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U.S. Nuclear Regulatory Commission !P"
iw ' Document Control Desk
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Gentlemen:: | 1
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E

'
*
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j,

f. / R'iver Behd' Station - Unit:1-<

L. ,7 Docket-No. 50-458 . ;

'

Q
^

'

;
'

<

In response jto 'a. request- by fMr. W. A. Paulson concerning j
| additional ~information on ponding.'offrainwater on building-1 roofs

% .at River--Bendi Station.(RBS),-attached.is a submittal providing
}{ the requested information. ;

'

cSpecifically' requested L were copies. of two- (2) structural
'

calculations. referred to in previous submittals. Also . included-c3
M"' are copies of the ' reinforcing steel. drawings ' applicable to -the

'

,

roof slabsc of?the diesel generator building ands tandby cooling 1s
-towercpump' house, j

' '

g ,

The NRC structural representative requested clarificatiori'of .the
detail section on-page.7 of calculation C29.0.1-3B. 'This detail
is a simplified representation of a .121nch: wide section of the

fdiesel' generator.. building ' roof slab'.' Though the detail only=.. ,
*

,
.. illustrates the. presence of tension reinforcing. steel, the design
drawing,-EC-29H, included in this: submittal clearly indicates the.

-Q - presence of both compression and tension ' steel. This should
. therefore-resolve"the concern regarding this matter.

' ;'

g e~ - . .

To1 eliminate,any possible confusion, 'the' attached submittal
,

contain'sjticth copies iof.the original calculations and the design-

.

drawings previously' transmitted to the NRC. The, attachment to; 4
this letter. lists; each enclosure included 'in this submittal.- "'
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'If you have any questions concerning this document or this issue in general.
contact L. L..Dietrich at (504)-381-4866.

'

b Sincerely,
,

( , f. h w &
J. E. Booker
Manager-River Bend Oversight
River Bend Nuclear Group

cc: U.S. Nuclear Regulatory Commission''

611 Ryan Plaza Drive, Suite 1000
Arlington' TX 76011,

NRC Resident. Inspector
P.O. Box 1051
St..Francisville, LA 70775

Walt Paulson
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rock'v111e, MD 20852
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ATTACHMENT

i.

?;- Enclosure Description- Number

1 Standby Service Water Cooling C47.540-0B
1

Tower Roof and Wall design C47.540i-

calculations
'

2 ^ Diesel Generator Building Slab C29.0.1-3B
design calculations C29.0.1

3 Station Design Criteria- 200.010
page 3-4

4 Station Design Criteria 200.010
page 4-6

5 Station Design Criteria 200.010
page 2-1

6 Diesel Generator Building EC-29G-3
Floor Plan Drawings EC-29H-3

7 Standby Cooling Tower Pumphouse EC-47DA-2-
Drawings EC-47BA-3

I

.

I

i:

l

)



- , ,g 7LT CALCULATION TITLE PAGE C47. 540 -0' "

ENGINEERING DEPARTMENT * "o-
A* PAR 1 0F 144

! 1 CA1ma ^yqm yTLS* Standby S.W. Cooling Tower - 3. Bru nesse CALC. Glt REVl50N NQt .
_ .

Design of Roofs @ EL. 152'-6" & 163'-4" and Walls
L From EL. 152'-6" to EL. 163'-4" 12210-C47.540-0A e

i: 4. r'MuvE OF t*La" ^iiEu
!

_

The objective of this calculation is to prove the adequacy of the roof slab at elev.|* 152'-6" to support a maximum height of ponded rainwater, assuming that the scupper
~

'

D drains provided in.the surrounding parapet wall are blocked. (Note: This is a very
conservative approach since the drains will not completely prevent the flow of water.),

*

5. E^'M_^. VON WETriGi/^""VQNR_

'The method employed in this calculatien, for determining the adequacy of the roof '

slab, involves the simple comparison ot' existing ultimate design moments in each
L section of the slab, to a revind mom m based upon ~che add'.tional loadings imposed t

| by the ponded rainwater. If de revited ultimate moment is less than that originally ,

| . calculated, no additional review is nyuired., However, if the revised moment
exceeds the original design, additional calculations and/or justification for
acceptability will be provided.,

5. " --- CF DATA /!03JATiGii (rgururiummey

1. . Calculation'12210-C47.540 Rev. 0; " Standby S.W. Cooling Tower - Design of Roofs
@ EL. 152'-6" & 163'-4" and Walls From EL. 152'-6" to EL. 163'-4". "

l
2. Structural Design Criteria - Doc. No. 200.010, Rev. 5, dated 3/15/85t

.

3. Design Handbook, ACI 318-71, Publication SP-17(73) i

4. Drawing EA-59C-1; " Partial Roof Plans & Dets STBY SVCE WTR CLG lower"
5. HVAC Calculation G13.18 2.1*28
6. Modification Request (MR) No. 85-0445 (Welding of doors SP154-1 & 2)
7. Drawing EC-47DA-2; Plan Elev. 152'-6", Reinforcing plan.s

_

8. " Standard Handbook for Civil Engineers"; Merritt; Second Edition; 1968

7. CONCLusiG

L Since the revised ultimate design moments for each section of the roof slab at elev.
152'-6" are enveloped by the original design, the additional loading imposed by the-

maximum height of ponded rainwater will not compromise the structural integrity of
the roof slab.

a. REASON FQft IEVigiet (F APPUCARE):

The reason for this addendum $s to provide a technical review of the adequacy of
the roof slab at elev. 152'-6" to support the maximum potential height of ponded
rainwater. Though the slab design is adequate to support the rainwater, the specific
loading imposed by water was not individually identified in the original calculation. '

! 5. RELATED DGGiAusivik 10. QA CAsawwas
X I. NUCLEAR. II

N/A '

5AFETY RELATED E III
11. 12. AJ.

A-- e A hlM ,/ ode L2))) L L ,/ ale
PREPArian /UAM ' CNECIElt LE~waii i DAM EwururwuriT REVIEWEt DATEf

14 DATA REQUWilNG CONFIRMARCMt

i N/A

L a . v.

FOR INFORMEON OW.

|
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REF PAGE ,

OBJECTIVE:

e. As stated on pass 1, the objective of this calculation is to confirm the
adequacy of the roof slab of the Standby Cooling Tower Pumphouse, at
elevation 152'-6", to support the loading imposed by the maximum potential
height of ponded rainwater. .

..

y
,

!

L METHOD and SOLUTION:
|

L An outline of the configuration of the roof slab at elevation 152'-6"

L
' ' is shown on page 5 of this calculation. In this outline of the slab, it

can be seen that the overall roof structure is divided into several ,

different sections for which an analysis was performed to determine the r

design loading and subsequently the reinforcing requirements for the
overall slab. (These sections are specifically identified on page 8.)

On pages 6 and 7 of this calculation, an outline of the roof slab is
''

provided showing the physical layout of the roof area with all scupper
drain locations, the directional slope of the slab, and the height of the
surrounding parapet wall. The purpose of the outline on page 6 is to
indicate the maximum height of rainwater that could be contained within
the parapet wall on the Pumphouse roof. Since the top elevation of the

(- parapet wall is 154'-10" and the low-point elevation of the roof. slab is
152'-6", the maxhum depth of ponded rainwacer that will be contained
on the roof slab prior to breaching the top of the parapet wall, is 2'-4".

A. The method employed by this calculation, to verify the adequacy of the
roof slab, will be to extract the design loading determined from the '

original calculation for that portion of the slab design being
considered; apply the revised loadings. based upon the assumptions
stated below.and the additional loading from the ponded rainwater, to
determine the ultimate applied moment (M ) for each section; compareu

" this moment with the one originally calculated; if the new moment is
less than the original, the roof slab is acceptable, if the new moment

;. exceeds the original, a justification / analysis will be provided.
' B. The following assumptions / credits are taken in this calculation:

1. The originally applied Live Loading of 30 pounds per square foot
(psf) will be deleted from the overall loading condition. The !

justification for this is due to the absence of any equipment
loading in this' area and the elimination of general personnel 6 -

access to the roof area itself. Since the only Live loading
possible on the roof slab would be from rainwater, the additional 7

30 psf loading can be eliminated froni consideration as a
simultaneous loading. ]

2. The temperature gradient (T ) specified in the Structural Design 1o
Criteria (Ref. #2) of 50'F will be reduced to 20'F due to actual 2 3-4
HVAC system design (Ref. #5). The 50'F gradient specified in the

5 -

Design Criteria was an overall conservative number used in nost I

structural calculations prior to the final design of the building )

I
HVAC systems. In this particular case, an actual differential of J

20'F is applicable. I

jer-ois W

m w ea scaon ONLY |
|

.
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CALCULATIONiWORK SHEET

MF PAGE -

| C. It should be noted that the approach defined above is very conservative
i.. in nature due to the low probability that the scupper drains in the !

|' surrounding parapet wall vill become totally blocked. Though some
blockage may' occur, it is more likely that the drains will allow the >

passage of some water'and the maximum height of ponded rainwater,:..-

2'-4", will be reduced.. . .
,

i

ANALYSIS:

, To adequately review the entire slab design for the additional loading !'-

l imposed by a conservativo, uniform depth, of ponded rainwater, we will
analyze each individual section of the roof slab as it was broken down
in the original-design calculation.

Referring to page 8 of this calculation, each analyzed section of the-
E,

roof slab is identified by the letters "A" thru "E".

To simplify this analysis, we will first determine the revised ultimate
moment due to the temperature gradient (Mut), as indicated on page 3 of

,

J

this calculation. Then a distributed load due to a ponded rainwater jheight of 2'-4" shall be determined, which will be added to the ultimate '

applied moment (Mu) for each slab section. Upon calculating the revised
i

ultimate moments for each section, a comparison will be made with the |
originally determined moment to illustrate that the revised condition is l
enveloped by the original design. 1

r

I. Revised Temperature Gradient Moment (M,, t ) :
_

-As indicated on page 3 of this calculation, the actual temperature
gradient for the upper elevations of the Standby Cooling Tower
Pumphouse is 20'F. (This was provided in Reference #5.) Therefore. [ -

,

based upon an original factored moment, Mut, of 21 ft.-kips, the j grevised moment will bet

Mut = 21 ft-kips x = 8.4 ft-kips

This revised moment will be utilized throughout the remainder of
this calculation for the determination of ultimate applied moments.
for each section of the roof slab.

II.i Distributed Load Due to Ponded Rhinwater (%):
~

As' stated on page 3 of this calculation, the maximum depth of
rainwater than can pond on the roof of the Standby Cooling Tower
Pumphouse prior to breaching the top of the parapet wall, is
2'-4". Therefore, based upon this depth, the resultant loading
vill bes (The water load is considered to be dead weight. Therefore,
the weight will be factored as Dead Load and the loading due to

I
the seismic acceleration of the weight will be added to determine
the total distributed load.)

(continued on page 9)
" ' ' * pg HGORMAT!ON GA)
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Modification Request (MR) No. 85-0445. Therefore, access
to the roof area of the pumphouse has been eliminated.
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,

'

'; II. (continued from pane 4):
I L a(; e

W,= 1.4 D.L. + 1.9(gy) D.L. 2 .4 6.

3(Density of Water = 62.4 lb/ft )
8 LS-9

, . -

,

.L gy = OBE vert. accel. = 0.162 1- 8
.

W ,= 1.4 (62.4 x 2.33') + 1.9 (0.162) (62.4 x 2.33') = 248.4 psf
!(Notes 2.33' = 2'-4" the depth of the water),

|'

** Referring to page 8 of this calculation, the following slab sectionsl '

L '

are analyzed:

III. Roof Slab Section 'A's 8-

. From the original calculation, the slab section is approx. 4'-6" 1 8
wide by 18''long. The depth (d) of the reinforcing steel (distance from

y

extreme compression fiber to the centroid of the reinforcing) was
determined to be 39.885" in the origina1' calculation. ;

In addition to the dead weight of the slab, an additional Dead Load- I

due to the wall on tc'p of th's slab (see page 8)-must be added. Therefore, . |,

the loadings are: 1

'

Dead Load (DL) = Wall Load + Wt. of Slab = 1 768
= 4.9 kips /ft + (4.5' x 44"/12 x 150 pcf/1000)
= 7.38 kips /ft

.

-

Live Load (LL) = 0.23 kips /tr(this load comes strictly from the wall 1 a
on top of the slab. There are no 1

'

additional live loads as defined on
page 3 of this calculation.) !

|

Seismic Load = g (DL + LL) = 0.162 (7.38 k/f t)+ 0.23 k/f t = 1.'23k/ft 1 8 |y
_(Notes gy = 0.162 is conservative in the original calc.; actually gy=0.160) -|,

Therefore, the total loading (U) is:
,

u U = 1.4DL + 1.7LL + 1.9 OBE- 2 4-6
.

= 1.4 (7.38) + 1.7 (0.23) + 1.9 (1.23) = 13.06 kips /fe

The resultant bending moment in the slab, utilising the equation given
in the orginal calculation which best approximates the support conditions

'9' is used as a denominator to be conservative,) fixedof the slab is:(Note:
and beams usually use 12.

,(13. 06k/f t)(18')2 470.2 ft-kips /4.5' vidthg ,, =

(248/1000)(18')2Moment due to ponded water = = 8.9 ft-kips

Mu = 470.2 + 8.9 = 479.1 + Mut = 479.1 + 8.4 ft-kips /ft (4.5') |
= 487.5 ft-kips /4.5'

_ ._

0IT f,],.'y Qo. .

v; g

. . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ . . . _ . _ . . _ _ _ . . . _ _ _ _ _ _ - . _ _ . _ _ . - , _ . _ _ - . _ . _ _ -
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AEF PAGEJ

_QI. (continued from psae 9)t

As indicated in the original calculation, an additional moment is
e

added to the overall loading to compensate for pipe supports and cable
trays. This loading,will simply be transferred to this' calculation and is

'' unchanged. Therefore, the total ultimate applied moment-to slab section'A' is:
*

.

487.5 ft-kips + 65 ft-kips = 552.5 ft-kips /4.5' width. M =
I 8u

|

The originally calculated Mu for the slab was 640.5 ft-kips /4.5' width. 1 8'

Since this moment was utlized to design the reinforcing requirements for
the slab and it is greater than the revised moment determined here, it
can be concluded that the additional loading imposed by the ponded
rainwater will not affect the structural integrity of slab section 'A'.

IV. Roof Slab Section 'B's

I; As can be seen from the drawing on page 8 of this calculation, and 1 B&9
as defined in the original calculation, slab section 'B' is essentially
a cantilevered member fixed on one end by.the vertical wall of the
structure and extending to the edge of the concrete plug ope-ing.

From the original calculation, the Dead Load contribution from the
concrete plugs is 1.65 kips. Therefore, neglecting the Live Load, as
stated on page 3 of this calculation, and applying the same loading
combination equation utilized throughout this design

1. The loading on the slab due to the concrete plugs is:

Pu (Point load @ end of cantilever) = 1.4DL + 1.9 g (DL) 1 9y

= 1.4 (1.65 kips) + 1.9 (0.162) (1.65 kips) = 2.82 kips !

The additional loading on the cantilever due to the curbing
around the concrete plugs, from the original _ calculation, is

i

P = 0.53 kips

Therefore, the total applied point load at the end of the I
cantilever is:

iP = 2.82 kips + 0.53 kips = 3.35 kips ju
-|2. From the original calculation, the Dead Load of the slab for I

section 'B' is:

D.L. = 2' thick x l' width x 150 pef /1000 = 0.3 pounds per foot 1 9

Neglecting the Live Load, but including the seismic loading, the
distributed loading along the length of the slab section is:

I
Wu = 1.4DL + 1.9 gy (DL) = 1.4(0.3) + 1.9(0.162)(0.3) = 0.51 K/ft

|

Epr-e3 9 47

.

Oh! mal!Od tugy

1
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IV. (continued from page 10):

g

As' indicated in the original calculation, an additional loading
L is added to account for pipe supports and cable trays. This loadingN'i will_ simply be transferred here, thereby making the total
t.9 distributed loading on the slab section:

Wu_.= 0.51 k/ft + 0.4 k/ft = 0.91 k/ft 1. 9

Utilizing the loadings calculated above and an overall length of slab* ~

section of 11.5 ft, as stated in the original calculation, the ultimate 1- 9
revised moment applied to slab section 'B' will become:

"
Mu=Pu x 11.5 ft + +' Hut +,

4

= 3.35 k x 11.5 ft + 0. m / (11.5ft)2 + 8.4 ft-k/ft +
(0.248 ksf)(11.5ft)2

2

Mu =- 123.5 ft-kips

; 'Since the' originally calculated ultimate moment was 126.5 ft-kips and the 1 9

revised moment determined in this calculation was found to be less.
'123.5 ft-kips, it can be concluded that the additional loading imposed-

L by the ponded rainwater will not affect the structural integrity.of slab
L section.'B'.

: "
,

V. Roof Slab Section 'C':

As'can be seen from the drawing on page 8 of this calculation, slab
c section 'C' is the longest clear span on the roof. In addition, the

~

1i . distributed' loading applied to section 'C' is the same as that applied to
|- section 'B'. That ist-
1:

The distributed loading as a result of the weight of the slab is:

} W = 0.51 k/ft (from page 10 of this calculation) 10-u
'Added to that is the loading from pipe supports and cable trays of
0.4 k/ft, thereby making the total distributed load: ''

Wu = 0.51 k/ft + 0.4 k/ft = 0.91 k/ft|.

Utilizing the equations provided in the original calculation for the
' bending moment in the slab that conservatively approximates the support
conditions, the ultimate moment applied to the slab section is:

}"
Mu" +Mut +

= (0.91k/ft)(30 ft)2 + 8.4 Et-k/ft + ( * * *
;

- fDP-09 3 99
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1-V. (continued from page 11):
)

.-
1

91 ft-k + 8.4 ft-k/ft (1 ft width) + 24.8 ft-kM =
u i

124.2 ft-kip
!

=
'

' |

The resulting applied ultimate moment from the original calculation was
118 ft-kips. However, this moment was compared with that utilized for the

1 9design of slab section 'B', which was 126.5 ft-kips.- Therefore, since 1 9the revised moment calculated here is 124.2 ft-kips and is less than the
governing design moment of 126.5 ft-kips, it can be concluded that the,

additional loading imposed by the ponded rainwater will not affect the
structural integrity of slab section 'C'.

!
VI. Roof Slab Section 'D's

Based upon a review of the original calculation, slab section 'D' 1 9
was found to be the most critical section due to the highest applied

.ultimate moment.
Slab section 'D' is a cantilevered section with a span of 13'-O''. 1 9.

Therefore, the analysis performed here will be similar to that performed
for slab section 'B'.

1. Referring to the original calculation, the effective width of the
concrete plugs which contribute to a point load at the end of

the cantilevered section is 2.29 ft. Therefore, the Dead Load of 1 -9 >

the plugs (2 ft. thick) is 7 -

( D.L. = 2 ft. x 2.29 ft. x 150 pcf/1000 = 0.687 k/ft
!

h Therefore, the factored point load from the concrete plugs is:

Pu = 1.4 D.L. + 1.9 gy (D.L.) (neglecting live load, as stated 1 9
| on page 3)

) =1.4(0.687 k/ft) + 1.9 (0.162)(0.687 k/ft)
)' P = 1.17 k/ftu

h The additional loading on the cantilever due to the curbing around
the concrete plugs, from the original calculation, is:

P = 0.53 kips /ft 1 9

Therefore, the total applied point load at the end of the cantilever I
is:

| P =1.17 k/f t + 0.53 k/f t = 1.70 k/f t or 1.70 kips for 1 f t. width |u
!

iL 2. The ultimate moment for slab section 'D' is calculated as follows: {

w =P(L)+ + +Mu u ut

|

nw-o's ' e
.[,0R lt#0RM ATi0es Oht.'( ;

l

I

I
'
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VI. (continued from page 12):

Le t
.|

P = 1.7 kipsu

Wu.= 0.91 kips same as that determined for slab section 'C'
-

r 111- W = 0.248 ksf or 0.248 k/ft for 1 ft. width of slab analyzedy 9-

ut = 8.4 ft-k/ft or 8.4 ft-kip for 1 ft. width of slab analyzedM
4-

Therefore, the total applied ultimate moment for slab section 'D' is
.

M = (1.7)(13 ft) + ( '' I ) +I* }( )u + 8.4 ft-k
.

Mu = 128.'35 ft-k-

, Since this revised moment is slightly higher than the originally calculated
! moment of 126.9 f t-k, the remainder of the analysis will be perfotmed to 1 9|'

determine the area of reinforcing steel required, as compared to that
provided in the original design.

1. From reference #3, " Flexure 1.1", page 105; 3 105 e

2
F = flexural coeff. = bd

12000
sb = 12 inches (width of slab being analyzed)

d = 19.885 inches ('d' was previously defined on page 9. howevert 1 9
thic area of the roof-is 2 ft. thick thereby
reducing 'd' to 19.885" from 39.885")

7 ,, (12")(19.885")2 .

0.395=
12000

=

From ref. #3, page 105,

u=strengthcoeff.ofresistance=f=12K " 3 ''
395

therefore, from the table on page 105: (by interpolation)
using f'c = 3000 ps1 and fy = 40,000 psi 2 2-1

q

f = tension reinf. ratio = 0.0098
|

Therefore, the Area of Steel required is: [

from ref. #3, page 105- 3 105

A, = pbd = 0.0098 x 12" x 19.885" = 2.338 sq. in.

The Area of Steel provided in the original design was:

ITherefore,sufficientsteelisprovidedasrequiredbytherevisedmoment,
#11 bars @ 8" Top & Bottom = 2.34 sq.in. 3 160

rows *

f.CR INFORMAHON Opp,y
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VI. (continued from pano 13): !
i
1

o i*

Therefore, since sufficient steel area is provided in the slab to l
lsatisfy the requirements of the revised moment determined herein, it can

be concluded that the additional loading imposed by the ponded rainwater,
,

will not affect the structural integrity of slab section 'D'.
.

,

l
(Note: Since the applied loadings from Pu and W are smaller than those 1 9 '

u
originally calculated, the check for shear is acceptable by observatior.
including the small amount of loading added by ponded water.)

.

VII. Roof Slab Section 'E't

I
The analysis for slab section 'E' is similar to that performed for lsection 'C' (see page 11 of this calculation). :

)

| Referring to pages 5 and 8 of this calculation and page 10 of the
original calculation, the span of section 'E' is 22'-4". The distributed
loading on the slab is the same as that applied to slab section 'C', that
is:

0.91 k/ft (representing slab weight, cable tray and pipe 11W a -
u

support loads) i

} }
Mu " + Mut + Ww = 0.248 ksf (page 9)

,

""

M = 8.4 ft-k (page 4) |ut

! Therefore:
!. Mu " (0.91 k/ft)(22.33ft)2 (0.248ksf)(Ift)(22.33ft)2~
|

9 + 8.4 ft-k + 9

l ,

Nu = 72.56 ft-k ;
,

i

Since the ultimate applied moment determined here of 72.56 ft-k is less
than the design governind soment of 126.5 ft-k to which slab section 'C' 1 9

,

was compared, and since the reinforcing steel design is the same as section 1 10
'

'C', the slab loading is acceptable. The additional loading imposed by 7
,

-

( the ponded rainwater will not affeet the structural integrity of the slab.
.

E VIII. Conclusion:

Ae determined by this calculation, it can be seen that the additional ,

loading imposed by the maximum height of ponded rainwater that .isy occur.
2'-4", will not affect the structural integrity of the roof s)at at elevation
152'-6". The original desigu calculation (reference #1) provided more
than adequate reinforcing steel, so that the conditions reviewed herein

I(reenvelopedbytheoriginaldesignparameters.
a
Note: The remaining slab sections of the roof structure that were not | =

identified and were not analyzed in the original cale. or here, are sections
which are conaidared to be envelocad by those sections ehme vara an=1v d i

SP-@ 3 'W
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Diesel Generator 51d3. - Slab Design C29.0.1 Rev. 3 Add. A
|- 4. G5auud W '"^"'?2

The objective of this calculation is to prove the adequacy of the roof slab at elev. '

. 126'-0" to support a maximum height of ponded rainwater, assuming that the scupper
drains provided in the West vall of the building are clogged. (Note: This is a very
conservative approach since the drains will not completely block and water will drain.

'

5 ""?lTION METrsiii/. _ . . .

,

The method employed in this calculation for determining the adequacy of the slab ise

a simple determination of the reserve capacity of the slab based upon designed
loading, as compared to the maximum potential loading from ponded rainwater. If the ,

| reserve capacity of the slab exceeds the potential water loading, the slab is
;acceptable. If the reserve capacity does not exceed the rainwater loading, additional
i

analysis and/or justification is provided to insure the adequacy of the existingslab design.
.

l5. "_- r W DATA uudAi-- W mmepf

1. Calculation 12210-C29.0.1 Rev. 3; " Diesel Generator B14 . - Slab Design"3

2. Structural Design Criteria - Doc. No. 200.010 Rev. 5. dated 3/15/85 .

1

3. Design Handbook ACI 318-71 Publication SP-17(73)
p

4 Drawing EC-29G-3; " Floor Plan EL. 126'-0", Outline, Diesel Generator Bldg."
'

5. " Standard Handbook for Civ11 Engineers"; Merritt; Second Edition; 1968

l
7.CC _U .

-

,,

Based upon the reserve cat,scity of the existing roof slab at elevation 126'-0", j
| the additiona loading is N eed by the maximum potential height of ponded rainwater

)
1 will not compromise the structural integrity of the slab.

j

& F_-" rm C _ (F APPUGMQ
|

,

The reason for this addendum is to provide a technical review of the adequacy of )the roof slab at elev. 126'-0" to support the maximum potential height of ponded i
<

'

rainwater. Though the slab design is adequate to support the rainwater, the specifi I
loading imposed by water was not individually identified in the criminal calculation.

!" '

A RgLATED isisWhumus 10. QA CAsawwas )^

X 1.NOCLEAR !!
N/A 3AFETT RE1.ATED ~ !!!

-

L 1', 13. &J.

L L % /s , fA rt L $ V81 1 % W2%'Y
uu - .A. sesscener- 1mr- -_

g OATA 1E M5585 - - '" --

I .

N
rmwusm ,nr--

am a
4

.

, s.

4

_ . . . . . _ . , _ - . _ . . _ . _ _ _ . . ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



,___ ,_ __ _ _ . _ _ - . _ _ _ _ - - - - - - - - - - - - - -

.. .%ws ..* m uut i gy '- '
'

CALCULATION REVIEW SHEET
*

*

PAM .2., OF $,

~m CCWWENT, RESPONSEAESQLUTION
.

li.

l'
l'

) ~/ l'/ V O n c.- ._ |.
.

l'-

l.
I

l'

1-

e

I
_ l'

I
l-
1<:_

|

1:
! 1

| ||
~

ll
1,
11
1;.

1
I,

1

I)!
Il
Il

I!
I

COWWENTS PROVIDED SY C0WWENTS RESQLWD RESOLUTION ACCEPTED |'

gg $,f'?|f7
im DAg pngpARER DAM RD90ER DATE 1,
w-me im

egg ppga;dATION ONLY,

|
u _ . _. . _ _ . . - _ _ _ _ _ . _. _.-. . - . _ . _ ... _ _ . _ . _ . . _ . . _ . _ _ _ _ . _



m %in.; srur- )d'

CALCULATION WORK SHEET
'

.-

PAK 3 0F f ),

MEF PAGE
OBJECTIVE:

As stated on page 1, the objective of this calculation is to confirm
the adequacy of the roof slab of the Diesel Generator Bldg. at elev. 126'
to support the loading imposed by the maximum potential height of
ponded rainwater.

'

I
i

METHOD and SOLUTIONt
<

!
An outline of the configuration of the roof slab at elevation 126'-0" is I

j . shown on page 4 of this calculation. In this outline the slab is I'

divided into sections, S1, S2, and S3, for which an original analysis
was performed to determine the design loading and subsequently the slab
reinforcing requirements for the everall slab.

On page 5 of this calculation, an outline of the roof slab at elev. 126'-0"
is provided showing the physical layout of the roof cubicles with all
passageway openings and the scupper drain locations in the West wall of i

the building. The purpose of this page is t.o indicate the maximum height '

of rainwater that could be contained within each cubicle of the roof slab, 1

1 7 inches, prior to the water draining into the adjacent cubicle and.
. eventually off the roof through the opening in the North wall of the
| roof. (See page 8, conclusions, for additional explanation.) i

A. The method employed by this calculatiog to verify the adequacy of the
roof slab, will be to extract the design loading determined from the
original calculation; determine the actual capacity of the slab
based upon the reinforcing steel provided; determine the reserve
capacity of the slab; and compare the reserve capacity to the loading
imposed by the maximum potential height of ponded rainwater.

1

B. It should be not.nd that the approach defined above is very conservative
in nature for the following reasons:
1. This method af review assumes that the scupper drains in the West

wall of the roof structure are totally clogged and do not allow
any drainage of water. Siace this condition is extremely unlikely,
the maximum ponded height of rainwater. 7 inches, will more than
likely be reduced due to drainage.

2. Though the potential for simultaneous loadings.from the full value
of the original design loads.for Live and Temperature Differential,
are potentially reduced during a max. height of ponded rainwater, ne
reductions in these loads will be considered.

3. In this calculation we are analyzing the effect of the ponded 1 :29.
rainwater on slab section "S2" as compared to section "S1". Since 9

the slabs are sloped in the direction of slab S1, the ponded depth '

will actually occur on top of St. However, the original cale. ,

>

determined that the max. stresses occurred in slab S24 In addition,

the unsupported span length of section Si is shorter than that of
section S2. Therefore, it is very conservative to analyze section

I
S2 and distribute the maximum depth of ponded water over the entire
section to determine structural adequacy.

EDP-09 3 9M
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Referencing Page 4 of this calculation, which is page C29.9 of the
original design calculation for the slab at elev. 126'-0";

From the original calculation performed, it is found that the most critical *

slab section exhibiting the highest stresses was section "S2".
:*

The maximum applied moment (M ) for slab S1 is :u
,

Mu = 66.0 KTT + 19.8 KFT/FT (diff, temp. To) 1 C29 !

10 !
&'

The maximum applied moment (Mo) for Slab S2 is: II
:

,

Mu = 86.0 KFT + 19.8 KFT/FT (diff. temp. T ) 1 C29o
13

&
'

11
Slab "S3" is not considered in this review since it is located outside of
the " containment" area of the roof. The slab crea identified as "S3" is I

located on the North end of elev. 126'-0" and is bounded oa the South side ,

only. The remaining edges of the slab are open and therefore permit
runoff of rainwater.

Since the maximum applied moment for the slab at elev. 126'-0" is found to '

exist in section "S2". we will utilize this section for the determination i
of structural adequacy to support ponded rainwater loads.
To clarify the origin of the loading on this section of the slab, we will
re-state the loading combination equation and results found in the original
calculation on pages C29.12 and C29.13:

.

The load combination equation utilized in the original calculation is: t

U = 1.4D + 1.7L + 1.9 OBE + 1.3 To (EQ. #3. Ref. 2. Pg. 4-6)
D = Dead Load; L = Live Load; OBE = Operational Basis Earthquake; >

To = Loads due to Temp. Gradient

From page C29.13 of the original calculation: 1

1.4D = 1.4(372 psf) = 520.8 psf gy = OBE Vert. Accel. '

| 1.7L = 1.7(100 psf) = 170 psf
,

1.90BE = 1.9[(gy)(DL + LL)] = 1.9((.164)(372 + 100) = 147.08 psf '

1.3To = 1.3(15.25) = 19.8 KFT/FT = Mut (moment from temp.)

U = 838 psf excluding temp, loads which are added separate

| The distributed load as a result of the temp. gradient moment (Mut) is:
1 ;

From page C29.13. Ref. 1;
wi, L2 . Mo, x 10 , 19. 10 x 1000 193.4 psf, y =

I(Note:
L = 32 ft. from the section diagram in the orig. cale. on page C29.13)

op-es W
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Therefore, the total distributed loading on slab "S2" ist

W = 838 psf + 193.4 = 1031.4 psfu
;

*

lAs indicated on page C29.13 of the original calculation, the area of steel.

(A ) provided in the slab is equal to 1.87sq.in/ft(#11 bars @ 10" spacing).
|

s
In addition, "d" in the original calculation is given as 21.9". '

Using the slab design, determine the maximum allowable distributed loading:
.

For A, = 1.87 sq.in., d = 21.9", and b = 12" (one foot sect. of slab)
]

From Ref. #3, " Flexure 1.1", page 105:
2 105

*

T..

1 = 1.87p= = 0.0071 '* '
'y |bd (12 x 21.9) *

4

M_ bd2 ,, 12(21.9)2 $p ,12000 12000 V
= 0.48

m .

using f'c = 3000 psi and fy = 40,000 psi 2 2-1
'

,
Ku = 240 by interpolation from Flex. 1.1 3 105(K is the strength coefficient of resistance) 4,

u

Mu=FKu = 0.48 (240) = 115 KTT 3 105 )

Therefore, the maximum moment capacity of the slab is 115 KFT.

From this capacity, we determine the maximum allowable distributed load on
the slab;

i

|

From the original cale. , pagr Afi9.13:

y , Mo x 10 115 y 10 x 1000
u L' 324 1123 psf 1

j, ==

)

Therefore, comparing the max. allowable dist. load to the actually applied |
loading, we can determine the reserve capacity of the slab as beings

i

l W margin = W capacity - W applied = 1123 psf - 1031 psf = 92 psfu u u
l :
L Determine the max, allowable head of water based upon the margin of dist.

load remaining in the slabt,

i
l Since the head of water will act as a dead load and as a live load during a
( seismic event, the dist. load margin will be divided by the combined unit
; loading of the two cases to determine the permissible head of water:

Allow.11ead = "
(water d n) (water den)(gy)1.9

u[ (Density of water = 62.4 lb/ft ) 5 15-!3

|- EDP-oq 3 99
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2 f
.\

Allow. Head = = 0.86 ft.+ (62.4)(0.1%)1.9

iThe allowable head of ponded rainwater that can be distributed over the
1

roof slab ct elevation 126'-0" is 0.86 ft.*

|
,

f

Reviewing the designed configuration of the roof structure at elevation 126', 4
as shown on page 5 of this calculation, it can be seen that the slab is

, sloped from East to West with a difference in elevation of 7 inches. In
addition, it can be seen that the slab itself is divided into three (3)
cubicles with a passageway opening connecting each cubicle. It can be seen
that the center and South bays represent the worse case locations for the
ponding of rainwater, which, due to the slope of the slab, the existance

;of passageways and the opening to an unrestricted roof on the North end of '

elev 126', the maximum ponding that can occur is a depth of 7 inches.

Therefore, since the maximum permissbile depth of water on the slab is
10 inches based upon a distributed loading and the maximum possible depth
of.ponded rainwater that the slab can contain on one end is 7 inches. the
roof slab at elevation 126'-0" of the Diesel Generator Building is
structurally adequate to support ponded rainwater.

;

|
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,

%_ The live- load used for design shall be shown on each '4. 7
i Y concrete and steel floor plan.

..nL}
All- grating and checkered plate platforms shall be designed 4.9'l for live loads. of 100 psf unless otherwise specified. 4.10.d1 Stairs, stair landings, and elevator machine rooms shall be 4.11
designed for 100 psf live loads unless otherwise specified. 4.12

.

,j The roof live load' shall be 30 psf applied normal.to the 4.14 >

E roof surface and shall not be combined with wind uplift to 4.15
L reduce not uplift.y

pJ 3.5 Thermal-Loads 4.18
|

'~~~l - Operating = Condition: To 4.20L
:-~J :

Unless otherwise stated, all structural components shall be 4.22- '

L ,- designed to withstand the following differential 4.24 e

! temperatures between the two faces (except for structural 4.25*-
steel).

.

Structural Steel 20*F ~4.28-

h Exterior Concrete Walls and Roof 50*F 4.29-

Interior Concrete Walls, Foundation 4.30
m and Floor Slab, and Exterior Con- 4.31 <j crete Walls Below Grade

'20'F 4.32-

L_,, - Where compressible material is used in shake space, design 4.36
.

differential temperature can be reduced to 20'F. !
,

.-a

Simplified cracked section- analysis, as .shown in 4.39

]- Attachment 3.5.1, can be used to determine the effect of 4.40
.y temperature stresses in designing the structures. This 4.41

method of analysis shall not be used while designing water-

-f retaining- structures under constant hydrostatic pressure 4.42
g head.

Some specific areas with high. temperatures are listed in 4.46

;EJ
.

Section 5 under each individual structure. For details of 4.48
design ambient temperatures for all areas of various

K
.

buildings, see Document No. 215.150, Environmental Design 4.49
,q. Criteria for RB Station.

I-

High Energy Pipe Break Accident Condition: Ta 4.52

9'
Loads due to the temperature gradient through the concrete 4.54-

- or steel element associated with the corresponding high 4.57 >

. energy pipe break shall be listed for each individual- 4.58
"~~ element (or structure) in Section 5, as they become
w. available.
|

,

7 ch-12210-le 03/14/85 152
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=

4-6,
, .

Normal" operating Conditions-
5.24

1. U = 1'.4D.+ 1.7(L + F + H + PV + SRV ) + 1.3(To + Ro) 5.26
. Severe Environmental Condition 5.28

{ 2.- U = 1. 4D + 1. 7 ( L + F + H . + PV + W + SRV ) + 1.3(To + Ro) 5.303

2.1 U = 1.2D + 1.7W 5.32
,

3 U = 1.4D_+-1.7(L + F + H + Pv + SRVs) + 1.3(To + Ro) 5.34+ 1.9Fegs/2 5.35
; 3.1.U.=-1.2D-+'1.9 Feqs/2 5.37--

' 4._ U = 0.9D + 1.4F + 1.7H + 1.3W 5.39
'

5. U = 0.9D + 1.4F + 1.7H + 1.45 Feqs/2 5.41'
.

NOTE: Equations 4 and 5 are primarily to check against 5.43*
_ overturning. 5.44 -

. Extreme' Environmental condition: 5147.

.u

W, '6. = U = ' 1. 0(D + L - + To + F + Pv + H + Ro + W t + SRV ) 5.49

7. U = 1.0(D + L + To + F + PV + H + Ro + Foqs-+ SRVs) 5.51'
'

8._U:= 1.0(D + L + To + Pv + H + Ro + F1 + SRV ) 5.532

Abnorma1/ Severe Environmenta1 Condition:- 5.56,

9. U = 1.0(D + L-+ F + H + Tal + Ra + Rm + Rj
,

+ Rr 5.58
+ SRVa +LLOCA) + 1.25 (Pas + Fegs/2) 6.1

9.1 U =,1;0(D + L +'F + H + Taa + Ra + Rm + Rj5 + SRVa + LOCA)'+ 1.25 (Paa + Feqs/2) 6.3
+ Rr 6.2

-

-- Abnormal / Extreme Environmental Condition: 6.7
\ -

:L - -10. U = 1.0(D + L + F + H +'Pa s + Tag + Ra + Rm + Rj 6 .' 9
+ Rr +'Fegs + LOCA + SRVa) 6.1010.1 U = 1.0(D + L + r +'M + Paa + Tag + Ra + Rm + Rj 6.11
+ Rr + Feqs + LOCA-+ SRVa) 6.12

Abnormal Loading Condition 6.16
11. U = 1.0(D + L + F + H + Tag + Ra) + 1.25 SRVa 6.18

+ 1.5 (Pas + LOCA) 6.19
- 11.1_ U = 1.0(D + L + F + H + Taa + Ra) + 1.25 SRV3 6.20_

+ 1.5 (Paa + LOCA) 6.21

NOTESt 1. Loads resulting from thermal stratifi- 6.24

'
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2. MATERIALS 1B
,

L 2.1 Concrete 1

y-% ,. 1.12 '

l i structural coricrete shall have 28-day specified compressiveM' strength of 3,000 psi, unless otherwise specified in,
i

1.15
. ,. Section 5. If higher strength concrete is required for a 1.17 4

J ; particular. design requirement, discuss the situation withw the Lead Structural Engineer.
L 1.18 )

(h Working . mat concrete shall have a- 28-day specified 1.20
,

compressive strength of 2,000 psi. 1.21
g Lightweight concrete shall not be used on this project. 1.23

2.2 Reinforcing Steel 1.'26
,I Reinforcing steel ~ bars No. 3 through No. Il shall be. 1.28L Grade 40 conforming to the Specifications for Deformed 1.30-l Billet Steel Bars for Concrete Reinforcement, ASTM A615,

,

M- Supplement S-1. All reinforcing steel bara 1.31J No. 14 and No. 18 shall be special chemistry steel with aP minimum: yield stress of 50,000 psi and 60,000 psi (for 1.32
reactor building only) conforming to the specifications for

y Deformed Billet Steel Bars for Concrete Reinforcement 1.34
| ASTM A615, Supplement S-1.

['~ Reinforcing steel bars No. 14 and No. 18 shall be spliced 1.36
|L__ using Cadweld T-Series full-tension rainforcing steel splice 1.37

slaeves. Rebar to plate splices shall be made using Cadweld 1.38
B-Series splice sleeves.

2.3 Structural Steel 1.41

C Structural steel .shall be ASTM A36 unless otherwise 1.43
| L-J .specifically specified in Section 5 of the criteria. If a 1. 4 6.-

_

higher strength steel is required for a specific design
M requirement, discuss the situation with the Lead Structural 1.47

*

LJ Engineer. Structural steel outside the containment is 1.48'
galvanized while reactor building steel within the
containment is shop primed. 1.49

3* 2.4 Structural Connections 1.52
,

O The structural members shall be field bolted with ASTM A325 1.54d high strength bolts with friction type connectione. 1.55
Bearing-type connections may be used when the connection is 1.57

y!g
not subject to stress reversal. If higher strength bolts 1.58
are ' required for- a specific design requirement, ASTM A490"

could be used after discussion with the Lead Structural 2.1
Engineer.
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