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1.0 INTRODUCTION

This report summsrizes the results of a study to determine
if cracks observed in the south wall of the Seabroock Station
Service Water Cooling Tower result from concrete shrinkage
or from some other cause. The approach taken is to analyze
the wall for tension stresses caused by shrinkage strain
while accounting for the seguence in which the wall was
) constructed. A pattern of predicted cracks is then drawn by

assuming cracks to form perpendicular to the principal
stress directions. If the analytically derived crack
pattern closely follows the existing pattern, it «can
reasonably be concluded that the cracks were caused by
shrinkage and not by some cther mechanism.

2.0 ANALYSIS

Specifically, the portion of wall under consideration is
that portion which forms the south wall of the cooling tower
basin between elevations 22’=-0" and 44'-0" (see Figure 31).

> The analytical model includes the entire 301 foot length of
wall, 22 feet hlgh with the base fixed at elevation 22'-
o". This height is used because the wall was constructed
in five sections, each 22 feet high. By the tim2 additicnal
construction took place, nearly all shrinkage had occurred.
The wall has been divided into five sections corresponding

p to each concrete placement, with the cold joints numbered 1
to 4 (see Figures 1 and 21). This area was constructed over
a four month period, with the dates of installation shown
in Table 1.

The analysiz was carried out using the AN3YS Engineering

v Analysis System. The wall model consisted of 450 plane
gstress elements and 610 nodes (see Figures 2 to 10).
Elements in Figures 3 to 10 are shown in a reduced plot to
provide additional detail. Five separate analyses were
performed where each analysis represents a particular
phase. The models for each phase consist of the wall

] sections in place at that time (e.g., Phase 3 model includes
Sectiens 1, 2, and 3). Final stresses and displacements are
obtained at the end of each phase by summing results from
previous phases. To illustrate, the stress for Element 63
at the end of Phase 3 is given in equation form below!:

€ 0763,3(end) = O83,1 + J 63,2 + J 63,3
element | | phase

In each analysis concrete shrinkage strains are simulated by
imposing a temperature differential on each wall section.
The relationship for concrete shrinkage versus time is taken
from Reference 1, equation 1.10.2. The shrinkage strain is
equated to thermal strain which leads to the appropriate
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temperature values. These temperatures are shown in
Table 2. Constraint equations between the sections are
imposed to provide connectivity for each phase after Phase
1.

The applied temperatures and constraint locations for each
phase are tabulated below:

D Of LOCATION OF
PHASE SECTION NUMBER IMPOSED
1 2 3 e 5 CONSTRAINTS
1 -101 None
2 - 9 -68 Cold Joint 1
3 - 2 - 7 =21 Cold Joints 1 & 2
4 - 3 -14 =38 =49 Cold Joints 1 & 2
5 - 30 -56 =86 =96 =145 Cold Joints 1, 2,
3 & 4

RESULTS

Deformed shapes of the wall due to shrinkage are shcwn in
Figures 11 to 19. The effect of individual phases are shown
in Figures 11 to 15 while Figures 16 to 19 show the combined
effect at the end of each phase. To plot crack directions,
a tensile stress of 500 psi was selected as a threshold for
cravkx initiation (Ref., 1). This limit was compared to the
stress from the end phase results. Elements with a maximum
principal stress of 500 psi or greater were plotted (see
Figures 20, 22, 24, 26 and 28). These were then overlaid on
the principal stress plots (Figures 21, 23, 25, 27 and 29
and Figures 1A to 5A). Beginning with Phase 1, crack
patterns were drawn perpendicular to the principal stresses
within those elements with stress greater than or equal to
500 psi (see Figure 30). Once a crack pattern was drawn,
say for the end of Phase 2, it was not changed, even though
the principal stress directions changed at the ends of later
phases. This presumes that a crack will form the first
time the concrete tensile stress is 500 psi. Comparing
Figure 30 to the actual crack pattern, Figure 31, it is
observed that the predicted cracks are remarkably close to
the actual. This includes some reversals in direction, such
as both sides of ccld joint 1; and some cracks with kinks,
seen at the left side of cold joint 2.

CONCLUSIONS

The analysis demonstrates that the derived crack pattern
induced by concrete shrinkage very closely follows the
existing pattern of fine hairline cracks.
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This analysis provides additional confirmation that the
existing pattern of hairline cracks in the north and south
walls occurred during construction as a result of the normal
concrete curing process.

REFERENCE

1. Wang, C~K and Salmon, C.C., Reinforced Concrete Design,
Harper & Row, 3rd ed., 1979.



TIMING OF CONCRETE POURS

PHASES 1 THRU §

-
POUR a* € DAYS 3 DAYS S DAYS § DAYS
PHASE DATE DAYS FROM 1 FROM 2 FROM 3 FROM 4
1 05,/04/79
® 79 79
2 07/23/79
31 110 11
3 08/24/79
6 116 37 6
4 08/30/79
L 18 134 55 24 18
5 09/18/79
L ]

*Assume 30 days/month

TABLE 1
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TEMPERATURE CALCULATIONS

END PHASES
PHASE END PHASE END PHASE END PHASE END PHASE END PHASE
1 2 3 4 5
1 T Days 79 110 116 134 )
Total T» =101 =110 =112 =115 =145
AT =101 - 9 - 32 - 3 - 30
2 ¢ Days 31 37 55 <
Total T* - 68 - 75 - 89 =145
aT - o8 - 7 - 14 - 56
3 * Days 6 24 a0
Total T+ - 21 - 59 -145
4T - 21 - 38 - 86
L R i Days 18 s
Total T+ - 49 =145
AT « 49 - 96
5 2Dayes <
Total T+ ~145
e 4T =145
~ = ———L—
» * Total T 145.45 T + 35
L J
®
* TABLE 2

88104.2 8




%)
.
~ z
Y %
~ ol a
w - [} o w
¢ - = o~
L: : -] - ~ 1] © =
. . > "1 - -
2 @ o W « 1 o [
— -
: 2 ; ;: % ~ (=] ; L d -~
)
| !
T |
(
§— t—

¢)
L |
%
@ \J
Q'
1§ )
-
.,‘;{ Q)"i’“"' “ "'"t. ‘M ﬂ "‘(
M T R S e G




N T i# s

Pt oy >, WY -
€ T «fb.
e e

A xR et

R R TR

r::w_Wm.wmr.r}:w:: rrr R

rHH CErr e e
' ' "

Zr e 4a |

*

pOR L=~ 4X _
1e81=]1510
l=pAZ

9140

SINININT 1d434d

| ON 107 |

SV 8s O

gRer 27 834

" g o3 TS

< &3 : -
S
g L B o
L A AFw




IEl=4)

6Q i 2y
O2= 319
tlwmpAT

-

-+

. e ey e e ey

|
*
{
|
|
|
|
|




NOAN N33

NN 309N

SIN®I13 4384

ON 1074




Yo 44

Stil= X

012=1510G

l=A2

ST

NN K33

NN 300N

SINNI] [d3¥e

ON 10




9P A6

08= I1
195 = 3X
0/2=1810
=AZ

9140

WON W33

WNON 300N
SININING 14744
i1 ON 10W
S22 ARa

|98t 27 €34

£y S SNy

0fE

E6E

toe

p324

"e

00 %081 FT X 3V 00 GFEY SINNITI

~r llcn_, ref 3 T S 2 v e eeyp- — e vef— e
193 yaz 182 w12 si2 e 092 LLY §92 09z — 152

e o i Wt W\ *
982 €92 082 1 vz (¥r4 _ @92 G2 292 (1% e

5 —ow * i3] F L3 i L T *
592 282 612 01z €1z 01z 192 ¥z 192 (234 $s2

ey oA e e e = .- % = p——— -
81 ost eI L VA it n ol a0t ag *al o

4w mn?&illfﬁ'loo. —at SR —— Ot ——— D00}
LR LIRS 1 st cit I 63l m .ol (8 11 to

ove o¥e ire (T3 - e 0se 15¢ F2% 4 rSe rT% 3% .




'
00 #12Z 31 X 37 00 9081 SINWIYY
Nt luw\ J—u
ire ovf ot LAd 1 - ) 32 L4 it tr or
aze ne e e @oe soe Zof 667 %2 f62 e
oty ¥ ¥ L Fop—— o) T T [
L1 e ve ore 1oe poe Lo w6z s62 262 042
i il
S +t —+F 0 5 % 5 wof— —Fvf v ﬁlld
1y ste ﬁﬁn s0f 908 €oe oo 162 raz 162 anz
e —+ Sty 68y —a8¢ +9 44 QI*“ Pog Py ey e 1
0= ia roz el 002 CL] 61 réL H 8l 08t st agt et
15024 962 o o +o -6 +o 6 R P W e ———wf
e ' Eo2 1oz 68t 161 1.1 €8t 181 “et 8t aeil vt
t=AZ —
(124 ez (334 ace 12 Qe 6k e o¥e 1y v e vee
2140
NON W33
WNON 300N
SINW¥INT 1d3de
L) ON 10%
61 601t
9881 2Z 834
£y SASNY




1
00 Z¥IZ IV X I 00 wIZZ SININGYI
2 29091)
QOQ'IJ <y s N s 2 4 Ty po—
[ 19 4 1] 10 ser P48 6er aze fer v
-
156 +¢ ¥ ot} ity ety «é
(123 ELD pie e 8zr ser zee 61 F
zes V¥ L e S 1 T e ] #
e m cee eer o e 12¢ pev 1o wre
"
S.ﬁhj“L ,II!,_I'!“ +* S Tem T ¢ 4
06 41 vz 2 022 9z az ¥z e o1z 02 %02 oz
182 3x €22 —— — %o -y Ao 4 ey s 262 e oy
— €2z 122 612 0ne s12 €1z "z 802 102 s02 £ 02
t=AZ ]
zze vz [¥Z4 a2¢ 172 [F74 622 0L 15¢ FI% iie ¥y
9180
WNON W33
SININII 1434
ot ON 10%
9z €111
|98l ZZ 434
« ¥ SASNY




NON W13

NN 300N

INW3]




NON W33

NON  JOON

SINMING 143




e e e
B
——— e v
R
————— e

-———
———————

.-

e

e 4 ————

-

T







—— ) S ———————————

MY Avd Jl 0tt AVG €

Y0 =X¥a

"14810 11504

|ser ZZ 834










("-d-:la

¢ z - : =
: =« e ¥ - - 3 un 1
- - — ™
c P 2 g K w5 8 N o =
) Kd

C e ——

———

R

.-

P
-

i At

i

et

——







v VNG ON3d

2 203

0s>~vI56

aad

- -
-

p A
-
-
-
'
3
—
-
-
-

4 4 o -+ 444
SEZ =XvNa i e e i w r: t

iti= 4

PO L=4X

1381=1510

|
i=AZ

2140

=-y3il

6660~4315
14510 11504
e o3 107
2
9881 £Z 934

E'* SiSNv




]

EP=paa
TER =)
LY™-

=198




0< 29913

a3

Zei= 44
W0V iI=4X
1e8t=1510
t=A2

o180

SINWITI 11504
' ON 107
o

9961 | ¥R

€'y SiASNY

005 39 1915 MIIP SINMINI ! JOVHG ONJ




'
61 '@ 01 0 A ' 4 Y

12 29953

CPt= 4

FERESENBEE ...

GOH L= 49X

T

3
$
4
»
i
e

——

)

—

1861=1510

——
-
c—
T

I=AZ

2180

(R s FRE]

L 2=19]S
4ilod

=Wl
I=g3ls
WOLO3A L1S0d
' ON 1074
65 61°%)

we6l 22 83

£y SiSav




22 2909 )

3

eI~ 4A
081~ X
1861=1519
t=AZ

9140

SINWITE 11504
14 OoN 107
1S9 9

WAL 1 BN

€% SASNV

SINMNITE T yvnd OND




MIN syt

ZTi= 4
EDLALE 4
19681=1510
t=AZ

2140

Ll ERE]
16821918
¥iod
t=¥311
860=dI1S
HOLO3A 11504
' ON 107
RE°SY 6
a8l £ 8

£ SASNY

 FWHd On3

Ll
-

*Eﬁxx_z: fmk :

!




b2 2wy

a3
Zei=4A
091~ X
196:~1S10
t=AZ

5140

SLMMITI L1506
i ON 107
g0 e M

WGl | W

€% SASNY

005 39 1915 ML SINNIYE © VR4 ON3




!
£ 5vH4 ON3

52 2003

e~

P08I=

1961=1510

T 3 £ 2 I i

L

A
4
%
L
L
5
e
=
L
L

i=A2

9180

et=Ning
ced=19is
Wil04

t=di1l
8666=431S
HWOLO3A L1504
L4 ON 1074
LU |
o8 F2 834

£ SASWv




!
005 39 1910 HIIP SINNITT ¢ VNG ON3

92 200913)

a3

TeI=gp o

SORLt= X -

resi=1510 ¢

t=A7

2140

SININING 11504

* ON 107

s 8L M

CEL IR L

£’y SIS




* vHd ON3

L2 2991

ZEi=4A

209 1= X
(981=1510 E . z

t=A7

21H0

[ ERE]

Zire=191s

wiod

t=d311

6860~4315

HOLO3A 11504

€ OoN 10

80°S5 6

#9681 €7 @33

£ SASNY




22 2mwid
043

Iri= 4 -

208 1= X b

1961=1510 ~

1=A7

SINGAII 11504
s oN 107
FLRE S L

R981L 1 9V

0.

1915 Wile

A%




'

LBy e
st A \j’,_“'{’ b ol Y I "
igF bty PR, 1&’ ﬁ%“*”gﬂ’ 4
'w?’ o ?‘l' A \" J' -‘...%E-‘Ea.. A \m "‘T‘iég ,'
W A




(o)
Y]

n‘\lﬂl‘ﬂﬂ,ﬁl
_.\\. ]/

7T
J

T

,

\
“

J —~\ '\ 4,/,// <\‘ ‘__ T
!

o



@M‘/N AR
®
e
|
|
T v :
i
a/od/79

@t HWMII - o ek d
Sy X, |3
oy 2 |3
UNd ,
% N — i — e e e

=

< &

é’ Z.Eya TN




e 4d e’
CARopeprend
2 /282/%9)
Low S n>~
Sprrstt APRoA?

& F7%0"

pZHN
J_ ya“ ’ L
— & 380

r—&sifo"

p 7oA Lty

F’ 7
L GRoE
- Eea/~0” .

Oere o ,{

Tl

| 2‘“"‘1»4‘0 ¥

@ @ z I.f'.”e 4‘/’)

&L apio" Zy
L gaio”

APERTURE
CARD

Also Avallable On
Aperture Card

Sepvice 4)mren Conetm /owEQ
Souz% Z/_/:“Pé(

FIGURE 31/

8804390854%-0/



OVERSIZE
DOCUNMENT

SEE APERTURE CARDS

4

NUMBER OF OVERSIZE PAGES FIL MED ON APERTURE CARDS _Q._

APERTURE CARD/HARD COPY AVAILABLE FROM RECORD SERVICES BFRANCH, TIDC
FIS 492-8989




