ft. pen-
etration would be adequate for not over about
25 and 20 toms, respectively. These lengths
were used for corresponding loads. It was also
concluded that eilther a concrete pile tapering
from 18 to 10-3/4 in. or a 16-in. octagonal con-
stant section pile, pointed tip, with 20-ft.
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ALTON, ILLINOIS

SECTIONS AND PILING PLANS

Fi

penetration would be adequate for an operating
load of 40 tons and a temporary load of 50 tonsa,
The contractor elected to furnish the tapered
pile.

From 1940 to 1947 settlement of the inter-
mediate wall ranged from about 0.01 to 0.04 ft.,
and of the river wall between gates, 0.02 to
0.08 ft. There was no significant settlement of
the land wall between gates. Since no points
were established on foundation pours, total
settlement cannot be determined. That which has
occurred is largely in monoliths other than
those supporting miter gates.

Alignment checks do not indicate any sign-
ificant permanent lateral movement of the walls
between gates, due no doubt to the system of
struts integral with the floor slab between
lock walls, and to the supporting apron provid-
ed along the river wall as indicated in Fig. 3.

G3

The heavy lateral load from 51 feet of backfill
which the land wall piles would otherwise carry
is thereby distributed also to the piles bensath
the intermediate and river walls.

It was recently noted though that reversal
of the lateral load on the intermediate well by
alternately filling and discharging the two
lock chambers with 20.5-ft. head caused a la-
teral movement of the top of the wall of as
much as 0.05 £ft. Since there have been over
33,000 lockages, this is not too surprising.

LOCK AND DAM NO. 25, CAP AU GRIS, MISSOURI

The foundation for both the lock and dam
1s of sand varying from fine to coarse with oc-
caslional pea gravel.

ock. As at Lock 26, under certain operat-
ing condltions unit loads as great as 40 tons
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IABLE 3
LOAD TESTS - LOCK No. 26
Settlement
Indicated Load remaining
safe bearing | causing ) after re-
Diemeter value by «02 ft. | Max. |Settlement moval of Test time
Penetration Bogineering settle- | test |under max. max. test max. load
Type of Butt | Tip News formula ment load load load sustained
test pile (foet)(sq.£t.} | (in.)|(in.) {tons) (tone) | (tons)| (feet) (feet) (days)
Timber 25 | 70 12-1/4,8-1/2 36.9 35 50 .055 026 7
do, 30 | 81 12-1/8{8-3/8 L5.3 25 50 .087 073 2
do. 35 | 100 13-3/8(8-5/8 33,1 30 50 .037 .020
do. Lo | a4 11-1/2|6-1/2 55.5 50 80 .056 .056 3
do, 50 | 122 12-1/816-5/8 7L.8 30 50 .085 .038 2.5
Cono.constant]
section [ 35 | 151 16 16 69.6 87.5 | 100 «031 -0l Y
do. 30 | 123 16 16 69.6 90 100 .aL40 .020 10
Cone.tapered | 30 [112.9 |18 10.%1. 57.0 90 100 .062 .055 9
do. 30 9.0 18 8-1 66,1 86 100 «059 .018 12
do. 35 | 115.8 18 8-1/4 a,.2 75.2 | 100 .060 .09 5
£L.396.2 LOW WATER Sieve snalyses of samples from boring at locatien of
ElL. 389.2 = ORIG/INAL GROUND LINE test piles, land wmll,
£L.381.0 Perocentages Panﬁ Screens

BASE OF CONCRETE
MEDIUM SAND

£L.352,0

Blevation
of Semple No. 8 No. U, No. 28 No. 4B No. 100 Medulus

Fineness

389.0 100,0 99.9 67.7 3.4 0.0 2.29
FINE SAND 73.0 100.0 100.0 70.3 5.2 0.0 1.33
£L.339.2 ;g9.o 100.0 99.9 0.8 21.2 0.0 1.98
9.0 100.0 99.9 90,2 36.6 0.0 1.73
BORING 4 3,9.0 100.0 9.8 87.6 2L.4 0.0 1.88
TABLE 5
DAM NO. 25
RESULTS OF PILE LOAD TESTS COMPARED WITH PERFORMANCE OF STRUCTURE
Load Test Data Data on Structure
Max imum Settle- verage
design load |ment of indi-
Pene - Indi- per pile (test pile Settle- | Number ated Total
tra- | Diamster|cated far Maxi- [ment of earing | Period of|observed
Location|tion of bearing|Opera- Con- |design mum under piles in |Aver value, | observa. |vertical
of of test pile|value, |[ting | struo-|load test |marimum || permanent|pens- {Eng. tion settle.
tost |test . con. | tion |construc-| load |[test foun.. tratiog Nevs ment
pile |pile | Butt]| *ip| News ditioq con- [tion lomd dation i formmla
. formula ition|condition
(£2.)| (1nX(1n.)| (tona)|(tons)(tons)| (ft.) (tons)| (rt.) (ft.) | (tone) | (years) (re.)
Tainter
gate, 1937-
Pler 3 31 13 8 18 {15.5 | 22 .005 75 .063 158 31.6 31.7 1947 .05
Tainter »
gate, 1937-
Pler 7 32 1241 8 1h 15.5 22 .003 75 .088 158 33.3 38.6 1947 .Oh
Roller
ante, P 1938-
Pler 10 | 31 | 12| 8| 23 |19.5 | 20 .009 75 071 297 31.9 32.6 1947 N
LOW WATER EL.419.0
el EL.412.3| |ORIGINAL GROUND LINE EL.4125] |ORIG.GROUND LINE
EL.405.3 | | ORIGINAL GROUND LINE EL.406.3 MEDIUM FINE SAND, ol FINE SAND
EL.397.0 f. 7| FINE TO MEDIUM SANO e 397.0 |°5| 30N SR oNCRETE gL.396.0 || BASE OF coNCRETE
EL.396.0 \BASE OF CONCRETE EL.389.1 |%%] MED. FINE SAND, SOME £L.389.5
MEDIUM SAND — SMALL & PEA GRAVEL. FINE TO MED.SAND
EL.375.7 COARSE SAND. SOME FINE TO MED. SAND. EL.372.5 |
EL.360.0 [fiz] MED. & PEA GRAVEL. EL.364.1 MEDIUM SAND, SOME f'-"‘-‘f gIC;‘hEETgRCAOVAERL?E SAND,
I —— EL.360.0 LARGE & PEA GRAVEL EL.352.8 |0
BORING NEAR BORING AT 7| MED. TO COARSE SAND,
PIER 3 —_ i) SOME GRAVEL.
I E— PIER 7 EL.332.5 [0
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TARL.E 4
gy -

PILE LOAD TESTS - LOCK NO. 25

Indicated Load Mari. |[Settlemsnt| Settlemeont [Test time
bearing valusi|causing | mum ander remaining |marimum
Location of Pemetration Diametor by Enginser- | .02 ft.|test |marimum after load
test pile ing Feve sottle- | load |(load removal of (sustained
)l Butt Tip formula =t ax.test load

(re.X(eq.rt.)]| (1n.) (in.) (tons) (tons) | (toms)| (f£r.) (r¢.) (days)
Land wall
Momolith 126 29| 115 |17-1/% | 13 38 60 100 .081 .0h9 3
Land wvall
Monolith 126 34 109 1-1/% 10-1/k 80 %0 60 .032 001 5
Intermediate wvall
Monolith 213 32 | 117 17 11 52 8o 100 026 .008 6
Inotermediate wall
Monolith 227 32 89 |12-3/8 | 8-3/k 27 50 60 092 .066 5
Intermediate vall
Monolith 227 31| 127 17-1/2 | 13-3/% 55 60 100 .113 .089 6
River wall 60 tons, b days
Monolith 309 36 44 11-.3/% 8-3/k 24 60 120 .076 Oh7 120 tons, 1/4 howr

- — Gy MO 38 _.f"" e C/
—\ I | HE I\=
—t L I/

- BOmas. 40 3

occur on piles adjacent to the lock chambers,
and 50 tons if the lock chamber were ever un-
watered. To support these loads, after load
tests (Table 4) selected large timber piles
were used approximating in size and penetratiom
the concrete tapered piles used at Lock 26,
with substantial saving in cost.

Virtually all of the settlement in 11 yeers,
0.01 to 0.04 ft., occurred in the first year
after completion. Settlement during constrcctiom
is unknown. There is no evidence of significant
lateral movement as here, too, struts integral
with the floor slab distribute the lateral load
to the piles beneath both lock walls.

Dam. Readings on the foundations pour of
certain pilers indicate a settlement during con-
struction of 0.01 to 0.02 ft., with an addit-
ional 0.02 to 0.03 ft. since completion (Table

5).

Recors of lateral movements are incomplete.
Recent observations, however, do show that ref-
erence points on top of certain piers moved
downstream from 0.02 to 0.08 ft. from April tou
November 1947, when the head increased from
0.5 to nearly 14 ft., and the unit horizontal
load became about 4 tons.

-LOCK AND DAM NO. 18, BURLINGTON., IOWA

The foundations consists of sand interbed-
ded with gravel deposits with occasional thin
layers of clay.

Dam. The 151 piles driven in each founda-

tion for tainter gate piers Nos., 2 and 3, be-
tween which load tests (table 6) were perform-
ed, averaged about 28 ft. of penetration and
had an indicated bearing value of about 47 tons,
as computed by the Engineering News formula. No
data are available as to settlement during con-
struction. Observations for 8 years of opera-
tion, however, show a settlement of these 2
piers of only about 0,01 ft. Settlements of
other piers range up to about 0.03 ft. Horizon-
tal loads per pile inder normal operating con-
ditions approximate 2.5 tons for tainter gate
piers and 3.1 tons for roller gate piers. Dur-
ing the 8 years of operation, alignment observ-
ations indicate no significant lateral move-
ment.

Lock, The observed settlement of lock walls
38,5 Tt, high, are founded on piles having
bout 31-ft. penetration, with normal maximum
operating loads of about 24 tons per pile. The
foundation is similar to that of the dam.

LOCK AND DAM NO. 9, LYNXVILLE, WISCONSIN

The foundation for this lock and dam also
consists of a deep deposit of river sand of me-
dium to fine gradation.

Dam. Observations on points on the founda-
tion pours and later on top of the plers indiec-
ate again that of the total settlement ranging
up to 0.07 £t., most occurred during and imme-
diately following the construction period.
Horizontal loads of about 3.7 tons per pile for
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TARLE 6

PILE LOAD TESTS - DAM NO. 18

Penetra- Diamster of Indicated Max 3 mum Settloment Settlement Settlemsnt
tion of test pile bearing design of Maximm | under remaining
Location of | test value, load test pile tost mximun after removal
test pile pile Butt Tip Eng. Nevs per pils for load test load of maxiwunm
formula design load test load
(ft.) (in.) (in.) {tons) (tons) (1) (re.) (tons) (re.) (re.)
H
< ~\
g & 3 27.6 12 8 26 ¢1.0 .006 75 .030 .006
23
E . 22.3 12 8 22 21.0 .006 15 .0h2 .02
Egé 17.4 12.1/2 8 22 21.0 .008 74 .083 .057
K 12,2 12 10-1/2 26 21.0 .006 75 .050 .025
(1) Construction condition for tainter gate pilers
N 36’ - 64
EL.518.2 LOW WATER 4 EL.518.2 LOW WATER
= 19 ;
EL.514.2 ORIG-EGROUND EL.513.4 ; ORIGINAL GROUND LINE
LIN -

—MEDIUM SAND

EL.4963 _ BASE OF CONCRETE
EL. 4955 | :

GRADED GRAVEL & SAND
EL.4829

%ffj?%— ° o] ~COURSE GRAVEL & SAND
L ¢l ~COURSE SAND
EL.4734 1551 COURSE GRAVEL & SAND
EL.4674 _~MEDIUM SAND
EL.466.4 | | ~CLAY
EL.464.4 1"~ F|NE SAND
BORING NO. |

roller gate and 2 tons for tainter gate pier
foundations have not caused significant lateral
movement.

Lock. The lock walls, 41.5 ft. high, ere
supported by piles having ingeneral about 30 to

35 £t. of penetration with normal maximum unit -

operating loads of about 25 tons. Whereas dur-
ing the construction period there was an init-
ial settlement of from 0.0l to 0.03 f£t., dur-
ing the past 12 years there has been virtually
no additional settlement.

LOCK NO. 2, HASTINGS, MINNESOTA

The foundation for this lock and dam con-
sists in general of a 30-ft. layer of sand
overlying two layers of clay, one approximately
60 ft. thick, and a lower one about 10 ft.
thick, separated by a layer of sand about 10
ft. thick. Below the lower layer of clay is a
ggmpacted sand and gravel or sandstone forma-

ion.

The dam and first lock were completed 1in
1930. The maximum head is 12.2 ft. Both struct-
ures are founded on timber piles 30 to 35 ft.
long, with a maximum design load of ebout 30
tons. Due to consolidation of the underlying
clay the structures settled about 0.8 £t.,
though rather uniformly for the river wall and
dam, However, the weight of 14 feet of backfill
behind the land wall and excavation of the lock
chamber has resulted in greater settlement at
the heel than toe of the wall, causing the land
wall to rotate landward sufficiently to neces-~
sitate realignment of the miter gates.

Masonry for a second lock, landward of the
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BORING NO. 2

first, was completed in 1942. Installation of
gates and machinery, deferred by the war, is
scheduled for 1943. To eliminate excessive
settlement of the monoliths supporting the mi-
ter gates, 12-in, by 12-in. steel H plles 132
ft. long with maximum design load of 60 tons
were driven completely through the clay into
the incompressible stratum below. The remainder
of the structure is founded on 25-ft. wood
piles with maximum design load of 20 tons. Re-
cent observations indicate about 0,2-ft. settle-
ment for monoliths on wood piles and omnly about
0,05 ft. for those on H piles. No load tests
were performed on the H piles, but the average
bearing value per pile indicated by the Engin-
eering News formula was about 68 tons.

Discussion. Consultation with engineering
and operating personnel having knowledge of
each project indicates that, exclusive of cer-
tain approach walls of relatively minor import-
ance, there is no evidence that any of the
other upper Mississippi River locks and dams on
pile foundations has had greater lateral move-
ment or settlement than those presented herein.

Despite the wide physical separation,there
is marked uniformity between the records of
driving, the results of load tests, and the per-
formance of those structures founded on piles
in sand. From an examination of the tables it
will be noted that:

a) With few exceptions the test load required
to produce 0.02-ft. settlement in the test

pille exceeded the bearing value indicated by

the Engineering News formula.

b) In general, the test load on a single pile
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RESULTS OF PILE LOAD TESTS COMPARED WITH PERFORMANCE OF STRUCTURE

Load Test Data Data on Structure
Indi. Nax imum Settle- Average

Pone - cated design load =t of No., of indi-

tra- | Diamster | bearing per pile test pile Settle-(piles | Aver-|cated Total
Location | tion of value, for design|Maxi-|ment driven | age |bdearing | Period of]observed
of of test pile|Eng. Operat- | Construc-| load con- (msm [under [1in per- pane-|value, observa. (vertical
test pile | test Ry ing con-| tion con.| struction |teet | maximusymanent | tra- |Eng. tion settle.

pile |Butt| Tip|formula|dition |dition condition (load |test foun- |tlon |Neve mant

load dation foarmula

(rt.)| (1n)|(n.)| (tons)| (tons) (tona) (£e.) (toms) (ft.) (1t.)| (tons) | (years) (re.)
Roller
gate 1037-
Pler Fo. 2| 35 (134 (10 | 21.5 23 25 .012 60 .088 | 235 34,1 32 1987 0%
Roller
gete Plor 1937-
Fo. 5 35 (12 |9 | 21.5 23 25 .007 60 | .ou7 | 235 |33.3 33 1947 -7
Tainter
gate Pler 1936-
No. 10 36 |1hd | 8% | 15.7 15.5 17.5 .0 60 .096 93 33.5 2k 1947 .013
Abutment
Monolith 1936-
c-2 29 (134 | 9 15.7 25 .015 60 187 %7§ 32.3 35 1947 N

1

(1) Includes 12 batter piles
EL &11L.0 Low Watlar EL.&11.0 Low Waler ELGID Low Waler EL 6110 Low Water
EL. 608.0 ; —.0rig. Srouad Lige EL. 6035 0r19.Ground Line - o -
£L.6055 [ —-Sandy Silt-Some Cloy L6005 [~ |SBN \_sapdy Si/f-some Clay  §L 5983 oraG! coad L ine = o =
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EL 5980 Some fine fcoarse £L 5885 Sorme fine " EL 5921 [ Medrvm Sand-

) Base of Concrete Baose of Concrete —=Medium Sand- = 2C. j some fine #coarse
£L.584 5 —L—_Me divm Sord— . e Some fine # coarse — Medium Sand ~
a.sans | L Some fine sond —-Medium Sand- fl.513.0 -Medium Sand - EL. 573.0 J Some fine ¢ coorse
R3870 ‘ Sandy Silf- some Cloy some fine £ coarse EL. 5685 J Some Gravel! EL 5685 4 some Grave/
e e LY y : | Medi nd- ~Medium Send -

= Atle:rl;:”;?hsea::;rse EL 5510 J—M::’:;”é;:?:j- et :a/;‘::’gﬁ:al:.;i s EL.559.5 = JDI:I‘;”"})’:;COGIIG
05525 Medium $coarse sand IR0 U 0T peim feoarse Somd EL58OS e e doorse  TL530S e o e e
—Medium Sond - w—o—» A J,—Medium Sand - ' vl Medium Sand- ——Medium Send -
£ 5400 Some fine ¢ coarse EL. 5400 ~ some fina fcoarae EL 5400 some Grovel EL 5400 Some fine fcoarse

BORING AT ABUTMENT BORING AT PIER NO.I0

BORING AT PIER NO.5 BORING AT PIER NO.2

required to produce 0.02-ft. settlement also
materially exceeded the maximum design load.
c) Nevertheless, in many instances the settle-
ment of the completed structures has exceed-
ed 0.02 ft.
d) The lateral movement of the lock walls has
in general been minor.
e) The downstream lateral movement of certailn
of the plers for the dams having higher
heads has exceeded 0.02 ft., probably due to
frequent application and release of lateral load
wlth changing river stages and perhaps to some
slight adjustment of sand particles surrounding
the upper end of the plles because of seepage
through the interlocks of the steel sheet pil-

nge.
f) Differential settlement or lateral movement
has been smell.

CONCLUSIONS.

a) Settlement or lateral movement of a struct-
ure founded ou a large group of piles may
be somewhat grater than that indicated by load
tests on individual or small groups of piles

even in a sand foundation, particularly if
there 1s sustained seepage through the sand
around the plles and frequent application end
release or reversal of the lateral load.

b) Since no adverse aperatlional effects have

been noted at any of the locks and dams on
the upper Mississippi River due to settlement
or lateral movement, except in the case of the
014 Hastings Lock which was founded on a 4dif-
ficult clay foundation, it is concluded that
notwithstanding the relatively small vertical
and lateral movements by which the design
criterion of 0.02 ft. has in sode instances
been exceeded, the plle foundations as design-
ed and constructed are satisfactory.
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