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PREFACE 

The work of a engineering condition survey and structural 

investigation for Emsworth Locks and Dam located on the Ohio River was 

conducted for the U. S. Army Engineer Bistrict, Pittsburgh, Corps of En

gineers, by the Concrete Laboratory of the U. S. Army Engineer Waterways 

Experiment Station (WES). 

The contract was monitored by the Pittsburgh District Office with 

main assistance from Messrs. J. Colletti, H. Ferguson, J. Gribar, and 

S. Long. 

The cooperation and assistance of all personnel at the District 

Office were greatly appreciated. 

The study was performed under the direction of Messrs. B. Mather, 

J. M. Scanlon, and J. E. McDonald, CL. The structural analysis was 

performed by Messrs. C. E. Pace, R. L. Campbell, E. F. O'Neil, J. T. 

Peatross, and Major H. Beardslee. The material properties were obtained 

by Messrs. R. L. Stowe, F. S. Stewart, and J. B. Eskridge. The report 

was written by Dr. Carl E. Pace. 

The Director of WES during the conduct of the program and the 

preparation and publication of this report was COL G. H. Hilt, CE, and 

COL J. L. Cannon, CE. Mr. F. R. Brown was Technical Director. 
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT 

U. S. customary units of measurement used in this report can be con

verted to metric (SI) units as follows: 

Multiply By To Obtain 

inches 2.540000 E-02 metre 

feet 3.048000 E-01 metre 

pounds (mass) 4.535924 E-01 kilogram 

pounds (force) 4.448222 E+OO newton 

pounds (mass) per 1.601846 E+Ol kilogram per cubic metre 
cubic foot 

pounds (force) per 6.894757 E-03 megapascals 
square inch 

tons (force) per 9.576052 E-03 megapascals 
square foot 

feet per second 3.048000 E-01 metre per second 
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ENGINEERING CONDITION SURVEY AND 

STRUC'ruRAL INVESTIGATION OF EMSWORTH LOCKS AND DAM 

OHIO RIVER 

SECTION 1: INTRODUCTION 

1.1 This report presents the results of an engineerin~ condition 

survey and a structural analysis of.Emsworth Locks and Dam (Figures 1.1 

and 2.1) on the Ohio River. The investigation was conducted from Octo

b~ 1974 to August 1976 by the Waterways Experiment Station (WES) 

for the U. S. Army Engineer District, Pittsburgh (ORP). Authorization 

for the investigation was given in DA Form 2544, dated 23 October 1974, 

issued by ORP. 

1.2 ORP initiated the investigation of Emsworth Locks and Dam by 

their Periodic Inspection Report. 1 The report reviews the construction 

and the general condition of the locks and dam with attention to spe

cific problem areas. The results of the periodic report warranted 

further study. A condition survey2 was conducted for ORP by WES to 

determine the quality of the concrete and locate cracks that could af

fect the structural integrity of the locks and dam. The present study 

was then initiated to determine if there exists a need to_ c.onsider_ the_ 

rehabilitation or replacement of the structures. If this need exists, 

a separate study will be initiated to study the feasibility of rehabili

tation or replacement. 

Location of Study Area 

1.3 Emsworth Locks and Dam are located on the Ohio River about 

five miles north of Pittsburgh, downstream of the confluence of the 

Allegheny and Monongahela Rivers, and consist of two structures; one on 

each side of Neville Island. Two locks, a dam, a fixed weir, and an 

abutment are located across the main channel 6.2 miles below the head 

of the Ohio River at Pittsburgh. The second structure is a six-gated 
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dam across the back channel at river mile 6.8. The locks are located 

on the right bank adjacent to the Borough of Emsworth on the narrow 

floodplain developed by Lowries Run. The Pennsylvania Railroad with 

its main line tracks is immediately adjacent to the locks. 

Purpose and Approach 

1.4 The purpose of this report is to present the findings and 

conclusions drawn from the condition survey and structural investigation 

o~Emsworth Locks and Dam. This study does not evaluate the steel gates, 

bridge work, lock gates, or appurtenant mechanical or electrical facili

ties; these will be considered by the Pittsburgh district when the over

all condition of the locks and dam is evaluated. 

1.5 This investigation is limited to: 

a. Foundation evaluation. 

b. Structural property determination of foundation and 
concrete. 

c. Stability analysis of selected monoliths of the locks 
and dams. 

d. Stress analysis of selected monoliths. 

1.6 The evaluation of the structures as given in this report is 

relative to the above s-pecific studies; although, concrete- integrity; 

concrete deterioration, conditions which may cause immediate failure, 

existance and extent of structural cracking, and the alignment or set

tlement of the various structural monoliths are given consideration. 

Historical Construction 

1.7 The original structures of Emsworth Locks and Dam were built 

during 1919 to 1922 and replaced Ohio River Locks and Dams No. 1 and 2 

Which consisted of movable dams and single locks. The original dam at 

Emsworth was an uncontrolled overflow weir. This dam was replaced in 

1936-1937 by a vertical-lift, gate controlled, low-sill structure to 

Provide a deeper and reore stable pool at Pittsburgh. This increased 
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the head differential on the lock monoliths above that for which they 

were orginally designed. This created a harbor with a shoreline of 

approximately 50 miles in the Pittsburgh area. The Emsworth pool ex

tends to Lock 2 on the Allegheny River (mile 6.7) and extends to Lock 2 

on the Monongahela River (mile 11.2). 

1.8 The new dam uses a portion of the old structure for a still

ing basin. The dam is in two parts with Neville Island forming the 

barrier between the main and back channel structures. The overall 

length of the main channel dam, from the river wall to the abutment, 

is 967.42 ft, including a 34.42-ft weir with a crest at elevation 709.0 
~ 

adjacent to the river wall. The back channel dam has an overall length 

of 750 ft from abutment to abutment. The navigation pool is controlled 

by eight gated sections in the main channel and six in the back channel, 

each 100 ft in length with a dannning height of 12 ft above the sill at 

elevation 698.0. 

1.9 The Emsworth Locks are dual, adjacent, parallel chambers with 

horizontally framed mitering gates for the 56-ft lock and vertically 

framed gates for the 110-ft lock. The upper guide wall and both the 

upper and lower guard walls of the locks were extended when the dam was 

rebuilt in 1936-1937. The land chamber has clear dimensions of 110 ft 

by 600 ft and the river chamber has clear dimensions of 56 ft by 360 ft. 

The lin between lower pool (elevation 692.0) and upper pool (eleva

tion 710.0) is 18 ft. Depths to the poiree dam foundation control the 

lower lock approaches and will accommodate drafts of 12.9 ft. The 

structUllal and mechanical make-up of the locks and dam is presented in 

Appendix VI of Reference 1. Since the locks and dam have been built, 

various repairs using gunite and concrete surface overlays have been 

used to protect the deteriorating surfaces. These repairs --have dete

riorated and the original concrete is exposed in many areas. 
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SECTION 2: SURFACE CONDITION OF CONCRETE 

2.1 The land, middle, and river wall monoliths are in the advanced 

stages of deterioration; especially the concrete which is 1-1/2 ft t6 

4-1/2 ft below the surface. The concrete from 1-1/2 to 4-1/2 ft is frag

mented to such a degree that it could not be tested and any compressive 

strengths applies to that below these depths. The top surface of the 

walls shows ·spalled areas, numerous random cracks, and signs of extreme 

weathering. 

2.2 The upper guide wall addition, which was constructed in 1937 

and resurfaced in 1957, is not as deteriorated as the original guide 

wall. The original guide wall is gouged, badly spalled, weathered, and 

deteriorated. 

2.3 The esplanade has experienced differential settlement causing 

low areas to develop and hold water (Figure 2.1). This condition is bad 

for foot traffic and results in water seeping into the foundation caus

ing accelerated settlement and backfill saturation to a higher elevation 

than would be. This subjects the land wall monoliths to greater load

ings thereby affecting their stability. 

2.4 The chamber walls were resurfaced in 1931 but the "gunite" 

surfacing is worn or deteriorated and in a lot of areas has loosened 

and been removed or ha:s fallen away r-rom tlie walTs (Figure 2. 2 ). At 

times, some of the loose gunite has to be removed by the lock personnel 

to eliminate it falling and hurting someone. 

2.5 There are many horizontal and vertical cracks in the walls 
~ 

of the locks. The exterior surface has been replaced, repaired, and 

resurfaced to such an extent that, in general, a correlation of the 

interior and exterior cracks was unsuccessful. An indication of in

terior cracks was determined from boreholes, core examinations, and 

Pulse Velocity measurements. All of these indicators are extremely 

useful_ but the borehole and core data gave only isolated observations. 
2 2.6 The width of the cracks in the top surface was as wide as 

l/4-in. and as wide as 1/2-in. in the vertical wall surfaces. The open 

lift lines and open joints varied in width from 1 to 6-in. with the 
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larger widths being in the open vertical Joints. These openings are of 

concern because of their high susceptibility to frost action. The crack 

locations given in Reference 2 are presented in Figure 2.3. The con

crete is non-air entrained which will allow progressive frost damage. 

2.7 The main problem that is apparent concerning the original 

guide, land, middle, and river walls is that there has been considerable 

spalling and weathering of the concrete surface. The open cracks allow 

water penetration which results in accelerated deterioration due to 

freezing and thawing. This means that accelerated deterioration will 

occur if corrective action is not taken. 
t°" 

2.8 The surface condition suggests that the total surface of the 

original walls has to be rehabilitated to check accelerated deteriora

tion and to make the use of the locks feasible for a time beyond that 

necessary for structure replacement. 

2~9 The feasibility consideration of rehabilitation or replace

ment is not an objective of this report but the deteriorated surface 

condition of the concrete suggests that this study is necessary. Of 

course, any consideration of replacement or rehabilitation must include 

the structural as well as operational performance of the locks and dam 

as related to present and future needs. 
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SECTION 3: GENERAL CONDITION OF FOUNDATION 

3.1 In the past, foundation inadequacies have not caused any 

structural or operational problems. The main considerations concerning 

the foundation are: 

a. In general, the contact between monoliths and foundation 
is tight. 

b. Even though the foundation is badly fractured, it is 
adequate for the construction at Emsworth Locks and Dam. 

c. The fractures are local and do not fit into any pattern 
of weakness which could result in some overall sliding 
or failure at the Lock and Dam. 

3.2 The concern at Emsworth Locks and Dam is not with the founda

tion but is with the surface concrete deterioration and design inadequacies 

as are discussed in this report. 

3.3 Core boring information, core logs, and borehole camera data 

are given in Reference 2. 

3.1 
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SECTION 4: CONCRETE INTEGRITY 

4.1 The main concern for the concrete integrity at Emsworth Locks 

is the ffrst 1-1/2 to 4-1/2 ft of deteriorated concrete. Freezing and 

thawing action in the non-air-entrained concrete has caused damage to 

the top few feet cf the exposed surface. This deterioration (Figure 3.1) 

· will accelerate if corrective action is not taken. The action to take 

will depend upon the most feasible alternative of rehabilitation or 

replacement by considering the total locks and dam situation. 

4.2 
t" 

In any case, if the locks and dam are to be operational for 

over six to eight years, the cracks, spalled areas, open lift and joint 

lines, and deteriorated surfaces should be repaired by either armor 

plating or sealing whichever is appropriate. Also, where possible, 

concrete at critically stressed areas should be checked for deterioration. 

The general areas where stress concentrations occur will be discussed in 

Section VII. The locations of surface cracks, cavities, eroded areas, 

open monolith joints, and open lift lines are shown in Figure 2.3. The 

vertical and horizontal core locations are also shown in Figure 2.3. If 

the weathering is allowed to continue, deterioration will progress 

causing problems which will make replacement of the structure necessary 

at a much earlier time than if the surfaces were sealed. 

4.3 Visual observation of surface cracks (Figure 2.3) does not 

provide adequate information about their depth; therefore, supplemental 

methods such as soniscope investigation, direct examination of cores, 

and indirect examination of core holes by photography were necessary. 

These e~aminations were completed and their results reported in Refer

ence 2. A relative position correlation of interior and exterior crack

ing was found in only one location. This evidertce-reinforces·i:he concept 

that the main consideration is to stop concrete deterioration and assure 

adequate strength in places where stress is important (Chapter 7). The 

borehole photography showed a lot of honeycomb or void-space areas in 

the concrete which indicates imperfect consolidation of placed concrete. 

The borehole observations are local and far apart, therefore, conclusions 

from this data concerning specific monoliths cannot be made. 
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4.4 Concrete below the outer few feet of exterior surface has an 

ave:~~~h of 4000 psi.
2 

This s~ren~th is more than adequate for 
rt-~~tli. ~/07o c,..,..,.._,.- ... c,;;_. 4..1. Pl.) 

a gravity structure except in some isolated areas of tensile stres~. ~ 

4.5 There are isolated problems with the adequacy of the concrete. 

There tends to be a concentration of cracks, especially at the corners, 

in the horizontal cutouts of each wall where the gate arms are recessed 

(Figure 3.1). 

4.6 The rebound hammer tests show that the bond of the shot con

crete to the underlying concrete is consistent and generally good. 

~is was substantiated by horizontal cores in the small lock chamber. 

There is definitely a problem with the shotcrete surface, because, a lot 

of the surface has been worn away or removed and at times loose pieces 

can be seen hanging from the walls. These two nearly conflicting views 

leads to the conclusion that the concrete is being loosened from the 

lock walls by river traffic and is, therefore, of value for only a lim

ited period of time. 

4.7 The top of a monolith on the lower guard wall was sheared and 

shifted more than 5 in. when the monolith was hit by a work boat. This 

points up the extreme forces which can be applied by impact to the lock 

monoliths. 

4.8 If the structures are not replaced, the monoliths of the 

locks and dam are in immediate need of having the numerous random cracks 

and spalled areas sealed. The main question here is whether to make 

permanent repairs or to just neatly seal the surfaces from the weather. 

This consideration can only be answered by a feasibility study of 

either: 

a. Maintenance with expected replacement when needed as 
determined by periodic inspecti_C2_n~. 

b. Complete rehabilitation. 

c. Replacement of the structures. 

4.9 It may be more economical, as far as the concrete integrity 

is concerned, to seal the deteriorated surfaces in order to add life 

to the structures and delay replacement until periodic inspections show 

that the feasibility breakpoint has been reached and replacement is 

4.2 



necessary. If a consistent treatment of complete rehabilitation is 

considered for the locks and dam along with a consideration of the op

erational life cf the structure, replacement will probably be more 
' 

feasible. This is a guess; therefore, the feasibility study needs to 

be made. 

4.3 
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SECTION 5: LABORATORY TESTS 

Introduction and Problem Statement 

5.1 The structural investigation requires the use of physical 

property data for the backfill, foundation, and concrete. The material 

properties of unit weight, compressive strength, triaxial and direct 

shear strengths, and various elastic constants are needed. 

~ Material Properties 

5.2 The gravj_ty walls are supported on component rock; therefore, 

the "at rest" pressure coefficient should be used for obtaining hori-

zontal pressures. It may be that the actual horizontal pressure coefficient 

is lower than the "at rest" value, but the only way to get actual values 

is to make a number of tests at the lock and dam site. The scope of this 

, work in time and funding is not such that this type of testing is possible. 

Since the railroad track is at the back of the landwall monoliths, the 

Vibration will deerease internal so±l res±stauce and- cause the backfill 

to be supported more than normally by the monoliths. In this respect, 

it would not be safe to consider less than 0.5 for the horizontal pres

sure coefficient. More discussion concerning the selection of the 

horizontal pressure coefficient is given in Appendix C. The unit weight 

of the backfill is given in Table 5.1. 

5.3 The concrete properties were obtained from cores. The tests 

Yielded the following information: 

a. Compressive strength, qu, and unit weights,'/. 

b. Modulus of elasticity, E. 

c. Poisson's ratio, fA". 
d. Shear modulus, G. 

5.1 



5.4 The unit weights for the foundation rock cores were obtained 

using measured volumes and weights. The average value is given in 

Table 5.1. The unconfined and triaxial compression test specimens were 

prepared according to standard method of test for triaxial strength of 

undrained rock core specimens, CRD-C 147. 3 The specimens .were cut with 

a diamond-blade saw and the cut surfaces were ground flat to 0.001 in.; 

specimens were checked for parallel ends and the perpendicularity of 

ends to the axis of the specimen. Two vertically and three horizontally 

mounted linear potentiometers, respectively, were used to measure the 

vertical and diameter change during compression testing. The displacement 
..... 

measurements were then used to calculate the axial strain, £ , and 
a 

the diametric strain, ed • The modulus of elasticity, Poisson's ratio, 

and shear modulus were calculated from the stress-strain data. Axial 

specimen load was applied with a 440,000-lb-capacity universal testing 

machine. Confining pressure for the triaxial compression test was 

applied by a hand-operated electrohydraulic pump. 

5.5 The direct shear test specimens were prepared according to 

applicable portions of the standard method of test for shear strength, 

CRD-C 90. 3 The direct shear tests on intact shale were conducted using 

normal loads, o , of T3, 66, and 100 psi. Tensile test specimens 
n 

were prepared according to standard method of test for splitting tensile 

strength of concrete specimens, CRD-C 77. 3 

5.6 At the concrete-foundation rock interface it is required 

to know the coefficient of sliding friction and the cohesion. A multi

stage triaxial test was conducted to obtain these values. 

5.7 The multistage triaxial test was run in the same pressure 

chamber as the standard triaxial tests. The weights of the piston, 

swivels, and specimen end platens were accounted-for in obt-a-ini.ng the 

axial load on the specimen. Seven stages were run, including confining 

(o3) pressures of 10, 35, 65, 105, 150, 200, and 300 psi. The sawed 

surfaces were oriented at an angle of 45 deg from the longitudinal 

axis of the core. 
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5.8 Figure 5.la depicts the orientation of the cores and the 

method used to cut the cores to insure that the s~rf aces would reasonably 

match. The cores were aligned parallel to each other and located rela

tive to each other such that the required portions of the concrete and 

rock would be obtained. They were then hydrostoned in a wooden box. 

Figure 5.lb shows the two cores after the 45-deg saw cut was made. When 

the specimens were removed from the hydrostone, the concrete and shale 

surfaces were checked for alignment and found to match quite well; when 

held to the light, you could only see through about 10 percent of the 

contact area. 

5.9 The concrete and rock core logs are given in Reference 2 along 

with a discussion of the petrographic analysis of the concrete and rock 

material. 
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Table 5.1: Material Parameters 

Index Properties 
3 Drained Unit Weight, lb/ft 

3 Sustained Unit Weight, lb/ft
3 Submerged Unit Weight, lb/ft 

Compressive Strength, psi 

Shear Strength, psi 
Intact 

to-

Concrete on Rock 

Modulus of Elasticity x 106 psi 

Poisson's Ratio 

6 Shear Modulus x 10 psi 

Foundation 

158.5 

6270 

c = 945 
cP= 53° 15 I 

c = 0 
cp= 30° 30' 

0.51 

0.12 

0.228 

5.4 

Concrete Backfill 

112.7 
146.8 

132.8 

4000 

3.47 

0.16 

1.53 



a. Core 

b. Cut Cores 

5.1. Orientation of Cores for 
Surf aces 
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SECTION 6: STABILITY ANALYSIS 

Introduction and Problem Statement 

6.1 One main consideration in determining the structural adequacy 

of the locks and dam is the stability of the various monoliths when sub-
' 

' jected to possible loading conditions. The stability study involved 

analyzing selected monoliths of the locks and dam to determine if they 

have adequate resistance against overturning, sliding, and base pres

, sures. In this study, only one monolith of each typical configuration 
~~ 

and loading was analyzed. The conclusions determined from these data 

are adequate for an evaluation of all monoliths. 

6.2 In addition to the condition survey report, 2 a field survey 

and examination of Emsworth Locks and Dam were conducted. From the 

field survey and examination, no relative settlement or misalignment of 

monoliths were detected. Bench marks and alignment plugs have recently 

?een installed on the locks; therefore, alignment and settlement can be 

monitored and any movement detected. The resurfacing on most of the 

•• J monoliths has deteriorated and in many places it is already absent from 

~he concrete surface. The concrete surfaces are badly deteriorated and 

will be a concern in areas of stress concentrations which will be dis

cussed in Section 7. 

6.3 The objective of the stability analysis is to determine 

whether or not the monoliths of this old structure meets the present

day criteria of desired safety against overturning, sliding, and exces

sive base pressures. The present-day criteria are set forth by the 

Corps of Engineers in their Engineering Manuals and Technical Letters. 

These are the standards which set forth the current·state of-the art 

for the design or analysis of Civil Works structures. Any advances in 

the state of the art which reflect needed changes in these criteria are 

a separate consideration and are to qe used only by approval of the 

Chief of Engineers. Even with the criteria from the Engineering Manuals 

and Technical Letters, engineering judgment will have to be used in cer

tain aspects of the analysis. In these considerations, it is important 
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not to relax engineering concepts to include variables which are not de

pendable because, during infrequent but special c~nditions, they could 

cause failure. 

6.4 The first information needed in order to start a stability 

a.n,alysis is the physical geometry of the various monoliths. This is 

, ~eeded in the actual analysis as well as in the selection of the mono-

- liths to be analyzed. When analyzing an old lock, it is important to 

determine the as-built construction. In this case, no as-built plans 

were available; therefore, other means were used to determine construc

tion variations from that originally planned. The construction photo

graphs show that the original upper guide wall has some monoliths with 

10 ~ base widths; this could cause them to be susceptible to stability 

problems. This narrow base width is considered in the analysis of Mono

lith L-19. In other cases, it was not possible to establish any differ

ences between the as-built and planned construction from the construction 

photographs. Borehole data were used to determine the concrete-rock 

interface. When this interface was significantly different from the 

planned construction, the depth of the monolith was made to correspond 

with the borehole data. 

6. 5 After the monoliths- for analysis- are- ITT?j_e1!ted- and· their geom

etry determined, possible loading conditions must then be determined. A 

summary of the loading and criteria used in the stability analyses are 

given below and a more detailed explanation is given in Appendix C. 

6.6 The surface elevations of normal upper and lower pools are 

710.0 and 692.0, respectively. The saturation levels used in the back

fill are given in Table C.l. These are the saturation levels used as 

design standards by ORP. The unit weight of backfill material was 

112 · 7 and 132. 8 lb/ft3 for the drained and submerged weight_s_, .respec

tively. The horizontal force exerted by the backfill material on the 

land wall monoliths was used as a coefficient times the vertical soil 

pressure at that depth. A lower bound "at-rest" coefficient of 0.5 was 

used. The location of the resultant soil pressure was considered to be 

0.45H above the monolith base. This height was used because upward slop

ing backfill, railroad vibrations, and surcharge loading were located 
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close to the back of the land wall. monoliths. 

6.7 The unit weight of concrete was used as 146.8 lb/ft3 which 

was an average of many measurements obtained from cores. The boat im

pact was: 

a. Lock chamber wall: 800 lb/ft but not less than 40,000 lb 
per monolith. 

b. other walls: 2,500 lb/ft but not less than 120,000 lb 
per monolith. 

6.8 The hawser pull was considered as 24,000 lb distributed over 

a monolith 30 ft in length. The boat impact and hawser pull are con-... 
sidered as acting 5 ft above the waterline and are combined with the most 

severe normal loading conditions. 
2 6.9 An allowable base pressure of 20 k/ft was used. A wind 

loading of 30 lb/ft2 was used when applicable. For sliding the cohesion 

value (c) was 0 and the angle of sliding friction (~) between the con

crete and foundation was 30.5°. 

6.10 Resistance to overturning vas considered adequate if the re

sultant fell outside the kern but within the middle half of the base for 

normal operation cases using "at-rest" earth pressure coefficients. The 

resultant for the extreme maintenance condition using at-rest earth pres

sure was considered adequate if it fell outside the kern but within the 

middle half of the base. 

6.11 The criteria for determining resistance to sliding are given 

in ETL 1110-2-184 and the safety factors are listed in ETL 1110-2-22. 

Results 

6.12 A summary of the stability analyses is given in Table C.l. 

A discussion of the stability of the individuarmonoliths i:s ·given be

low. Since the inadequacy of the monoliths is the factor which is sig

nificant, the monoliths which are inadequate in stability are the only 

ones discussed. The monolith numbering and stationing is presented in 
Figure 6.1. 

a. Monolith L-19 is inadequate for overturning, sliding, and 
base pressures. Under normal design considerations, 
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monoliths in the original guide wall do not meet 
present-day criteria. 

b. Und~r normal operation, Monolith ·L-34 is inadequate for 
resistance to overturning, sliding, and base pressures 
and is very inadequate in a maintenance condition for 
overturning, sliding, and base pressures. 

c. Monolith L-37 is inadequate for overturning and sliding. 

d. Monolith L-52 is inadequate for overturning, sliding, 
and base pressures even during normal operation and is 
very inadequate in the maintenance case. 

e. The stability of Monolith L-56 cau logically be reasoned 
as sufficient from the stability computations of the 
other monoliths and from the stabilizing effect of the 
wall connected to it from Lowery Run. 

f. Monolith M-8 is inadequate for overturning in the normal. 
operating case. 

E..• In the middle wall, Monolith M-22 is inadequate in both 
the normal operation and maintenance condition for over
turning, sliding, and base pressures. When the river 
chamber was dewatered in 1968, a 1-1/2 in. wide separation 
was discovered at the intersection of the ceiling of the 
emptying culverts and the middle wall monoliths, of which 
M-22 is typical. This separation was parallel to the 
middle wall and continuous across all five emptying bar
rels. Temperature effects were considered and for high 
values of coefficients of linear expansion a contraction 
of 1-1/2 in. is unreasonable. Table C.l shows that the 
safety factors against sliding for these middle wall 
monoliths are_ L._4 and_ o_._92_ for_ normal_ operation and de
watering the 110-ft lock chamber, respectively. Therefore, 
some movement of these monoliths could have taken place 
toward the land during unusual impact loading, ice load
ings, or when the 110-ft lock chamber was dewatered. It 
is conceivable that movement could have occurred at least 
until sufficient resistance was developed between the 
110-ft lock floor slab, other supporting projections, or 
friction between adjacent monoliths. 

h. Monolith M-25 is inadequate for over~urnirg in the nor
mal and maintenance cases. It ·is· somewhat ·inadequate 
for sliding in both cases. 

i. R-4 is inadequate for overturning and is somewhat in
adequate for sliding. 

J.. R-14 is inadequate for sliding in the maintenance case. 

k. R-17 is inadequate for overturning in the normal oper
ation case. 
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1. R-24 is inadequate for overturning and sliding in the 
normal operation case. 

m. R-27 is inadequate for overturning and sliding during 
nonnal operation. 

6.13 An excellent analysis of typical and end piers is given in 

Reference 1 which shows they are stable; these results are not reproduced 

in this report. 

6.14 In general, the monoliths on the land wall do not meet pre

sent day criteria for overturning, sliding, or base pressures. Also 

some monoliths in the middle and river walls do not meet the present 

d~ stability requirements. 

6.15 There are two acceptable approaches to this situation when 

considering only the stability of monoliths. One approar.h is to say 

the monoliths do not meet the criteria and examine the feasibility of 

modifying the construction or replacing the locks and dam. The other 

approach is to give consideration to the length of time the monoliths 

have been in service without excessive relative settlement or misalign-

, ment, and to schedule periodic inspections of the locks and dam so that 

any pot~ntial trouble can be detected and corrective action taken. The 

periodic inspection has merit because minimum maintenance can be per

fonned to protect the monoliths from weathering, and decisions of re-

placement made when conditions- wa-rrant such action. The minimun1 ma-inte--

nance and inspection are valid considerations because the feasibility of 

complete rehabilitation or replacement will probably lead to a replace

ment of the structure. Rehabilitation or replace should be considered, 

taking into account the total condition (operational and structural) of 

the locks and dam. 

6.5 



f( ~1 ~1 ~1 ~1~1 ~1 ~1 §I ~1~1~1 ~I ~1 ~/~~/~I§/ ~1 ~/~~I~/ 
vi <D r-. r-- r-- r-- m m <::> m & m '.? '.? 2 ;1 ~ ~ ~ ~ ~ ~I :! ti; 

L-23 L-20 

~I ~1 
c 

NOTE' STATIONS SHOWN ARE 
MONOLITH JOINTS 

L-15 

f/ ~I ~I ~I 
L-1 

....... FLOW 

CONTINUATION OF LOWER GUIDE WALL 

LAND WALL 

M-10 M-5 

MIDDLE WALL 

..- FLOW 

RIVER WALL 

.......- FLOW 

M-1 

Figure 6.1 Top views of guide, land, middle, and river walls showing monolith numbering 
and stationing, Ems~orth Locks and Dam, Ohio River 



SECTIONS 7: STRESS ANALYSIS 

Introduction and Problem Statement 

7.1 In the structural evaluation of Emsworth Locks, a two

dimensional plane strain finite-element analysis was used to determine 

stresses within selected structural monoliths. 

7.2 It is becoming increasingly important to understand the phe

nomenon of stress distribution in structures and not depend entirely on 

average stress approximations as has been done in conventional design. 

Kn-Owledge of the total stress field is important in order that stress 

concentrations and decisions for concrete reinforcement can be handled 

wisely and economically. This is especially important when considering 

that raw materials are being depleted and should be used wisely and not 

at a rate in excess of that which is absolutely necessary. Conventional 

analysis usually leads to a safe but overly conservative design because 

the whole stress field is not known and observations of stress concen

trations cannot be delineated, studied, and adequately reinforced. The 

finite-element analysis adds a new dimension or advantage in this re

spect. Finite-element calculations do not make conventional design 

obsolete; in fact, it is a supplement, making a combination which is 

much better than either separately. It is important to consider stress 

distribution in areas of stress concentration when evaluating old struc

tures which have cracked and are deteriorating. 

Finite Element Analysis 

7.3 the finite-element analysis is used to.get some_~~~a of the 

magnitude of compressive- and tensile-stress concentrations within the 

monoliths under normal operation and maintenance conditions. The finite

element solution gives good results as long as the model adequately rep

resents the actual situation and as long as any assumptions made can 

logically be seen or proven to be adequate. In the following analysis, 

elements were made continuous under the monolith which allowed tension 

7.1 



··:·· 

between the base and foundation which is, of course, unrealistic. The 

tension effect dissipates rapidly but will decrease the compressive 

stresses at the base-foundation interface on the opposite side of the 

monolith. This effect c~n be eliminated but the time and funding re

quired to do this trial and error solution are beyond the scope of this 

project. 

7.4 The loads applied on the two-dimensional sections are pre-

sented in Figures 7.2, 7.9, 7.15 and 7.19. In a two-dimensional anal-

ysis of the monoliths, such factors as changes in geometry and loading 

along the monoliths lengths can only be approximated. Localized loading 

(gate anchorages, impact, hawser, etc.) will not give realistic st~esses 

if applied on a one-foot length of monolith. In order to obtain more 

realistic stress values, concentrated loadings were considered by using 

a per foot load obtained from distributing the total load over a le~gth 

or a portion of the length as given by a 45° distribution. The 45° dis

tribution originates at the point of load concentration and extends in 

the direction of loading until its sides intersect the outer edge of the 

' monolith. This can be done in both the horizontal and vertical planes 

with the shortest distance between intersections being the more critical. 

The distance between intersections in the more critical plane was used 

as the length over which to, distribute the concentrated compressive 

loads and one-half this type distribution was used for concentrated_ ten

sile loads. The maximum compressive values were at the intersection of 

the base and foundation and a 45° distribution will give as reasonable 

a spread of the load to the foundation as any assumed distr~bution. 

7.5 The maximum tensile stresses are around culverts at changes 

in geometry, at hawser locations, and at anchorages. The maximum is 

rather localized at the point of application an~ will only_~e- relieved 

by deformation tending to spread the load over the section of concrete 

which is being separated from the monolith by tension. A 45° distribu

tion of this tensile load will given concentrated stresses which are too 

low; therefore, an approximation of one-half the 45° distribution was 

used in the analysis. 

7.6 An important concept is that changes in geometry and loading 



along the monolith length make the prob1em a three-dimensional analysis 

and approximations have to be made in a two-dimensional analysis. In 

the following work, the two-dimensional analysis is used to obtain some 

idea of maximum stresses in the monoliths. Three-dimensional analysis 

should be used in a detailed evaluation of stress distribution which is 

not the objective of this study. 

7.7 Average elevations of soil behind the monoliths were consid

ered as was done in the stability analysis. In making stress and dis

placement calculations, the backfill was not used as part of the grided 

medium. There were two reasons for this: 

!!:.· Many elaborate tests of backfill material would be re
quired to define the backfill properties precisely. This 
was not done because the vertical and horizontal backfill 
loads, which are obtained by using unit weights and coef
ficient of at-rest-earth pressure, are within the accu
racy of the study. 

b. The finite-element grid would become very large. 

The density of the backfill material was used to get vertical loads. 

The coefficient of at-rest-earth pressure and the density of the back

fill material were used to obtain the horizontal loads. The water pres

sure from saturation level was taken into account. The loads are then 

appliecl at node points of the finite-element grid. 

7.8 One consideration which must be made in the stress analysis 

is the effect of uplift on the base of the monolith. In certain cases 

the effect will be negligible, but in others it could be substantial; 

therefore, the effect must be included. The important concept concern

ing uplift is that it is a support condition, and its effect (small or 

large) is dependent on its distribution. Specific loadings on a struc

ture cause a specific distribution of pressure under the monolith base. 

The uplift will change this distribution, thereby affecting-the support 

condition of the monolith. It can be seen that the pressure distribu

tion under the monolith affects the stress in the structure only by 

deformations resulting from the support condition. By looking at free 

body force diagrams of a monolith, in fact, a section an infinitesimal 

distance above the base (in rigid body analysis), can be taken and the 
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upper part of the monolith considered as a free body. The analysis will 

then not even see the pressure distribution at the base; therefore, the 

distribution affects the stress a.nalysis through deformations which are 

taken into account in the finite-element study. Uplift could have sig

nificant effect where there are large culverts close to the base of 

the monolith and the distribution is such as to load the slab to in

crease stresses. A reasonable way to handle the uplift is to put a silt 

of foundation material below the structure of thickness such that the 

deflection of the monolith at the base is less than the slit thickness 

in order that problems in code solutions, such as negative element areas, 

will not be encountered. 

7.9 The stresses given in the finite-element computations follow 

the nomenclature given in Figure 7.1 below. 

z 
522 

~ 512 

- - Sit 

f 
~ 

Figure T .1. Stress Nomencl~ture 

7.10 The stress distributions in this section of the report show 

the major and minor principal stresses in their respective directions 

at the centroid of the element. The arrows denote tension if directed 

toward the centroid, and compression if directed away from it. The 

values printed on the stress plot are the element number, minimum 
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principal stress, and maximum principal stress. A positive sign indi

cates tension and a negative sign indicates compression. 

7.11 Monoliths within the lock which will have maximum tensile 

and compressive stresses were selected for analysis. 

7.12 Areas of maximum tensile stress in monolith L-56 are around 

the culverts and at gate anchorages. The loadings for L-56 are given 

in Figure 7.2. The total stress distribution for the normal operating 

and the dewat.ered cases-is given in Figures 7.3 and 7.4, respectively. 

The maximtun tensile stress is at the top of the culverts for the de

watered case and at the sides of the culvert during normal operation. 

The monolith sections and depicted areas of stress concentration are 

given in Figure 7.5. The tensile stress at the top and bottom of the 

culverts is in the range of 100 psi for the dewatered ca3e and approxi

mately 200 psi at the sides of the culverts for normal operation. These 

stress plots are given in Figure 7.6 and 7.7 for the normal operating 

and dewatered cases, respectively. At gate anchorages (Figure 7.8) the 

maximtun tensile stresses occur in the normal operating cases and are 

approximately 360 psi. The compressive stress is largest at the toe of 

the monolith but is about one-tenth of the maximum compressive concrete 

strength. This is within the allowable for the concrete but is above 

the 20 ksf for the foundation. 

7.13 The normal and dewatered conditions are both considered for 

M-21. The loadings and total stress distributions are given in Fig

ures 7.9, 7.10, and 7.11. The areas depicting stress concentrations are 

given in Figure 7.12. The stresses in these areas are given in Fig-~

ures 7.13 and 7.14, respectively, for the normal operating and dewatered 

cases. The maximum t~nsile stresses around the conduits are approxi

mately 300 and 220 psi, respectively, for the normal operating and the 

dewatered cases. 

7.14 The maximum compressive stress is ~10 psi and 450 psi for 

normal operating and dewatered cases, respectively. These stresses 

occur at the landside of the monolith base and foundation intersection. 

The compressive stresses will be larger than this because of the non

realistic tensile stress, on the opposite corner. 



7.15 Stresses for monoliths M-25 are shown for only the normal 

operating case; the dewatered condition stresses ~re approximately 

10 percent higher. The monolith loading and the total stress distribu

tion are given in Figures 7.15 and 7.16 respectively. The monolith 

shape and depicted areas of stress concentration are given in Fig-

ure 7.17. The maximum compressive stress is approximately 450 psi as 

given in Figure 7.18. These compressive stresses at the base of the 

monolith will be larger because the tension between the structure and 

foundation in reality does not exist. If this tension was eliminated 

the monolith would rotate onto the toe increasing the compressive 
-+ 

stresses. 

7.16 In monolith R-27, the stresses for the normal operation case 

are approximately equal to those for the dewatered case; therefore, the 

stress is given for only the normal operation case. The loadings and 

total stress distribution are given in Figures 7.19 and 7.20, respec

tively. The area of stress concentration is depicted in Figure 7.21. 
Figure 7.22 gives the stresses which occur in the depicted area. The 

maximum compressive stress is approximately 450 psi and the compressive 

stresses at the base of the monolith will be larger as previously ex

plained in the discussion of M-21 and M-25. 
7.17 The stress analysis only gives an indication of what can be 

expected as maximum tension and compressive stresses. Cracking can be 

expected in the areas where tension exists. The tensile stresses deter

mined by this analysis can cause problems in deteriorated concrete be

cause the magnitude of these stresses are excessive for nondeteriorated, 

nonreinforced concrete. 

7.18 The analysis shows stress concentrations at the base

foundation interface which results from differences in prop_E?r.ties of 

the foundation and concrete. The concentrations are of importance only 

where the overturning criteria is inadequate ~ausing large stresses on 

a reduced base area. In the evaluation of ·c:.c3e-foundation interface 

stresses those from the stability analysis should be the ones which are 

considered applicable. The comparison of percent effective base between 

stability and stress computations is invalid because tension is allowed 
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at the base-foundation interface in the stress calculations. The foun

dation stresses are very large for many of the monoliths as can be seen 

from the results of typical stability computations (Table C.l). This 

is a negative factor when considering the adequacy of the lock monoliths 

at Emsworth. 

7,19 Much of the concrete cracking is at changes of geometry. 

The stress analysis substantuates this as an area of stress concentra

tions even in these massive lock monoliths. 

7.20 As previously stated, the main concern for concrete integ

rity is the cracked, spalded and deteriorated surface concrete. This 

wiJJ. allow concrete deterioration at an accelerated rate reducing the 

section of the concrete monoliths resulting in an increase in tensile 

stresses which are already too high. 

7.21 In general if corrective measures are not taken this will 

surely cause maintenance expense and will also reduce the life of the 

concrete monoliths. 

7.22 In general the above concerns are real and should be con

sidered in a feasibility analysis of structure rehabititation or 

replacement. 
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Figure 7.6 Monolith 1-56, area of stress concentration as depicted 
by Area "A," Figure 7.5. Normal operating case 
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Figure 7,7 lfunolith L-56, area of stress concentration as depicted 
by Area "A," Figure 7.5. Dewatered case 
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Figure 7.8 
XI STRESS l LS6 .EMSWORTH L+D .NORMAL OPERATION 

Monolith L-56, stress concentrations at gate anchorages as 
depicted by "Area B," Figure 7,5. Normal operation case 
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Figure 7.9 Loading-Monolith M-21 
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Figure 7.10 Total stress distribution, M-21, normal operating case 
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Figure 7.12 Middle wall monolith, M-21, depicting stress concentration 
area for presentation 
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X[STRESSlM2l .EMS~ORTH L+O.NORMAL OPERRTlON 

Monolith M-21, area of stress concentration as depicted 
by Area "C," Figure 7.12. Normal operating case 
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Figure 7.14 Monolith M-21, area of stress concentration as depicted 
by Area "C," Figure 7.12. Dewatered case 
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Figure 7.17 Middle wall monolith, M-25, depicting stress concentration 
area for presentation 
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Figure 7.18 Monolith M-25, area of stress concentration as depicted 
by Area "D," Figure 7,17. Normal operating case 
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Figure 7.19 Loading, Monolith R-27 
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Figure 7.20 Total stress distribution, R-27, normal operation 
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SECTION 8: CONCLUSIONS AND RECOMMENDATIONS 

8.1 In general, the monoliths on the land wall do not meet 

present day criteria for overturning, sliding, or base pressures. Also, 

some monoliths in the middle and river walls do not meet present day 

stability requirements. In fact, the stability analysis of M-22 along 

with the visual observation of a 1-1/2 in. separation between the ceil

ing of the emptying culverts and the middle wall indicates that there 

has been some movement of these middle wall monoliths. 

8.2 The main concern for concrete integrity is the cracked, 

spaulded and deteriorated surf ace concrete which will allow accelerated 

deterioration reduciqg the effective section of the monoliths increasing 

the already excessive tensile stresses. In general, if corrective mea

sures are not taken, this will surely cause maintenance expense and will 

also reduce the life of the concrete monoliths. The compressive stresses 

are larger than indicated by the stress analysis and can also cause 

problems in deteriorated concrete. 

8.3 From the deteriorated condition of the surface of the lock 

monoliths, it is evident that some action must be initiated. Since 

corrective action is needed, a feasibility study should be made to de

termine what action is necessary that will provide the most economical 

. and adequate lock usage over- a p~rlod of 3-0 to 50 years. F-or- this rea--

son, it is recommended that a feasibility study be made considering the 

following alternatives: 

!!.• Minimum maintenance and protection of the locks and dam 
from weathering with expected replacement when needed 
as determined by periodic inspections. 

b. Rehabilitation of locks and dam. 

c. Replacement of locks and dam. 

8.4 The above recommendations may be affected by a total struc

tural and operational evaluation. In fact, this study does not evaluate 

the steel gates, bridge work, lock gates, or appurtenant mechanical or 

electrical facilities; these will be considered by the Pittsburgh Dis

trict in the overall evaluation of the locks and dam. 
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APPENDIX C: STABILITY ANALYSIS 

THf FIRST AND ONLY APPENVIX IN TH/5 REpORT 

Introduction 

C.l In the stability analysis, the monoliths of the locks and dam 

were checked for adequacy against overturning, sliding, and excessive 

base pressures. 

C.2 In general, the stability study was done in accordance with 

the applicable portions of the following Engineer Manuals and Engineer 

Technical Letters. 

a. EM 1110-2-2502, Retaining Walls. 

b. EM 1110-2-2602, Planning and Design of Navigation Lock 
Walls and Appurtenances. 

c. EM 1110-2-2607, Navigation Dam Masonry. 

d. ETL 1110-2-22, Design of Navigation Lock Gravity Walls. 

e. ETL 1110-2-184, Gravity Dam Design Stability. 

C.3 The summary sheets and stability computations are given ·in 

Table C.l, and Figures C-1 through C-21, respectively.· 

Applied Loads 

c.4 The lock and d8lll monoliths were investigated for two case 

loadings as given below: 

a. Normal operating condition: 

(1) Upper guide, land. and lower guide wall monoliths: 
the most critical loadings of upper pool, lower pool, 
and saturation level in backfill. Also, dead load, 
uplift, tow impact, hawser pull, wind, and gate loads 
were used when applicable. 

(2) Middle and river wall monoliths: Normal lower and 
upper pools, uplift, impact, hawser pull, wind, and 
gate loads as applicable were considered in this case. 

b. Maintenance or dewatered condition: Backfill, gate, dead 
loads, and uplii't were considered. The saturation levels 
in the backfill were used as given in Table C.l. Impact, 
hawser pull, and wind loads were applied according to the 
situation. 
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C.5 The standard procedure was to analyze three-dimensiopal mono

liths unless the geometry was uniform enough or could be closely approx

imated in order that a two-dimensional section of unit depth could be 

used to represent the stability of the total monolith. All sections 

were viewed from upstream looking downstream. Forces acting toward the 

right, downward, and clockwise moments are considered positive. In all 

cases, the lower left-hand corner of the monolith was used as the center 

of moments. 

C.6 Approximations were necessary concerning several significant 

factors which affect the stability analysis; these approximations are 

discussed below. 

C.7 The soil behind some land wall monoliths sloped higher than 

the monolith itself which creates a surcharge loading affecting horizon

tal and, in some cases, the vertical pressures acting on the monolith. 

Also, the railroad is located directly behind the land wall monoliths 

which vibrates the backfill and effects the horizontal load on these 

monoliths. Both vertical and horizontal pressures were calculated using 

average fill height. For sloping backfill, the average height used was 

that over the area for which the vertical pressure was calculated. The 

horizontal soil pressure was obtained using the average of the backfill 

surface of the top of the monolith and the height directly behind the 

monolith. 

C.8 In the case of Emsworth Locks and Dam, with the gravity walls 

supported on component rock, the "at-rest" pressure coefficient is used 

as the coefficient of horizontal pressure. A lower bound coefficient of 

at-rest pressure was used. The only way to get experimental values 

would be to make a number of tests at the lock and dam site using the 

actual backfill material. The scope of this work_ in time and funding 

was not such that this type of testing was possible. On this basis, it 
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was decided to estimate a lower bound value. This lower bound was ob

tained by considering the value for sand (from de~Ee to loosely com

pacted) as 0.45 to 0.55; for silt, 0.6; and for clay, from 0.7 to 1.0. 

·It is reasonable, therefore, to use a lower bound at-rest earth coeffi

cient of 0.5. Since the railroad track is located directly behind the 

land wall monoliths and the backfill slopes upward behind part of the 

upper guide wall, the tendency is for the horizontal earth pressure to 

be increased. This makes it even more reasonable to not consider hori

zontal earth pressure coefficients less than 0.5 • 

. c.9 It was concluded from EM 1110-2-2502, that the magnitude of 

horizontal soil force on the landside of the monolith can be computed by 

using a linear distribution of earth pressure. The location of the 

resultant horizontal soil force will not be at the centroid of this 

linear pressure distribution; it will be somewhat higher. The resultant 

location was used as 0.45H above the base because of the railroad load

ing and, in some cases, upward sloping backfill behind the monoliths. 

C.10 The unit weight of concrete, drained backfill material, and 

submerged backfill material was used as 146.8 lb/ft3 , 112.7 lb/ft3 , and 

132.8 lb/ft3 , respectively. 

C.11 Boat impact loads were applied on the basis of design loads 

used for locks previously constructed with considerations given in 

EM 1110-2-2602. The loads which were used are: 

a. Lock chamber walls: 800 lb/ft but not less than 40,000 lb 
per monolith. 

b. Other walls: 2500 lb/ft but not less than 120,000 lb per 
monolith. 

The boat impact was considered as acting 5 ft above the waterline and 

was combined with the most severe normal loading conditions. 

C.12 A hawser pull of 24,000 lb was applied 5 ft above·-pool height 

and was considered distributed over a monolith length of about 30 ft. 
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C.13 When considering gate load, hawser pull, impact loads, etc., 

which act on a localized area of the monolith, the loads were distri

buted on a per foot basis when a two-dimensional stability analysis was 

made. This is accurate enough for stability analysis but is not accu

rate enough when considering localized stresses. 

C.14 Ice loads would make some case loadings more critical. 

Design Criteria 

C.15 The monoliths were checked for overturning by considering 

where the resultant intersected the monolith base. 

C.16 Resistance to overturning was considered adequate if the re

sultant fell outside the kern but within the middle half of the base for 

normal operation cases using "at-rest" earth pressure coefficients. The 

resultant for the extreme maintenance condition using "at-rest" earth 

pressures was considered adequate if it fell outside the kern but within 

the middle half of the base. 

C.17 The criteria for determining resistance to sliding are given 

in ETL 1110-2-184 and the safety factors are listed in ETL 1110-2-22. 
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C.18 There is no problems in engineering concepts if the total 

base pressure is compressive because for massive-rigid structures it 

can be obtained rather accurately by f = P/A ± Mc/I considering the 

total projected area of the base. The problem arises when the monolith 

just rests on a foundation and part of the base is in tension, which in 

reality cannot exist. If the total base is used in the analysis when 

part of the area is noneffective (shows tension), the equilibrium equa

tions are not even satisfied. The way to determine the base pressures 

is to consider only the effective part of the monolith base which is 

in compression. This will be done and the effective area for a rectangu

lar base is derived below. 

C.19 Consider the resultant force "x" distance from the left toe 

of the monolith and solve the equation f = P/A - Mc/I when the stress 

{f) equals zero. 
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p 
J.. 
d 

~_Mc= 0 
A I 

d p d 
2 

- x 
2 y 

d3 

12 

solving d = 3x valid for b > d > 0 . 

0 

C.20 The above derivation is for a two-dimensional section with a 

unit depth of 1 ft. The stress is then: 

P (x) 
y 

f (3x) 
2 

2 p 
f = _ J.. 

3 x 

~ (3x) 

If the resultant falls outside the base, the monolith should began over

turning. By conventional design, the resultant falls outside the base 

for some of the lock monoliths. This is, in reality, not the case be

cause the monoliths are in relatively good alignment. 
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C.21 In as many years as the lock has been in operation, the mono

liths have not shown excessive settlement or misalignment; therefore, 

the resultant of all forces acting on them must fall within the base. 

This means that the conventional analysis is not considering some factor 

or factors. These factors are probably ones which are not dependable 

enough at this point of study to be justified in good engineering design. 

For example, such factors could be: 

a. The force required to shear a failure wedge from behind 
the monolith as would have to happen for tilting of the 
monolith to begin. 

b. The degree of uplift, which we are using in the design, 
may be greater then the actual situation. 

c. A refinement in parameters and calculation methods is 
needed to more accurately obtain a horizontal soil force 
against the monoliths. 

C.22 There are no criteria for calculating pressures when the 

resultant falls outside the base; all the pressure would be on the toe 

of the monolith giving large pressures; therefore, a value of oo is 

'given for these base pressures in Table C-1. 

C.23 The above is supplemental information for stability consid

erations and makes no analyses or conclusions concerning the monoliths 

of Emsworth Locks and Dam. The analyses and conclusions are given in 

Section 6. 
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Table C.l: Summarx of StabilitX Analxsis Results 
~ 

Percent Effective Sliding Safety 
Base Factor Foundation 

Minimum Minimum Pressure 1 k/sf 
Monolith Cases Considered Allowable Actual Allowable Actual Allowable Actual 

L-3 Normal operation 100 95 4 4.7 20 3.1 

L-19 Normal operation 100 0 4 0.8 20 00 

L-34 Normal operation 100 60 4 3.0 20 30.0 
Maintenance 75 1 2-2/3 1.9 20 00 

L-37 Normal operation 100 58 4 2.6 20 14.5 
Maintenance 75 43 2-2/3 2.1 20 20.0 

n 
(with impact) I L-52 Normal operation 100 35 4 1.8 20 23.1 00 

Normal operation (with hawser) 100 29 4 1. 7 20 27.9 
Maintenance 75 11 2-2/3 1.3 20 78.9 

L-68 Normal operation (with impact) 100 100 4 4.3 20 4.6 
Normal operation (with hawser) 100 99 4 21.6 20 5.8 

' 
M-5 Normal operation 100 100 4 28.4 20 6.2 

Maintenance 75 100 2-2/3 4.6 20 11.8 

M-8 Normal operation 100 75 4 3.2 20 10.l 
Maintenance 75 93 2-2/3 3.2 20 8.8 

(Continued) 



Table C.l ,, 
+ 

Percent Effective Sliding Safety 
Base Factor Foundation 

Minimum Minimum Pressure 1 k/sf 
Monolith Cases Considered Allowable Actual Allowable Actual Allowable Actual 

M-12 Normal operation 100 100 4 4.5 20 7.8 
Maintenance (110-ft lock) 75 100 2-2/3 4 .1 20 8.5 
Maintenance (56-ft lock) 75 100 2-2/3 3.8 20 9.8 

M-22 Normal operation 100 39 4 1.4 20 23.3 
Maintenance 75 0 2-2/3 0.9 20 CX> 

M-25 Normal operation (conditiqn 1) 100 50 4 3.5 20 16.5 
Dewatered (condition 1) 75 43 2-2/3 2.7 20 20.8 
Normal operation (conditiqn 2) 100 21 4 2.0 20 54.8 

n Dewatered (condition 2) 75 14 2-2/3 1. 7 20 97.6 I 
IO 

R-4 Normal operation 100 61 4 3.9 20 6.1 

R-14 Normal operation 100 100 4 101.3 20 4.3 
Maintenance 75 100 2-2/3 1.9 20 11.5 

I 

R-17 Normal. operation 100 70 4 4.8 20 8."3 
Maintenance 75 73 2-2/3 4.6 20 8.7 

R-24 Normal operation 100 39 4 1.2 20 20.6 
Maintenance 75 93 2-2/3 2.6 20 11.2 

' 

(Continued) 



r .... 
0 

Monolith 

R-27 

R-32 

Upper guard 
wall cells 

Cases Considered 

Normal operation (1) 
Maintenance 
Normal operation (2) 

Normal operation 

Normal operation 

Table C.l (Continued)' 

Percent Effective 
Base 

Minimum 
Allowable Actual 

100 62 
75 100 

100 100 

100 100 

100 100 

,. 
"' 

Sliding Safety 
Factor Foundation 

Minimum Pressure 2 k/sf 
Allowable Actual Allowable Actual 

4 1.9 20 18.1 
2-2/3 3.9 20 11.8 
4 94.8 20 7.5 

4 6.6 20 4.9 

4 29.0 20 3.1 



Sections of 
Land Side Lock 

Wall 

Upper guide 
wall monolith 

Upper gate 
monoliths 

Lock chamber 
monoliths 

Lower gate 
monoliths 

Lower guide 
wall monoliths 

Table C.2. 

Saturation Levels to Use in the Backfill 

of the Land Wall Monoliths 

Saturation Elevations for 
Normal Operating 

Conditions 

One-half way between 
upper pool and the top 
of lock wall 

Upper pool elevation 

One-half way between 
upper pool and lower 
pool elevations 

One-half way between 
upper pool and lower 
pool elevations 

One-half way between 
upper pool and lower 
pool elevations 

C-1DA 

Saturation Elevations for 
Extreme Maintenance 

Conditions 

Upper pool elevation 

Three-fourths way between 
upper pool and lower 
pool elevations 

Three-fourths way between 
upper pool and lower 
pool elevations 

One-half way between 
upper pool and lower 
pool elevations 
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~we..icc.T: co ... PuT£o at: OAT[~ 

MIDDLE WALL - LOWER OIAMl3E.R N...oNOLlnl AT OlLVERTS M-1..1.. 
·-- CH[C ... CO IY: D.t.TC: 

LT£M F1t.crog.c;; F,, F,, A.m. Moh\ENT 

~TO S:-Al.c. WeoMc. 14-l!>-1- I Z. 4-!> 164-B 

Pw~1u(si.\) 70.5 lS.8~ l\lb 

Llp1.1r-r (1/z) (110-Wl.s)(.o"z.s)(z.+) -3S." B.oo - ~s 

~T l·?. r./Fr 1-"3 sz..s bB 

11i..e. 11.& .t.14-1 

&L 'Ir) u-
13 .. -LJ.P ,,~ e 

l ,4 •. 4-. 

• 

o---------·---- 2.74-7 'l.4-. '3'5 e ... 11-z..f> 
& 

h 
I 

~ ~ '°"1S 
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~ ---

r::::Jie€ Jt: MAIHTENANLE. LONDrtlO?\ . 
taJ.t..iuED uo·~ 
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SLJDtNC 

z:-.cGE. l NOR/ML- -z:JP~AA 1l~N'5 

R::: 2:.. "TAN 4 + r.E{ ReslSTAl't:E 

"" (IO<).o')(.S&C)OJ + 0 

~=- "4-. 'l. 

S~=- ~:::. t·+ 
4-S-4-

R= (wz.eXS870) +o 

~= '-'-·4-

= ~~:4 .. =- c.9'2. 
11.e. 

COMPUTED If: DATI: 

C.HCCfl.CO 8': DAU: 

f =-
"l. £_ 
.3 e 

= ('2...}(109.0) ; 

(~)( 3.li.) 



SlJa~lCT: COUPUT(D IY: DATE: 

M-1.J; 
DATl: 

~+ 1.0.0 B TO 1.+94.0 5 - Z G 

,;, 
0 
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$U•.JlC1: 

M-1..5 

t, ~ , .... 

n 

i.owei<.. R:oL, "en., BOTH s1DSs a= r;ro' t..0a:. ~TE' 
L.lPf'ER. ~OL I 110, IW 110' l.DL.K 

COMPUTED 9T: DAT[. 

CH[C"CD Bl': DAlt: 

\"J CDNC. [14BBm4 '5€>)(1er)(4'i) t (-z.1.4'!.) 
l13)(41)t (;)(4)(-U.)+ (1e..s) 
('Z.?)(41) 1- ('/~(1.s)(s.,.,)(4-1)+ 
C:/i.)(i.0(153)(41)] m4(o.; 10.«. 50e4-3 

f.u.ii;c.(~..,aj (q~';( '1rn.- b7i.)i.(.ob1.?)(v..) 315.<> 1..1.7 1..1"& 
Pw.iac.(ilo'""9 (!/ .. )(710-'71'i)7(.oto't.'i)('lio) -111~.o rz..c.7 -14El'>'Z. 

[~s][ ( "qi-<..1-z.')(1<;;.~ v.4-i.)t 
(110 -'7<'J'l.)(1/ .. )(1s.c;)(z.1.4.:z.) + 
(•~'l.- "1'1-)(1t..5)(. +,o;e,) .... 
C -r1 o- t.q-i Xlfa.X1e..s')(4·,e.)] -110S.4 

0'J.o 

-z:za<>.3 

-1.0 

-ess.o 

11.'Lfl - e.s1~ 

j,S''O 154 

- 1?80 
<RSO - 1..98 

. 608t. 
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C.H[Ctl.CD llY: 0A'T£: 

F>.C.TOR5 f11 

Vi4'.1 
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/ .. )(110 -ti-1..)'( 'Zl.4'-) t 

(!o9'1. -c.12) ... (11~}( 4, '5b)] 
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[.°"t .,][( c..n-,1i.)( 1s .i;)(i.1.49 
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!.UaJtCT: COMPU1[0 IT: DAU: 

M\DDLE WALL - lOWE~ GATE. MON CUT~ M-2fi - .. 
CH[CIUO av: DA.TC: 

ITEM FAC:.,-oR.£. Fw F,. AR./'11. MOMt.tff 

MZJT TO SCALE Ncortc. ~., 10.db ?>OB" 

p,...T~~ ( g.' L.) 1013.9 l't.'~3 1·u,'l..q 

UpLIF-T [Ob"L?] [l1/1.)(710- 1>'1i.)(1S.5)(t1·"9 
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sua.JECT: 

~..JDltK:o 

CJ..<££ I. IJZ'>f!.lML Gl'EMTIOl'\5 

e.= L:. VTAI{ cp t- ~ REs~mci= 

,. (i:zM.:.)Gsego) + (c.)(u.)(.ois')(144) 
= 1"343 t- 1r..e.s 

iz~ ~'Lg 

S5r =- ~ ,. 3.!;" 
8$" 

CPS€ I MA!NfE.NANCf CD~DITIVN 

R= (isw.e)(ss90) t '"ss; 
=- 149 (., i- I" 8S 

R=- ~1e:.1· 

5$F-: ~~'- ::. 'l..-1 11ea 

06€ lI: t-.'"OR!ML~TIVi'lS 

R.= (1--~/lS.Cl)(sERO) + lbBS" 
::. 13'11 t- l~BS 

R.=- 30Sc;. 

SSF ::. 3n% = 1,.0 
IS'-5·1 

0..5€ JI. MAI NIEt\A.t\cE COtlt>lll~ 

~: (1..ses.+-X.ss110) t- ((,,e.S" 

::.. IS?.S + 1r..es 
R-= ~ZIO 

~!Q. :: 1·"1 
JB90.f • 

COt.fPUHO et: 

CH[C"[O 9T: 

&§E: PRE:$$0Rr.5 

CAS€ L f\lO~L OPE-~A11o'IS 

f - :?. f 
- 3 e. 
=- R--i)(-Z.:>-"&-0.'3)1r.!. l 

LC?) c~.sS) Jlu! 
f :. Ii.. ,r; K/ st:i Ff. 

O.C£ ·r MAINfEHAtiC:f Q)t{DtnOl'I 

f::. ~-il(~s-<t<J.e)Jfl.] 
(3)(3.I~) l_il> 

f = 10. 8 r../SQ. FT. 

CASE ][. ~oRMAL Cf'ERAT!?JNq 

OATll: 

OAT[: 

I ( = [b's~~~*)j[~J 
f. 54-.8 r-;SQ.Fr. 

f.:. re'(.) ( ZS8B J}J r J. J 
Le~) co.cs) JLZ~ 

f=- 91.C. t:./sq. FT. 



Su•..tlCT: cowrun:o IY: OATI: 

Q.l\/ER. WALL UPf'EfZ. GUARD WALL R.-4-
CHfCKlO 8T: OATI: 

STATIO~ 

ELEV 717 

EL 1oa'. 

I ~+.o' 
"I 

PAW I oF!> 



1ua.u:cT: COMPUTED et: DAl[; 

Rl\IER WAU- ~ UPPER GUARD WAU... R-4 
CH[C,..CP 9y· OATt: 

I:TEM FAC::TORS Fl tM ,,.~ ~T 

~TTO~ Wco111c.. [141i>~][cs)(34.)(39s3)-r (~~)(s1;l) 
(s4)(39.S~) - (C31~11.)(S.41l':.(u~) . (10~(1..s)(~) -ct1 ... ~ cs .• 1)' +f1.n) 

(IO) CJ .. )(H1)(z.)]j Jn~3 !-1.·b ".sb '2.1~ 

W w.-rar.111 [O!o'l.S)[ '2.t i.14'~ (S.47)\ rn(••)]('.s)t 
OJI.~ 

[) l'i<"-i.(' 11)'. i.11(1•)](!/.)(i.11~/J').~ V'l G. ~o Ul 

,/ 
a ,,"T 

.,._.•o" WI\.~~ ('l&.'X. 710- be-;)( z.e.3X°"ts) 'Z.-4- o.q~ z. 

"' " IJ.f. 110 Up1.1Pf (110-G.83)(10. "7)(.0~~ -18.0 5.34- - % 

-i_ ~-:-i:~: ~ 
!Ml'i't.T - ?> ?>Z.00 - qo 
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1g.9 
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Su• ... lCT: 

RIVER. WALL UPPER GUARD WALL 

5UD!~10 

R_::. z_ \j TAf\ 4 1- (Ey ~Sl?W..t\CE 

• (1q.9)(S89D"') r 0 

:. ll.TZ. 

COMPUTfD aY: 

R-4-
CHlC"-(D n: 

~-+ 

:. (t.) ( 19.9) 

(3) ('2..fC..) 

" "-·'4- KI SQ.FT. 

OATI'. 

DATE: 



sve.JtCT: COMPUT[O H: Dl\T£: 

C.HlCKCO ev: DATC: 

EL 717.0
1 

3 r.o' 

l:L 7/7 

I 

3 g, ~ . .:tO.'f~' 

EL ~ir.1' 

Fl~ C·13 
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$Vl.JlCT: COJ,IJ>UlfO 11: DAT(. 

RIVER WALl.. - UPPER.. GA1E W..ONOUTH R-14-
CH[Ct\.(0 BY: DATE; 

ITt:M I FAC..TORS F11 F. />.~ ~T 

Wc.oN~. [14~][!.>t.)(wX3e,.9') t (a)(nsa) 

MOT W SCALE. (~B.9)] 41o4.4 10.1s- S0,51'2.. 
, 

Pwi.to~ (/?•i<R) ('fi,)(110-lo'7&1)" (.o"'ts)C3e,) 1i.oa.4 10.1o; l'Z..e4~ 

Pw~TU (~cs.) t'/0 (7uHo 7By(.ob~1~i.o.'ly - '1qi1.4 10.1.!> -bClo~ 

Pwl\'ltit(uiu) Y1-) (E,92.. -" 1e1 '"(.01>t.S 11.se) - JO(.. I 41.3 - 411 

~ •111 Up..1FT [01o'ts] [tr10-i.1a.1)(v.)(u.4~1-
(~9t- '-'18.1)(~~)(11.s-e) t- (•( ... ) 

(110 -b<l'L)(1..~)(11s~J -l'~<n.9 i{,..IJ -'2-Z-44~ 

" .. ~' "110 . 6f.TE .S - 47t.S 1e.o~ - 8Sill 

l _\ ~., lo'li. 
GATf: V ho.o z.1. \;" l"t.90 

w &ATE. M 9~0 

~~· J'S71.s; -19·" mqB 
() 4104-.4' 

~ .6- . 
• "' 0 ''°" l 

"'. q..,•• 
~ .... 

/ sL 1.7&.1 ---Jr ,,,, ,.... 'T~ 

l .~,._.," J :!>.S'7'1B I ..o .. ewt~ 
Q.-:;..---:. 10.b'Z. 

?.~11.S 

/()tJ :z t/F~ 
CAsc :r.. !'ORN-AL oPEAAllo~ 

UPPER PODL. Aa::>l/E: &AT!: 
lDwER. Pen.. IN 5',

1 

l..O'C.l:,,, 

A~ C-1.3 ~"'~~ Uf'fU Gt.'!E MO!IOlJT\i R-1~ ( COltnriuet>) 

::~~-=.:. l2~JA PAGE'loFf 



SUIJICT: C01riitPUT£Q OY: DATI: 

R.llJ~R WA~ - UPP~ 0ATE MONOLITH R-14-- CHICKI D n: OATt'. 

Itet.'\ Hl-C:.TOR.5 F~ Fli ARM N\OMel\T 

w~c. 4704-4- 10°15 S'O<; 1'Z. 

~TTO~LE 
Pw~'TU.(RNii.) IW8.4 10·"~ 1<..B45 

UPL.lFT [.01ois][U .. )(J10- c.1s.1)(u )(10~ 
+ (1f..)(110-i.1a.i)( -r..')(n.se)] -So99 7.33 59~1 

6A~ I/ "o -z.1.s 0 lt..90 

""ii. M 9~ 

a954-.!>' IU>S.4 5q700 
a ,,, . 
11.• ..... ti 

n 

l ~ -
oou• .. · 

~ I I 

1 ....... e' 69700 ;.. IS.I 
~ 

El. 1.11.1 
.. r'\~'° .. 

!'"'''fl" "" .... 
OHltt"" / et.:: /OtJ% ~ 8.-- &ZP ff\0411lCt{U --

OSE ][ M\ll{TEWANLE COMCITIDN 

~1ERED r;J..' Lea::.. 

Flea.JRG" C·l.3 lt!IJElt. v./"U.. - UPPER GA~ lllOMOIJIH IH{ ( c.oNllll\S) 

91-9 ·~fCI. 12:.lA .... -.... .... 



sua..ilCT: 

RJ\IER. WALL - UPPER GAlE MoNVUTH 

SUDtNC1 

05€ I. NDRIML DF\::'AATlzx.!q. 

R=- LV~~ 4 +- 'f:e{ RESf.>Tht.lt:E 

= (3311.5)(.SB90J t- 0 

?-= 19~% 

CN5E .II: MAIITTENAf..lC£ CON~TIOH 

R.= (3954.s) (.~) t-O 

-· 'l31SJ 

(.9~ 

R-14-
COMPUTlD IT: OATl: 

CH(Cll(D If: DATC: 

£ASE PR.ESSU@ 

OSf3 I. ~~i\L Of'CRATIOl-! 

f:. f!~. 
=- ~ + (3311.s)(.r?>)(10.1s) 

e11..1 :.1 e,qs 

::. 4.IS" f' O.IS 

GQE JC. NAINU:NN-!LE Ct:lttDrnDt-! 

f -- f +Mc. ,.. -y 

:. ..3%4.S + (2,c~s4.s'X 4.~s)(1i.is) 
81'?..1 318~5" 

• 4.S-1 r ,.l.O 

.. Jl,4-1 IC- /:!GI.Fr. 



R,.\VER. WALL - UPPER CHAMBER. N'DNOUTK 

o' 
~ ... '\ 

/ I\ 
,I ,, \ 

~, ... ~ \ 
\ ,...l._ 

\ / -,, 
l-__ 

R.--17 

i..!.' 

COMPUTl:O AT: 

CHl'CIH'.D IY: 

+ ... .. 

N01'E 1 GUl.VtRT SHOllN IS TYPIC.U. 

DATC: 

DATI:; 
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RIVER. WALL UPPER. dtAMBE<_ MONOLITH 

...... 
~ 

-
" r· l 

------f ~:__ ~ 

. 
·----~--~~:- ~-a 

= .. ;J~· 
~ 

fl. 111 

R-17 

ITEM 

W\111\Ulll~ 
'J,/1"A"'-ll1~ 

Q.>UJt&.T.S. 

UpuFT 

COMPUTED 81: 

CH[Cl\CD BY: 

Fl.C.TOR.5 

[1400J[vz.3x~~)(ia'-)- ('/ ... ) 
(13)( -z.1) ( 2.S.G.) - c~xts)(zs.r.) 
t- (1.4i.) (.14':;) (z.S '-) t (;)(1.)(_za.1.) 

- ()r)t -t..11) .. (24.r)(t.)J/ ts.I. 

( r;:;c 9.1.,3)( 1io-(,9o)(.o.,i.s) 
(JI )(1.11)'-( t.4.1) L-..) (:or,,zs)j u,." 
( 'f.-X 7ID - ~az.~\.01>1S) 
('( .... ) c "q-z. "ei..~'(°"z.9 

[wis][C;z.z. 17)(S.!>) + (Y;>/..~.-uXg.s) 
-r(1ll:uXG.) + (t/~)(1.1~')+(9M) 
c~~ t ( 1/~)(~.oJ)(8.s)] 

( '111- 110') (1)(.0~) 

I 

17.67 

DAH: 

DAlt: 

94.S '~·"" 
{,,() 3.U 

z.4 l"l.1? 

'l~S 9.14 

-'Z-S '3.14 

. 
-1'..' 9.55' 

o.e, 144'2. 
o.i. ~.9'2. 

l,(,,.fo u.7 

15·
99 

X/00:: 70.% 
:2. .:. 

11?9 

1<1 

2.9 

V5 
- 9 

- 154, 

.. 1'2.. 
b 

1177 
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n_.• 

. 
c>t -

.. _ ------- t - .......... __ !".!: __ 

f!.-17 

ITEM. 

\>/ '1"1'1. I • .,. .. 

W¥tAnll ·~ 
cuuJEl.T 

1'2.17 

COMPUTCD 1'1: 

C"[Cr.£0 IY: 

[°"2s][ (1s.~+)(.s.s) r (.1 .. )(i"4) 
(8.~t- (r!>.Tl)("J +- (Yi.)(54)('1) 
t('/.-)(7.'-)(Ss)] 

I 
: 11.4 

DAT!; 

DATE: 

'f~ F~ ,..RM. MOMEtlT 

84.8 13·"" llSC) 

~·O ~.'Z.I 19 

2..4· 1i.1s '2-9 

'23.S 9.14- '2..1? 

-1~.B '1.lo'l. - 15' I 
o.t ,30.9-z.. h 



tu•JCCT: 

5LIDIN& 

= 

e. : 

Nor<JML OPE!'!.AT10N5 · 

~ Y ThN ~ + I:'.:£( RESISTAl'\CC 

((k.c,)(58~6) t- (")Go,s)(14~ 

10.4-.0~ 

..z.i.-rs 

CASf: Jr i\4-AINTE:NAl'IL.E CONcmot-1 

R= (13.4-)(~o) + "4.B 
= 43."l.3 + M.B 

R,.: loS.03 

R-17 
COMPUHD •v: DATI: 

CH[Cl'(tJ BY: DATE: 

<AS€ L NOFWJ>L Oi'a'J.TD 

f = 2. f' 
--s e 

.... 0-Y/:!~:!!_ 'J 
~ 5,33 

:: S.'33 tj sq. i:-r. 

O.SE ~ NAIN1Et\ANO:. OJNt>rTION 

fc ~ ~ 

= g,7 

PAGC4or4 



"UIJCCT: 

z.+31.0 6 TD 1+~7.3 B 

\ 

J ' 

I 
I 
I 

\ ' '"'"-.I,. ----

COMPUTEO IY: DAU: 

CH[C:tlCD l'I': DAU: 

PAG£ I or 4 



~uaJlC.T: COMr'UTlO BY: OAT!' 

RNE-R. WALL ,... TYPlcAL LO'NER. cttM\~ .V.ONOUTH R-U -.,. (H[Cll.£D BY: DATC: 

l:fE~ FAC..TOR.5 f~ f'll Af.M MDMEHT 

1-!t>TTO ~LE WCL>toic:. [.14~][(z:~)(s-<1-s)(~~.1) - ( 1/r..)(r~) 
(:i1)(~1.1)- ("j)(4.S)(H.1)-Lir) 
(n1)L( '2.l)('I) - ( ~)(12.)(u..)J/n.7 !40 ~ n.1s- ne9 

W111M'<fl.1~ [.Ob?.S ][Cll)(--.11)''(-n)(..)]/ 33.1 ~.6 11·5 ~!; 

OJLllEtt• 1 [Ob'2-'°][(8)(Jt.)(-u.)J/ ~~.1 +.C. ttS S3 

1-~ 
Iii. 111 

-~& 
PMrc11.,R111E~ U~) (Vi-z..- '""'u):(.Ol>7.S) 'Z.1.~ <)£,~ 2'>1 -- PWAi<l,t..oti. 00 ( i10 -"-1.s) (011'2.S) -70.'5 1s.s-s -lllb 

" ll.P. "110 
L.P. f.'l'L WW>.TEfrlN~ ('! .. )(.cir.)('!.) ( ~-z.s-) 0.1 o:n 0 

EL "90 14').lk. Up1.1H toWLs][ (b<l'l..-""'t·S)(-i.;) ... (·I~ 
. 

----i:-~·-- -~ 110- "''L)(~>,)] -5S.'!. J'Z..~ - C.B'-

21". ------ - -- -- , .. ," · ----_err··-·· IMP.-.C.T - 1-'Z- S"Z..So - b?. 

(") --·-- ----- ii- ... ~., 

~ 
7 1111'"'' V1 -ft'/1' 

'7?..1 -#.S '!19 
~OP 

J 
,' 

Cl ........ llTS L 
f 

ss.1"' 

e ... ~ ::. ~.o 
97.:1 

CA5C I. ~DR/Ml Of'E"AATION 

~ E/~ &~"· = .:z .,.£:!, ~ 100 - 3Cf /o 
UPl'E~ fboL IN 6~

0

1..0C.1' -
l.C>Wc!l. ftot.. '"' ~\JE.Jl., 

FtG.<JRE C-IS ltlVel. W>J,..i., - IYl'I C:A\.. J.Cl.ili~ CMIM(i:, M::>IJOUT\I i.·'Z.4 ( C.OM!ld.~) 

:i~~=.:. 12:t3A 



S.IJl.JlCT: 

. 
G' . ~ 

RIVER. WALL - 1YPILAL LDWE:R OIAMesER. Ml)NOUTH 

i\. 111 

C"ofl'&t- °' J "fl~ ""l~I 
~~ ~ 

COMPUHD ay; 

R-Z.4 
CHICUO l'f: 

!TEA\ F>-croRS 

Wa->.1c. 

Pwi>T•A,llovU 

\J.IWAJH,ll~U. 

LJ~fT CY..JlVii.· ~~)(t.l)(.41."lS) 

I B')3 _ ... 
11q,-i. 

I 
1&.8& 

' 

DATI: 

DATC" 

Fv f~ Ae.JA MOMEt{T 

\4Q.~ l'l..74 neq 

1.1.?.. . C).S~ -z.c,1 

0.1 o.~i.. 0 

-tt.t. 7-<.1 - '"' !> 
119.'L -z.1.-z. 1e9, 



)<J•.llCT: 

(') . 
-l 
0 

CASE I. NORMA.I.... ~RATioNS 

R." 2-y "Ji:>li cl> + I:'.€'( K.cs~ ~ 

::. (92.'7)(.S890)+- O 

R."" 54-.b 

SsF -:.. S4-.C. =- l·Z 
44.S 

CASE Jr MAIHTEIWICE c.oNDl1\VN 

~ = (iiq:z)(. eAO} t- 0 

R..::. 70.1. 

.SSf.,. 

DAT[: 

CH(CftCO •T: DATl: 

"BASE PR.ESSl.JRE. 

CASE I. NORMAL OPEAATloN 

f. 'Z f. 
~ e 

- (i)(:;~)-· 

= 'l.J).(;, ~/sm.Fr. . 



~ua.1E:C1': COMPUHD at: 

RIVER. WALL - LOWER. 6A1E MONOUTH 
CH[CK£D Bl: 

.ST/>.TION 

l 

c--ii 

DAU: 

DA1'C: 

I 
51.0 

PAGE I OF s;; 



RIVER. WAU.. - lz::>WER. GA.TE MONOLITH 

____ ... _ \),, 7•0 

t1.1• .. " - . - - _ _____..____.'( J'U• 
,~ 

C't:W1£11. OF J ~'-----~ 
--eNTS [ J --+L-.. , ... __j 

CJ>.S~ I NoRMAL VPE:i?A"TioN 

Uf'PE.R.. 'Ftol- 11-J % I ~ 
1.DWE~ Pco1... ~ ?'-' (.OC~ 

R· 'll 
COMPUTCD n: 

C.H(C"[[I BY'. 

'!TE"M FACTORS 

WcotJc. [1+ss 1( (i.o)(S1)(1q.i!>) +- (H~s0 
(z.~.11) - ('/t.)(5.11)(.s.11){si) //tl.'ll 

Pv.-.... l·lllVU ( •/ .. ) (<At - I.'-'-) "-(.or.i.s) 
p,,...,flC., IP<~ [('/ .. )(110 - 1o1ot.)'"(.or.'t.c;)(1q.a)+ 

('j .. )(b91.- b&l.)'(:Olo'l.o;)(Z>.11)} 
[41..'1•] 

lJpL1FT [oi.-i.s J[ (i:.<-1?. -u1.)(z~)(:z\.1~ ... 
(r.Qi-1.~)(w)(1c,.s) ''y.,..)(110· 
"'lt-tr.o)(.tq.B)]/ 42..~I 

WIND [;o;] 1)(•'l·e) -r (z.s)(z.1.oi)]/ 41.<:>1 
&ATES c!lbb.'Z./41.'~I • W.~" 
c; /\Te: y B9/4t.QI =. :i..1" 

uAT~ M. 1380/~~I " .3'2. 

561 I 
- ~ 454 
ff.J.S ' 

OAT[: 

OA'Tt: 

F~ .... A'fWI.. MOH\E.l'IT 

l<..1.7 10.99 1777 

'2.1.1 @:,.<..1 183 

-'>9-~ \t,,q!, - 5ce> 

- i0.3 \t. I 'b - 451 
- 0.5 40.ts - '!.O 

·UM. U.t.I - 4Q7 
1-1 'Zl.SO 4-5 

32 

I n-~.s -3&.C) ~I 



SVl.ilCT: COMPUllD Ir: D4TE: 

Rl\IER. 'NALL - LDWE.R GATE MONOLITH R.-'2. 7 
CH[Cfl;CO l'f: OAtC: 

1-TE-M F!-t:..TOR9 f.i F~ ,..~ ft.DMel\lT 

WCDNc. '"'·, 1oqq 1777 

}.('OT TO 5CALE 
Pti~TEft llNir. 0/i-) ( ro<iz.-"°" )°'{ou. s) , 'Z..l·I 13,", IS?> 

UpuFT (•/,.')("qi""""")(. o (oLca)~wX1q.e) ... 
(. n)(:z..~.1i))/4t.,I - 17." 7.'l.4 - l'Z7 

GATE ~ M/ 1y;..q1 .. i.1 'l..I ~1.so 4S 
~ 117 0Alc. AA, 1~eo/4l"ll • ~2. ~'2.. 

W11JD C-i>~J(117 ~Ein) o.a '30.SO 31 
0.1' - jefi,.'1. z,1.q 1941 

i.J> 'ca. "' 

t.1.1' 
k'\ 1: 
' .. { ~ 4 
lll - "' ~ 

I 

~ lolol. :\·~ e· .. 1~:-z.e. 

~IOI.OF/ f 
14-1.:z. 

~~n ~ 
/tm~ ¥F L:2,~ raL ll·•" ,_ 

O..SE I. MA I t1 TE.NANLE' 

l.PWER. fCol_ 1 "1 R!Vt: R 
\.CCK -rewA~ 

flC>U&i c w 16 !ill/ill WA\4. - ,l..OWiA. c;A'li MOllOL.flli ll•'-7 ( CPNTt!4U~) 

... ~."Cl. 1ll.J4. 



$Lia.tlCT: COMPUTED l'i': D.4T£: 

RIVEK.WALL - l.DWER. GATE" MONOL!Tl-1 R-1.1 - CH[C!l..[D BY: DATE. 

I.TI;'-\ FAC..TOR.'? IV Fri Af:.NI. MOM.rnT 

Wc.oNC. IG.l 7 10.qq 1777 

Pw"-lE~ fy;p.TEl, R•llER ::; - PwAu, 1.11a 
F<:>R~ CAll~EA-

Up1.1FT [0'11.S] [<.9Z-c.c." J( {u)(t~.e.) +-
(:t.3)("2.~.11)) / 4z.. 91 -35.1 10.Bb - i!oSI 

W11o1t> Cm. J [(111-"92)] o.s ~8.SO 31 

e. ,,, 
GATt; I/ 00/4-'Z.91 • 1,..( 2.1 2..ISO 4S 

a.A .. 6A~M 138o/4z..q1 :: !>2- ?>'Z.. 

- 1u:r o.e 1504-
.., 

l 
n 1...r r.4'-

/_ """ ~ 
u.1.7' 

~ ' H 

~ i .,. 
El..~ 

;r"' ""'' .• ., ·, ..• 
~~ 
~t.S. _. I I t ~SJ" e-:. 1504- 11-'-0 I -- = 1787 

NDR»AL -OPERAltZ:>IJ. 
/!JO 'lo tF-~ 

CA'£. JI. 

L0\"1t:ii1. fro,. I~ 5(,; L.CCl: 

1-0WER ft.OL ~LD'fJ LOt.I:. 
1.0WCR. fOOL 1~ RJ\le~ 

flWRS" c-1/,, ~"'511. \,\)1.\.1.. l.ovJ~ R ~ilO i'AOWC1.IT ii R-i.i ( U>llTl"Ut\l) 
' 

•Us:::-... ""°' IZ~lA 



RNER. WALL - LOWER GATE MVt.Jount 

o.:;c I }-loF?.MAL z:>PeFZJ>.Tl-0149 

R e ~ v T/•N <P t ~ey Res1SfAt\C.E. 

... ( l'Z.?>·s)(.sMo) + o 

R ,.. TZ..14 

$sio ::. 'Jz.74 • 1.e.1 
:ia."l 

CASE 1. ,l./IAINTENA..NCE. COl..l"bl1TOI{ 

R.; (1~.'Z.)(.SE90) +- 0 

• R_-::. &,.II 

SsF - so.11 ,. 3.93 
-i.1.9 

CASE ]L ~L OPE:AA110N9 

R..: 0IB.7)(.sa90) + C> 

Ro 1S.l?O 

5SF ... 'lS. S = 94. 75" 
(>.8 

F1c.1JR1i C-1~ 

R-'l.7 
COMPUHD IY: 

CH(CKCO IY: DAlt: 

"' C~>C~~~~) 
... 18'. 14- "-/ SQ.H. 

CA'5E .r fM l t-l lcJ.JA "1CE o:>f.lblTION 

f .. .2 :t Mc.. 
~ :r 

::. 141...t.. + 6~.'t.X r~.i.e.- 10.ssX 'l~-10.1s) 
z1.4t 8C.S.5$ 

:. 11-75 t<./5Q..FT 

CJ6E J[ ..ioRtML OPE~11D4s 

f=- ~:1 .. (rz.a.1X••.1.&-10.Gsx~~-10.sS) 
z.1.i.,-z. 8'-!i .58 

= 

= 7.4S ~/ ~- fT. 



COMPUUD BY: DATE: 

CH£C"£D IY: DAT[: 

4o' 
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-
$~ e.ircT: co .... PoT!O et: OATl 

Gl!E.~ \.JA~-~.Zl:L ~h>~t> ~ e-3.-i.. ,.. CH[C.1'..(C tn: OAT[ 

-•-~<r+ ... ,... -~a ,.-=F n I' "" 

tlal: \;;,~ 
o/ ~., p,,..,., /VI ........... ,,.r\+ 

{Jcof\C (] Jl- fo 71) ( 5) ( : I f'i 'l) 

Pi.J (R:ver") 
1;2 c 4. i:» c-1,.1-l-n)lt4'l~ 'I£/. I s. qq 21,,4 
'I 2- u. 'I :i.. - p 1) z ( • 0 " :z.s) '1.0 5 :35 

~Qfe~(R:'C.r) '/2 (IS) (1,81) (.O(,;z.S) o.8 0.60 0 

E.L 'll ~/.'ft l q, i .3) (C.'l 2- {. 11) (.oto.zs) -q.;z. ~.'l2. -45. 
"" lLo,jt) ('1-L ('-'lz.-~11>z. (,o"zs) -'1.0 s -35 

06" 

1 

--'·~" LX°'.- Co97... 
~PAc.T .3.'2... - 3.'2. 'Z.O -<..'f 

J 

3S.1 -~:z. I $S. 

7.d b:··· 44.1" 
E.L '-11 f,,...,,,,,,,,.., . 

~EC. o~ 
\J\o~ ICl'lTS ---· 9:2~ -

h 
I~ 
..:I 
I 

No~Mlli.L ~\'\~c;. ' 

~~ - G:.?'2. 

C"" 155 j:;s.1 = 4-;34' 

/!JO~ ~Bro" 

F1WRE C-17 Rl\/ER WW..- L,ONER (iol.)l\IU> WM.L R.-"JZ. 

•U •c•: ....,,_ 12~lA 
P•<>czor~ 



SlJIJICT: 

\<: VTA.11. ~ 

'K"' ( ~":>. 7 )( o.se~oJ-=- 'Z 1.0 

~" ':: -z.1.01~.2 = k,.S"b 

(OMPUTlD BY: DAT[: 

C.HfCl'l.CD IY: DATt: 

4.91 



C:CMPUTf:O I'(: 

UPPER Ml'Tf;RSILL 
DAll: 

!'.is-

I I 1 
( LJllE; OP ~,_,OF 11\CM!illll 1·75 +.' 10.0 

I I ·r ~r 

·1 

11.3 10.1• • 
6Q4.oo 

I 
~.o 

~'n->iO 
...) ~.o' 
~ 

7., I 
~00 

. 684.SO 
~.s' 

i,.o' 

~ .. 1~ a.s' .j 
$i::.T10tt AA 

FIWRI: C· 18 

PAIO[ \ or4 



UPPE.R.. MITER. 5lLL (5':.
1 l.CC.K) 

L t J 
CASE I. "'ORN-AL oPEAATION.$ 

L)f'ro?.. f\::01. ASCJ'JG 511.l. 
LOVJ ER. fto<- I N 1..0C.I:.. 

J... o I 
't'"' "'t.O 0 

- --

ITt>M. 

w~ 

WW1-~,~-:; 
\llj>M.ITT., ~"' 

WGATE 

P-t.it ".":::: 

R .~ W._ti:i'..,, lP'-' 

F~~""'' 
~·~«. , .... 

\Jplift 

Cl"li.APUHO BY'. DATE: 

C.k£rl!-[0 Ill': DA.Tl: 

ARM 
F,t.GTOR-7 Fv r. A.RM. CD~ tb MOMe:l'\r 

[.1400] [z J[~9-EJ[c"cn- "a+.s) 
(145) +(UIJ.-(,C,?.)(_41 ~(i!.S9 - '-1!4~ 
(•/L){S) • (t.;(J).:>-) 11os.o 14.07 ISS41 
[ex.is Jc 10X ·z-X~9-e.X 1:0-1i<n) &10-S 11o.10 111cn 
[oo-z.sJ[ z.J[J.,,.t»J[ ( i;,ql.-k.l'>8X1-1~+ 
('-e,e.- ms)Cns)(V.,)] :n.s ,.e,7 "Z.>iS 

bo ~(,,,._f A 2 := l'l.O °' lp!.O Q.'lS" 1110 
[CD.s <fi ][°'"~SJ[~) (~.aJC( <.'14-<.&f~ 
(ri.)+ (•/J(r..94-"'- ).,_ J . -{,q0.0 +.~q - ?.oz.q 
[c-=4i}[c .. -:.s][-..J[_z.9.e.][1f.X''12.-"i43 ,S.9 't· so "47 

[.14e~JC•X'l.-'JE)(,~-<:,ef.s)(.s):1) 
c"'~f)-+ c~u+)(~·Xc.'lO-m~)"(.sJ . 
(-&)(•~..ax c..os+) - 54.1. 1.."J.j - 1-Z.\ 
C°"'l.'"J[-z. Jue.~ ][<110-"q~11..-.9 
t(•/._)(i;.•u.- c.s<f-!)(!i..~s)J -131'--" 14.2-1 -18709 

"'"·~ -'-4S9 ·" S'oo 

e~ 
'-ThD 10.s+ __ ,. 

"''"~ 
B~ ttera.f11.1e ~ant> -!he. o.chve ba.r.e Met.I. WQ.S 

-f'ou.w!. -jo be 9~.S SF 
T.s>-hJ ba.:se. are.:... = 'l~.B 0c 9'>-'11 ~ P6/l£.dlT AC-TM; BASE : (q3'>.~/'f 1.s.a 100)= 

~ !>TASILIUHC:. M "l..8~59 
F.S.· ... - ... 1.~o 

2,_~11{<. M 2.155'9 

:.:'c!~;::.:. 12 ~3A PAGE 2. OF t 



$1Je..1£CT: C.OMPUTtD IY: DATl; 

UPPER MITER SILL (flo 
I 

l.CCKJ C.HlCt\£0 If: DAlC: 

Afl.M. 
!.TEM FAC.TOR5 F~ f~ A~ rn"'s<b MOMf:r.-r 

1'0f10~ \'Ja;wc.. \IOS.o 14·07 1'5S47 
t/GAr£ l'ZC.O q,~ 1110 

f"""'i'-~ - 5'4.B z.:z.1 - •~I 
rz:z.S.o - S"+.6 I 4SJ<. 

e=- 'I.SJ!. -- . = 1us.o 
lt>.SO 

By der-..:hve ~l'\S -the ru..-hvc..kse Q.l'ec.I.. wa.&-{Ou111d 
fo ~ 'f<o&.e. 
To-it. I ba.:.e area.. .. 9'-S.8 SF 
fef<t.EW Af_H.J6 BA-Sf° '= (. <ir..s.a/<H>a.sX100)==- 100% 

F. 2:::1111,•uz.1,;;... M 1'-'$1 = 1-.'T.~ 5 & - -' ' "ZovtJ.'l\ttlilKtit lo\ 1'21 l 110.0
11 

h I 
, 

r.o -
1· 11 

t 11os"' [} ... · 
• ~05='.) I 

-~ 

0S£ ][ tMt~na.IAHCE: Ca.lt>ITIZ:'lt-l 

u:c.K. ~'NA TER.E'D 
<f> ;i. z.o• 0, 

Fl~ C-18 LJl'Pel~ MITIJR. &IU.. (s;"' ux.t.) 

PAGE ~orf 



SUIJICT'. 

UP?ER MITER. 9LL (~1 
LOClc:.J 

GASE. J: NORMAL C:fa:A11~5 
R. = ~ F., Tell'\ cf> t- ~ .fe.s.s-fo. ... c.~ 

: c"'"·4-)G.ss90) t c~x'Z..xi.9.~(.o.,~x.~ 
.... i.~+ 

SSF = 'l'Z.q4 / ''s .9 
=- 3.s~ 

CA56 lt f.MIK"Ta¥\tKG C.ONb(llai 

R• (1~isX-->e~) t (~1')(~~.pX;airX1#) 
5 11.I ,i;, 1- l't~( 

:. 'l'S'i ''" 

SSF i;. 'Ul51..f/ S4'6. 
&:. 48.~ 

' I 

tOMPUTlD 11: ~Tl: 

OATl: 

CA&S I.. NOR/ML ~TIO~ 
t:: f. +-Mc:. 

A I 
": <..11. A ... ("11 .. +)( !Uk 111·'4)(1 ~· 'i) 

93"--S' 2.B 118. z. 

= 0-~" 't o. 8't-

C.ASI:. Jt #Al l'fffiNAf'ICE C.ONDITlt>N 

f P ~Mc •"Ary 
: .l.!!:.!-t- Jll:SC1,.i+-1u)<n.11:l 

%a.a a•s&S" 

• 1.U. 1" ~.It. 
~ f . .Se IQP 

I• 



suaJECT: 

LOWeR MITER. s1LL ( 110 ' LOCK) 
tOWP'UTED IT: OAT[:· 

CHl.tl\[D IT: 04TE: 

UllE M ~I.OP fil'Jllf\(l((S. 

I 

' 
I 

'Z. r. 0 ••• 
,79.t 

Jo' 
"'1("' --

t.o' 
•1'1 ·I 

l.U 110
1 ",,,, 1.0' 

i.01 

... 
"14'1 

91:.C.TIO~ A A. 
a.~· 
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LOWER Ml"TER.. SILL ( 110' l.O'.:XJ 

MOTTO 6CA~ 

'4S1.0 " 
r ..... 

" ! 1;110.0. 

-4" 

114-.1" i 51>4,q"' 

10.11' 

(·-~-
-llU L 

t.5'.0.i, .. J 
C>SG I. NOR/V\'?L OP~110t1~ 

c:ji .. 1a•ao 
UPP&IL Pool- IN L0CX 
~WER. fboL 6E~ ~ 

TG. 

WCJ>NC. 

w ..... u .. 

"'"°""""'") 
w ... flft.; •• .,.,, ... 
WG•fa 
f?w,_,.1&,tN"'1 

pllj,.,.Jl,IWl'J ~ 

L.Jpi..111 

COMl"UTCO H: OATI: 

(H(Ctol.[P tn: DAU: 

,.IVI\ 
F/\C..TOR.5 f.. F: I.RN\ • MOMENT cos 

(: 14~0 ][51!>][z.] ~(-i.s)('-19.1- "14-.~ t 
(11.5)( 1.11.1 • "14.1 • cv .. )(1.s)<•>-lY.) 
(l)L] 504,9 l'L·., c.soe. 
[CX.t!.][so1["-) ( (,.r.')( 111)- "18· 1)+ 
(4)(1) + (1/a..)(J.S)(I) t (IJ,.)(1)"] 1°'10.p 14'.lo'\ I 'ti .. 'I. 
[owz.'>1 ( .. )(~11X,'lz.·"19.1)(s.,) 'Ln.& 10.•1 t.~4-1 

-i.11. •11(\lf • i. . iaa.o 4.t.i. 16'-\ 
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