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cracking in the lock walls is caused by barge impact.~ The longitudinal c r a c k
parallel to the lock in the middle wall of Montgomery Lock is hypothesized to
he caused by barge impact; therefore , this can be a source of deterioration
wh ich increases with lock use. The soniscope study indicates that the cracking
along the center 6f the middle wail does iiot worsen with depth. The concern
o f the cr acks and spalled areas , in the concrote surface , is tha t they w i l l
allow the access of water; thereby causing an increased rate of deterioration
due to freezing and thawing. Maintenance of the surface cracks and spalled
areas is , therefore , essential.

In rel ation to present—day criteria , almost all of t h e monoliths on the land
wall are inadequate in their resistance to overturning and base pressures. in
general , the monoliths in middle and river walls are inadequate in their
resistance to overturning. This is especially true for the middle wall mono-
li ths in the dewatered case. The miter sills are inadequate for sliding if
the locks are dewatered .

The stress in the culvert wall of monolith M—8 is greater than 800 psi tension~
This tensile stress is too large and will crack the concrete. This allows a
stress f l ow up throug h the cen ter of th e monoli ths , thereby causing cracking .
This hypo thesized cond i t ion f or cracking should be checked by inspecting the
culvert walls as soon as possible.

Fr om the de teriora ted cond it ion of the s u r f a c e  of the lock monol it h s, it is
evident that some action must be initiated. Since corrective action is needed ,
a feasibility stud y should be made to de termine  wha t ac tion is nec essary which
w ill provide the most economical and adequate lock usage over a period of
30 to 50 years.c~For this reason , it is recommended tha t a feasibility study
be made considering the following alternatives:

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

b. Rehabili tation of locks and dam.

c. Replacement of locks and dam.

The above recommendations may be affected by a total structural and operational
evaluation . in fact , th is stud y does not evaluate the foundation , steel ga tes ,
br idgewurk , lock gates , or appurtenant mec~ anical or electrical facilities.
These will be considered by the Pittsburgh District in the overall evaluation
of the locks and dam.
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by the Concrete Laboratory (CL) of the US Army Engineer Wa terways
Exper iment 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 coopera tion and assis tance of all personnel at the Distri c t Off ic e
were greatly appreciated.

The s tudy was performed under the direction of Messrs . B. Mather ,
J. M. Scanlon , and J. E. McDonald , CL. The structural analysis was per-

formed by Dr. C. E. Pace , Messrs. R. L. Campbell , E. F. O’Ne il, and J . T.
Pea tross , and Major H. Beardslee. The material properties were obtained

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

was prepar ed by Dr. Carl E. Pace and J. T. Peatross.

The Commanders and Directors of WES during the conduct of the program

and the preparation and publication of this report were COL C. H. Hilt ,

CE , and COL J. L. Cannon , CE. Mr. F. R. Brown was Technical Director.
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US customary u n i t s  of measuremen t used in this repor t can be conver ted

to metric (SI) units as follows :
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— 

To Ob ta in

inches 2.540000 E—02 metres
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E N G I N E E R i N G  CONDITION SURVEY AND STRUCTURAL

INVESTIGATION OF MONTGOMERY LOCKS AND DAM

OHIO RIVER

SECTION 1: INTRODUCTION

1.1 This report contains the results of an engineering condition

survey and a structural analysis of Montgomery Locks and Dams (Figures

1.1 and 1.2) on the Ohio River. The investigation was conducted from Octo-

ber 1974 to February 1976 by the Waterwjs 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 Montgomery Locks and Dam
1

by their Periodic Inspection Report. The report reviews the construc-

t ion and the general condition of the locks and dam with attention to

specific problem areas. The results of the periodic report warranted

further study . A condition survey
2 
was conducted by WES for ORP and

was accomp lished for the dam. This survey determined the concrete qual-

ity and location of cracks that could affect the structural integrity

of the dam. The present project was initiated to determine if a need

exists for a study to consider the rehabilitation or replacement of the

locks and dam. If such a need is found , a separate study will be ini-

tiated to evaluate the feasibility of rehabilitation or replacement.

Locat ion of Study Ar ea

1.3 Montgomery Locks and Dam are located on the Ohio River in

Beaver County, Pennsylvania , 31.7 miles downstream of Pittsburg h.

Purpose and Approach

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

conclusions drawn from the condition survey and structural Investigat ion

1.1



of Montgomery Locks and Dam. This s t u d y  does not e v a l u a t e  t h e  f o u n d a t i o n ,

s teel gates , br idge work , lock ga tes , or appurtenant mechanical or

electrical facilities which will be considered by ORI’ when the overall

condition of the locks and dam is evaluated.

1.5 This investigation is limited to:

a. A crack survey of the locks.

b. Examination of major cracks under load.

c. Soniscope investigation of several major cracks .

d. Struc tural property determination of foundation and
concrete.

e. Stability analysis of locks and dam monoliths.

f. Stress analysis of selected monoliths .

The evaluation of the structures , as given in this report , is relative

to these specific studies; although concrete integrity, concrete deteri-

oration , cond itions which may cause immediate failure , existence and

extent of structural cracking, and the alignment or settlement of the

various structural monoliths were given consideration.

Historical Construction

1.6 A detailed history of the locks and dam features and con—

str uction is presented in Reference 1; therefore , only a general descrip-
tion of the locks and dam is given below.

1.7 Montgomery Locks and Dam were constructed under two contracts ,

from June 1932 to June 1936. They replace single 110— by 600—ft locks

and original movable wicket dams No. 4, 5, and 6 which were built in

1898—1908 , 1889—1907, and 1892—1904, respectively. The pool extends to

Dashields Locks and Dan, river mile 13.3.
1.8 Montgomery Dam is a non—navigable high—lift gated structure .

The dam is compr ised of a controll ed sp iliway consisting of 10 vertical—
lift gated sections , each 100 It in length having a full vertical trave l

of 40.25 ft above the sill which is at elevation 667.0. It has an un—

controlled sp iliway consisting of two fixed weir sections , one 109.5 f t

in length adjacent to the abutment and the other 109.25 f t  in length

1.2
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overa l l  leii~~t ,h or ‘ li e iiar ~ i . ’ W a n  .111 - i r  vi i I r i ’ ~ aba ’ : ‘~

1, ~(6 .~’5 f t , r i ’ 1 d t~~ the  f ’ i x : i  w~~ir . ; u e i a i. ~ I n  ‘ c ’ :;p i l ]w ay .

1.9 The lucks L~~~n s i a t , t ’ t w  1 I ,Pia a ~~n n ’ n l l e l  lack • i i i n t . ’ r : ;

leea ted  at. ni ~ the  lof t  bank of ’ the r i v e r , a l iriJ w~ ‘- 1  11 — ; — t t  :1’ ia

chamber , ansi a 56— by l( O_ 1’t ‘i l i x i  1 ~ry cF ~a.rnl ’
1.10 The upper ,~uar-i wail is i f l~~. ’ l I  ~~ 10: - ‘ n a  • a . -  • 1~

w~LL1 is 1080.9ii ft lori~ r n e a a i r e i : r n :  ~li ’ i n :; - u:. I I  ‘ P ’  r i  :

wall , rea pec 1 iveiy . The I ~w r  ~ u ’ i r i  wall 1 - ) . 33 ft i~ a’ a n i l  hI

t awer  ~ai.ie wall i 590 .33 f t  l ,ni ~’ ‘s ’ i ured ‘r an. P r w : . : a r ;  a a of

lie r : L l J i e  w i l l , r e a p ’ e t i v e l y .  The u pper  tn 1 w n ’ : ‘ ‘n. i ‘ tea i r a

F i ’ :  ml e n , n~ yp € ani i ai . t’ ir y ir aulically oneratc I. The ‘ , n a  wi t h i n

i t. 1 c i l a n h l ) i r ;  a r  • I a V  1.

1.11. The eJ va t ioni  of t he t.o~ of’ lock wall:; , ~~i I -lu , an-I ;nair I

w a Ll s  is t9~i.0 t ’r msl , ;: n I ‘it the areas adjacent to the mi t .a’ ‘ate

re ‘eases ot ’ the t~iir1 chamber; here the top of land wall is it . e1 ’za~~i n i

.0 ft  r n s l .

I . I Y  V e r t i c al .  L i f t ,  from the lower p001 , elevation 6 6 5 . 5 ,  to the

a n p e r  pau l , elevation 682.0 , is 17.5 ft. Canit .r oi l ing  depth in the I - , w r r

lock ai~~ro’ich is governed by the poiree dam f~ nt n d a t i on  which is located

i. 5 .6 f t  below lower pool.

1.13 The fli1inI~ and emptyini i~ f the lock chambers is ‘ ic com—

plisho t through long i tud ina l  culver ts  in all three wails.

1.114 Provisions are m a l t ’  for c losures  of both chamber; .  These

c Lo s i r e s  cannot be n ia s se l j~~; emer~ eucy type c losures ;  in the 5 P—t ’l,

cham ber a cofferbeam and needl e type clusures  are used and in the 110—ft

chamber t rest les  are raised up out  of recesses provided i n  the bot tom

of the chamber ap at ream of’ the miter gatea , and bulkheads are fitted in
between each of the trestles. Embedded metal anchorages are provided

in the lower guard sill of both chambers for ins ta l la t ion  of a poiree

trest le  type dam to permit  unwat.’rtni ~ a t ’ the  lock chambers for mainte-

nance and repair work ai the  lower l a c k  r i t e s.  All the necessary m at e -

r ia ls  needed to make the  closures a r ’  stored at ORI” ;; Warehouse and

Boatyard located on N e v i l l e  I s land On the Ohio R i v e r  it , r iver  mile  7 .5 .

1.3
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SECTION 2 :  SURFACE CONCRETE DETERIORAT i ON

AND CRACKING

I n t r o d u c t i o n

2 . 1  An overal l  view of Montgomery Locks reveals  general spal ling ,

leaching and cracking of the  concre te  s u r f a c e s .  The s u r f a c e  c o n d i t i o n

is to  the  po in t  where  acce lera ted  det e r io ra t ion  wi l l  occur .

2 . 2  In c e r t a i n  lock monoli ths  there  are wide cracks (5 /32  i n . )

w h i c h  arc c lear ly s t r u c t u r a l  and need to be examined.  This  examina t ion

w i l l  t r y  and de termine  the ex ten t  and cause of the cracks . These

s t u d i e s  w i l l  involve :

a. Logical deduct ions f rom physical  observat ions of the
s t r u c t u r e .

b .  Ins t rument ing  and moni tor ing major  cracks fo r  movement
when the locks are exposed to var ious combinations of
moving and s t a t i c  loads under normal opera t ing
condit ions.

c. A crack survey (mapping of cracks onto scaled drawings )
not onl y to serve as a record and a means of communica—
tion concerning ex i s t ing  cracks but  also to es tab l i sh
t rends  and p a t t e r n s  of cracking.

d. Soniscope examinat ion  of major  cracks to de termine  t h e i r
e x t e n t .

e. St ress  ana lys i s  s tud ies .

2 . 3  In the dam there exis ts , as i t  does in the locks , a lot of

leaching  and cracking . Much of the  su r f ace  cracking is found in the

upper  t h r e e  l i f t s  of the dam piers.

2 . 4  In the locks and dam , there are groups of pa ra l l e l  cracks and

l each ing  w h i c h  i n d i c a t e  de t e r io r a t i on  due to f r eez ing  and thawing and

render  the  areas h igh ly  suscep t ib le  to wa te r  pene t r a t i on  and f ut u r e  f r e e z —

ing and t h a w i n g  ac t ion . The su r f ace  cracks wi l l  be discussed i.n de ta i l

in the  remainder of t h i s  c h a p t e r .

Resu l t s  of Moni to r ing  Cracks for  Movement

2 . 5  In the lock walls , the cracks which are of apparent  concern

are :

2 . 1



a. ~lumerous transverse and some lorigitni l in a l  ~‘r aa ~ s in the
g ii d e  and gu ru ” l  walls.

b. ~‘1: i j a r  cracking showing m i  t he  upstream i ’m I w i l l  h~ t t sr ~
f’ly valve and bulkhead shafts and significant craakini~
app ear ing  in the downstream shafts.

a. A predominate crack which extends a l~ ag the center’ a t ’ lie
lock chamber middle wall parallel to the lock.

: .  Cracking in the upper gate monoliths of both tin’ m i d d l e
and river walls.

The rr ,a i l it h  number ing  and s ta t ioning is shown in  Figure 2.1 It was de-

cide-i to f i r s t  monitor the cracks in :

a. The upstream land wall butterfly valve monolith .
Cracks and gage locations are shown in Figure 2. 2.

‘b. The upstream middle wall gate monolith. Crack and
gage locations are shown in Figure 2.3.

c. The upstream river wall gate monolith. Crack and
gage locations are shown in Figure 2.14 .

2. e These major cracks were monitored ta see if  there w i n  any

movement when changes in loadLn~,a were imposed upon the locks. Cam b i—

na t ions  of l u a l i n g  were induced by:

a. f l i a n a g i n g  paul  levels.

b. Opening  ani l c losing gates .

a. Opening  butterfly valves allowing water to enter the lock.

Thu c l i eck ~ rig far crack novement under combinations of water , gate and

uit t crt iy valve LaaIl flgl helps in considering the cause and importance

of the cracks .

2 .7  The crack in the upstream land wall bu t te r f ly—valve  mon ) i 3 t h

was monitored from the top of the  monoli th and also from the ver t ica l

face wi th in  the bu t t e r f ly—valve shaft . The other two cracks were moni-

tored only from the top of the monol i th .

2.8 The measurements determining crack movement under water ,

gate , m l  valve loadings were accomplished w i t h  a Dimic Gage having a

0.00001 1;:. uccw’a:y. I1it ~n e  was  rio de tec table  crack movement under

any com b i n at i i ,n i  of’ loading . The re la t ive  movement across the cracks

w r t  m u ni t o r e d  by the pr inc i ples g iven in  ETL l l ln i _ . _ 1l8 except a more

pt’~ ’ n~ i - 1~ i nst r um e n t a t i o n  was u : ;u i  wh i c h  w ’,ul l i c teat  movement of

2 .2



) . 0000l i ’, , .~~~ 1: i ’ : t ,~ ’a~ ab le ‘t ’ ’mn ’k n : L V ’ m ’ nI ~ impl ies  I - t a t , t l ~~: gni t, n un i t

v n t l  .‘ e la’m iing:n urn ni ’t in ign i ‘ i ’ ’ m : i t J y ;if t’ ’ct ’L n I g  the x i a t .  m g  c r a c k s .

The st r ’ eas  :tn;nmlya j s t~ l u : i I i ’ i  men ia l it h s  is anoth ’ n’ m ean ; : ;  
~:1’ whi P the

C a rl a ’ u f  the ‘ rac k in g .  t d t i  11 ‘ n a  1 lt ’l’ t’l . The ;; t 1’ . ’,5; a r i a ; j :; i n ;  irn~- I em

he a :iu ; ;e :;  of’ a e r t n i j m i  c n ’ n i ’ k a ;  t h i s  d i s cu s s i o n  is g i v e n  in , T r t j  ‘ n 7

tam n k  ~;i r ’v ~

2. i An i ;:q t’ l ani t i m i iic ’ i t  I -s of r:m ; r j n I i t  i o n  of t he  i n k s  u n i t

- n n ~~ i n ;  t i n ’ i s ’gr ’ c , ex t a ’a t , ‘ i n ;  I ‘au: ;,: 0I ’ , ;u ; ’f ’ m - : e  :‘r n i ck ir ig . The :; i r f u e e

a:; - 1 ; iU ~~a r R n ~ I, e ’k: ’ w ’ - n ’ s’i~ - ‘ I  na te 5 ’ n i l e i  - I ; ’nm w i n i t’ ; ;  an !  are

1- r ~~:;unr  c i  i n  F’ i ”;r’ ’ 2 .5  ‘ a n ’  1gb l~. 1’ .

2. 10 Thu c ra c k in g  in  I, tic ak:; wi J be ii,;cusseI and a rrelnmteI

a tart :;g wi ii the - d : ;t n ’c a ,m  I ‘ miii side nan ii lbs excel t whe n ;  general

t cr 11- i n n  n i ce  i : : en ’ v ’ l ;  hey w U ‘ hen be lls;’ ia:-;ed in  r e l a t i on  to the

jt iir’ n ’ m r ’ l a t S of t h u  l L ’~~5 wa ci 1 5 1  ‘i b t ia t i  the ti’eninl .

~ .lI As t h u  c r a n k : ;  were s tudied , i t  h n ’ c’mm e apparent that a Ii : ;—

tin t P ni between their degr’iu’ a n t  impor t ance  needed t a  be delineated.

The del  ;;e nit jon as given in Table : . 1 was use  I to categorize the cracks

by width and ‘ Xtt’n it . T h i n ;  in e f f e c t  class i f i ed  the cracks  accord ing  to

imi-ol’tanice as they appeared from the surface  observations .

2.12 The upper guide wall extension is in good condition and only

has surface cracking in the upstream end monolith. The original upper guide

wall has significant transverse cracking much of which extends to a con-

siderable depth as can be seen on either side of the monoliths. A trend of

cra cking becomes appar en t in the guide and guard walls . The extent of

cracking in guide and guard walls may be ra ted from the most to the least ,
both in number and degree , as f ollows : upper  guide wall , lower guide wall ,
upper guard wall , and lower guard wall. There is a lot of cracking in the

lower guard wall but the cracks are smaller in width and less in extent. The

main cracks in these walls are located close to the middle half of the mono-

lith and extend from the water line on river side to the water or fill line

on land side. This total trend of cracking leads to the hypothesis that
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their ori gin is probably due to barge impact loads. The frequency and

the intensity of barge impact are both important in affecting the mono-

liths. This leads to the conclusion that the smaller lock which

carr ies l ight traffic and is next to the guard walls should be subjected

to lighter impact loads than the guide walls. Also , seemingl y ;i barge

headed downstream would create a larger impact than one headed upstream

due to the greater ,nomentum caused by the current. This logic makes

the rank ing of crack ing from most to less severe in the upper guide

wall , lower guidewall , upper guard wall and the lower guard wall. This

is the case (except the cracking in the lower guide and upper guard

wall is about the same) and fits the trend that the origin of the cracks

is barge impact.

2.13 Now , considering the crack ing in the land wall , the most
severe crack ing is in the upper portion of the wall, This trend is

cont inued across the three walls in that the most severe cracking is in

their upper ends. Again a barge headed downstream would create a

larger impact than one headed upstream; therefore , the impact force

would tend to be larger and cracking more significant on the upstream

port ion of the lock walls. This could well be the reason the most

significant cracks exist in the upstream portion of the lock walls at

Montgomery Locks and Dam.

2.14 In the stress analysis given in Section 6, it is seen tha t

the barge irn,aact can cause the center line cracking parallel to the lock

due to excessive tensile stress and cracking in culvert walls allowing

stress flow upward through the center of the monolith. The impact

stresses were relieved by transverse crack ing in the guide and guard
walls but due to stress concentrations at changes in geometry of culverts

and block outs it is relieved by longitudinal cracking in the lock

chamber monoliths.

2.15 Center—line cracks in the lock walls exist mostly in their

upstream half; except , the land wall also has significant center—line

cracks in its downstream butterfly—valve and bulkhead shafts. In the

shafts where centt- -r—line cracking is signif icant the cracks can be seen

to extend to and below the water line at el 664.5. The trend is that

cracks seen in the monolith surface which extend Into the pipe—gallery
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“ ii i n i g  m l  v ’ m ”~ ica l W:L~ 15 o l i n ;  n ut  l~~’ n a ; i ’ n i  in  t h e  f t  on ’ . Art ‘x ’ ’ ’ r ’ t . i a n

I h i s  Ln~~~ ,”’~ i ~n n n i a~i - 1 _ j t }i i~t — b of the  mid n i t , : ’  wall w i ; ’ ’ ; ”  a

r: € :‘~ a ’ s i l  f t  ‘ i ’ 01’ t u e ~~t p~’ gn i  1 I~ ‘r ,y . tb ’  ‘ n ; ’ ‘ ‘ ‘ n ;  ~ ‘ ‘—li ; ‘ ‘c’ . ’

‘;‘uld i n ’  i’ .’l, ’t ’ - O ’n ‘~0 i n n ; p ; m n ’’ ~ t t a  ,“iIiS l n ig h igh  : n t r ’ ’ : ; n ;  n n n i ’ ” n i ’ - r ” m ’, i  la n -

n ‘~ n’ n i l ;  I ~n ’ n ; i n i gn ; , n ; t - r ’ uge  bay;; , 1i  g u t  i ’:r i”s , and c o n d u i t s .

Lu  T in ’  a m ’ n m o k i n i g  in  I h ’’ a t r u n t u r a l  slab ov, i’  ‘ h a  a t  -a ’ ’ i ;  ‘ ‘ ‘ i r a

n t l ;e  Il’, I ’  l e n t  w a i l  15 1 Sgi  t u - l i n n i l  l awn ;  j t , a ; ‘efl ’ ’ nI ’ , e,~’ ,~n r ; I , :  i wa ‘he

fa~’ ’ on ’ the cnii w i ; is u n i t  ‘ o m i t  i m ~uen ; l at e  ‘ t i e  bu lk h ’’aI I  ccc’ s, ; .  T h i s

cracking c a n i n ; - a. ir e seen in  the  ! ‘ I car of the s to r a g e  p it:; .

2 .17 The c: ’uak;; n;een in the tunnels of th~’ 1 a n t  wi l l  mar t  1 i ths

n ic e  shown in F l  I ’UI ’ es ii . 7 and U8.  Some t r ansvers e crack i :;g in monoli th

P — I T , ; t i . wa on the surface a n t  also in the pipe gallery . The center—line

‘;‘ ; mcm: i n i g  in the land wall bu t t e r f ly—valve  monol i th  L— l9 shows ui in

t i n ’  p i ja ’  ga l ler y  ce i l ing  and walls arid in the  but t”r ’ f’ly—valve recess .

Th i s  c r a c k i n g  extend s back into mo nolith i~— i 8 .  One t ransverse  c r an k

c an ,  i;” seen tOt’O n O  the floor which i nd icat e s  there  could be n ; nme depth

n o  t h i s  c r a c k i n g .  This  is one of the cracks studied by pulse ve loc i ty  work

int l w i l l  be d i scussed  later in this  sect ion.  The c r a c k in g  i n the end of

t b . - bu t t e r f ly-valve monoli th is not surprising because of the large cut

- nut .  which leaves only a small longitudinal thickness of concrete  to

carry any stresses induced perpendicular to the center l ine .  In mono—

l i t k i  L—2 9 and L~—3O the  cracks in the top surface can be correlated w i t h

those in  the  cei l ing and walls of the pipe gallery and in the faces of

the bulkhead sha ”t , .

2.18 l’h~’ downstream bulkhead has cracking which extends to

some depth as can be seen in the bulkhead recess.  There is c rack ing

in the rest of the land wall but as mentioned earl ier  it is less

severe than that in the upper half’ of th i s  wall .

2. ~9 The iower guide wall has si g n i f i c a n t  cracking as can be

seen from Figure 2.6 but it is less severe than that, in the upper guide

wall. The main cracking is in its lower end where it experiences the

worse impact loadings.

:‘.20 The predominate cracking in the middle wall is along its

center parallel to the lock. In Sect ion 6 the reason for this cracking
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is hypothesized as be ing caused by barge impact. This idea is substan-

tiated by the fact that the longitudinal crack is not predominate in

the gate bay monoliths. The monoliths could still get impact from the

river—side lock but the river lock handles lighter traffic. These

long itudinal cracks show in the ceil ing bu t not in the f lo or excep t in

monolith M—8. Transverse cracking occurs in most upper guard wall

monoliths. These cracks are usually located close to the middle half of

the monolith , with the more significant cracks extend ing down to the

water surface and ranging in width up to 5/32 of an inch.

2.21 A transverse crack similar to those on the upper guide wall

exists near the mid point of monolith L—9. This crack is less than 5/32

of an inch in width and extends down to the water surface on both sides.

2.22 Sign ificant cracks are in the upper end of the river wall

(monoliths R—lO , R—ll , R—12 , and R—13). Some of these cracks reach

widths in excess of 5/32 in. and extend down to the water surface in the

shafts.

2.23 In summary the significant transverse cracks in the lock

walls correlate with those in the ceiling and walls of the pipe gal—

leries. The longitudinal cracks correlate with cracks in the ceilings

of the galleries but are not seen (except in M—8) in the floors. There

is strong evidence that much of the cracking is caused by barge impact.

Barge impact would not necessarily have to cause cracking in the center

of the ga l lery floors but could be relieved by crack ing the ce ilings

mainly in the center because of the comparatively thin slab of concrete

abov e the gal lery . Many of these cracks discussed above appear in the

p ipe gallery and in the land and river faces of the monoliths which will

allow freezing and thawing action to deteriorate the monoliths to a con-

siderable depth. The cracks should be sealed from the weather and some

of the larger ones monitored to see if they become worse ; barge impact

could cause the cracks to progressively become worse and deteriorate the

monoliths.

2.24 A pulse velocity stud y was mad e to de termine the dep th of

the cracks beyond that which is apparent from the surface and from ob-

servations within tunnels and other blockouts within monoliths.

2.6



Pulse Velocity Investigation

Backgro und

2.25 The ultrasonic pulse velocity technique is an accepted

technique for nondestructively studying the integrity of concrete structures.

It can give useful information regarding the quality of the concrete and

in many instances , the severity of cracking .

2.26 In surveying a structure using this technique , it is desirable

to send a pulse throug h a wal l , or walls , in as many areas as acces-

sib ility will permit. At selected points along a wall the transmitter

and receiver tranducers are placed opposite each other on either side

of the wall and a pulse imparted to the concrete. If the concrete is of

good qual ity,  the signal will be picked up af ter passing through the

wall. A mass of concrete of excellent quality will have high pulse—

velocity magnitudes while poor quality will yield low velocities . Cracks

will significantly reduce both the velocity and the strength of the signal .

Experience in ultrasonic testing indicates that the relation between

velocity and quality of concrete of normal density is approxima tely as
shown in the following tabulation . It should be noted , however , that
these values are only typical and cannot be expected to apply in all

instances.

Pulse Velocity,
fps Condi tion

Above 15 ,000 Excellent

12 ,000 — 15 ,000 Generally good

10,000 - 12 ,000 Questionable

7,000 — 10,000 Generally poor

Below 7,000 Very poor

2.27 Ultrasonic pulse—velocity measurements were made in the lock

land wall , middle wall , and river wall at Montgomery Locks and Dam on

the Ohio River , Pittsburgh District. The primary objective of this study

was to attempt to determine the depth of several visible surface cracks at

specific locations on the lock walls. One borehole was drilled on each
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lock wal l  in t he  v i c i n i t y  of the cr ;icks of i n t e r e s t .  These b orehol e ’ s we re

drilled through the wall to the base of t h e  s t r u c t u r e .

2.28 Most of th e  measurements  were  made u s i n g  b o r e h o l e  t r a n s d u ce r s

in conjunction with t i n ’  n~o nn i s c o p e . These t r a n s d u c e r s  r e q u i r e  w a t e r  as

a couplant to the str ii~ n i t ’ ;  t h e r e f o r e , t he’ transducers are’ used only in

situations where areas el interest are below water lev e l. One transducer

was inserted in the water—filled borehole and the other along the side

of the lock wall below water level.

Land Wall Measu remen ts

2.29 The first set of measurements on the land wall was from the

borehole which was 20.25 ft from the lock wall in monolith No . 19 at

station 3 + 39.25A. Measurements were begun with both transducers located

15 ft below the deck and continued at 5—ft intervals to a depth of 40 ft.

Both gages were then lowered to the bottom of the lock pool , 42 ft below

deck , and a velocity measurement was made . The pool—side transducer was

held at —42 ft and the borehole transducer was lowered at 5—ft intervals

to —75 ft , and velocity measurements were made at each location. An

add itiona l measurement was made with the borehole transducer at —78 ft.

2.30 The pulse velocity range was from 13 ,720 to 14 ,411 f ps with
an average velocity of 14,110 f ps. Three data points were not included

(between 25 and 40 ft) because the path was through a 13—ft gallery filled

with water. The average velocity for  these three po in ts was 6060 f ps.
These and ther velocity data are shown in Table 2.2.

2.31 The second set of measurements on the land wall was from the

borehole which was 25.3 ft from the lock chamber in monolith No. 18 at

station 3 + 13.95A. Measurements were begun with both transducers located

15 ft bel ow the deck and continued at 5—ft intervals to a depth of 40 ft.

Both gages were again lowered to 42 ft and measurements were continued

hie ridi rig the f looding chamber t ransducer at 42 ft and lowering the borehole

transducer to a depth of 78 ft in increments of 5 ft. ‘rhe pulse velocities

rang ed f rom 13 ,177 f ps to 14,560 f ps with an average velocity of 14,054 fps.
2.32 The preceding two sets of measurements did not show any strong

ev idence of excessive cracking below the water level. However, small— to

med ium—size cracks which are filled with water would not affect the velocity
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magnitude signific antly unless they art’ numerous. The v e l o c i t ie s  o b t a in e d

be’ t w~ ,’n t h e  b o r e h o l e ’  and the  lock chamber  we ’r e ’ , in some case’s , sti f f  i cj e f l t  ly

low t o  ,il low a c’lass if i t ’at ion of  ‘‘suspe ’m ’ t are’;i •

2 . 3 3  A third S e t  ot t ni & ’ , j e ure ’m e ’l i t  S was taken f r o m  t i i ~ top s u r f a c e

of the land wall , 1 4.7 ft to the lock wall , across a visible crack in the

b u t t e r f l y valve monolith. l i f t ’  t r a n s d u c e r  on the’ t op  s u r f a c e  was held in

place whi le  the  wa l l  t r a n s d u cer  was moved downward in 7 s teps  f r o m  1 f t  to

42 f t  f r o m  the  s u r l ; i e ’ e. Only two s u c c e s s f u l  measu remen t s  were o b t a i n e d .

At 15 f t  down t h e ’  lock w a l l , a v e l o c i t y  of 7368 f ps was o b t a i n e d  and at

25 f t  down , a v e l o c i ty  of 7702  f p s  w ;is o b t a i n e d .  I t  can the n be conc luded

t h a t  t h i s  c r a c k  most l i k e ly e x t e n d s  to , or nea r ly  to , a dep th  of 42 f t .

. i.  t4 Measurements  wer e  a l so  made f r o m  t h e  borehole  to the  lock

w a l l  face at a d e p t h  of  25 f t  below the deck. The lock wall t ransducer

was moved at 6—ft intervals upstream along the lock walls. Velocity

measurements we’re made at every 6—ft interval. The first 3 measurements

gave v e l o c i t ie s  of 13 , 846 to 14 , 585 f ps , which would show no s i g n i f i c a n t

cracking. The additional measurements were across monoliths and gave

unacceptable data.

2.35 Measurements were taken with a surface transmitter p laced

8 ft below the top deck on the vertical face of the butterfl y valve

wall at station 3 + 56.OA and with the borehole receiving transducer lo-

cated at 8 depths in the lock pool ranging from 11.6 ft to 42 ft. No

data were obtained at depths 35 and 42 ft. The data for the remaining

six locations ranged from 11,817 to 13,112 fps with an average velocity of

12 ,449 fps. These values indicate that the crack does extend to a depth

of at least 42 ft.

2.36 The final ultrasonic pulse velocity measurements on the land

wall were taken acr oss the surf ace from the vicinit y of the bor ehole

across several cracks to the vertical wall at station 3 + 21.2A. The trans-

mitter was positioned 1.25 ft below the monolith surface on the vertical

wall and the receiver on the monolith surface across from the transmitter.

The pulse velocities for the two positions were 9,885 and 9 ,224 f ps , con-
f irming that the cracks are more than just surface cracks.
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M i d d l e  Lock Wal l  Measurements

2 . 3 7  P u l s e — v e l o c i t y  t es t s  were conduc ted  f rom the borehole  w h i c h  is

14.8 ft from the ’ f ace  of the  la rge  lock chambe r at s t a t i o n  3 + QU A. Measure-

m e n t s  were’ begun with both transducers located 15 ft below the deck and

continued at 5—ft i n t e rva l s  to a d e p t h  of 42 ft. The poo l—side  t r a n s d u c e r

was held at —42 ft and the borehole transducer was lowered at 5—ft intervals

to —75 ft , and veloc ity measurements were made at each location.

2.38 The pulse—velocity range was from 13 ,307 to 16,426 f ps with an
average veloc ity of 14 ,587 f ps. Four data points were not included (between

30 and 42 it) because the path was through a gallery filled with water. The

average for these four locations was 6328 fps. The magnitude of the pulse—

velocity signals were of sufficient magnitude to indicate that there is

no severe cracking below water level (12 ft below deck) at this particular

station .

2.39 Pulse—veloc ity measurements were made from the borehole to

the wall of the flooding chamber a distance of 11.5 ft across a visible

surface crack. Measurements beginning at a point 12 ft below the deck

to a depth of 25 ft showed no severe cracking. The velocities ranged

f r om 14 ,650 f ps to 15 ,092 f ps. Measurements were inconclusive from the

bottom of the gallery to the bottom of the borehole because of insufficient

signal strength to resolve the first arrival.

2.40 Pulse—velocity measurements were made from the borehole to

the wall of the small lock through a distance of 8.6 ft. Measurement s

were begun with both transducers located 12 ft be low the deck and continued

at 5—ft intervals to a depth of 20 ft (bottom of small lock). The pool—side

transducer was held at —20 ft and the borehole transducer was lowered at

5—f t intervals to a depth of 60 ft , and velocity measurements were attempted

at each location . To a depth of 25 ft , the velocities ranged from 14,751 f ps
to 15 ,237 f ps , indicating no severe cracks. Measurements below 30 ft were

no t successful , indicating possible cracking or lift—joint separations.

2.41 Measurements were made at two locations on the middle lock

wall with the borehole transducer located on the opposite sides of the wall.

Measurements were made from a depth of 12 ft to 42 ft. The path length

for the ultrasonic pulse was 24 ft. There were visible surface cracks at
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t he n ;,, ’ 1 i nc  at  ions , but ,lIn p;i re’n l v  d Id n i  ‘ I  ext end t er a d e p t h  ‘ f 12 ft be cause

veloc ~t ~e’5 wh ich ranged  I r~’m 1 ~, -~ 14 1 ps t O  15 ,73 8 I ps did not show signif I—

cant cracki ng. At On e e) t t h it ’ l ’ ’ c ; i t  ie)ns , v,’loe’ I ty  ne ’;lsur enme ’nt s were made

c l o se  t o  t he’ t o p  s u r f a c e  o t  the w a l l .  ‘ h b n ’  s i gnal  s t r e n g t h s  were  very  poor ,

and the ve’Ioc it ies were 11 , 1 37 f ps. ‘I’I’ie ’st’ dat ;i m d  icated that the cracks

did have a de pth of at least 1 — 1 / 2  f t .

River W a i l  M e a s u r e m ent s

2 . 42 V e l o c i t y  t e s t s  were  made ’ f r o m  a boreho l e’ at  s t a t i o n  2 + 32 .5 ,

m o n o l i t h  No.  12 , to  ti le ’ small lock wa l l s  at i n c r e m e n t s  s imi l a r  to p rev ious

lock w a l l s .  The lock wall  t r a n s d u c e r  was lowered to 24 ft. Because of

interference’ of the  lower gallery, measurements could not be made at

borehole depths greater than 30 ft. The velocities ranged from 13 ,616 fps

to 13 ,969 f ps. These data do not indicate severe cracking.

2.43 Similar measurements were made with the lock wall transducer

moved 13.9 ft downstream. The pulse velocities ranged from 12 ,926 f ps to

14 ,350 f ps. These data , aga in , do not indicate severe cracking; however ,

the signal strengths were sufficientl y low so as to make this a suspect

area.

2.44 Velocity measurements were taken between the borehole and the

river wall at depths of 12 ft , 20 ft , and 30 ft with a path length of

2.08 ft. The velocities ranged from 13 ,506 f ps to 14 ,751 f ps , indicating

no severe cracking.

Conclusions

2 . 4 5  The u l t r a s o n i c  p u l s e— v e l o c i t y  t e s t s  do i n d i c a t e  in some in s t ances

cracking down into the structure. Pulse velocity tests through saturated

concrete below water level do not always show cracks because’ the water fills

the space. In some instances the signal strength or transmission t i n e’

will not be significantly affected by the water—filled cracks , although if

the cracks are large or numerous , the pulse velocity will usually be reduced

significantly.

2.46 The’ main concerns for the large cracks at Montgomery Lock and

Dam (except for the cracks along the middle lock wall) should be satisfied

by instrumenting and keeping a systematic weekly record of the surface crack

widths. If the cracks do not increase in width , there’ is no problem; if
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h e y  do , f u r t h e r  s t u d y  is  n ec e s sa ry  at t h a t  t i m e . ‘l ’hne c r a c k  down t h e  m i d d l e

lock w a l l  should also be in s t rumcn te ’J  and week ly  r eco rds  kept  of t he  sur-

f a c e  c r ack  w i d t h .  The lowe r c u l v e r t  w a l l  s h o u l d  be checked  f o r  c r a c k i n g  and

the hy p o t h e s i s  t h a t  barge  i m p a c t  c ;t t i se d  t h i s  c rac k  i n v e s t  i g a t e d.

Sur f ace  C o n d i t i o n

2 .47  The land — , m i d d l e — , and r v i ’ r — w a l l  monoliths a re  c r a c k e d ,

spa I led , and in genera l  show s igns  of p rog re s s ive  dci  e’ r i o rat  ion due ’ to

w e a t h e r i n g .  The c o n c r e t e  is n o n a i r  en t r a i n e d  w h i c h  w i l l  a l low p r o g r e n s —

sive damage due to f r eez ing  and thawing .  M any open cracks a l low w a t e r

p e n e t r a t i o n  which  r esu l t s  in a c c e l e r a t e d  d e t e r i o r a t i o n  due to f r e e z i n g

and thawing.

2 . 4 8  The s u r f a c e  co n d i t i o n  and the  c ’xt e ’n t  of c r a c k i n g  sugges t s

t h a t  some’ a c t i o n  must  be t a k e n .  As a min imum , the  concre te  s u r f a c e s

nus t  be rehabilitated to check acce le ra ted  d e t e r ior a t i o n,  It  is not

poss ib le  to re c ommend the most f eas ib le  ac t ion  w i t h o u t  a f e a s i b i l i t y

s t u d y  cons ide r i ng  the t o t a l  lock and dam ope ra t iona l  and ma i n t e n a n c e

c o st s  over an’ ex tended  per iod of t i m e  (30 to 50 y e a r s ) .

2 . 4 9  The n ex t  s t ep  in the eva lua t ion  of Montgonier~- Locks and Dam

is t o  make a f e a s i b i l i t y  s t u d y  of r e h a b i l i t a t i o n  or r e p l a c e m e n t .
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STA 3+59.75A (MoNoLITH JOINT)

1.17’
STA 3+5L75A

(MONOLITH JOINT)

STA 3+57. 67A (BUTTERFLY SHAFT)

I _ _ _ _ _ _ _ _  _ _ _  B

STA ~ +I4.OA
(Mo NoLITh JOINT) 

~~
ELEVATION VIEW

Figure 2.2. Crack and gage locations for strain instrumentation
in the land wall butterfly valve monolith , L—l9.
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STA 4+23.73A
(MoNoLITH JOINT)

1.08’

— STA 3+75.73A
(MONOLITH JOIN T)

STA 3+75.73A
(MONOLITH JOINT)

Figure 2.3. Crack and gage loca tions for  stra in ins trumen tation
in the middle wall gate bay monolith , M—5 .
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STA 2+53.OOA
(MONOLITH JOINT)

~~~~~~~~~~~~~~~~~~~~~~~~~~~ IIIII/
)

STA 2 + I I . 9 5 A
(MONOLITH JOINT)

Figure 2.4. Crack and gage locations for strain instrumentation
in the river wall gate bay monolith , R—l2.

2.17



wa s P 4 , 0 4  . s S  ‘ T  - -

H --

, I L A L , Ib

2.18



- ~~~~ ,‘ ,, - I j c, w ”ji ’ “
~~~~~~~~~~~~~~~~~~~~~~~

PT - , ‘~
, 

a

Y C ’. P P  ‘ W A S ‘ — 052 4 0 .

W c 4 ’A P ’  W A S  ‘ ‘ 5 2 ” . , ,  p 
~~~ ‘. .  -•_,j ‘~“•‘“ ‘  ‘: ‘ aW A ’ “ 

‘ I ‘
4- , ~, >

.54 , 0 ’ O , , C  ‘ .~ W 0 ’ 4 9 4 7  W A S ’ 0~~ ’ 4 ’ ’ t v i 5 ’ ”.~~~~ A C ’S ‘ 0  W A S ’ - + 4
I ,  I “

W ’ . 4 ’ 4 4 ~~~ 4 W A 5  i_::. - .0 74 ‘ O W L S  L’ ~~~~~~~~~ ~~ bC C.~~ ~~~~ 
i-:

1, 1
7 4 , 4  , ,ç 

‘ , W 0 ’ P i  • I W A C  

~~~

‘
• 

‘ 2  
~~~ 5’St ‘ P  ~~~~ L — - H O Ot ‘ 2  0~~~’

V 5 L ’GS . 1  w A S  ‘ ¶ , — ‘ P c ’, + 4  W A S  —~~~~ ‘ ‘ 9 02 9 4 0 2  C , ~~~~~~~~~~~~ ~ — ~£ 

~~~~ 

_
~~~ 

~~~~~~~~~ 

I~ ~

~~~~~~~~~~~ 
~~~~~~~~~~ 

W 0 , 5 2 ’ P W A S : 

~~O S ’ W L .  

B 0 ’ P t ’ S W A C

- V. 4 , , - ‘ ‘
4+ 

‘ A “ ‘ ‘ ‘ -
‘I - C ‘ , 4 - , ,

. 4 - , ’ ’ ., ’ P
V . ’ . 

.,I

0 ’0 .~~

2 . 1 9



5 0 

~~~~~~

A. ~_ ‘~i ,_ _ ~ ,
‘ r~~~~ f

0 
W £ ’ , ’, ’ O W A ’ ~~ n ’ ’  ‘ ‘ - “ ‘ ‘ 54.1

+ ,, e V 0 ’ 7 ,  ‘C  W 4 S +4 ’  .. ,‘‘
I 4’~~~, . 0 0 ) 9 ’ 2 V , ”  ~~~~~~~~~~ ,., , ,,. ) 0

L ~~~ 4 P . O~~~~4 S ’  A ‘
~ 

C
+ P ) W S )  9 J f l 9 5/ ’.  WO ( ’ 4 4 + 7  V i ’ .  - 

., Co
- 5 ’

I 

- 

I

1 ’  ~~~ + 

~~
‘
~~

:•
‘

.
~ * 1 ~~~~~~~~~~~~~~~~~~~~~ 

,‘ ,J i

4 ‘~ 
w

4
~~~~

C
4~ ~i~ - ti ..~ 4

I ~, , W0’SP ~~ S . 
‘

2.20



- 

-

C -L 1’ 0 0  0 0
0 -

: 
_ _ _ _ _  

: r ~~~~~~~~~ ±
L~~o~~~*7~ ~~1co j~~~~~~ ~ _ _ _ _ _ _ _

4 0 4 0 d ’s’ 4 4

1 fl H

Fi gu re 2.8.  Crack survey , land wall——lower ha lf , tun nels and shaf ts ,
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Montgomery Locks and Dam , Ohio River .

2.24



• 2 3.4
V W ’ ’ I O , )  ‘ - — ‘ , ‘~

- ‘  II)

“-I
S --

0

0

ii C
Co
0

A” • I .p 0, v O : ’ 
‘0C

- 
3 0 ’. I ’ + +~~’ ’  CoS ‘

+ I CI)A ’ .  -

- C.)
V t ,  ‘ ‘ ‘ ‘ V A ’S ‘ ‘ - - 

L, I - - 0- - - I - - - -4• J +“  “ i ’ ”  SP O Ol ‘ O W L S  ‘ - ‘
• ‘ + — >5

3,4
— -  A

r~~~ r ’  1 Cp4 ’  0 5 ( 0 , ’ .  L 3  0
. 7 - 

- 

00
sw0’99’ + v ’s 4— -- -“‘ 4~J

,4,- ,’. , 0 W i S ~~~’ ‘
,

~ 
~~~~~~~~ 

r
- 

410,0 ‘ +  ~~~‘- 
- — - — - - f t  - ‘ 005 0 € ’ ’ ,  W A S , , ,

I —4

S 

I 

s~

- 00’ P S O W I S  “‘‘ - 4 ’  u ’ ’ .  -

A’ I
- 

I

- ’ ‘ 
‘0

- -~~ 
- Co

p I ” H A ’ P W , S  -

,,, - - - , P ’ O W I S  L— ‘, 
+ ‘ 

C ’ , ’~~ , P p , ’, ,, — ‘

I -  
I -~~

44 
C- ‘ 

~‘- 3.4
- 40 1 ’ ’, + 0 W A S  - 

+
+ 

,
, •

II 

.A

! 
- 

V 5 + 1 5 , 0 0 7’  

0 I 2 ’ P + . C  W ,  . • C
017 2( + 4 ~~+ S  - + - - -

- I I ‘
.1 

~~~~~~~~~~~~~~~~~ ‘ ‘~I ‘0 0 0 4 4 P ’  , + .~~~ ‘ I I —
i 4 , ’V

’
, ~~~~~~~~~~~~~~ I

P - P  9~~~~ ‘ + 4 W L 9 ’ t O  ‘ I  V i ’ .  ~~‘ I + P ~~’ 6 ” ’ ? V A 5  ‘ ‘ W

1 ’ ’ 101111 ~~~~~~~~~~~~~~~ .~ 0

2~ ‘ + 7- .

2.25



I~

800 ISO , 0 0 4 ‘ , 
•“ - ‘  - a- 

i4~~ ’~~L , ’ . ’ , , , ’ ’ ”  ‘0- ‘ II IS O A ’ O 0 4 ’  
•

, , 
- 0 , 4 ,  

, , , , , 
, , C t•~C I  4 4 .  

‘ ‘  Co~~L ,
- C f l ’ -4

0
“ +S4’. P , ,O ,, ’, 

, ,,C
- ‘  -~~~ “ 4 ’ - - : ~ -

-:~~ -,, ‘:
~~~~~,~~ -0P 6 , , , C p t ’ — a a- 

@++t - .c’ + o o is ‘
*~~ ‘ — E

4--- ,5 ;, , , -
~

j -ui O , ’S , , . O P , + S  
“01+

- - ‘
- 0 7 0 ,  - 

II) Co
>-

- 
5 - ” -

- - - • ‘  “ 
‘ .51 5 5 ,0 0 7 ’  ‘ . ,,~ - “ ‘,  ‘ U4 ’  4 .  . 

- ‘ ‘ ‘- ‘ 05€ + 9 ’ O V , ’, • - a 0
• 0  0.49 

- 
I , . ‘  V 5 4 1 6 ’ O V i S  

3.1 3.4I ’
- . -

- ‘  
-

~~~~~ 0- 4 . • .~~~~00- 1 ~, o 0 7 7 S +  V A ’ , , ,  
. c_n i—i

C o CI ~~~~
‘ ‘ . 3 . 4 0

ox

— ( ,,
~ + 

0 9  + S L 
—- ‘ ‘ ‘

:1 ~~~~~
‘ ‘  

‘•.. 
c_-I

• d , _ 
~~~ - ,, ,~~

, ,. ~~~~~~~~~~~ 

•
,. • 

‘•

, ,  
,: ,, I’, •

• 
- 

9”. ‘ ‘  3.10 5 9 ’ S  5 . 2  v i ’, . ‘ 
_ A- “
. . - 004 ’ , 

V ‘3:“44 9” (( ‘7  W A ’- , / ;  -:

C 

‘ 
- : +A ’: 

- ~~“ “ ‘ ~~ “ .  :4
9 ‘ ,,; ‘,‘ , - W ( L ’2 9’  ~~~~~ •

a 
‘ • :~:~ ‘;~:i” • , ‘ W ) P ’, + , , O V A ’ , :1’ •

, : ‘ , :  -

/ 
1. 

~
‘

2.26



Table 2.1

Surface Crack Delineations

Depth as Can be Seen
____________ Surface  W i d t h , in .  at the Concrete Surrace

Width  < 1/32 J’ extent could be seen
Width  > 1/32 < 5/32 No extent could be seen

— — 
Width  < 5/32  Ext ent seen

W i d t h  > 5/32 Extent seen
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Table 2.2

Pul s~ V ” 1 o c i ~~y, l es t  R& ’su1ts ~ Montj mery L~~’ks and i arn

Vert ical Distance
From Top of Path Pulse

Test Lock S u r f a c e  (ft) Length Velocity
Locat ion  

— 
Borehole Pool (ft) (fps)

Landside  Wal l  — 12 12 2 0 . 1  None

Borehole to Lock 15 15 1~ 14,056
wall 20 20 “ 13 ,720

C ‘I 25 25 I’ 14 V 205
30 30 “ Thru

Il 
3 5  3 5  

“ Gal lery
‘4  40 40 “

I l  42 42 “ 14 ,155
“ 45 ~1 20.32 14 ,411

50 “ 21.63 14,184
55 “ 23.94 14,166
60 “ 26.98 14,052
65 “ 30.55 14,176
70 “ 34.47 14,127
75 “ 38.64 14,076
78 “ 41.23 14 ,000

Landside Wall — 15 15 25.3 14,213
Borehole to Flooding 20 20 “ 13 ,863
Chamber 25 25 13 ,978

30 30 “ 13 , 386
35 35 “ 13 0 386
40 40 “ 13 ,171
45 42 25.48 14,560
50 “ 26.53 14,418
55 “ 28.44 14,305
60 ‘ 31.05 14,375
65 I I  34.19 14,276
70 “ 37.74 14,268
75 “ 41.58 14,264
78 ‘~ 44.0 14,239

Landside Wall — Su~~~ce 15 21 7,368
Top surface to lock “ 20 None
wall across crack on 25 29 7,702
butterfly valve wall “ 30 None

42 None

(Continued)
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Table 2.2 (Continued)

Ver tical Distance
From Top of Path Pulse

Test Lock Sur face  ( f t )  Length Veloc i ty
Location Borehole Pooi. (ft) (fps)

Landside Wall — 25 25 20.1 14,010
Borehole to lock face. 25 25 20.98 13 ,846
(First Measurement — 25 25 23.41 14,585
straight thru. 25 25 26.98 None
Add itional measure— 25 25 31.31 ‘!one
ments — Pool transducer
moved ups tream in 6 f t
increments.

Landside Wall — 8’ below 42 None
Surface of vertical deck on 35 None
butterfly valve wall vertical 30 27.47 13,112
across crack face of 27 25.13 12 ,888

butterfly 25 23.66 12,583
valve wall 20 20.36 12 ,378

15 17.88 11 ,918
11.6 16.84 11,817

Landside Wall —

Deck surface close On 1.25 17.74 9,885
to borehole across surface on vertical 15.45 9,224
visible cracks to near wall
ver tical wall at borehole
station 3 + 21.2A

(Cont inued)
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Table 2.2 (Continued)

Ver tical Distance
From Top of Pa th Pulse

Test Lock Surface (ft) Length Velocity
Location Borehole Pool (ft) (fps) 

—

Middle Wall — 12 12 14.8 None
Borehole to large 15 15 “ 14 ,095
lock wall 20 20 “ 16 ,424

25 25 1~ 15 ,417
30 30 Thru
35 35 Gallery
40 40 “

42 42 “

45 “ 15.1 14,733
50 “ 16.82 14,566
55 “ 19.7 14,379
60 “ 23.3 14,296
65 “ 27.35 14,062
70 “ 31.671 13 ,307

Middle Wall — 12 12 11.5 15 ,092
Borehole to the wall 15 15 “ 14 ,781
of Flooding Chamber 20 20 “ 14 ,896

25 25 ~1 14 ,650
30 30 “ Thru
35 35 “ Gallery
40 40 “

42 42 “

45 “ 11.88 None
50 “ 14.01
55 17.36
60 “

70 “

Middle Wall — 12 12 8.6 15,168
Borehole tosmall 15 15 8.6 14,751
lock wall 20 20 8.6 14,905

25 9.95 15,237
30 “ 13.19 Thru
35 H Gallery
40
50 “ None
60 “ None

(Continued)
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Table 2.2 (Continued)

Ver ti cal Di st ance
From Top of Path Pulse

Test Lock Su r f ace  ( f t )  Length  V e l o c i ty
Locat ion Pool Pool (ft) (fps)

Middle Lock Wail — 12 12 24 None
Across Lock Wall 15 15 ‘ 14 ,414

20 20 “ 15 , 738
25 25 “ 17 ,266
30 30 “ Thru
35 35 ‘I ( ;a l l e ry
40 40

Middle Lock Wall — 12 12 24 None
Across Lock Wall 15 15 “ None
(36 ft upstream 20 20 U 14,634
from Gate house) 25 25 “ 14 ,634

30 30 “ Thru
35 35 I I  Ga l le ry
40 40
42 42 I I  1,4,545

Middle Lock Wall — 1 1 24 11,137
Across Lock Wall 1 1/2 1 1/2 24 11,137
(36 ft upstream
from Gate house)
using surface
transducers

(Continued)
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Table 2 . 2  ( C o n c l u d e d)

Vertical Distance
From Top of Pulse

Test Lock Surface (ft) Length Ve l i ’s ’ i t
Location Borehole Pool (ft) ( tj ~~~)

River Wall — 12 12 17.95 0 0n4’
Borehole to small 15 15 “ 13 ,969
Lockwall 20 20 13 ,9 15

24 24 “ 13 , 750
30 18.93 13,616
35 “ Gallery
40 II I n t e r f e r —
45 “ ence
50 II

55 I,

60
70

River Wall — 12 12 25.4 14,350
Borehole to small 15 15 “ 13 ,730
lock wall downs tream 20 20 “ 12 ,926
from above 13.9 ’ 25 25 “ 13 , 368

30 30 “ 14 ,350
35 35 “ Thru
40 40 “ Gallery
42 42 “ 13 ,730
45 “ 25 58 13,938
50 “ 26.63 13 ,870
55 28.53 13 ,850
60 “ 31.13 13 ,624
65 34.27 13 ,957
70 “ None

River Wall —

Borehole to River Wall 12 12 2.08 14,751
20 20 2.08 14,751
30 30 2.08 13,506

2.32



SI L I ’ ION 3 :  )N ( I~I - I ’ I -  I N ’ I  I , ( , R J T Y

I ftc m An in  c O h i o ’  ru it  Mont  gomo ’ry I ,o ’ks and I ) am s I s t h a t  , i r g& ’

i~~~’i , ’ t  ~~I 11  s t r u c t u r a l l y deter i i ’r a t e  the m o n o l i t h s  by c r i ~ k i c n ~~. ‘File

seco nd Co~tu’ € ’ n i  i s  the rn,iinv long i t  t i d  m l  and t r a n sv & ’r s c  c r a c k s  and t

n~nnv s p i l l e d  a re ,I s  vii i  ch w i l l  a l l ow  access of water t i  some d e p t h  into

t lit ’ , ‘ ‘n c r e t i ’  t l n e r o ’b v  i’aus ing more and more d e t e r  t o r a t  ion by f r e e z i n g

and t h a w i n g .

3 . 2  Some measu re s  need to  be taken to allow the  most e conomic a l

and best operational use of the Locks and Dam for an extended period of

t ime (30 to 30 vr ). The a c t i o n  t o  t ake  w i l l  depend upon the most  fi ’;i~~ib1c

a l t e r n a t i v e  ot rehabilitation or r e p l a c e m e n t  by c o n s i d e r i n g  the t o t a l

l o c k s  and dam s i t u a t i o n .

3.3 In an~’ case , i f  the locks and dam are to be operational for

over  6 to 8 vr , the cracks , sp ,i l led  ar eas , and d e t e r i o r a t e d  c o n c r e t e  sur-

faces should imm ediat ely be sealed f rom the  wea the r  or d e t e r i o r a t i o n

w i l l  p r o g r e s s i ve l y  c ause  p rob lems  which w~ l1 make e a r l y  r e p l a c e m e n t

necessary.

3.4  Monitoring p lugs  sh o u l d  be pla  - i’d across  some of the major

cracks to s€’e if there is -toy movement is the operation of the locks

is continued. The mor e p r e d o m i nat e  cr a c k s  i n  the  l and  w a l l  u p s t r e a m

butterfly—valve monolith , cracks along the center of the m i d d le  wa l l ,

and cracks in the upstream river—wall monoliths should be monitored .

3.5  One of t he  ma in  concerns  is the m a j o r  l o n g i t u d i n a l  crack down

the middle wall which is hypothesized to be formed by barge impact. While

this may cause the cracking to be isolated to the heigh t above the ff1—

ling and empty ing culverts , the cracks can progressively become worse ,

cause the upper part of these monoliths to deteriorate structurally,

and cause opera t ion  problems . The pulse  v e l o c i t y  work  i n d i c a t e s  t h a t  the

longitudinal cracking in the middle wall is probably confined to the

upper part of the monoliths.

3.1



3.6 The main qu e st ion is whethe r to replace the locks and dam ,

make permanent repairs , or to merely rep ai r the  s u r f a c e s  to  p r o t e c t

subjacent concrete from the weather . This consideration can only be

answered by a f e a s i b i l i t y  s tud y of e i t h e r :

a. M a lt  enance w i t h  expec ted  replacement  when needed as
de te rmined  by p e r i o d i c  inspec t ion .

b. Complete rehabilitation.

c. Replacement of the structure.

It may be more economical to repair the deteriorated surfaces in order to

add life to the structures and delay replacement until periodic inspec-

t ions show that the feasibility breakpoint has been reached and rep lace-

ment is necessary.

3 .7  Any f i n a l  decision concerning remedial measures for the

locks and dam should be deferred until the feasibility study has been

made .
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S ECTION 4 : LABO }~X1’ORY TESTS

M I er ial P r~,p e r L  m e  s

4 . 1 ‘l’he g r a v i t y  w a l l s  are suppor t ed  on compct en~ r i s k ;  t h i ’ r c ’ f c r c ,

the “at r e s t ” p r e s s u r e  c o e f f i c i e n t  shou !d be iise~t f o r  o b t a i n i n g  hor i -

z o n t a l  p r e s su re s .  It  may be t h a t  t h e  a c t u a l  h o r i z o n ta l  ‘r e ’s sur e ’  co-

e f f i c ie n t  is lower than  the  “at rest ” v a l u e , bu t  the ’ o n l y  way  to  ~e’t

a c t u a l  va lues  is to  make a number  of t e s t s  at  the lock and dam s i t e ’ .

The scope of t h i s  work in t ime and fund ing is not  such  t h a t  t h i s  typ e of

t e s t i n g  is possible’ . More ’ d i scuss ion  c o n c e r n i n g  the ’  s e l e c t i o n  of t h e

h o r i z on t a l  p ressure ’  c o e f f i c i e n t  is given in A p p e n d i x  A.  The’ u n i t  we i~~l i t

of t he  b a c k f i l l  is g iven in Table 4 .1 .

4 . 2  The c o n c r e t e  p r o p e r t i e s  were ’  o b t a i n e d  f r o m  core ’s . The t e s t s

yielded the fol1oWi!ii~ information :

a.  Compress ive  s t r e n g t h , q ,  and d e n s i t ie s .

b.  :-Iodulus of e l a s t i c i t y ,  E.

c .  Poissor.’s ratio , ~m .

ii. Shear modulus , C.

4.  3 The den si t  [i s  f o r  the founelat  ion rock co re’s we ’re obtained

u s i n g  measured  volumes  and wei gh t s .  The average va l u e  is g i v e l l  in T a b l e  - 4 . 1 .

The u n c on f i n e d  and triaxial compression t e s t  sp e c i m e n s  were ’ p r e p a r ed

a c c o r d i n g  t -  s t a n d a r d  method of tes t  fo r  t r i a x i a l  s t r e n g t h  of u n d r a i n e d

reck  core  spec imens , CRD — C 147. ~ The ’ specimens were  c u t  w i t h  a d i a m o n d —

bl~~dc saw and t h e  cu t  s u r f a c e s  were ground f l a t  to 0.00 1 i n . ;  spec imens

were  checked f o r  p a r a l l e l  ends and tine perpendi cularit’.- of ends to the’

axis of the’ specimen. Two verticall y and three horizont.-ill v mounted

linear potent Lometers , respectively , were used to measure tIle ’ ve’rt  teal

and diamete’r change  d u r i n g  c o m p r e s s i o n  tes t  ing.  The d i s p l a c e m e n t  m e a su r e -

m e n t s  w er e  t h e n  used to c a l c u l a t e  the axial strain , c , and the d i a m e t r i c

str ain , 1
d 

The m o d u l u s  of e l a s t i c i t y ,  Poisson ’s r a t i o ’ , and shear  modulus

were c a l c u l a t e d  f r o m  til e stress—strain data. Axial specimen load was

app l ied w i t h  a 440 ,0 0 0 — l b — c a p a c i t y  un ive r sa l  t e s t i n g  mach ine . C o n f i n i n g

p r e s s u re  f o r  t h e  triaxi al compress ion  t e s t  was a p p l i e d  b y a h a n d — o p e r a t e d

i’lectrohydrau l i c  pump .

4.1



.4  The d i r e c t  shear  te ’st s p e c i m e n s  we ’re  p repa red  a c c o r d i n g  to

app l i c a b l e ’ po r t  ions c cl  t he  s t a n d a r d  method of t e s t  f o r  shear  s t r e n g t h ,

CRD— C 0)0 . The d i r e c t  shear  t e s t s  on in t a c t  s h a l e ’  wi re’ c o n d u c t e d  u s i n g

norma l 1 c i ad s  , 0 0 1  3 3 , 66 , and 101) ps i  . ‘le ns l i e ’  t e’st spec i mens were

p r ep a r e d  accord i n g  to s t a n d a r d  method  o f t e s t  fo r  sp l i t  t i ng  t e n s i l e

s t r e n g t h  of ’ co n c r e t e  s p e c i m e n s , CRI )—C 77~~3

4 . 5  At t h e ’  c o n c r e t e — f o u n d a t i o n  r ock i n t e r f a c e  i t  is r e q u i r e d  to

know t ine  c o e f f i c i e n t  of s l i d i n g  f r i c t i o n  and the  cohes ion .  A m u l t i s t a g e

t r i a x  ial  tes t  was c o n d u c t e d  t i c  o b t a i n  thes -’ va lues .

4 . 6  ‘the m u l t  i s t a g e  t r i a x i a l  t e s t  was rurt  in t h e  same pre ssure

c h a m b e r  as the  s t a n d a r d  t r i a x i a l  t e s t s .  The w e i g h t s  of t h e  p i s t o n ,

swive ls , an 1 specimen end p l a t e n s  wer e  acc o u n t e d  f o r  in o b t a i n i n g  t h e

a x i a l  load on t h e  specimen . Se ven stages were  run , i n c l u d i n g  c o n f i n i n g

pressures  of 10 , 35 , 65 , 105 , 150 , 200 , and 3 ’) () p s i .  The saw ed

s u r f a ce ’ s  were o r i e n t e d  at an ang le of 45  deg f rom the  l o n g i t u d i n a l  ax i s

~ f ’ t h e  core .

4 . 7  F igure  4 . l a  d e p i c t s  t h e  o r i e n t a t i o n  of the  core’s and  t h e

me t hod used to cut  t i le  cores  to insure that  the  s u r f a c e s  would  r easonab ly

m a t c h .  The cores were  a l i gned  p a r a l l e l  to  each it h e r  and loca t~ ’d re l a t i v e

to  each ot h e r  such t h a t  the  r e q u i r e d  por t  ions of the  c o n c r e t e  and rock

w o u l d  be o b t a i n e d . They we ’re ’ t h e n  h v d r c c s t o n e d  in a wooden box .  F i g u r e  5. lb

shows the two cores  a f t e r  t he  4 5—deg  saw cut  was made.  When the  s p e c i m e n s

were ’  removed • rum the ’  h y d r o st  one , t h i t ’  c o n c re t e  n i d  s h a l e  s u r f a c e ’s we re

checked for ali gnment and fi cci n d t o  m a t c h  q u i t e ’  w e l l ;  whie ’n held to  t h e  l i gh t ,

you could o n l y  See ’ t i n  rough about 10 pe r c~’t1 t of  t he  c o n t a c t  a r e a .

4 .M Some c o i m c r e ’ t e and rock core  l cc gs  a re  g iven  in R e f e r e n c e  2 a long

~;i t h a d i s c u s s i o n  of t i l e ’  pet rogra j i l t  I c  a in a l y s i s  of t h e  c o n c r e t e  and rock

material.
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Table 4 . 1  M a t e r i a l  j c t r j [ 1 j e , t e r . ~

Foi c iti d it i on C c c i i c  r e t  i’ hi ; ic ’ k t  i l l

Index Proper t  ic’ s

D r a i ne d  Density, l b / f t 3 
~ 

12 0 . 7
Sa t u r a t e d  D e n s i t y ,  l b / f t 3 

16 1 . 15 1 . 3  1 3 7 . 9
Submerged D e n s i ty , l b / f t  7 5 . 4

Compressive Strength , psi 31Sf) 6700
+

Tensile Strength , psi 340

Shear  St r e n g t h , psi

I n t a c t  C = 0 ps i
= 71°

Concrete  on Rock C = 0 ps i
= 30° 30’

Modulus of Elasticity x 10
6 

psi 0.667 5.0

Poisson ’ s Rat io 0 . 2 4  0 .25
6 *

Shear Modulus x 10 psi 0.269
~~ 

1.82
0 . 3 7 7

+ From 1974 Cond ition Survey Repor t

* C = 2( l+v )
** From TX Data
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Sl - C ’ l ’ I i ) N  c :  S ’ l ’A R I L I I ’ S ’  A’~.-\ l \ ’ S 1 S

lut _ roil ii ~ ’ i o n  and I’ r c c lj  I em ‘~ i t  i ‘mc u t

5 .1  0n~ ma in  c o n s i d e r a t i o n  in  d e t o ’ r m i n i n C  t i l t ’  sir s  t u r a l  a d e q u a c y

of t he  l o c ks and dam is the s t a b i l i t y  of the various monoliths when

s u b j e c t e d  to  poss ible ’  l oad ing  c o n d it  ions .  T h e  St ab i  l i t ’ ,’ 51 t i dy  i n v o l ved

a n a l  vz ing  Sc I cc t i ’d mon ol i th i s c c  f the l o c k s  and dam to de ’ t c rm I tie ’ i f  t he  r i ’

is adequate ’ re’s i s  t a n c c  a g a i n s t  o v e r t u r n i n g ,  s l i d i n g ,  ,n i ~ bas e ’ p r e ’s su  r i ’s .

in th is s tud y ,  on ly  one mono l i t i l  ol e ’ach t y p i c a l  con i  i g u ra t  ion and load-

ing  was  a n a ly z e d .  The conc lus ions  d e t e r m i n e d  f r o m  these  d a t a  a re  ade-

q u a t e  f o r  an e v a l u a t i o n  of a l l  m o n o l i t h s .

5 . 2  In a d d i t i o n  to the  c o n d i t i o n  survey  repor t , 2 a f i e l d  su rve y

and e xamination of Montgomery Locks and Dam we’re conducted. From the

f i e l d  s u r v e y  and e x a m i n a t i o n , no r e l a t i v e  s e t t l e m e n t  or m i s a l i g n m e n t  01

m o n o l i t h s  was de ’t e c t e d .  Bench marks  and a l i g n m e n t  plugs have r e c i ’nt l~’

l) e e rl i n s t a l l e d  on t h e  locks;  t ln e r e f o r e , a l i g n m e n t  and settlement eel be

m o n i t o r e d  and any movemen t  d e t e c t e d .  The r e s u r f a c i n g  em most of t h e ’

m o n o l i t h s  is d e t e r i o r a t i n g  and in many places i t  is a l r e a dy  ab s e n t  f r o m

t i l e  c o n c r e t e ’  s u r f a c e .  The c o n c r e t e ’  s u r f , i c e ’s  are  b a d l y  d e t e r i o r a t e d  and

w i l l  be a c o n c e r n  i n  a reas  of s t r e s s  c o n c e n t r a t i o n s  w h i c h  w i l l  be d i s c u s s e d

in t h e  next section .

s. 3 ‘I’lne ob j e ’c t  ive i f  t i ne  s t a b i l i t y  .- n n a l y s i s  is to d e t e r m i n e

whether or not t h e  m o n o l i t h  o f  t i n i s  old s t r u c t u r e ’  meets  t h e  p r e se nt  d ay

c r i t  er i a  of d e s i r e d  s a f e t y  a g a i n s t  o v e r t u rn i n g ,  s l i d i n g ,  and  t’X c e ’s5 IV C

base rc ’ssures .  The prese ’nt d a y  c r i t e r i a  is  ne t  f o r t h  by t i n e  Off ice ’ o f

the  C h i e f  of E n g i n e e r s  in t h e i r  E n g i n e e r i n g  Manua ls  and ‘l ’ echn  i e ’al  l e t  t e ’r s .

These ’ are ’  the standards which art’ set  fort h t o r e f l e c t  t he  c u r r e n t  s t a t e

of  art for t h e  d e s i g n  ic r  a n a l y s i s  of c i v i l  works  s t r u ct u r e s .  Aii v

advance ’  in the  s t a t e — o f — a r t  r e f l e c t  tu g  needed change ’s  in th ese c r i t e r i a

i s  a s e par a t e cons ide r c i  t ion and i s t o  be’ used o n l y  by ap p  r e cv a  I i i !  tine

i f  I i ce  of t h e  Cm icf of Eng in e e r s .  Even w i t h  t ine  c r i t e r i a  I rum t ine

E n g i n e e r i n g  Man n a  I s  an d l ’ e’chii j c i i  l,e’t to’rs engineering j udgm ent  w i l l  hav e’

to  lie’ used in i ’e ’r t a  in a s p e c t s  c c l  t i n e  ma ly s  i s .  In the’se cons i d ie ’ t ’ ,t  t o t is
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i t  is import ant n ot  10 r e l a x  engineering ccct ~~’ o ’ i ct s to incl ud e variables

w h i c h , l i ’ e’ t i o t  di’penel~tb l e b e c a us e ’ d u r i n g  m l  t ’e’q c n i ’ i i t  but spec ’ i t I  coindi—

t i on S  the ‘, could cause  f a i l u r e.

.4  I k e  I i r ,st i n f o r m a t i o n  n e e d e d  in  o r d e r  t i c  s t a r t  - i s t a b i l i t y

a n a l y s i s  is t l ì e ’  p h y s i c a l  g e o m e t r y  of t ine  v a r i o u s  m o n o l i t h s .  T h i s  is

~e’~’de’d in  t i n e  a c t u a l  anal y s i s  as we’ll ;1s in the sd o ct ion of the mono—

1 itin s to be ’ ari a I V ’ e ’ l  Whe n analyzing an old lock , i t  is i m p o r t a n t  to

d e t e r m i n e  t ine - i s — b u i l t  c o n s t r u c t  ion.  In t h i s  case no as—built plans

w e ’r e  c,iv :t i i  iC1 e; t ine ’ r e t  o r e ’ , o t ine r  me ans had to be used to  d e t e r m i n e

c o n s t r u c t  ion y in ,c t ions from that planned. Construction photographs

and borehole’ data s ”- n  used to he lp  e s t a b l i s h  any c o n s t r u c t  ion varia-

tions from t h a t  w h i c h  was p l a n n e d .

5. 5 A l t e r liii’ m o n o l i t h s  fo r  anal ys i s  have been se l e c t e d  and t h e i r

~ eome t r ’. le ’t e ’r n i  i t t e d , poss ib le  l o a d i n g  c o n d i t i o n s  must  then  be de ter -

m i n e d .  ‘c ;amn , L r y  of the loading and criteria used in t h e  s t a b i l i ty

anal’~sis is given be l w  and a more detailed explanation is given in

Appendix A .

5. iS ‘ I c e  s u r f a c e  e le’vat ions of normal upper and lowe r pools are’

681 .0 and tiiS -~ . 5 , resp ect i v e ’l y .  Tile s a t u r a t i o n  levels  in the  backfill

n e r o  use d as g i v e n i r e  abl e A—2 . t h e s e ’  ar c  the leve ls which h ive b e e- n

used as design standards by the Pittsburgh District. Tine densi ty ol

c - i  k i  i l l  m a t e r i a l  was 1 2 0 . 7  and 1 3 7 . 9  l b / f t  l 
f o r  the  d r a i n e d  and s a t u r a t e d

w e’ i g kt  s , r e s p e c t i v e l y .  The h o r i z o n t a l  fo rce  e x p e c t e d  by the b a c k f i l l

material on the land—wall monoliths was used as a coefficient t imes tine

v c ’r t  i cal sell pressure’ at that d e p t h .  A l owe r bound “ a t — res t ” e’oe ’ff ie’ie’nt

‘f 0. 5 was u s e d .  T h e  l o c a t i o n  of the r e s u l t a n t  soi l  p r e s s u r e ’  was e’ons ide re’d

to be is s u gCc ’st e d  i n  En g i n e e r M a nua l  i - N  1 1 10—2— 2602 f o r  w a l l s  s u p p o rt e d

on t’ ic ’~ f e ’ c n c d , t t  io n s:

a .  0. 3811 above the  1wns i ’ for h o r i z o n t a l  or downward slop iing
ba ckf  i l l

b .  0.4 511 above t ine  base ’ f o r  upward  s l o p i n g  b a c k f i l l .

5 . 7  I l i e  d e n s i t y  o l  c o n c re t e’ was u sed  tn 151.3 lb/ft wit i e ’h n

was an av e  r - ,~ ‘ cf  m a n y  m e a s u r e m e n t s  obt a i ne(1 f rum c ore ’s . The boat  in n —

pac t w a s :
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5. 1, c ’ r’ ~ - ‘icem ijer w: t L  I: -dOQ lb/ IL b i e r , no l l i - e s  r , I ccn  ht O ,000 l b
t o e ’ t ’  m c c c  - I I t i e .

i c r ’  ~“ ei L”~~ : 2500 lb/~’t but reeL 1 es th e re L20 ,00(i Ii,
t ic r i o  L i  Lii .

Ike ’ e’ ~w e c r ’  I - a l l  w e e  , r 1 e i ’t e r ” ’ - I en , ‘ , 000 Lb d i s t r i b u t e d  o’~’ c - i c ire ,c uul t iS

-1 30 ft  l e n c2 , t e .  ‘i nc  boat , i m r ’a r : t  u : e ’ i  }i ;o wo ’, c ’r  pul l  i S cu r i e  i ’ f ’ : r ’ ’ I

! 1 O  5 f t . -:tbove he w e ’ d I nc ‘ i re - I  j ,e c o m b i n e d  w i th  t he  rn- n t  n o - c r c  no rmal

I ~a d t r l 1~ , ‘u : e l r t~ c c m c e .

5.8  A re ‘ol t owable b- ’or ;e ; c c ’ e o O : ; - e r ” ~’ ‘ ‘ I ’ 20 K/ft 2 w e : ;  c i r c e ! .  Th in  o j j

able Va i’; - w i n  ;e,;ed t’ ’c- ’.-~:;e I t  i s  that  wh i c h  has bec ,,mco acceptable  b ,’

t he  Pit  t :o b ei ’ : i ,  I )  I e t c  i-ct . A w ire - I loa- iice 1~ of 30 lb/ Ft 2 w’en ’inc ’  I whe re

r e i d I ‘rib Ic . I” e’ s ,L i-1 1 ng the cohes i on  valv e ( C )  was 0 ‘eta the anc~ 1” -f

Si, i-J :rq~ f r i c t i o n  (
~~) between the c-’irec rert e and I ’e un e i r it i on  won d’J .  5 1’: - .

5 . - )  k e r e r i s t a n c e  to o ve r tu r n in e~ w e : :  cons idered  ;tde ’i’i ,oitc if  the  r ’ —

sultant ( ‘ci i,  o u te id e  th or  kern feat  w i t h i n  the middle  leiL’ ‘i f’ Lic e  bane ’ 2

both the re ’~ r ’m’ e,t  opera t ion areS extreme main tenance  cases U S ir e i ~ “ ro t rue ’, ”

ear t h  J r e r ; ; ’ n ” ’  c o e f f i c i e n t s .

5. 10 ‘ti’~,r criter ia fur le e’c’ r ’ , in ing r e ni st a r ic e  to si 1 1ir c~ are’ giv en

i r e  ETL e [ t O — ~- ’— I 21c ar e ’ !  t he e r i r ’cty  factors  are l isted in l iii 111( 1—2— 2 .

Results

5.11 A s~~nrnary of the results analysis is piiven in Table 5.1.

A ;-~ -- 1 n n i ’ i n of the nL’eb ility of’ the ire ’ lividual maneS i ths w i l l  be 0 ’ i v  e n

bel- w.  l i c e r e  th e  i nr ie1e ~~r 4 ’ e o j  01 the ra ’ - ’n - - ’ l  i len  is the f:ic ’t e r  w h i ch  in

1 e~n I I c a r e t  , the ’ me ) fl O l i t h e  whi cli are i n ad eq u a t e  in etab il i  ty are the

only ones which will be ‘hinc usse l .

‘i. ~1’ owl it h  L— 17 is very inade 1u’ite’ for evei ’trirn I ri ~ and
base pressures for both the normal o per a t i o n  r i n d
ma in t enance  cases.

b . i’l ,nul i th  L—l 9 is very i nade quate i c r  ‘overturning and
base I ressures for both the norma l ul era t  ion and
maintenance cases.

c. Monol ith  L—2 5 in  very i nadequate I’or v ’r ( u r n l i n f  ar i ’l
i r e n e ’  pressures for both the  normal ap e ,’ ‘a t ,  i OIl ‘in - I
ma in tenance  cases.

1. Mono l i th  L~—33 is very inadequate for o v e rt u r r i i t i ~ roi l
base pressuren for both the norma l upcrtt ion mcccii
maintenance cases.
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ri l i t h  — -S - in  I i ~ ‘ c  t, erel  by a p i l i n q -~ ‘ Cire- l r o L I 1 e  which
:r e c  cc l o c a t e  I n c  o I e : r j r n e .  Th e e le - - r i zon t ,aj I r e i n  ~~- n ’  p i l e

‘ c c c  l b . , . w h i ch  is ~r cre L ’r ’ t han  - ( ? ~ ‘i l l  w a l l . ’ . “iS ’’
‘,‘c’rtjcrol I- - a l  I c r j i ic is  I~~( . (0 wh i le i c r  ~ r”et”r  than
loon r o l l -  w ’ r .b lu .

1. -1 m o  I th  1—5 is i r i - ’i-le ’jci atrr I ’- o’ nli di re e~ in the normal
c r own . It , in  j nre Icr lu’ete (‘ er sli-li n r -‘ir e - I base

r:- n’ eo , r : : i n’ .o  in  the  dewat erc I c r on e .

‘1 - m e e t i t h  tl— 7 is l r e a d e ’ iu r i t e  ( “ c c  o v e r t u rn i n g  in both the
r eel  r ’nre:d I operat ion and ma i r : t en r e nc e  cases. I t  is ire r idequ r i t e
For b r in e  pre ssures  in the ma in t c ’r eareerer  c a ne .

- I -s u Lk l i — l u  is in ad eq imoe t o for uv e r c.o e r ’ r e i n e c~ Cii i b a n e
I c” :rsures in the main tenance  case.

S .  ‘-k ’s- i l t i e  ‘1—13 is inadequate for over ’,u n .n e l n g  i r e  b o th
the n- . rnnre l  operation and maintenance cases .  I t  is i r e —
adequate for b an e p r en-J’i~’es in the m r e i r e t e c e a n c e  -r o s e .

M or e u l i t h  14—22 is somewhat iwo lequ ’ tt e  I’- -r
ire the  normal operation case.

I. M onol i th  R—1 2 is inadequate for o v e r t e i r ’ nin ~ or e-I  bas’:
prc”esures in the maintenance case. I t  is very i r e r i- l ecu r o te
for  s l i d ing  in  t h e  maintenance ease.

I. M u r e n l i t h  R— 13 is in adequat e for  o v e rtu r n i n e~ in b0 th
the  n o r mal operat ion and maintenance cases . I t , i n  in—
odeq iate for  base pressures  in the maintenance  case.

Siur eo , l i t h  R — l 5  is inadequate (‘ j r  ove rtu rn ing  ( ‘or t ile’
normal operat ion and maintenance cases. Base l ore ~-:; in’e
i n  a l i t t l e  hi gh for the dewatered case.

~. M ono l i th  R—2 0 is inadequate (‘or over turning in the
normal operation case and is a li ttle inadequate for
s l i d ing  in the maintenance  case.

0. M - n e u l i t h  R — 2 ’~ is a little inadequate  for o v e r t u r n i ng  I i i
t h e :  ri - . n’ ro ia i - p er a t i o r n  ca:;e.

‘Ike I- -w er miter’ sills arc’ inadequate l en’ sl i d l r e ~ in  t ,he
moI r e I r e  c n e r i n e c e  cr i : r C S

5. 12 A rt ‘ineaJysis o[ typical darn pier:; is t’, iven iii R efe ren c e  I

wh I ‘ i e  : 0  w . t h e r i t  they are  s table;  these resu l t s  r i r ’e  not ra-’pco’Iu ’e’I i n

t h e m  report.

5. 1 3 A l  moi st  a LI I j ( ’  t l e e ’  rn n u l l  ths  in the land wall are i e r o d e - r u ’ ; ’

i r e t k e e l r res i : r  t ’ i n e c e ’  in o v e r ’ t c m r ’ re  I r i~ r e n d base J en’essures  . Under Un lay

able con ! itionr ; tinie r cc cml i r euse ’  1-rob lem s
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5 . 1 4  Ice ~ereera l  the  mew :-l iths i .n the middle and river walls are

ire r t - Ic r e - i t o : ’  in  t h e i r  r esi st ance  to °r ’i e rturn in ~~. Thin is espec i c i l y  t ,r c i ’

( ‘- c r  i, 1cc ’ m i l l i e  w i  1 1 nn -or ee l i ths  in ‘, he ’ ,! ‘wr o t e ce r I case. I f ’  the lack: ;  n ice

re ’wr e t e c e d  , prec in ct I Or e S would have to h r  t aken to keep the mi b i le wad I

mcnei l I t ie: : stable.

5. 15 M- n e l i t l e , ;  M — 5 ,  11— 10 , an e ’i  R—l 2  are in eniol equate  [‘or s 1iding in

he ’ n e : r r - : : i i  operation case which coatd allow them to experience r rr j ’; r men t ,

where n e b , i e rc ted  to ur il’avorab le condi t ions .

5. 16 ‘S’}eC me l t e r  sills r ere inadequate for s l id ing  if the locks are

le wri te c ’ - - l .

5 . 1 7  i k e  middle and r i v e r  wall monol i ths  are close ornuu -i i  to ben

c u r e . r i  cereal  ‘i l e o luni te  for base pressures.

5. 18 l ’he: ’e are  two acceptable r i p l o r - a n i c h e s  to t h i s  s itoc ’d  l- ~ne wI ne

cores i ! e r i r e e  only the stability 0: ’ monol i ths . One ap proach is Lu say

the monol i ths  do not meet the c r i t e r i a  ace! examine L ic e  Fe a s i b il i t y  of ’

mcci i Fy in 1~ the c ; o n ; - , ;t ruc t ion  cc replaci ce~ the l cks and -Jam . The le er

‘eppn ’-nrich is  to ~ ive consideration to the length 01’ t ime the  r ne ’j n e al i  t ics

leave be r n in ,r c ccv i  cc w i t h o u t  excessive relat ive sett lement or m i : r n t l i r ;n—

on :nc t , r o n - I  t u  sc lee ’ Iu le  p e r i ud i c  inspect ions  of the locks and dam so that

‘ ete y I c~~t e c e t  l a l  i t ’  cable  can be detected and cor r e ct i ve  ac t i o n  t o c k e n e .

Slo e p e c i n I ic  in e s l e c t i o c e  ban merit because minimum r r i r i in t e ’n :e n c ’e r on ; be

rcer ( ’ rme ’d t, - r r o t e ’c t  the monoliths (‘ron weathering , ar e- i decisions of

re l I :ecen n eeco o. r oan ’: when c o r e — l i t i o r e s  wroi ’r ant such ac t ion .  Rehabi l  i L et .

-~ r r e p l n e c c r n e n c e r , S i c  ‘ i i  I be euros idered , tak ine~ into account  lee t al

ca n e - l i  Li  or e ( ij - e r ’ e t i  on’ . I a r c h s t ruc tu ra l ) F the loc k :: a n d  hemni .
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~3EC ’I ’lC)N 6: 3TRE~JS ANALY ~:L ;

Int r oduc t  i C - i l  and Problem ~ t - o t t ,ccrn ’ ore l ,

6 .1 In he . ; t-ruc tural evaluation of i4c~r i t ,~o,rnc ’ry  [ c c c l’:; , a twca ’—

‘ i i ) l O i a l e ’ J t ’ c ~ ’,l plane st r a i n  f i n i t e—elemen t  analysi :; was used t o  ‘t ’_ c t I ’ rn ’ r o c i r e ’ ’

s tresses w i t h i n  se lected s t ructural  monoli ths .

6 .2 I t  i n becoming increasingly impor tan t  to unders tand 1,h c ’  - h a —

l e - a n C i & o l ) u r I  of stress d i ’.;tribution Ln s t ructures and not depend en t i r e ly  ~~
av ear age  stress approx ima t iu n -_c  as has been clone in ‘ I ’ , n c v ’ l r c l ,l  , n e r cl 1 ’ - o o 1 4~ r J .

Knowle 1i~-c’ of the total stress f ie ld is important  Ln o n - - j r  t h ’ e l .’, l r” :os

c”oIeceeae tritions and decisions fo r  c o n c r e t e  r e i n f o r c e m e n t  t i r e  ic  - h’ r r , 11’

wisely oucd economically . This is especialiy i r n j c a c r ’ t o i n t , wh o , c’ oa o i l ’ - o ’ i o , ,

t l e o i ’, ‘ro w mater ia l s  are being depleted and should h - i.o .’ 1 Wi  0 1 ,  0 _ S c  11’

t i,, ~ r o t e i n n  exce:~s of that which is abs0l -o 0 , c ~ Ly r e a , ) I a i s s ’ cr ’ ,’ • 0 ) - I c ’ I

‘i r e ’ , 1 C usuoilly l’a’;esls tu a safe but ‘overly c ’ u r c i s i o r ’ V ’ & l i’.’ ’a ,t ’- 10) I j ’ l e

t he  wi ; Jo,’ S0I’ t ’ 0 0 0 0  f ield is not known and obs orvoi ti -in ),; - c !  S 0 ,I’ c - C C  50 ,1 cc - I —

3, r ”i ’, j Ore ,0  c a n ’j n e - o L  be J~ tirecoited , st u d ied , Oi l e r )  ;~i c i i r c ~~ uat ‘ ,‘l, ,’ r ’ c ’ m e l o n ’’ ‘a” . The

t’ini ‘ e—elerooc’:o t analysis aci cla ~t Ic -w 1 (N i  ‘ leo  Ofl — o n ’  0i -  V O t l e  1~ ’ , c~~a” i r e  0_ t. is n’

t . Fi ni t ea - —el C — b l e n t  oitu~1i - €_‘c; ioo  100) 1, I0000 r O: C d l v  ,olI!, i 0)0_C I It O;

0bsolete;  in  t’act , it i s  a ::o l ~ - n c i ’ o n r t c ’ n e t , , m ak inH Ci c’ - o r e b i c e o c 1  - ‘ , w h i c h  Jo;

m c , ’h bet te r  ‘_ han ei, ’, hc ’n’ ooi _ c~ c o o : ’ r t 1 o - L ’j  , 1 1  r o ;  i n ’ o n ’ c n ’ t ’ o r i t  tO c c i C c 0 0 1 i ’r  0) ’L l ’ ’ ,Cc’

l i st r i b u t  ion i t )  ot r e a l ;  ‘ 1 ’ 0) t - n ’ ’ ’ o ’S c , , r e c ~ c i’oi ’ t ’o , t t , l -  - n ~ whi r ,  ‘ - v o L e - c t i r e i ’ ‘ L o
n - ox ’ ’ , - which leu ’z ’ ’ c r ’ o o c c ’, ’ ’ ’ .l O i l ,  ‘il’ 0 0 0  m ’ O ’ j  • 0 ’’ , l 1 O J ~’.

- ‘ ‘n u o r o t  A;. ’ c~~ ,’ , - i .

6. ~ ‘rh ’ f i n i - ’ - — ’ i ia toc c ’n ,  ‘ , ‘ t o r i  ijools 1& e .  ‘ ‘ ‘0 c ’’ ’t o- om e idea c)1  i h ~’

i - ‘il ’ - ‘is ’ a ” c r o e l ’n ”  ‘0 0 6 1  / ‘  — ‘ 0 ,  I t - I ’ r e C  C t~ - — r’’:o ,; 01- ‘ I eC ’ r e ’ t ”t t i -  l I e , 1 w i t h i n e  thor

N b c - - !  , t h : o  - l O I n’ re ’ : r r ’ e - ’ t ,  - - [ - ‘ ‘ o ” t ’O - C e  a l l - I  O ’ ’ c . 0 e ’ e n c ’ ’r e - ” -  ‘ o c n c c i i t i c r e j .  The f i n i t e —

e1’,rm~’re t -  s o l o i t i ’  no 4~ J V ’ ’ : O  5 ‘ - 1  r ’ ’ ’ o ~~l~~ri cS  i c - I l , ’ ‘t O I t  I ’ ’ 0’ J , ) c f C ~l ‘ i - t e o l O c O i t , t ’ U /  rep—

t e l ’  - ‘ 1 ’) !  i ’ t~~ 10 i ‘ c c t i - - n .  ‘ i n c  I c ,O~’ 0 1 0 0  ‘ c b c ’0’ ‘ I , , 0 1 e ! O c l t i ’ c l e . O m i r t h ’  ‘ ‘ e r ;

1’ ~~‘ I c ’ ‘ c i  ij  I - ’ ’  , ; ‘ “  - I c  )r ’ J 0” c v ,  ‘ I c  tO I “‘ ‘c f - c  i r t !  S . In the  f’ ’ I I -w n e 4 :  analys  1:;

el em ’ ono 0 - W a ’  r -  0 0 , 1 ’  ‘ - - 0 ’ 0- 0 1 - - ) , )  C I I  i ’ ’ r  I f e -  nc ’ , r , ’ i l j t t o  wh ich  oi l  iowa ; t e n s i o n

6. 1



ice ’ WI_ct-b , ‘ lie l - o i o o e  ‘ I I , - , )  : ‘ ‘i n ,  i c ’ i ’ ’- l e  Wh i ‘ ‘ t c  110 , Q~
’ c C)1) ! r ;r ’  , l , ij in ’’ ’ o e l  1 . - c - i a’

c- e li si o n e~’ t ’,- , -r . ,ij : 0 0 0 j n c o t I c:0 r a [ ’l  i L J  I _ co t ’. W o  11, ‘h ‘oreat l e r ,1~~’ c r c n ; e l c r e : o o i r ,., .

‘.0  c r c m o t i o n  i:c ’,’’r :’oi, ”’ ‘ n i  t,he - -ppos;te s~~ - i ’ - o -:is ’ t i e :

0 ’: -:i ,- l i t h .  1101 ,; ef”’c ’t o’’ l r i  1- -- ’ e l i n o i i n i : i t ’ I  but le t ’ t,jr nic: arc - i  f ’ i z c - u i r e t ’  a” ’—

-o lc_ C ire ,i i - - c  I c  ‘ Ill S ‘ r Oil ‘ t n  I e r r - c r ’  ; c l  l t I c ) n  ‘ore beyond the r ic ’) [ce  r I ’ h i o

pr’ -~,’ , - ia ’a ’t

6 ~1, i~ - 1 - c o o  too Ci~~j I jeci O r e  the ‘ wo— °i imeus iona l  sect ia ’crnr ;  It : ’ e pre—

o o ere ted  in i i  ~‘o’ ’ r r -  6 .2 , 6. 1 , 6.15 oui , 1 6 .19 .  In a t , W - ’— d i N ’ C e O O I ’ _ c O l I i l ana l—

0) 01’ t 1, ’’ :‘a’ f l u l  j l ,,}~~0 :‘ ,-J t ’ ’t , ’t -n ’ :’ rio ‘:h : t re3’er l  in ‘, c~’ c0n0 o’ ’:d -I’~’ i r e : 1 ‘ 1- ‘ ‘~Jj

u l~~:~1’ ’ ’riea ’ o o: r e - 1 t n ’ , r l e r .~~’ teo c’ c re ’ n n  1, ’ ba ’ O _ C 0 0 [ c O ’ - ,c X O N O j i.0,_ c c ) .  Lc ,’calized J - ,a t i n e ~
(,~ot te o o r , c ’hu r ’ c; eao : ;  , in’ - :  - o, - r , , I c - t w o ’  -r , ‘ t a ’  . ) will Z e c c t  gi  Vu r I~ ot l  istic stri:s:Ou00

(I  O i s ’ i  ii ~-l ‘ ‘ re ot Oro,,- — :‘,oc , t ,  ‘ ‘n 1’th 1’ no - c i c c o l  I th  . In order t-  ‘ c , L !, a i f l  mor e

n ’ ’::L 1110 1-0 ‘. r u:; :; ‘.‘ I t  I ; l t r : ;  , a ’’ - r ca ’  er_ctrate- f - ii h i  mc, ~o were’ cons iderto d by us i roc-,

a er :‘o, c t ~L - . - r i - i ,i5 , oo i n e ~ - .l f ’ r , c r ;  - i i  :;t rj b ’it  1 rc~ the total  tooid ov en’  a I

- r a - 1 - 0  i n n  of’ ‘he l-:o: 1’t i ’  es ~ i v ’ -n ;  by a 145° li10tr’ibuti ’a-r:. The 1450 ‘u s—

t n ’ I r cis , I - - ro 01’ 1 c~ I r , ’ t t e o  ‘it the 1-o int  of I, o i l  c or e c e n t  r’ oi’, ic _ c rc  a r t - i  ‘ :X t ’,- U r  00 111

t i er  i i  rest  i of Lo t - t i  f l —  u n ti  I it:; Sl -1cc i n,t e r oe c t  the c c ; ; t e r  c ) i ’(, of’ 0_ h’-

~ h . i’ t’, i 0 0 1 ,  be I ’ o n c e  in b oth  t , 0 0 ,  h ’r  i a ’- r c to i i  and v ’’r ’ . i cal p lo orceo

w i t h  ‘ Ic ’ ’ :;h - o ’ ~~er t  - i I o ; t o i n c ’ :  l - u t w l ’ - n e  int i : ’r’o eo ’!, i ’  r c: .; b e i n c 1~ the  mor~’ c O l t  1 ‘ -a t .

Tt ce - i i 0 ) t 0~1lCC b iO ,W”C ’ re i nt c ’r , ; e c ,o ti o ns  in ‘- Ic’ : 0 _ I ’ l l ’ ’) c o - i  t i c - _c ! plane w e _ c  _ c : ; e ’ - i

0 1 : ;  tta e c ’.- o o ~° , n r  over  w 111 , o t i  to ‘i i , :t, r l b-c ’, ’ - tb a’ - b ; , ’ - - n e t r ’ -’ ,t ,e , I _ c ’ :000 p r ’ m u o : _ c i v u

- - ‘ i t , : ‘o l l o l  j~e’ - —h’ c ’~t ’ t i l l s  typ o ’ h i s t r ib u t i o r ~ w a ’  e. ;’ ’- l  i ’ r , ‘ ‘ r c , ’ a ” n c t , n ” c t ,e , r ’ ’ ’ oe—

s i t’ ’  , - o t t o .  Tb” m~oximum C , ITI J ) n ’ ’SSl we ‘,‘o i CJAir : ;  W ere Ott ,  t i c ’ - i r i t ’ ’r ’ 0 ) c c  0-or: a c t ’

t he b i o s  m e l  I ’- u b c - I ’ t t i  is o - ‘ c r e t ~ 145° i i : ; t n ’ I b c ’ , i , , ~e ~iil l  c i v ’ - - o t ~; :“ - ‘i , ; - ’ o e o i b i o r

o 00[  t o r i - I i d
’ ‘, r e t ’  ion -i to r ,n ’ ’ I ’ c O n )  i t 0 i - - r e 0. 0 ‘ c O c ,’ ’l O ’,S 00 ’ , ’ 1 is ’ o - 0 : ’ c ’ i on.

0.5 ‘!‘[ce no’ ox l rc-c’ r t ’t l S i l a ”  ::Lm’ o_ co ’ ., ‘r , ’, o r - oir’ -a’w i ‘ ‘ ‘ ) O ’ .’ ’- cr ’ t , s  nc

- n - , ‘,: ‘i , at t e ’ i w : : ’ ’ o ’ L o t -o c t  ions , arid at ‘ t o :  ‘ i c 0 ’ -’ t c ” ’ C.  - ho ’ n’tx ’ o’ . i : - ,

- O , ( , u~~’ b e d  1 - oco a t th ea -  p o i n t  or ’ ‘ t; -[- l ic : ’ t t l c  a ’ - c : e - ; •‘ti c c ,-.’ t o  r~a’ I i - v - f

!- e r c - l in g  ‘- - - o ; - n ’ : o t - i  t he 1 t i  O . ’ ’ ’ n ’  * leo ’ Se c ’ 0 _  i n c  0!’ - ‘o cc’rett ’

wI t _ I c  is r - - ’ i rcc s t ’ m - r t r ’ ’ t t , ’ - l  !‘r’ ’ oni t i e  m o r c c c l i ’  I , I ‘ ‘01101 I l .  A ,5 0 t i otribu—

‘ ion ot’ this t e n o i l’,: i ’i ; t ,~ w i l l  ;‘, iv e  - a ’  : c ’ ’ o e ’, c ’ ’ e ’ ‘ - 1  - ‘ 0( 3, ’ - , W o ; , ’ l c  are ‘ c , , ,

- - w ;  t h ’ - r ’,’t ’ ‘u , a r e  o ip p n ’ c c x i m r c~~ i _ c r c  - f ’  c _ c r , ’ ’ — I e ’ e :  I ’ ‘ ho  ‘a ’ f b i  n ’ i i - - t h ’ r , woo::

c i - ’ 1 in the n - tna ly s i o .
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6.6 An important concept is that changes in geometry and loadhr;~
I o r c ~ t I e s  o - a ’ - r c  - I it h  i ’ : o e i s i make n,ll c ’ pr a ’ c idld:IrI  a t I m ” :’:— h i I o I ( : b e 0 ) i 0 ’ c ’ c l  ‘ c r . ’ t l y s i s  ~

oi l ; ; ; t l c ] c n ’ u ; - : i o o ’ c t i O I c o  have n c  be nc-a lt ’ i ; c  0 tw c_ c_ - t i m e r j sj  c , 0 1 ’ o !  ‘10, 0 J,’ : ; l, _ c . T o o

t h~ : 1 1  w i r : 1’~ w- i r ’k , the  t w o — - I i n o i e - n : : i o r e : t l  ‘ coo - c  1 7 0 ) ; i , ;  ‘ c r ’ ,’ I to O i O O ,  : 0 1  , ‘0 0c r

l - I , ’:t 0 0 ’ 001’ ; ’.O 0 1 - 0 0 0 s t r o ’:,ses in the mo r- c l i th o. ‘ l’ l c r ’ :’, ’~~- i i m c - n o r :  : c , r , i l O t t o ’ ‘0 ) 1 . 0

:_ c l c - - uL- ~ I on oe , ;~ i n  a de ta i led  eva lua t ion  of :;t ,r eo o - l i s t  r ib : o I , i  ‘i r e  w:~ r a r  j :

r e - c t  thc -tc ,~ cr st , I ye - 1’ t h i s  study .

6 . ‘ ,“ .‘ c ’ I ” i, ’t ’ e l e v a t i o n s  c l ’ so l o  behind i - t i c -  o n c c c r e : i L i t , k c o ;  wur’, - c ,re~
‘‘ r i ’ I a:; w i ~ i cc ’- b c  the  s t a b i l i t y  ‘m oo I y :;i :; . In maki n~ ,otreoo -‘ l b e - i  - 1 1 0 ) —

~~L - o ~’ ’ - r’cea ’r c ’. - O r !  - ‘ ,h oi ’, l o r e : ; , t b .’ b’io’ k I ’I  Li  W h O  1 : - c t  used as j - -art of ‘ leo d ’O ’ _ c  I t

o r  I iwn . F c o ’ r ’  - w’ ‘n’ s t w -  c n ’ o_ca .a’,cn,: ;  for’  t , l c  i c _ c :

do l ’i’ t I t ~’ n _ c L ; j i r , r o i t a ”  L e o ; t,~3 o i l ’  hotc~i’. ni h  material wool i b-

~~;i n ’ ’r:1 t o i .’l ’ ; n i -  t I e ’ -  ba , ’ r’, f ’i ll  p roper t ies  p 0 _ ’ ( O r O i , o ’ i , ’ . ‘i ’ n c i s
w- ,S ~;- , r t ,  h o . ’ ’  f ’ - ’ ’’ t O ’ ’  t , } ea ’ v er t i c a l  ‘ in - i  bu n  :;‘ - o , t ’ i i  b a ck f i l l
l ’c ~t ’ I , _ c , W I e j ’ _ c O e  ‘ i n ’ - -,ljt,’tj ~~:r ’J by usire 1~ u n il~ w ’ - i 1~h r ,s 0 0 11 1 ‘ c _ c O b ’ —

o ’ l c ’i ’ ’n , ’, 0 1’  a ’ — r ’ - - ‘ — - ‘u’ ’ h e  i r ’ ~~~~~;”c 1t n e  , n’ ’ - ’~’h , 1 c i n c t he  ‘ c - a ’ ’ : i t —

- I ‘ ‘ - . ‘. t b ,,’ .

f I n !  ‘. - — ‘  i ’- :’ , o . ’ ‘n ’ - w , e 11 b - ’  - -on ; ’ ’  v ery  large .

The ;en . . ’ it y ’o t’ ’ }e ’ - h c o ’ c’, l ’i l  0 0, , ’ -: n ’ : ot l  W o O  o, ’’ - i  to ‘I ’ i , j i - n ’ Lj c’j J loads.

_ tee co-o i ,’ I l i  ‘ 1 - - n ,  a’ o: ’ o~ ’, — r , - .; ’, — ’ - - , r t t , r’ ’ ’ , c : ’ -~ ‘ c r 1  t oo ’ :  - l o - o r r i t y  ‘o f’ th~ bac k—

t’ill no ;n i f,’,’r’ial W’,’r ’ ’,: u , ; ’ -  ~_ o  O f ’  - i n  the 0 - I i  ,; , a ’ e I n j  1 1- -oid :o . ‘l ice w ar cx’ pr’’,_c s—

:a’tt” : !‘n ’ 00; :n - ’~ ’, 0or’ i ’,i n 1ev ” 1 w’ cS  ‘ ak - - ; ,  jr~t.O ‘ u ’ , -  - o r . ’ - .  ‘l Isa ’ I - c t  iS ‘LOU t hen

‘c 1cj a i o ’ - i  ‘ 0 0 , ‘ f c - c j n t .r . ; 0 1’ ‘, I c ’ l’ i n i ’ ’ - — , - li ’rr , , - n e ’. ( ‘ r i c h .

6 .8 :1cc  oO - r c : ; i I - r c a ’  I - n c  w h I c h  r occ; : ;t  I- ’  r o o f ’ -  in - h ’ : ;t r ’eon o aoiotlysis

~~~~‘ , - f ’~’ ’_c ‘a ’ Of ) [ d l L l L  Ofl I h ijasi’ 01 ’ tb ’  n c- n ; -  I J o b .  I r e  ‘oto’l ‘ t i n  c ’ t o o

t he - l ’ f ’ o ’ct w i l l  be iced I ,” ibh ,~ b u t ,  I~ c o the r ’:; i t  -,‘ - o u i  ‘ I be :n u l c , n t ; i o e t i a l

*,h,a r~
,, ’’ c r ’ ’ n , ‘,t c ’ :  et’f’o’- t. ~~~~ be m cI’; 1’: 1. ‘1 1cr i m n c p c o r t ’ i r c t  c c _ c r cc : e j c t  - ‘, d l c c e r n —

I ng u~ l il ~. is tfmrm t it iS  01 S: p [ c ir’ t c n i l i t i on , ‘c rc- I  i i  ‘ r ’l ’ l ’i _ cea’t ( small - o r

large) i :r c i c ’j c u r e c l e r e t  On it:; ‘ii :;t ti  but ion. spec if i o n I - ‘ t d i r e ~~s un n i struc-

ture t’au:;” a , ; i c i a c ’ i fj C  d i s t r i b u t i o n  of pressure under the n c - o n , ]  i th  base.

The u p ]  i t t  wi l l  t ’ i e r o r c i I t ’  t h i : ;  d i s t r i b u t i o n, thereby af f e c t i n g  the support

co re - l i  ‘~ I -o l e  01’ t h u  m c -  cr t o , ch i t h .  I a’ c ar t  be s’- -n o t h a t  th ea’ pr es._ c u r ’ e  d i s t r i b u —

‘, j o r ,  under i l l , :  r Io- 0C c 111th a f f es ’-:; t he ’  :; t :r e:_ c s in  t i m e  St ,r u t ’ t are - c r c  Ly by

- h c t ’- or ’n n c n i t  i orcs  r’ ’- s u l tj r c 1 I f rom t i e r  :nipport c o n d i t i o n .  By i c c  d k j  r c~~ ot t  fr ee

ii’ ‘- ~!I 1” dr’ - ‘e - i i  no l ’r’oj mfl:n cJ ’ a rn ‘lee i i th , i ri fact, a :;ec’t. ion  0_ L I ;  in finitesimal

- I i : n t,r t t c d l e  r i b ’, ; ’-  the base ( i n  r i~ , i c f  betty ana lys i s ) ,  can be taker; and tics
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upper pu r l  of t h e  m o n o l i t h  e o n s i d sr t ’t i  as , m I rca’ bod y. ‘I’ lm , - , t r r , ilv ’ ;j s w i l l

then not -i- c - ni st’S t h e  pressure d i stribu t ion i t t h e  ba - ;  t f m i - r - t c i r ’ - , t i c ’ -

d istrib ti t i c ’n - m f t  t ’ c ’ t s  the stress analysis t h r o u g h  d t - t  c c n n ; c , t t , j e l l ; ;  w h i c h  m o ’ ’

t , i k t - n  h i t  c c  cic, - c ’ , ’ i c n i t , in the f L n i t e — ~’ 1emcnt, s t u d y .  I’ 1 ’j i ft c - c e c i l  i c . , ’ ’ ,- s ig—

n i t  j o i n t  t ’ t  t c ’ c t  where  t i n - n ’ a re  l a rge  cu lv o ’ r ts  i - I on _cc ’ t o  r a ’ , - hiss ‘f

the m o n o l i t h  om nd t he  distribution is such us to load t i m e  s l ; i l c  t -  i n —

c reao c c ’ st r u - -i s is .  A reasonable way L c d  h a n d l c ’  t he  up l i l t  i n - c  t o  p u t  o t SI 1 1

of f o u n d - m t  ion m a t t - r i . m l  below t h e  structure of thickness -sic - It thou t h e

del leet ion c ’ f  t h e  monm ol i t  ii a t  t i m e  base is less than thea ’ si I t, tin icknc- ss

in o r d e r  t h a t  p r o b  le;ois itt code s o l u t i o n s, such is negat  ive ,, - I c o n c e r r t

,crc- ;ms , and aspect rat io , will not b’ encounte rid.

t c .9 The_c s t resses  given in the’ finite—element m: omput cit i c u n s  f o l l o w

t i m e  n o m e n c l a t u re  g iven  in F i g u r e  6.1 below.

z
S22

~~ S12

Fi gure 6.1.  S t r e s s  notuenc- l a t u r e a - .
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11) ‘ l i a -  s t re s s  d i s t r i b u t i o n s  in t h i s  sect  ion  of the r e p o r t  show

mc m a j o r  and m i n o r  p r i n c ipal  s t r e s s e s  in  t h e i r  r e s p e c t i v e  d i ri-ct ions

It  t h e  cen t  ro id  of  t i m e  c’ t e n t - n t .  The a r rows  deno t  i-  t en s i  on i f  direc t ed

t oward  t he c t -n t  ro id  and compress ion  if  d i  r o e  t i’d away f r o m  i t .  The’

va l Ilt ’S pr  iri te ’ d on the  s t r e ss  plot a r e  L i m o ’  e l ement  numbe r , m i n i m u m

p r i n c i pa l  s t ress , and maximum p r i n c ipa l  , st r e ss .  ~\ p o s i t  ive sign  m d i —

c , i t e s t e n s i o n  and a n e g a t  ive  si gn i n d i c a t e s  e o m p r i ’ o n ~ i u ’ n .

6. 11 M o n o l i t h s  w i t h i n  t i c , ’  l ock  wh i t - l i  w i l l  m a y o -  m e ix i n n u m  t e n s  i i i ’

and c o m p re s siv e  s t r e s s e s  were  se l e c t e d  f” r  a i m , ,  I i ’ s I s .

6.  12 b r a t -k i n g  in concr o ’t , i ’  is ,i -- - t r ess  ‘n b l e m  m d  in o n u - n c ’ r a l  is

r iot an i m p o r t a n t  f a c t o r  in the  s t a b i l i t y  of - i  - ‘ n r m i t  c r , - . 7i t h  t h is in

m i n d , the  most  i m p o r t a n t  t h i n g  to  dc is t o  tI ’  n i ’m , no ’ t i c , - , - i l l - -ce of the

c r a c k i n g  and f rom t h i s , dec ide i t  t i k -  r , - g i ’t t  ~‘ o ~~~~~~ r s t  ress i r ig w i l l

continue t c ’  e x i s t .  This w i l l  ;i l low a c h i t e r ; _ c - i r u . , t  e o n  - ‘ I  n h -  i m p o r t a n - c-

of  the  c rack  and wha t  r emedia l  measures  m r s  . i ; ’ ; u l  i ’ W i - . h- c u r e x a m p l e ,

the  c rack  may have been caused by poi st t e m p e r a t u r ’  v o m r i , i t  ions  and w i l l

hi ’ s i g n i f i c a n t only  in t h a t  they  should be 50 01 I t ’ d  amid pr o, r u t  i’d fr°’um

t h e  w e a t i t c ’r .  In o the r cases the cause of c r a c k i n g  may cen t  i n u e  rind w i l l

be a d e f i n i t e  t h r e a t  to  the  s t r u c t u r a l  i n t e g r i t y  of the  s t r u c t u r e .

0 . 1 3  As hens been discussed in Sec t ion 2 much of the c r a c k i n g ,

i - spec i a l l y the  l o n g i t u d i n a l  c rack  down the cen t e r  of the midd le  w a l l , is

p r o b a b l y  c ’ .- ’ r m , ~ i ’d by barge i m p a c t .  Barge impac t  w i l l  c o n t i n u e  to  hi ’ app l i ed

to the  m o n o l i t h s  even more seve re ly  than  in t ine p a s t  because of t h i s

t r e n d  to  push h e a v i e r  loads . This  can have ci s i g n i f i c a n t  e f f e c t  on the

s t r u c t u r a l  i n t o ’g r i t v  of the  lock m o n o l i t h s .  Tine s t ress  ana ly s i s  r e s u l t s

can now be s t u d i e d  and t he i r  impact  on t ine  c r a c k i n g  accessed .  St ro ss

a n a l y s i s  was p er f o r m e d  on m o n o l i t h s  1 — 1 7 , M—8 , M — 1O , and R — 12 .  L — 17  is

a l i n da i d e  ga te  bay m o n o l i t h  w h i c h , in the  dewa te red  c ’ c i s i ’  , w i l l  h a ve

so il m d  gate loads producing stresses . Monoliths M—8 and M— 1() cm rt- in

t h e  r e g i on  o f  t he  m i d d l e  wal l  where  the  p r e d o m i n a t e  c r c m e k  e x t e n ds  down

the c e n ter  of t ime w a l l  p a ra l l e l  to  t ine  lock chamber .  R — 1 2  was sel c ’ u ’t ed

t c u  exam ins the  c r acks  in a r ivc’ r w a l l  g a t e  bay mono 1 i t h .

6. 1 -~~ The load ings  f u r  mono l i t  ii L— 17 cm re g i vt- rn in F i g  u n ’ Ii. 2

the t o t a l  St ress p lo t s  f o r  t i m , ’  norma l op o ’r at  ion ;nnd do-won t t r o d  c , i s t ’S  a re
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given in Fi gures 6. 3 and 6 . 4 , r e s p e ct  i v e ly  . The mono l i t i m  ac -ct  ion dc_ c —

p i c t  ing the  area o f s t r e s s  c u u n m c e r c t r c m t  ion ;  (Area ‘‘ A ’’) is g i v e -n  in Fig—

u r c  6 .5 .  Tine are-as s h o w i n g  t ime  st~r i - a s  c o nce ’n t r at  i d u i n  p l a t es  f o r  t h i ’  m i e n —

mal opt - r a t  ing and dewater i ’d  c ases are  g iv i ’n  in I - i  f t c m r c ’s 6. (c r ind 6. 7 ,
r c ’spo ’ct  i v e lv .  The c o n c e r n  wh ich  f i r s t  comes to m i n d  is  t ina t t i m e r s  c o u l d

be o - x c ’ e s s i ve  t e n s i l e  s t resses  due to  the  ga t e  and h o r i z o n t a l  soil  loads

.it t ing on t i n s  monol  j U n s i m u l t a m n c ’t ’u sly .  The g r i t s  loads do not  p r e d o m i n a t e ;

espe cially , i f  they a re  a p p l i e d  over  h a l f  of a 45 d )  

d i s t r i b u t i o n  - m u - ross

tilt’ Sc-Ct IOfl on which  they  a c t .  In r e ; m I i L  at the c o n c t ’n t r c i t o ’d p eas _ c i t  ion

ot  t ine  anchors , there  may be highe r t en s i l e  stress i’s  than the  d i s t r i b u t i o n

i n d i c a t e s  bu t  as t h e  concreti- s t r a i n s  t ine loads w i l l  d i s t r i b u t e  o v e r  a

‘e ide r  area a l l o w i n g  a decrease in maximum s t resses .  ‘l’he valet ’; ;  obt a  I n ,,’ti

a re  abou t  as good t c f  an a p p r o x i m a t i o n  as can be o b t a i n e d w i t i n o u t  d o i n g  a

t h r e e — d i m e n s i o n a l  ana lys i s  of t ine  m o n o l i t h .

6.15 The l a rges t  t ens i le  strc,’ssi-s are  ob t a ined  a t  l o cat i o n s  of

stress concentration which are around the  culverts and at P t u S i t i u u n s  of

change of shape (where the monolith is stepped). Tine maximum Lensi lu

stresses around the circular culverts are approximately 120 and 290 psi

fo r  t h e  norma l opc rational and dewa t e rea d cases, respect ive I y; tine ’ refers ,

t l R ’ v  a r e  excess ive  f o r  u n r e i n f on t -ed c o n c r e t e .  At t ime s t ep  in the  mono-

l i t h  t h i t ’  m a x i n ; ; c i m  t e n s i l e -  s t resses  ar ea ’  abou t  125 and 150 psi  f o r  t i n t ’
norma l c c i c e r , ,t  t onal  and de wa t e -r ed  ease ’s , r e s p e c t i v e l y ,  and arc ’ also cx—

‘ ‘ e s a i v i ’ . Tint _ c a n a l y s i s  shows tha t the  s t resses  a t t e n u at e  r ap id ly  as t ine

d i s t a n t ,  e f rom t ine’ , i r e a  of s t r e s s  c o n c e n t r a t i o n  inc reases .  This m e i r i s

t i m - i t  p r u i p - n l y  p l a c i d  r e i n f o r c e m e n t  around areas of s t r e s s  c o n c e n t r a t i o n

is  ve ry i u n p u u r t a n t  ami d c a n  e l iminate  conc re t e  c r a c k i n g .

0 . 1 €  Th e’ max imum comimpressive s t res s e s  at the b ;n se of the m o n o l i t h

ar t - in excess of 600 and 1250 psi fo r  the norma l o p e r a t i o n a l  and di,n—

watered c - l a s S , re spectively.

6.17 ‘I’he loadings f o r  mo m n o l i  th  M—8 are given  in Figure 6.8. Tine

total stress plot for the norma l operating ease is g iven in F i g u re  h .9 .

The monol itim si-st ion dep ic t  ing tint ’ area (“B”) of n-i t r sss  conc’t’nt rat ion is

given in Figure 6. 10. ‘I’ims dsp i i-ted areas of st mess  colncent r:nt loi n arc-

g i v e n  i n  F i g u r e  6 . 1 1 .  ‘l’ii& ’ t e n s i l e  s t re ’ssi ’s  f o r  L i i i ’ norma l operating
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c ase ’ a re ’ , i n ,  large as t hose  I c u r  time ’ dc-write red c - i s o ’ ; the re - f c u r t - , t ime ’  a r i - a ,

o t  i t  r ’as c ’ o n c c ’ r m t  r a t i o n  a r e  o n l y  simc nwn for tine no rma l u u p u ’rating c - i _ c- i - .

>1, ’i i c  ii ti m M— S is a nn i dd  i~ - lock wall monol i  tin in tine reg ion where  t h e  wed I

is c r o u c ,- k c ’d a l - u n g  i t s  ‘ e m i t  er p . i m a l  i a - I  t o  t h i t ’  lock.  ‘rime maximum t i ’ u a i  I ’-

st r c - - ,sc ’s  a r c - , i r ou n d  t i l e ’  I i l l  lu g  and e m p t y i n g  c ’ n m l v e r t s  and  a t  t in t ’  st e p

w h i t - r i  t he monol  I t h  c h a n n g e ’ s s i c a p u -  . ‘fhic m a x i m u m  t ‘ins i I e’ st nc’ss a r o u n d  t i m e

c ’ u m l  ‘,a-rt is svne’winrmt large r t i n c m n  800 p s i .  Ti; i s  st r c ’ss  i s  too large-  a n nc l

w i l l  c r a c k  tine c ’ c u r ’cc ’ r s t . ’ . I” rom F ’ b g n i r e ’  6 . 1 1  i t  c a i n be s m - e n  t h a t  when  t h e

co r cc r e’ t c - c r i c ks t e n s i l e ’  s t r e s s es  ni ne ’ a l l o w e d  to  d i s t r i b u t - upward t h r o u g h

tin e ’ c u - n c t e r  of the ’ monol it hi . This distribut ion can distribute tinrough

t E i ~ - p ipe gall c r , ’ and ge n i i - r a l l y  cause c e n t e r  l i n e  c r a c k i n g  down tine

s m i L e r  o f t i m e ’  m i d d l e  w a l l .  The loads a r e  i n s t a n t a n e o u s  and w i l l  have a

~I v r l c m r r e i c - loath f a c t o r  in r e l a t i o n  to s t a t i c  loads ; t h is w i l l  mznke the

i n s t a n t a n e o u s  load ing  more d a m ag i n g  than a s t a t i c  load ing .  C o m p u t e r

c o m p u t a t i o n s  w er e  made wi ti n and w i t h o u t  barge  i m p a c t .  From a c o m p a r i s o n

01’ t h en  stress plots i t  was se e - rn  tha t barge  impac t  was w i n a t  s u b s t a n t  i a l ly

cause -s  the  l o m r g e  t e n s i l e  s t r e s s e s .

s . l8  The compressive s t res ses  c i t  the base of >1—8 are over 1200

psi  and c - a n n  cause problems in f r a g m e n t e d  or d e t e r i o r a t e d  c o n c r e t e ’  or

f o u n d a t i o n  m a t e r i a l .  The f o u n d a t i o n  m a t e r i a l  under  the lock is f r ; i g n n , i c - n c t e - d .

m u . i 0 ‘ I b i s  l o a d i n g s  f o r  m o n o l i t h  M—l0 are given in Figure ’ 0. 12. ‘rime

- t a  I St ri-a s p lot for ti - s norma l oprating case’ is given; in Figure f u .  1 1.

l I m e  mon olitin Sc -ct ion dep icting the areas (“ C ” and “ D ”) o f s t r e s s  c e m ; c i ’ n n —

tr .it ion is g iven in F igure  6. 14. ‘rhe d e p i c t e d  are-as c , f  St  re -ss ccunt ’ent ra—

t i c r ;  a r i g iven in n F ’igures 6. 15 and 6. 16. Mont ) ii tin > 1—1 0 dcu s ~ no t  inav e ’

time- I n e p o i c - t  lo ad app lied and t h e  t e n s i l e -  s t r e s se s  can be seen to  be de—

c r i a ’a se -d  cons iderab l y .  l i m e  max imum t e n s i l e  St resse’s a r e -  o i p p r c u x i n n a t i - l i ’

130 p s i  and t ho - maximum compress  ion cn bou t  t lne ~ sa me win i e ’ i I  is mtmc h I c u w e  i

m l ,  a r m  t ho se  pr e senn t when boa t  i m p a r t  loads are ’ a p p l i e d .

6 . 2 0  The load ings  f o r  m o n o l i t h  R — l 2  a re  g iven  i n  b-’i gu rs  ( .l7.

t u e  t u u t  al st re-sr -i p lot  f u r  t h e  n o r m a l  o per at  ing case is tine’ more cr it I coil

and i s g iv i- cm in Figure 6. 18. The’ monolith sect ion dc-p iet ing t i m e ’  c i r c e-c

( ‘‘ l- ’’ m m d  ‘‘F”) of St rc ’sn c ctm nd i t lo ins  i s  g iven  in Figure’ 6. 19. The dep  ict e ’ei

6 .7



areas of stress concentration are given in Figures 6.20 and 6.21. Time
stre sses due to gate and other loadings do not produce excessive stresses
in this monolith. The cracking in this monolith is small and is at dis—
continuiti es or cutouts.

6.8
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SLU I I t ) N  7 :  CONCLUSIONS AND RECO 1U~1ENDAT 1ONS

7 . 1  I l k - r b  is  genera l  sp a l l in g ,  l eaching , and c rack ing  of the

b -~) n c r - t & -  s l lr t . k t - s  I l l  Montgomery Locks and Dam . The crack survey implies

t h at  a lUd ~o r i t~- I l l  t h e ’ c r a c k i n g  in  the lock wal ls  is caused by barge

impac t .  The l o n g i t u d i n a l  c rack  pa ra l l e l  to the lock in the middle  wall

lo t  M o n t g o m er y  Lock is h y p o t h e s i z e d  to have been caused by barge impac t;  there-

fo re , t h i s  can be a source of d e t e r i o r a t i o n  which increases wi th  lock

use . The pu l se ’  v e l o c i t y  s tud y ind ica tes  tha t  the  c rack ing  along the  center

of the m i d d l e  wal l  does not worsen w i t h  dep th .  The concern of the

cracks and spal led  areas , in the concre te  su r face , is that  they wi l l

a l low the acLess of w a t e r ;  thereby causing an increased rate  of deter iora-

t ion due to f reez ing  and thawing . Maintenance of the s u r f a c e  cracks and

spalled areas is , t h e r e f o r e , essent ial .

7 . 2  In re la t ion  to present  c r i t e r i a , almost a l l  of the  mono-

l i t h s  on the land wall are inadequate  in the i r  res is tance to o v e r t u r n i n g

and base pressures•  In general , the monol i ths  in middle and river walls
are inadequate in their  resistance to over turn ing . This is especial ly

t rue  for  the middle—wall  monoli ths  in the dewatered case. The m i t e r

si l ls  are inadequate fo r  s l iding if the locks are dewatered .

7.3 The stress in the culvert wall of monolith M—8 is greater

than 800 psi tension. This tensile stress is too large and will crack

the concrete. This allows a stress flow up through the center of the

monoliths , thereby causing cracking • This hypothesized condition for

crack ing should be checked by Inspec ting the culvert walls as soon as

possible.

7.4 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

determine what action is necessary which will provide the most economical

and adequate lock usage over a period of 30 to 50 years. For this

reason , it is recommended that a feasibility study be made considering

the following alternatives:

7.1



a. Min imum maintenance and protection of the locks and dam
from weathering with expected rep lacemen t when needed as
det ermined by periodic inspection.

b . Rehabilitation of locks and dam.

c. Replacement of locks and dam .

7.5 The above recommendations may be affected by a total structural

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

foundation , ste el gates , bridge work , lock ga tes , or app urtenant mechani-

cal or el e ct rical facilities. These will be considered by the Pittsburgh

Distr ict in the overall evaluation of the locks and dam.
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APPENDIX A: STABILITY ANALYSIS

Introduction

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

were checked for adequacy against overturning , sliding, and excess ive

base pressures.

A .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 Appur tenances.

c. EM 1110—2—2607 , Nav igation Dam Masonry.

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

e. ETL 1110—2—184 , Grav ity Dam Design Stability .

A .3 The summary sheets and stability computations are given in

Table A.l, and Figures A—i through A—21 , respec tively .

Applied Loads

A.4 The lock and dam monoliths were investigated for two case

— loadings as given below :

a. Normal operating condition :

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

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

b . Maintenance or dewatered condition: Backfill , gate , dead
loads , and uplif t were considered . The saturation levels
In the backfill were used as given in Table A.2. Impact ,
hawser pull , and wind loads were applied acc ording to the
situation .
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A.5 The standard procedure was to analyze three—dimensional 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 m o n o l i t h  was used as the  cen te r

of moments.

A .6  Approximat ions  were necessary concerning several  s i g n i f i c a n t

f a c t o r s  which a f f e c t  the  s t a b i l i t y  analys is ;  these approx imat ions  are

discussed below .

,\ .7 The loca t ion  of the r esu l tan t  soil pressure was considered

to be as suggested in Engineer Manual EM 1110-2—2602 fo r  wal ls  s u p p o r t e d

on rock f o u n d a t i o n s :

a. O.38H above the base for horizontal or downward sloping
backfill.

b. O.45H above the base for upward sloping backfill.

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 .

A.8 In the case of Montgomery Locks and Dam , with the gravity

walls suppor ted on component rock , the “at—rest ” pressure coef f icient 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

was dec ided to estimate a lower bound value. This lower bound was ob-

tained by considering the value for sand (from dense to loosely com-

pac ted) 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.
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A .9 The un i t  we igh t  of concre te , dra ined ba ckf ill ma ter ial , and
s a t u r a t e d  b a c k f i l l  ma te r i a l  was used as 151.3 l b / f t 3 , 120.7  l b / f t 3 , and

13 7 . 9  l b / f t 3
. r e spec t i ve ly .

A .I O  Barge impac t  loads were app l i ed  on the  basis  of des ign loads

used fo r  locks previously  c o n s t r u c t e d  w i t h  cons ide ra t ions  g iven  in

1-~-1 1110—2—2602. The loads which were used are :

a .  Lock chamber wal ls :  800 l b / f t  bu t  not  less than  40 , 000 lb
per monolith.

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

The barge impact was considered as ac t ing  5 f t  above the w a t e r l i n e  and

was combined with the most severe normal loading conditions.

~\.1l 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.

A.l2 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 localizcd stresses.

.-~.l3 Ice loads would make some case loadings more critical.

Design Criteria

A.l4 The monoliths were checked for overturning by considering

where the resultant intersected the monolith base. These results were

expressed as a percent of effective base.

A. 15 Resistance to overturning was considered adequate if the re—

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

norma l operation cases using “at—rest ” earth pressure coefficients. The

resultant for the extreme maintenance condition using “at—rest ” ear th

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

the middle half of the base.
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A.16 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.

A.l7 Thereareno 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 + M d l  considering the

total 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 equations are

not *ven satisfied. The way to determine the base pressures is to

consider only the effective part of the monolith base——that which is in

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

base is derived below.

A.18 Consider the resultant force “x” distance from the lef t toe
of the monolith and solve the equation f = P/A — Mc/I when the stress

(f) equals zero.

_ _ _ _ _  
I ’X
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P

A I

d dP — - x P  —
2 y 2

0d 
d3

12

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

A.L9 The above derivation is for a two—dimensional section with a

unit depth of 1 ft. The stress is then:

P ( x )  = _____ 

~ (3x )~ 3

P
f = ~~

. _1.
3 x

If the resultant falls outside the base, the monolith should begin to

overturn . By conventional design , the resultant falls out side the base
for some of the lock monoliths . This is , in real i ty , not the case be-

cause the monoliths are in relatively good alignment.

A .20 In as many years as the lock has been in operation , the non ’-

liths have not shown excessive settlement or misalignment ; therefore ,

the reo-iitant of all forces actiriC 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 desi~~n.

For example, such factors could be:

a. The force required to shear a failure weo~-.~ - -‘om 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 desii’n ,
may be greater then the actual ~~i tu ~t t  i o n .

c. A refinement in parameters and calculation methods is
needed to more accurately obtain a horizontal soil f o rc e
against the monoliths .
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Table A.2

Satui-at  i on  l e v e l  ii I c c  U:~e n t h e  PPCk l ’il l

of ’ the I-an I Wi). 11 ~-~i c 1 ) C ’1 I LIII)

Sections of Saturation El - ‘irtjon:; for ~:cLura t i ec i  El evatA oil: ; 1 ( — i •

Land s ide  1,ock N o - inai O~ on Ct i  ng I xt -renic:  I’l~c.i l t C - t l i t i ( C

_______ 

~~~~~~ ~ Cond iii ons r~ inch  t ioioi 
_________

tJpper guide One—hal f way between ——
wail monol i th  upper pool and the top

of lock wall

U ppc - 1~cct e Upper pool elevation Upper pool e leva t ion
monoliths . --

Lock cha) uher One—half way between Three—fourths  way between
monoliths upper pool. and lower upper pooi ond lower

pool elevations pooi elevations

Lower gate One—half  way between Three-four ths  way between
monol i ths  upper pool and lower upper pool and lower

pool elevations pooi elevations

Lower guide One—half  way between One—half  way between
va i l  monoliths upper pool and lower upper 1)001 and lower

pool elevations pool elevations
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