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T_! 4209-951 (HWH TEKS/2, #12 - 14 x 1", Hex. Washer Head, Self-Drilling and Tapping
*m Sheet A 'Ei Savin) . 4 ] pp

VIA] #410 Stainless Steel, Cadmium Plated.
‘M 1. 1000 per waterproof carton.
2. Suppliers label to include part uo., deseription and quantity.

INLAND - RYERSON

Hvel T86S/2 CONSTRUCTION PRODUCTS CO.

B WECF s B/ WASHES DRAWN: - JOATE: = . . | N
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: 4290.101 (#14 x 3/4" « Type B, Undercut Hex. Washer Head with Neoprene Washer,
Self-Tapping Sheet ¥etal Screw). (Stocked Item).

1. Screw - #410 Stainless Steel, Cadmium Plated (Min. Torque of 100 inch pounds).

2. Neoprene Washer - Manufactured from Neoprene Composition, Carbon Black, Softener
Conditioners aa& Accelerators which include Anti Oxydents
Anti-Ozonents

i. 1000 per waterproof carton,

2, Suppliers label to include part no., description and quantity.

OVED SUPPLIER: Champion Screw, Chicago, Illinois
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PART NO: 4290-121 {12 - 11 = i" Nylon Head with Tvpe & point, self tapping end sealing

-

shoet netal screw).
MATERIAL: 1. Secvew - Carber Steel, Cadmiupm Plated.
2, Screw Head - Pamel match TH gparched westherproof Ivtel nylon resin

3
provides resistance to climesic @nd chemics] forresion, discolora-
tion gnd ewmbrittlement, i

8 WeuRBRY
{ uowinaYy
82024 D03N

3. Standard Colors - 041 (White) &51 {Fieldstone Arown)
442 (stormy Rluw) 486 {Antiquc Gold)
446 (Bamboo Tan) 480 (Dusty Gresn)
130 {Sur! Green) e
PACKAGING: 1. 1000 per waterpraofl carten.

¢, Supplier’s lahel to include part number, color code number, celarn part
descyiption and quantity.

APPROVED SUPPLIER: Buildex - Itasca, Iilinois
NON. S TEC s

TIPES FROINT ROOUCTS CO.
NP Lo M DRAWN: £ € JOATE:R -/ PP | N

. - e .\)
PR T RO o cuc’s: =6 oy /44




4290-122 (#12 - 34 x 1 Nylon head, self drillinmg, tapping and sealing, sheet
metal screw).

MATERIAL: 1. Becrew - Carben Steel. Cadmium Plated.

2. Screw Head - Pane} meteh ™ matched weatherproof Dupent Iy
which provides resistance to climatic and oh
disceloration und embrittiement,

tel nvior resin
mical Corvesion,

Ry

3, Btandard Colors - 041 (White) 454 (Fieldstone Brown)
442 (Stormy Blue) 436 (Antigue Gold) o
445 (Bamboo Tan) 460 {(Dusty Green) e
450 (SUrT Green) e

PACKAGING: 1. 1800 per waterproof{ carton.

2, Suppller's label to iaclude part mumber, coler code namber, color,
part description and gusniirey.

APPROVED SUPPLIER:

Buildex - Itasecs, 11lincis
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CHAPTER 3,--ANALYSIS AND DESIGN

The purpose of tlils chapier is {0 state the fmporiant sssumptions of the
plastic theory and to show the cssential foatires of plastic analysis and
" design. All of the available methods teveloped for sbuctursl cogincoting
applications can he classitied into {wo groups, those based on the upper
bound theorem snd thoss based on the lower-hound theorent. it is. not
intended herein 1o present & complele discussion of 21 the methods; Rels.
L1 through 1.5, 1.8, 1.9, 110, 3.1, 3.2, and 3.3 may bé consulicd for this
purpose, However, brief outlines of the irequontly cicountored methads
twost ilusirative of the two groups are presenied in Art, 3.2 (based om
upper bowad) and Asts. 3.3 snd 3.4 (bassd on lowes bound)

3.1 CONCEPTS AND ASSUMPTIONS

The important concopts and assutptions with regard to the piastic be-
havior of structurcs according 1o the “simple plastlc heory™ ors as fol-
lows:

% The structure nnd the loads are all in the same plane, and cach
" member hag an akis of symmetry lying in that plane.

2. The material Is ductile. It bas the capocity of wndorgoing - lafge
plastie deformation without feaginrs.

3. Hach member crose section hiss 2 maximum reslating moment (the

- plastic moment, M,), & moment that io devsloped thronph plastic

yigiding of the citise cross secdion {plastification).

4 Beonsse of she ductilily of sted, rolalion xt relatively consiant

momsant will pecur through a considorable angle; dn other words, a

plostic binge will {form,

5. Connections proporiioned for full continuity wiHl iransmit the cal-

culated plastic woment. This condition is idealized as. a plasiic

. hinge at o point. .

-§. Plustic hinzes will fivst fam at seations where the avoments vnder

elastic condition reach A4,. With these sections volating at constant

smoment, sdditional loading will be accompanisd hiy & redistribution

of monicats. in the structure, so that plastic hisiges will appenr at

some other looations where the moments under claxiis conditions

were fess than Ay,

7. The plestic timit Toad is reached when enough plastic binges heve
Forméd to crealo # mechanism.

3

17




NEDC 13-D28
Revision 1
Attachiment Page C3 of C13 o

[2A4 SN N -

i8 AMALYSIS AND DESIUN

8. The deformations are small, and thersfore the equilibrivm egue.
tions can be formulated for the undeformed structure {as in ordi-
nary elastic analysis). Similarly, virtual-work exprossions for mech-

~ aniem displacemen? are based on small deflections.

9. No ingtability will ccopr before the atiainment of the plastic timit
{oad.

10, The influence of normal force and shearing fores on the plastic

~ moment is not considered.

1. The londing is propostionsl, that is, the ratios betweeon- differoat
joads respain constant during loading.

The experimenta] verification of some of these nusumptions is. pregented
in Chaplers 5 and 8. Other asstmptions tmay need :mpks:meﬁmuon t A~
sure that the sppropriste roguirements are met, ang this is tfe concern. of
_ paris of Chapter 4 and of Chapters 6 and 7.

8.2 MBCOHANISM METHOD

The mechanism method i bated on fhe ugpwhsumi theorem. AS is
intimated in A, 2.2 is ﬁ%}%&%v i 4o selest from =l) the "‘:ﬁ’ﬁ&ﬂa}ik modes
-of failuge the one that corsesponds 10 the lowest possible p!as@ac limit load,
A cheek of the momenis sliould be used to verify that the plastid-moment
eoadition is not violated {&f < 3,). In essonco, therefore, the method glves.
¢ solution that is the correst value of thy plastic load only when it sho
salisfies the plastic-moment condition, An example follews.

. Anclygis of Reciongtiar Portel Frams,

It is reguired to find the plastic limit Joad for the structore shivwn in.
Fig. 3.1{a). All members ure of uniform moment Capacity, M.

The first step in the mechanism method s o find the pusilion of pos-
sible plastic hinges. These hinges may form at points of peak o, that
is, where (he shear passes throngh zero, for example, a1 such places as con-

T gentrated load points, connostions, ele. Therefore, the possibie plastic:
hinge locations are 8l seclions 1,2, 3,4, and 8,
The aoxt siep is 6 select for investigation the various _possible Taflure
mechaniems, Thres of these are shown in Figs, 3.1(b), {g), and (&), Mech-
anism 1 corgesponds 1o the action of vortical Joad £ and is called a *beam®
mschanism, Mechanism 2 corresponds to the action of the hotizontal foad
P and it often referred to 88 a “‘sway” or “pasel” mechanism, Mechanism
3, on tho other band, is 2 combined mochanism representing the netion of
both loads. It is a combination of mechanisms 1 snd 2 and doss not re-
quire » plastic hinge at section 2.
The correct faflure mechanizm will be the one which results in the lowest
loading, because aay prester loading would fead to the violstion of the
plastic-momunt condition. The loading thet carrespends te cach michi-
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R |
—=b (b
7 @ BEAM MECHANISM

(e}
PANEL MECHANISWM

{dj
COMBINED
MECHANISM
{ e}

{e) .
MOMENT
DIAGRAM ;

e
T AR MpeMy

FIG. 3.1 —MBCHAWISM METHOD OF ANALYSIS AMPLIAD TO & Fﬁxﬁl}-&iﬁﬁ
RECTANGULAR FORTAL FRAME
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20 ANALYSIS AND DESIGH

sism may be computed by applying a virtual ﬂwpiaccma nt {one that sagi-
fics the constrainis on that mechanism) and then using the uppor-bonnd
theorem. Reforring Lo Fig, 3,1(b), the beam js allowed i@ move through &
virine! displocoment, A. The value of P, oblained by cquating the extepnel
work, i, done by the load as it maoves through ihis displecemcat to the
intcrvsmd ;«wm‘f. ¥4, absorbed w ike plastic hinges #s they rotate through
correspoadiop angles, is greater than ot equal 10 the plestic Hmit Joad.

Accoiding to this prosedure

X ﬂgﬁﬁm}”{ P Q.rug{}(r}}'
Fur nicchanism | the cxlornal worlk is given by

ma,mxpg;ﬁu,..,.,....x.(:!kz:ﬁ

The internal work i givea by
) ‘5’2 £2 3%{;; ﬁ/i" 2 & -+ M -@ LK .l%"fp§ “« 5 % om0 {3.3?
Equaiing Bgs. 3.7 and 3.3 azccwdm_g to Bg. 3.1 '

;ﬁgﬁa‘aéz@fﬂe

ek

y?‘”'@'%‘ffa ~«aatq;'n4é¢r‘k_¢l(,‘§¥%§

Similarly, for mechanism 2
e"%‘;ﬂ w Mo % 84 8+ 4}

and
| @m%‘-’i..H...‘.ﬂ..,.....(s.sy

=,

For mechanism 3
Poy + Py Mo +26+26 10

F -;1-755’ 4- P.—éﬂ « G M

2 2
and ’
ps,..ﬁl:‘ggﬂ wﬁgj ...... f.-.--:@'é}

Since thie lowest valug js Py, this is assumed to be the triw liwit load,
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To make sure that some other mechanisn was nol overlooked and that
Ps iz the true plastic Himil Joad, the plaszwmommi eonditionn should bé
checked, An efficient way of dofug this i (o constenst the mamenl dig-
gram-for the entire stincture. The complete dzagmm is shown in Fig.
3.1(e), the moment af each scction being determined by statics (the mo-
ménts are plotted on the tension side of the mewber), It is found thet:

M < M, throughout, and thuis the answer determined above is verified. {t

in only a coincidence that the motent o2 section 2 is equal 1o zevo,

The dotted liric in Fig. 3.1{e) traces the momont &aﬁmm ai ihostage
which the hypmha%scal yiald moment would Fivst bie reached in the Trame—
namely at section 5, where the moment is. shown a5 3,. The first plastic
hinge would form there, followed by hinges at sections 4, 3, and Iimally
ol gection §.

1f the problem wore to design the frame for the loads P, the required
seclion wounld be fonnd from Hq. 3.6 4s

FYRNE < S Y . |

By using the pilociples illustrated in the example much more complex
frames can also be analyzed.

3.8 8TATICAL METHOD

The statical meihiod of analysis employe the lower-bound theorem and is
sultable for continuous beams and for frames in which the number of vo-
dundants is oue or two, A descibed in Art. 2.2, vhe ohjeclive of this

method is to find g possible moment disgram jo whsch the ga‘ﬂasuv—mmmm -
condition is not vislated (M £ M), To maks suro that this algo glves the.
meximusa possible load, & safficiont nomber of plastic hinges mius! be

formed to-create a tncchanism. An example follows.
Suppose it is desired to determine the-load, vy, that may be carried by

& beam of givel copstant momeal capacily in a multispan structure. Ong

of thie Interipr Spans, AT, is shown in Fig, 3. ).
As the loading, w, increasss from zufo, thoro ere peek moments st the

two sitpports and a pesk moment within the spaa, Unless the structure and

loading are symmetrical about span AT, the moments at the fwo np-
ports will be snequal, and a eypacal marment disgrom ut the slastie Hmit ix

shown in Fig, 3.2(b}). The marimum momesnl within the span is nol at the,

span canter lne but is neal i, As the load increasss stil} fucther, the greater
end soment () attals 37, and a plastic hinge Torms there, As the Joad
increages still further, the other support moment {(A) alluing A, and the
maximum moment within the epan incréasss as shown by-curve 2 ia Fig,
3.2(c). Since there is 2 hinge st cach end of the span, the point of pusximum
moment has shifted to the center of the span and ihe moment oprve 2 i
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10, 3.2~-8TATICAL METHOD OF AMALYSIS APPLIED TO A CONTINUQUS

metrical. Any of thess load values gives.s lowsr-bound sclution, The
e plastic Hmit load will be reached unly when & wicohanism develops in
{o-pan. io the example this is ataiacd whep a plastic binge fnally forms
t midapen. The moment Jiagram at the plastic load is shovm by oueve 3
+ Pig. 3.2{4), and tbe sorresponding lailury mechanism in Pig. 3.2(e)
The meximum osdinate of the determinale moment disgram musl be
L2 48, Thus, referring o Fig. 3.2(d)

2 )
N
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pod
1§ & 11 o
kg “"3“‘2" @ ¥ B o« ¥ ¥ w4 @ 8 8 @ {3i9}
bl

48 desueibed i Art. 4.6, the plustic moment of uny beam cross scction
may be computed from & knowledpe of the yield-stréss Tevel end the ctoss-
section geormetry, Thus the plastic load, wp, is detormined,

For dosign, that is, if the requived plastic Hrit fond is givon by tie lorms
-of the problcm, thesoquifed M, for the beam may be caloulated snd the
Besta sefestod, B will be seco from ig, 3.7(d) that $he plastic design for 3
uniform, restrgined beam may be cxpressed 65 follows:

Draw the deterninets momont dingrain for load », on 4 beam of the
sauns spas but with hingsd ends. Draw 8 new base liae for zer0 mo-
ments (o “fizing lnc®) 81 the midbeight of this curva, Bgusle the.
thyee manimun momonts thes lotad to A9,

Thiz completos thie solution Jar an interlor span of a contingous lLisam
ity rostralning momenty &t least ss pieat @8 the stvength of the boum
selected. The same reddoning ne {oflowed previously for & uniform load
will lesd to ths seme selution method for other types of loading, such as
partisl uniforin or concentrated.

Of course, where 5 smaller beam adiolas as interfor span, of in the cape
of an ¢ud spen with sinple cxtevior sepport, or in the cass of nonpiis-
mintie sectlon, the fixing line wonid not be drown ot midiheight of the de-
terminsle momend disgram. Js position sheuld reflect the member ing-

micil capacity at tie poinls of peok mament. in 2ssonce, thea, the failuze
p ;

moment disgram iz drawe in such 2 way that 8 miechanism forms, Cupve
3 of Pig. 3.2{d} sallsfics this soquiremént; of cowss, Becavss the threg
plasiic ilnges ot @, b, and ¢ vesult in the mechanism shows in Fg. 3.2(e).

In plastic desipn of continuous boams and frames il is unsscessazy o
consicicr the dastic disdbution of moments such as that shown in Fig.
3.2b}, or the hehavior vader incrensing load. A systematized pmmdme
for the poncial case would slmply lnvolve the coustrustion of a detoesi-
nate moment disgram feorresponding fo ourvs ahe of Fig. §,g{é§§ wideh
is then combined with o redundant moment Glsgram (adec) in such & way
that a mechanism is lormed..

Although the slaticn] nwtbod is guiis simple when applisd 1o contine
-pus boasas, it I inclficient Jor frames with mors thao soo dopres of inde-
terminsey, For such frames recourse shoult be weade to other methads,
sugh as the moment balancing imethod deseribed in Art. 34,
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A B4 CDEFLECTINN AT ULTIMATE 1.0AD 7

Chandling of thage problems in the cufeulntion of dellestions in the plastic
AR, -

Digital computer programs can be formulaied which apply each of the
{ methods listed sbove for determination of the deformed shaps of membeud
loaded into the inclastic range. Programs psinp aumericel integeadion
1 tave been wost helpful fn computing Column Dellection Curves apph-
- esble for desipn wids in a largs voticty of beam-columa problems (1,33, In
| the computition of deflections for more complex steusiures, the normel
| capacity of compuling cquipment frequently requires s compromise T
| wten volinement of the moment-curvature velationship for individual
| membeors and the obiiily to hondie a larger number of members, Here
again the “plastic hinga” ielthod has been found 1o be mog pragtical for

dellestion computations (3.9, 3.3, 2.9).

i

9.4 BAMPLE CALCULATION OF DEFLECTION
AT ULTIMATE LOAD
Stope-Doflaction Mathad. o

in this section, the approximats deflection at uitivale load of the simple
povéal frame showh in Fig, 2.2(a) will be caleulated. The assumplions wizd
will he thoae given in Art, 9.3 fur the “plastic hilage™ method. One methad
of caloiation is o make vse of the slepe-deflection. equation (1.2, 1.6,
1.27,3.1,9.6) ‘

0w 0+ Bt g (s - 3 M) o0

{8sé Fig, 9.3 for nomentiaturs. Clockwise M and § ass positive, When the
cquation is used ig this form, £ 7 mual be conslant in segmont A8.) ‘
T raschaniam and momeat dingram ot ulibmate foad are given in Fig.
8.2(b) end 9.2(s), respectively. o Fig, 9.3(d) are piven frec body dipgrams
of the portions of the frame. Ta solve Jor the dolloctions svand 8y, (Wo
' boundary eoaditions are needed. Onc of these is that 0n equals 8 bucguse
of contiapily st joint 2. The sccond houndary coadition depitndy aon
whether the lem plastic hinge forms at seption 3 oF seetion 4, A trial sole-
tion of the problcm will be made for each of these sssumptions, and thin
the correct solution will be selested. '
ﬁfw?iﬁv&g ot Soctfon 2,00 éﬁgx w Dyy)

h ; Ay
#, = g5+ };4& 3"%*5 ‘dag - wigf

PR s ]
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bl

fol

FIC, 0.2, -DEFLECTION OF PORTAL FRAME AT ULTIMATE LOAD

First, considering sepmcent 2+1 and using the morments of Fig. 2.2(¢h

N
b= O+ + 557 (33 0 - )
2

o dEw T ML
e = T g g

Went, eongidering sognient 2+3
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l_.
b = 04 Lt 31:5( 7] ¥t 3 ‘*“")
2
o < 230 L ML
WETELT T #MET
E(ﬁﬂﬁiﬁng By andd e
2oy, T MpL 2y VML
i &6 £7 = L 44 K}
17 8,15 .
By = 58 BT 4 By e e m 98

This gives one deslred relationship for 3y and 8, which applies for sither of
the Jollowing trial snlutions.
Tried o0 Sostlon 3.—~{Ppx « O34}

Congidering segment 3-2
. E
B2 = G + TfT + 3E7 ‘\ ‘*"“’*”‘”ﬁf“g’}
2
2!‘5#3 5 fﬁgg.i-

b= g T EET

5

FIG. 9.3, ~NOMENCLATURE FOR SLOPE-DEFLECTION EQUATION
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Considering sagment 3-4
E .
to = 0= B0y %} (%z -%;%)
2..
& R 2&?3 g Mgg;
Sy A VA 7
In the above expressions, dve i8 the vertical deflection with comtinuity -
agsnmed 1t section 3,
Equating 6 and
2éva 5 ML o 2By | 1 ML "
;*E_Ew* m—-———*tivﬁw' .;..,‘.{9.5}
-and from Bq, 9.4
i a¢ y¥ .
5,,,&@5% ..y.-..,'._‘.@..'@.ﬁ}

Thess values fordy and éx would be the corrent velues fo? the doflections |

a ultimate losd i the last plostic hinge fosmed i point 3.
Tilol @} $sxtion 4iemiBis = a5}

Considering sepment 4-3
' L
do =0 -y % (e% - % ;%,)f
. 2
B = — 2 fve - i ﬁ'beV
. LY BTED
‘Considering sepment 4-5
L
Bez3 2

8amB+—E~+§-——(mMp~ﬂ)

20m  F AL
be = ST - 3T
Bquating s and ds ang solving simullanecusly with Eq, 9.4 gives
5 25 M,L'
VT TET
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‘The doflections caleulated assuming continuily at seciion 4 are larger
than those obtained on the basis of continuity ai section 3. Considerstion
of the rotations at section 4 when continuity is assumed at section 3 shows
that an impossible reverse “kink"* would occur at seétion 4. Because of this
© reyesse “kink,” the assumption tesulting in such a solution is discanded.

Therelore, the deflections assuming continuiiy at section 4 are the correot

deflections at ultimate load. It has becn established elsevwhere (1.27) that
the correct set of calculated deflections will be the largest set from any
serics of caleulations based on different asswmptions of the last plastic
binp The last piastic hinge to form will be the hinge at which continuity v
is assumed in calculating the largest deflection. 5
{ Dummy Load Method. » ‘
; Another exsmple of the calculstion of deflection at uliimate load will be i
given using the “dummy load" method, which is a variation of the “virtual :
work" method. This method is used in many textbooks on structures--for
instance, Ref. 9.10, In plastic range applications, the moment-curvature
relationship boundary conditions will be treated according to the assump- ;
tions of ihe plastic hinge method,
- The operations of the method are as follows: (1) the moments &7 dye to
the applicd Joads are determined, and (2) a dommy unit load is applicd to
the unioaded struciurc at the point of the desired deflection and in the
direction of the desired defloction. A set of moments m in equilibrium with
the unif Joad is then dotermined,

Additional spocial conditions used to ndapi this method for the solution
of defloctions at ultimate Joad are:

1. All members are nssumed to be fully elastic between plastic hinges.

2. Continuity is assumed ai the last plastic hinge. ~

3. The dummy ioad is applied 10 an auxiliary structure with frictionless
binwnunmd:tﬂlmmehuplmich}m ’

4, If the location of the last plastic hinge is unknoivn, a solution must
be made for each assumed last plastic hings,

After applying these conditions, the deflection at the uait load due to the
original applied Joads is determincd from a virtual work cquation of the
form

e s B,

8(!‘)«f¢m&uf%-?¥dc ....... .(98)

e
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5/7 FLEXIBLE CASLES. One importaut type of strictucal mesmber is

the flauble cable which is used in suspensicn bridges, transmission
lines, messenger cables for supporting beavy 2y or telephone
lincs, and many other applications. In the design of these siruetnres it
isnceessary o lmow the relations involving the tension, span, sag, sud
length of the cables. We: deteriming these quantities by vaumining the
cublo 25 a body is cquilibrium, In the analysis of Bcable cables we

asume that any sesistance offered to bending is negligible. This

assumption meuns that the force in the cable &5 always it the diree-

* tivn of the cable,

Flexible cables may support a sories of distinet poncentrated
loads. as shown in Fig 5/264, or they muy suppert loads that are
continuously distributed over the Jength of the cable, as indicated by
the variable-fatensity loading w in Fig. 5/26b. In some instances the
weight of the cable is compared with the loads it supports,

und in other cases the welght of the csble may be an appreciable load

or the sole Joad, in which case it eannot be ncglected. Regardless of
which of these conditlons is present, the equilibriun requiteiments of
the cable may be formulated in the some mauner,

Figura 6/%0

() Gonerel Relationships, if the itensity of the variable and
continuoss loud applied to the cable of Fig. 5/26b is axpressed as w
urdts of force per noit of hoviwontal length x, then the resoltant R of
the vertical Jouding iv

a mfdﬁvwfwdx
wherc the imtegrutiou is taken over the desired inferval. We find the
position of R from the moment principle, sv that

Page D10t DG

FLEXIBLYE CABLES 999

W
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fxam

o
Tho clemental load dR = w dx Is yepresentad by an elemental strip
of vertlcal length @ and width gz of the shaded arcz of the Joading
disgram, and A is represented by the total area. It follows from the
foregoiug oxprossions that R passes through the ceniroid of the shaded

wm’
The aquilibrinm condition of the cable will be satisfied if axch

inBnitesimal eloment of the cable is iv equilibriwin. The fres-body
dlagram of a differential clement s shown #n Fig. 5/26c At the
yeneral pesition x the tension in the eable is 7, and the cable makes an
angle # with the horizontal »direction, At the section 5 4 dr the
tension 5 7 + 47, and the angle is # + df. Note that the changns in
both T and ¢ arc taken positive with positive change in x. The
verticul load w da completes thi: Iree-body diagram. The equilibrinm
of vertica! wnd harizontal forces requires, respectively, that

(T 4+ dT)sin (@ + db) = Tsind + rodx
(1 + dT) cos (B + d) = T e

The trigonometric expausion for the sine and cosine of the sum of two
angles and the substitutions sin df = d¢ and cos df = 1, which hold
in the Hmit s @8 spproiches zora, yicld

(T + dTYsin8 + cos 0 df} = Tsinf 4 wak
(T 4 dT¥Ywos@ — sinf df) = Tcosl
Dropping the sccond-ovder ters aad simplifying give wy
Toost ) 4 dT'sinf = wdx
~Tsinddd » d¥cosdd = 1)
which we may write us
ATsio® =wdx and dfcesh) =0

The seoond relation espressos the fact that the hosizontal component
of T serviains uachanged, which is cleay from the free-body diagram.
1f we introduce the sy:abel T, = ¥ cos # for this constant horivantul
force, we may then substitute T = Ty /con § into the frst of the two
equations just obtained and get d{Tytend) = wde But tand =

/dx, so that the equilibriur equation may be written in the form

(&) &

Equation 5/13 is the differentiol eyuation for the Bexible cable,
The solution to the cquation is that functional rejation y = f(x)

Riw [xdh  F=
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which salislied the equation and also satifies the conditicns at the
fixed ends of ihe vable, calicd houndary condifions. This velationhip
defines the shape of the cable, and we will use it to wlve two
sopoctant and Hmiting coses of cablo loading.

(b) Parabalic Cable, When the intessity of vertical loading w is
comstant, the description closely approximates a siwspension bridge
vhere the ualtors weight of the roadway may be expressed by the
constant w. The mass of the cable is ot distribated uniformly with
the borizontal but is rokstively soill und fts weight is neglected, For
s limiting case we will prove that the cable hangs iy a parabiclic
ave. Figneo 51/27 shows suchs a susprnsion bridge of span 1. and sug b
with origin of courdingtes taken at the midpoinl of the span. With

we P s

Viguce 6/27

both 1e snd 75 constant, we smay integrute Eq. 5/13 opce with respect
to x o obtaio
dy  ux
:i; = ‘-';;i; + C
where C 15 u constant of integration. For the conedinate axes chosen,
dy/dx = 0 . when x = 0, so that € = 0. Hence
dy wa
[
whichi defines the slope of the curve vs 8 function of x. Oue hwtha
mtegration yields

¥ 7 0¥ 1ox* e 3

£ dy = f, Fh o [ . i’:‘;’J (9/14)

Readers should ke cortain that ey cun obtain the ideptica] resuit

with the jedefipite Integral tagether with tho ovaluatlon of the con

steal of Imegration, Equation /14 gives the shapes of the cable,

which we see is » vertienl parabola, The constant howizontal conpo-
uond of eable loasion becomes the eable teusion at the origiv,

Juserting the corresponding values x << 1./2 and y < ki in Fq.

5/14 pives

- L2 4557
N W e

T 8 S RS R O T PSS S0,

FLEXTHLE CARLES

Page D307 06
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Chapter 5
The tension 7'is found from s free-bady disgram of a Buits portion of
the cable, shown in Fig, 5/27, which requires that
T = VI § wie

Klimination ol ¥, pives

?‘«w/ ¢ —(I?)? {5/15)
e £ + 33) 4

The mayimum tension geeurs v'vb(.n =1L/ and i
wL ?

T = 5=/ ¥ o5

Wa abtain thie longth S of the complete cable from the differen.
tind relation ds = Vid)E + (dy? Thus

nu uz‘/“’"" fm‘/“’“
‘a d;-.-—f x+2; H(

For conveaionce in computation we chauge this expression o »
convergent series and then integreate it tenn by term. From the
exprnsion for a variable x

, wWo —1) ,  nin— Nin -2
AY _ ssa 2 . . i
(+a"=14m¢ R ¥ A x4

(5715)

the integral may be wrilten a5

Substitution of w/T, = Bh/L? yields

o302 ] o

When we examine the properties of this series, we find thet it con-
vorges for all values of B/L < 1/4. In most cases b is much smaller
than L/4, so that the thres terms of Eq. 5/18 give a sufficiently
accurato approximation,

(¢) Catenary Cable. Consider now & unlform cable, Fig, 5/28,
suspended at two points in the sawie bosizontal planc and hanging
under the action of its own weight only. The fres-body diagram of a
finito portion of the csbie of length 2 is shown in the right-hand psrt
of the figure, This free-body diagram «liffers frove that in Fig. 5/27 in
that the fotal vestical force supported is equal to the weight of (he
scetion of cable of length s In place of the load distributed uniformly
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The integration constent K is cvaluuted from the houndary condition
x = 0 whon y = 0. Thic substitution requires that K = 3,/ and
hento

§ = P vosde 7 1 /1

Equation 5/19 is the cquation of the curve {catcuesy) wemuned by ihe
coble hunging mder the action of its weight anly,

Frow the frec-body diagram In Fig. 5/88 we see that
dip/dx = a8 = us/T;, Thus, from the prévious oxpression for the
slape,

LT (5/20)

#t & '

Wa ehtain the tensiun T in the cable from Lie oquilibrivm trisngle of
the foross fu Fig. 5728 Thus

g‘l = “2‘3".’ 4 'I"l:
which, upon cosbination with Eq. 5720, becoars

4 e . g u ftT o aa B
h - l‘,’(i 4 winh* %;;-) = T, nodhi? (4
o
T = 7, cosh £ {5/21)
Tu
We inay also express the tension in tenms of y with the aid of Eq. 5/19,
which, when substituted inte Eq. 5/2), gives

T 1y, 4y {h/32)

Equation 5/2 shows us that the increment in cable tanston from that
ut the Jowest position depends ouly on py.

Most problens dealing with the catesary involve selutions of
Eqs. 5/19 threugh 5722, which may be haudied by a graphical
approxhnation or solved by computer. The graphical procedve is
Hlustrated in the sample problem followmy this seticle.

The solution uf catenusy problems where the sy-to-gpan mtlo is
ssnadl muy be approzimuted by the rolations developed for the para-
bolic vuble. A siall sag-to-span ratio means 3 tight cable, and the
vuiform dissiibution of weight slong the cable is not wuch different
from the same load intensity distributed woiformly along the hori-
zontal,

Muuy problems desling with both the catonary and psrabolie
eable involve suspension points that are 1ot on the same bovel. fn such
cates we may apply the relutions just developed 1o the part of the
aghle on each side of the lowest point.

m
o B B B B B B s
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Sample Problem 5/10.

| The Nyt cable supports a mass of 18 ky per mater of horizontal leupth
and 15 suspended botwean the Ywo paiuts on the same tavel 300 m apart. 3L
the sag is 60 m, Hud the tension st widlength, the maxmum tension, and
the totat langth of the cable.

Splution. With a uniform horizonta] distribution of lowd, the ol v Thuns
- tion of part {B) of Art. §/7 spplles, and swe have & parsbolic shape for the |

cable. For i = 800, 1, = 300 m, and 1 = 190.81){10%) kN/wi the roln-
tion fullowing $q. 5/14 gives for the midiongth tension

-l «»Mmm.}. sase X

: T~ g
A2 Wm f THwm
[7= %ﬂ 7 = °“2§” = 207N Ans. i
: X « 1Bs)@bogio™%
= 1760 kN

The maximum teusion pveurs st the supports ang & glven by Eq, 5/15¢.
Thus
(D) Suggestion: Cheek the value of T, df+ |

, Ll (F ;

Ot = 114 : yeetly from the froe-body diagram of the
7 3 %h

] vight-hand hall of the edble from which 4

§ force polygon may he drawa,
T O37H300) [/, : o . e .
o -'—~'—i—-~ I+ 49--. = SRET kN Ans.

The sag-to-span retio is 80/300 = 1/8 < 1/4. Therelore the serles
exprassion develaped In By, 6/16 15 convergent, and we may wiite for the

total length
s=ofi+$@F -2 + -]

= 300{1 + 0.1067 - 001024 + -.-] = 0w Ans.
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0.050 in. {1.27 man) thick.
E4.4.4 Pull-Out
The nominal pull-out strength [resistance], Pryon shall be caleufated as follows:
Prot = 085t d Fp . (Fg. F4.4.11)
The nomina! pull-over strength [resistance], Pryy, shall be caleulated as | oflows:
Proy = L5t1d', Fiy (Eq P4.42-1)
where
d'y = Bffective pull-over diameter determined in eccordance wilh (@), ®), or {c) as
follows:

(@) For a round head, a hex head (Figure B4.4.2(1)), or hex washer head
(Figure E44.2(2)) screw with an independenit and solid steel washer beneath the

g o ' = ¥
£} Tk Mt it {2) Fist Steel Washer beneath Hex Washer Head
Washer beneath Screw Head hss integral Sofld Washer)
Hex Head Screw Head o

e oty
i | %
(3) Domec Washer (Non-Solid) beneath Serew Head
Flgure £4.4.2 Screw Pull-Over with Washer A
100 Suly 2007
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North Amerdcan Cold-foaned Stect Specification

serew head
dw =dnd 2, +4 <dy (Eq E44.2.2)
where
dy = Screw head diameter or hex washer head integral washer diaineter
tw = Steel washer thickuess
dy, = Stec] wasler diameter
{b} Fox a round head, a hex head; or hex washer head screw without an independent
washer beneath the screw head:
d'w= dj, but not larger than 1/2 in. (127 mm)
{c) For a domed (non-solid and independent) washer beneath the screw head (Figure
4.4.203)), it is permissible to use d',, as caleulated in By, F4.4.2-2, with dy, . and
t; as defined in Figure F44.2(3). In the equation, d'w can not exceed 5/8 in. (16
mm). Alternatively, pull-over design values for dnmed washers, including the
safety factor, O, and the resfstance frctor, ¢, shall be permitied to be detormined by
tost in sccardance with Chapter F.

E4.4.3 Tenslon In Screws

The nominal tension strength [resistance] of the scrow shall be taken as Py,

In Heu of the value provided in Section R4, the safily fuctor or the resistarice factor shall
be permitted to be detertvned n accordance with Section F1 and shall be taken ag
1.250) 5 3.0 (ASD), $/1.25 205 (LRFD), or $/1.25 2 0.4 (L5D).

E4.5 Combined Shear and Pull-Over

E4.5.1 ASD Method

For screw copmections subjected to a combination of shear and tensivn forces, the
following requirement shall be met:

Q T 1,10
———— R Arreemee By e < A B“,S-I'l ;
P, +071Pm % = (Eq )
In addition, Q and T shali not exceed the corresponding allomable strengtly determined by
Sections E4.3 arul B4.4, respectively.
whexe

Q = Required allowable shear strength of connection
T = Required allowable tension strength of conuection
Py = Nominal shear strength of connection
= 274dFy (Eq.TA5.1:2)
Prov = Nominal pull-over streugth of connection
= 1.5tdw Py
where
dw = Larger of screw head dismeter or wagsher diameter
2 =235
£g. E4.5.1-1 shall be vahd for connections that meet the following lianits:
(1) 0.0285 in. (0.724 mm) < t1 5 0.0445 in. (1.130 m),

(Eq. FA5.1-3)
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. . Design \;er‘zﬁcaﬁon f
ATTACHMENT 9.1 DESIGN VERIFIGATION COVER PAGE
.Sheet 1 of 4 )

DESIGN VERIFICATION COVER PAGE

Document No. NEDC 13-028

. Revision No.

Page 10of 11
1

Titile: Uttimate Internal Pressure of Turbine Building Blowout Panels and Metal Wall System

£ Quality Relater!

bV

DV Method: <] Design Review [ asternate Caloutation L1 Qualification Testing
VERIFICATION REQUIRED . DISCIPLINE VER‘{FECATION CQM?_LETEAND .
COMMENTS RESCOLVED (BV print, sign, and
—— . _ i date) ' N
{:] Eiet:tricat
L] Mechanical
! Instrument ang Conirol o
...... & Ciistuowral | Matthew Nienaber iy iz, 7500
D Nuclear
[
Originator: ' . y,{
{individual , , i 4!/ £ g s
requesting. Taylor Sutton ; -s’éx{lﬂéfzg}‘?ﬁeﬁéﬁ "*';"-'/%q/a"

Print/BighDate Alter Comments Have Been Resolved
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_ Des?gpveﬁﬂcaﬁm, B
ATTACHMENT 9.6 DESIGN VERIFCATON CHECKLIS
Sheei 1of4
IDENTIFICATION; o | ] DISCIPLINE:
Pocument Titke: Uitimate Intemal Preasure of Tufbine Building Blowout Panels and % ChuilfStrictural
Metal Wall System A fectrical
Doc.Wo: . EE13028 . Rev.l QACalOR  [hac
Veritia ‘ _Matthew Ni N;gngber v Ml :’jc,,..»zi L5 i Mechameat
BTG, -
J Print Sign Date Do
Marager authornzation Clother
for supervisor parforming t
Yerification
< BTN ‘
Beint Sign W- Date”
METHOD OF VERIFICATION:
Design Review x Altemate Calculations [ Qualification Test 3

The following basic questions are addressed as applicable, during the pedforranee of any design verification.
JAMSINAS.2 11 ~ 1974]

NOTE The reviewer can use the “GemmentsiContinuation shest’ at the end for antering any
commentfresclution along with the appropnate question number. Additional items with new question
numbers can also be entered.

1 Design Inputs ~ Ware the inputs coreatly selested and inesrporaiad inlo the design?

{Design inputs include design bases, plant eperational conditions, performance regquiremants,
regulatory reguitements and commitments, codes, standards, fisld dala, ste. Al information
‘used as design inputs should have been reviewed and apptoved by the resporisible désign
_crganization, as applicable.

All inputs need to be retrievable or excerpts of documepts used should be attached.
Examples may include Material Test Reports (CMTRs), verified As-Builts, approved
procedures, approved drawings. publications, etc. @°

Saee site specific design input pmuedugs for guidance in idontifying inputs.)

Yos [ No {1 N/A

2, Assumptions — Ars assumptions neceasary to perform the design aclivity adequately describied and
reasonable? Where necessary. are assumplions identified for subsequent re-verification when the detailed
activities are compleled?
ves izl - No [ wa {3

3: Quality Assurance - Are the appropriate quamy and-qually assurance requirements specified?
Yeés [x] No [ Na O




aliow verification that design requiremenis have been satisfactorily accomplished?
Yes [¥) No[] NA [T

%, NUCLEAR QUALITY RéLA1ED SEN-DCA34 | REV. 5C2
= Lale MANAGEMENT *
e H} ¢ [’O}/ MANUAL INFORRRATIONAL USE ; FAGE 24 OF 27
B Design Ver¥lcation B
ATTACHIENT 9.8 'DESIGN VERIFICATION CHECKLIST
Sheet 2 of 4 -
4. Cedes, Standards ond Regulatery Requirements -~ Are the applicable cades, standards and regulatery.
resyirements, including issee and addende properly identified and are thair requiraments for design niet?
Yas (-] No ] NIA
g anstmcﬁan and Operating Experience - Have applicable construction-and operating experience
been considergd? :
Yes [} Mo 7] NIA T
6. Interfaces — Have the design interfage TEqU rements been satisfied and documented?
ves |} No [ NA 5
1. Methods ~ Was an appropriafe design or analylical (for caicuiations) method used?
Yes (5] Mo ] NA {3
8. Design Outputs ~ Is the cutput reasonable compared {o the inpuis?
Yes f No[] NA [
9, Parts, Equipment and Protesses ~ Ara the specified parls, equipment, and processes suitable for the
‘raquired apglication?
Yes [] Nol ] NIA
10. Materials Compatibility - Are the specified materials compatible with each other and the design
envirenmental conditions to which the material will be exoosed?
Yes[ ] No 7] NA
1t Maintenance requirements - Have adequate maintenance features and requireménts baen specifisd?
Yes|] Ne (] N/A |
12. Agtessibility for Maintenance - Are acoessibilty and other design grovisions adeguate for
performance of negded mainteharice and repair?
Yes { ] Mo [] O NATR
13. ‘Accessibility for in-sefvice Inspeclion ~ Hay adequate accessibility been provivad to perform the in-
sarvice inspection expectad o be required during the plant ife? Does this desighn provide adsquate
docess to offier components that require inservice ingpection and testing?
Yes[] - No !:I PA,
14. Raciation eExposure ~ Has the design proparly considered radigtion xposure fo the public and plamt
parsonnel? Include review of USAR Section XH, Subsection 3.0, for affects to blant radiation zones
-dursg aperation and shutdown conditions.,
Yes [ ] Nel] NA
15. Acceptance Criteria - Are the acceptance crileria incorporated in the design documents suifficient to



7.

18

19.

23

23.

24.

28,

: % NUCLEAR QuaLY ReLATED 3-EN-DC134 REV. 5C2
TANLIAL IFORMATIONAL UBE PAGE 28 OF 27
B Bésiyn Verification ‘ ' -
ATTACHMENTS.8 DESIGN VERIFICATION CHECKLIST
Sheet 3 of 4 " '
16. Test Requirements ~ Have adeguate pre-operational and subsequent periodic test réguirements

been appmpﬂate!y specifind? N
a. Are air aperated components that have been added or aifected by this change, testad for fail
position an loss of air, or foss of electricat power?
b, ts adequate qualification testing spectied for new or unproven equipment designs?
Yes [7] No[ ] A B

Handling, Sirage, Cleaning and Shipping - Are adequate handling, storage. c!eanmg and shipping
requirements spacified?

“Yes ] No[] NA 3

idertification Requiremants — Are adequale identification regquiremients specified?
Yes [] wo (] s £

Recnrds and Documentation - Are requirements for record prenaration. review, approval, retention,
etc.. adequately specified? Are all documents prepared in a clear legible manner suitabte for microfilming

andior other documentation stdrage method? Have all impactad documents beert identifisd for update as
necessany?

Yes [ Ne[1 NA [

Sofiware Quality Assurance- Fer a calculation that utilized software applications (e.g.. GOTHIC,
MAAP), wds it properly varified and validated in accordance with 11.8QA? '

Thig is an 11.5CkA task. However, per 3-ENS-DC-128, for exempt software, was i venfied in the
calculation?

Yes [} nNo {1 WA B

Has adverse impaot on peripheral compdnents and sysiems. outside the baundary of the document
being verified, beed considered?
Yes {23 No (O A T

Are the latest applicable revisions {including pending data)of design dacuinants utiized? @™
Yes 3 Mo [] A LT

Has this design ed_s%;ate y considerad hazards such as missiles, jet impingerment, eic.?
Yes K} No A [T

‘Has the design adequately considered seismic requirements, barge impact, and Mark t loadings as
- appropriate?

Yes{] Mo [] NI

H this change involves a medification 1o 2 containmant isolzlion boundary or funclion, have the

follpwing decuments been checked for possible inpact?

a. USAR Taple V-2-2
b USAR Section v _
Yes [ No ] NA G
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Desigr: Verliication .

ATTACHEENT 8.6 ' _ DESIGN VERIFICATION CHEGKLIST

Sheet 4 of &

26,

9.

28.

29!

30.

31

33.

35.

‘Has this design adequately addressed intermal flocding vulnerability ?

a. BDoes the configuration change incigase potential for infernal fipoding?

& Does the vonfiguration change reduce capabiiity ta isclate of cope with fiooding?

¢.  Duoss the design locate Bssential equipment whafe it would be susceptible to floading?
Yes | ] No [] Nra [

Has the design adequatély considered CNS Computer System interfaces (PMIS, Annungiator,
Seturity, Simulator)?
Yes [ No[] NA 4

Has the design adequately addresssd its impact an &NS Emergency Operating Procadures and the
Emergency Procedure Guidelines?
Yes Mo} N/A [

For electrical and IAC changes, the results of the print-do-point analysis indicate the design satisfies.
the specified desmgn requiravients and fully satisfies applicable topics listed an this attachment?
Yes |} Mo} M BT

Dy all drawings affetied by the miodification bave DIR versions created and the infavmation is
properly decumented?®™*
Yes ] Mol MA 1M

If @pplicabie, has the. Classification Fvaluation (CF) been reviewed for compieteness and technical
arcuracy. with regerd to the Structure, System, or Component (SSC) design licensing requireiments?
a. Are all guestion responses and required infermation correct with regard o the design basis?
b. s justification to each Equipment Application Data Sheet YESMND answer documanted on
the Equipmeant Application Analysis Sheet and is it comprehensive and sensibie?
c.  Are all CE equipment applications properly  classified?
Yes [] No ] WA B

Did this IDV include a feview of all calculations affected and/ar implemented by the package?
Yas (5] No [l NA

Did this 1DV review ali SAP Netficaiions written for dosument changee 0 engure c;ansmlency with the
proposad design?
Yes [] No [ A 5

Have alt CNS Computer support and other considerations been adequately addressed?
Yes [} Y NiA

Have all design and configuration documents which were required to be created or revised as a fesult
of this activity been revievwed?

Yes £ No [T NA T
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ATTACHMENT 9.7 - DESIGN VERIFIGATION COMMENT SHEET
Shest 1 0f1 ' )
REVIEWSR COMMENT/RESQLUTION RECORD
Dacument: NEBC 13-028 Rev 1
: N . . REVIEWER
] REVIEWER REVIEWER | PREPARER PREPARER | ACCEPT ,
NUMBER COVMENTS | INIT/IDATE RESPONSE INIT/DATE | INITIDATE | CODE'
' { | mal | Comments/editorial TES i)
1 {Minoreditorial comments provided in markup 7815 [|corrections have been 7-13-15 | % 7a.¢
: o incorporated. R e
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Design Verffigation

REVIEWER COMMENT/RESOLUTION RECORD

|Document: NEDC:13-028 Rav 1

REVIEWER

REVIEWER REVIEWER | PREPARER PREPARER | AGCEPT
NUMBER| _COMMENTS B INT/DATE RESPONSE IIT/DATE | INITIDATE | COBE’

Fyec is the ratio of plastic.
hingés. This value is
tused to account for the -
different plastic moment
capacities and cross
segtions of the girt
channel and connection
angles that are evaluated

in tte plastic beam
; , analysis. This shows that
2 Attachments E2 and E3: Explain Fyc component MBN  |the connection angles. will TES
{and possibly delete the ultimade strangth evaluation | 78,16  (develop plastic hinges | 7-13-15
before & plastic hinge

develops in the girt
channel. This comment
has been added to E2
and £3. Also, the
ultimate strength
evaluation in sectior: 2.3
has been rémoved (it is
not pertinent {o the
jevaiuation).

3 {Attachment E4. M, equation is not given inthe 6th | MBN | See page 2-6 in the Bth TES s
{edition. 7.8.15 |edition. No change. 71315 | Fros
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o étei’gy ; MaNUAL INFORIATIONAL Use PAGE 28 QF 27
— _Degign Verification B
REVIEWER COMMENT/RESOLUTION RECORD,
Document: NEDC 13-028 Ray 1.
| o | T REVIEWER |
- : REVIEWER REVIEWER PREPARER PREPARER | ACCEPT '
|NUMBER | _COMMENTS INITIDATE __ RESPONSE | IMIT/DATE | INITIDATE | CODE’
' | |The reviewer's comment |
is correct.” The point of
pu.3 and pg.4 is to show
the tensile {and
compression) forces in
'the angles when the
plastic moment capacity i
. - , e m A 1 : PSS
Attachment E4, pg 3. The reviewer understands ﬁ;ﬁ:ﬁfg&ir R l
4 |thattension generated by catenery action is a MBN 1, b ctwaen the = TES o
{function of geormetry and Joad, not section 7915 'tengu & stress black and 7-13-15
; propertties. If this is incorrect, provide a reference. |the compression stress
bloek. Thelevel arm is
1then used fo determine
the tensile load in the
angle when 0.5 psi of
pressure is appiied to the
| Turbine Building siding.
No change. o
Attachment E4 pg 6: Bolt hole diameters are given MEN : __ TES Y
5 |onsheets 156. 157, 158 and 159 of drawing 9150. 7045 |Commert incorporated. 7-18-15 | 7.0ai€
‘These are not the same as what was used. T -
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— i Design Verification -~
REVIEWER COMMENT/RESOLUTION RECORD
Document: NEDC 13-028 Rev -
. . REVIEWER |
REVIEWER REVIEWER PREPARER. PREPARER I ACCEPT
NUMBER | COMMENTS ~INIT/DATE RESPONSE | INIT/DATE | INIT/DATE | CODE' |
| This failure mechanism is | ‘
-{the bott tearing through
: the base material. A
Attachment E4 pg. 7. The purpose of this section is |statement has been | "
5 (unclear It appears to be either a balt tear out MBN  [added for clarification. A { . TES BN
calculation or 2 bage metal tear out calculation, both|  7.915  |base material check for 7-13-158 L e
of which need o be evaluated the weld has also been
» added in the Weld
Rupture svaluation,
Comment incorporated. )
After raviewing the
document that you
referenced (AISC Design
Guide 17), it appears that
_ | 0.5 of Fu is used for ' i/
- |Altachment £4 pg 9: 0.62 Fu would be a better MBN  |hominal shear capacity of TES M‘{\ i}
vaiue for ultimate shesr strength 7.8.15 |bolts. This is also 7-14-15 ALS
' contained in the AISC
Manual (13th Ed.), Table
J3.2. Page 9 hasbeen |
revised to reflect this
jcomment,
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__Design Verification

REVIEWER COMMENT/RESQLUTION RECORD

Document NEDQGC 13-028 Rev 1

: - REVIEWER |
: . REVIEWER. REVIEWER - PREPARER PREPARER | ACCEPRT ‘
NUMBER | COMMENTS. | INIT/IDATE | ~ RESPONGE | INITIDATE INITIDATE C,QDE“* 1
. |Attachment E4 pg 9 Drawing DIR 450015290 WIEN Agreed; & note has been TES ‘
8 |indicales that the bolts used in this evaluation are 78 1‘ 5 added to this evaluation 7.13-15
|machine balts. o |page. T
. ' Per the designh guide
{ |(Structurat Steel Design)
' used at that time, 2 0.6
factor for shear loading is
not used, However, this
section has been
{rewritten to follow the
|methodolegy more S
MBN  |closely, such as usingthe| TES PSR
7.9.15 |allowable weld strength 7-15-15 | © i
of 15,8 ksi.and removing. |
the F.S. from the
equation. Also, FE70
 {was used for A36 steel
{under contract E68-15. A}
noté was added to this
section te provide some
claity.

Attachment £4 pg 10: Because this.is a transverse
9 jweld, the weld strength follows a different
relationship. Also, Fryo needs to be reduced by 0.6
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Degign Verification
~ REVIEWER COMMENT/RESQLUTION RECORD
Docuiment: NEDG 13-028 Rev 1
. REVIEWER
. REVIEWER REVIEWER | 'PREPARER PREPARER | ACCEPT | ‘
|NUMBER COMMENTS INITIDATE - RESPONSE _INIT/DATE | INT/DATE | CODE' |
[ | ~ |An additional paragraph | e
The high amount of strain present may lead to & MBN WS added to the calc TES Bap.t
rupture failure in the conngction angle that is 713045 |Podyihatdiscussesthis | . nn%e
plastically deformed. Please discuss T Hailure mechanism butis "
10 jconservatively ighored.

TSee Step 5.6[6] Tor code defnitions,




NUCLEAR . Quatty Reatsn 3-EN-DC-126 REV. 3C3

Fnt Croy giﬁ&ﬁ&%ﬁl‘éf INFORIATION UsE PAGE XX OF XX

Engingering Calculalion Process

ATTACHMENT 8.2 k T _ Emmst—:mue CALCULATION COVER PAGE '
Page 1of 11
, ) , (20} poe ko
CALCULATION | CALCULATION NO: NEDC 13-028. %ﬁi"ﬁfe Date:
: - » k ) Cf?; i<
COVER PAGE ® REVISIONChange Motice fo:. 1 Ppg g2 1 of 11

Y Title: Ultimate nternal Pressure of Turbing Building

M Ee 2 BE 42044
- EC# EE 13041 Blowout Panels and Metal Wall System

|'*® Design Basis Calc: “ system(s)/Structure: 0 Discipline:;
B yes- L INO Turbine Building , Civil/Structural

1 ' safety Class: , 12 Component/Equipment/Structure:
| Quality Retated. Turbine Building, Paneis, Girts, Angles, Bolts, Welds

. D Non-Quality Related

el Proprieiary:

1 YES Ej NO
1 Superseded:
[lves EI NO

" Kaywords (Description/Topical Codes):
Turbipe Building, Pressure, Blowbut Pmels, FSAR: Amendmerst 25 Catenary

—WCaicaslaﬁm Bescription:

This cateulation is the dizsign basis document thiat reconstifutes the CNS FSAR Amendment 25 Turbing
Building Blowout Panel pressure of 0.5 psig. A posiulaled Main Steam Liné break in the Tutbine Gererator
Building, or one which breaches the Reactor Building Steam Tunnel biowout panals, is capable of treating a
- differential pressure between the Turbine Generatar Buiiding and thé outsidé environment. Thig calculation
shows how the Amendment 26 differential pressure vafue at which the Turbine Generator Buiiding steel.
superstructure siding experienees structural failure is schisved.

s {:em‘:lusegﬂfﬁecammang@om‘
| A simplified, corsarvative method was demonstrated for determining the maximum pressure valué taken from
fhe FSAR Amendmisnt 25.

in this analysis, the cohnecling bolts are shown ta be the weakest gomponent in the wall system. Az the beam
-develops plastic deformation in the connactions. its behavior will change from beam Gending to catenary
action. This will result in a major increase in the axial load on the angles, which will Sguse shear failure of the
| connecting bolts. ‘ ,

REVIEWS
(mﬂameiSsgnaturelDate by j}ﬁ%SiQnaturg}Date Gl ?;a‘nley{blgt;%wemme
Ul b N g oy
i j’ “fjl"‘vf'" _ "f-jti’f i ‘mjj!&‘v T F i C A0
T OF s 1 Daslgn Verifier ——
Taylor Sidton - HE] Technical Reviewer Supervisor/Approval
Responsible Engineer | [} Comments Attached (1 Comments Aftached
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.. Engineering Calculation Progess

ATTACHmENTS3

CALCULATION REFERENCE SHEET®°

‘Page 2.of 1.

i CALCULAT(GN
| REFERENCE SHEET

o

CALCULAT%QN NO: NEDC 13-028

REVISJON[Change Notice: 1

CLm S e ey e LU S e e PR e R L T S o e

§ la. Change M@ﬁces iﬁsmmrated

List: 0C%

5 i).b. Chango Motices ROT Insorporated

Conrstruction, Inc.

i 2 "Manual.of Steel Construction,” Thirteenth Edition (2005), published by American Institute of

Stae£ Construction, Inc.

» List None , :
1. Retationships: sht. | Rev. | oul ,. ggggg;’; Qutput | impact j?ggmg
| 1. | DWC, 4088 1 T60IAA | [ None T 1 N N/A |
| 2. | DWG_ 4089 2 jooAA T 9 None ~ | [ | N N/A )
I 3. | DWG. 9150 E106 | OO/AA | | None I N NA_
i 4. | DWG. 9150 E107 | O0/AA | < None | I} N NIA ||
¢ 5 | DWG. 9150 10| BOAA | X None | [] N N/A i
il 6. | DWG, 8150. 133 1 00/AA | Xl | MNone L4 N N/A |
| 7. | DWG 9150 156 [ 00/AA | [ | WNeme | [} N A
| 8. | DWG. 9150 167 | 00/AA | DI None ] N A
il 0. | DWe. 9150 158 | 00/AA | [X1 Mone | I] | W NA )
1 10 [DWG. 9150 159 {oo/AA | P 1 Nome | T N . MNA B
111, | DWG. 49054 2N ooiAA | I Nang 11 N | NA
112 1 DWG. 49054 2R 00/AA | 1M Nore | 1) N NIA
| 13. | DWG, 48054 2T 1 00AA | I None | {] N NiA_ |
114, | DWG. 40054 2W | ooiAn | |4 None ] N NIA
115 |DWG 48054 1 8T ooiaA | 4 Nore 1. ] N1 NA i
i 16. | DWG. 49054 7T T 00/AA | [ Nong LI N A
i 17 | DWG. 49054 8T itooAA |l [ | Nome | L1 N A |
il 18. | DWG. 49054 BT | OD/AA | Nome | T N | NA
y19. | DWG. 49054 W [00/AA L BJ | MNMome I [ | W NA
{20 | DWG. 49054 10T | DO/AA | None ] N | _NA_
(21 [DWG. 49054 1oOW | 00/aA T B 1 Mone 1 T N NIA Ik
§l22. {DWG 49054 | 11T | O0/AA None ™ | L1 | N NA
123, | BWG, 48054 12T | 00/AA 1 [ Nons LI T N N/A I
Ii24. |[FSAR Amend 25 | NA | NA | [ None Tl N NA
125, | EE 13-:041 NA T 2 (] [ Nore Y | NA
. REFERENCES: ;
1. "mManual of Steel Gonstruction,” Sixth Edition (1967) published by American Institute of Steel f
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CALCULATION REFERENCE SHEET ©°

Page 3-of 11

(

3 "Piastzc Design in Steel - A Guide and Commeniary," Manuals and Reports on Enginsering
Praclice No. 41 (1971). published by American Seoisly of Givil Engingering 245 East47ih

~ Street; New York

il 4. "Engineering Mechanics Statics and Dynamvics," prepared By J.L. Meriam, publishad by John
Wiley Sons, New York

j| 5. "World Trade Center Building Performance Study,” published by Federal Emergency’

-~ 'Management Agency, Washingion, D.C., Document No. FENMA 403, May 2003

8. “Federal Building and Fire Safety Investigation of the World Trade Centeér Disaster, Mechanical
Propetties of Structural Steels”, NIST NCSTAR, 1-3D. Lueke ot al., U.S. Depariment of
Commerce, September 2005

i 7. “Nerth American Specification for the Design. of Cold-Formed Stee! Structural Members," 2007
Editiar, published by American {fon and Steel Institute

I3
§ International Texthogk Company
3
¥

18, *Structural Steel Design." First Edition (1985). prepared by Jack McCarmac, pubhshed by

9. "Steel Design Guide Senes 7 - Industrial Buildings: Roofs to Column Anichorages;” First Edition
{1893}, prepared by James M. Fisher, published by American institute of Steal Coisliuction, . |

ine,

3 10. “ASTM A307: Carbon Stee! Boits and Studs, 80,000 PSI Tensile Strength,” 1978 Edition,

" published by American Society for Testing and Matanalq
llv. SOFTWARE USED: None
| Title: Version/Release:

4§

£

lv. DISK/CDS INCLUDED: None
|| Description of Contents:

S
-s
i
i

|Vl OTHER CHANGES. None

B o R R R e R R
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ATTAGHBENT 9.4 ) T RECORD OF REVISION
Pagedof1i

|| Revision o | Rﬁmm of R@vismn

Initial issue.

This CCN corrected the south walls of the Turbine Building plastic hinge girt :
analysis for the differant connsctions as identified in CR-CNS-2014-00801. The ||
methaod used in the original issuance of this calculationt was used again 1o '
‘determine the pressure at which the wall panel system will fail.

This revision specifically evaluates the different failure mechanism at the
-connection angles that could vecur before the weld connection ruptures, and
| also incorporates change notice 0C1,
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5.0. Purpose

This calculation reconstitules the design basis dosument that validates the Turbine Building
Blowout Panel pressure of 0.5 psid as stated in FSAR Amendment 25. The pressure al which
the Turbine Building walls blow out is anportant to vent and relsase steam fo the almosphere
following a Main Steamline break.

Revisior % providaes additional detail penaming to the contralling fallure mechanism that will
cause the blowout panels to be released from the Tutbine Building norih and south walls before
the angle connection welds will rupture.

6.0 Coneclusion

The Turbine Generator Building (TGB) metal wail pane} capacity Tor ah internal pressure is
limited by the ultimate strength of the connection angles on tha north and south walls between
columiv lines D, E and F. Analyses were performed {o determine the controlling material failure
of the connection angles afier plastic hinges are developed due to the intemal pressure on the
wall system. The analyses conclude that the girt channel connection bolts witl shear-due to the
induced lensile force in the connection angies when 2 0.5 psid pressure is present in the -
Turbine Building, The shear failure of the connecting boits causes the release of sactions of
panel wall siding frem the Turbine Building, which will result in 6,576 % of vent area to the
atmosphere,
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7.0 Inpui and Design Criteria

CNS Safety Analysis Report
“FSAR Amendment 25: 0.5 psid Turbing Building siding blowoul pressurs

Desion Codes
ABC Mariual of Sieel Construchion, 6th £d.
“AISC Manual of Steel Construction, 13th £d.

AlS! North American Specification for the Design of Cold-Formed Steel Struciural
Members, 2007 Ed,

Standals

ASTM A307: Carbon Steel Bolts and Studs, 60,000 F'SI Tensile Strength, 1978 Ed.
PhysicaiiMeasurad Components '

Girt Channels: C10x15.3 {A36)

Connaction Angles: L8x3-1/2x3/8, L4x3x5/8 (A38)

Connecting Bolts. 34" maching bolts (A307, Gr.A)

Angle Welds: 144", 5/16" (Fio)

- Perfopmance Reéguirement

8.0

Turbine Building siding will blowout at the FSAR defined blowout pressure
thereby veriting released steam and mojsture to the atmosphere, coinpletely-
relieving the confined space.

Qther Documents

All other documents used as inputs to the analyses are contained in the Calculation
Reference Sheat. ‘

Agsumplions
Thete ate no assumplions.
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‘Biethod of Anatysis

Although the USAR does not specity the plastic analysis method, it is, however, contained in thé
AISC Manual of Steel Construction, &th edition, which is refersnce in the' USAR.

This analysis does not consider dynamic effects. Being equal to or less than the spead of
sound at ambient conditions, HELB pressure wave effects are insufficient in duration to effect
the high strain rates needed o reconsider the published machanical properties of structural
members [Ref, R6].

The design methodology used is plastic design. Looking at the different typas of conngctions,
ihe most susceptible are the connections between columns D, E, and F on the north and south
walls. The angle stesl elements used in these connections are smaller than any others in the

buﬂ:}mg As documented in CR-CNS-2014-00801, the angle connactions on the north and
south walls-are not identical; however, the snalysis shows that both walls will experience failire
at or before an intemal pressure of 0.5-psid. The pressure is spread across a 7f{ {84in) span.
The 71t spans are not the longest span, but as they occur in a group of four when the interior
pangls move into membrane action, the tributary area. will e haif of both neighboring spans,

The flexual load @ seetivn gevnalry differanices result in plastic deformation geourring at the.

‘connection angles. At this point, no further fiexural load may be carried by the angles. There

may be soime strain hardening or load redistribution that allows the angles to carry tension load
only, but s countered by catenary action.

When the- loads develop mements larger than the section's plastic moment, deflection will take
place with no further load increases. The beam behavior will follow eatenary action. This
causes an increase in tension in the connection angles. The connecting bolts will shear prior to
weld failure, as documented in Atachment E4. This releasas the stress suddenly, causing a
Zipper like failure vertically along the column bays as well as arelease of the internal pressure.
The deflaction at maximum applied pressure is detérimined by Slope Dsflection, as documented
in Attachments E2 and E3.

an g
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10.0 Calculations

ENGINEERING CALCULATION FORMAT _

The load is uniformiy distributed ever the interior wall panels (inryco designation L'10) which am .
atlached to the girts with #14 screws (see Design Input 14). The spans betweer girts vary by I
several fact, but most of them are 7. The inferior panels aré joined together through the
interlocking flanges with a screw. The screw is anchored in & sub-git.  The sub-girt is spacsd

at approximately 4ft intervals. The exterior panels {Infyco demgnatron 1W21) are also secured

to the sub-girt with #12 screws (see Design Input 14).

- B
A
%: .X"
& pa—_

The system was tested with a mack-up by the metal wall manufacturer. A wail system 7¥t by
14ft was buitt and tested with a vacuum pressure on the extetior panél. The test was recorded
(see Attathment B); the resuits show that the exterior panels pop off at 0.54 psid with no
damage done fo the interior panels. A plastic sheet between the two pangis causes rmost of the
differential pressure to be borne by the exterior panel once small feaks develop in the interior
panels. Small leaks will not establish a vent path capable of releasing the pressurg. This test

shows that the interior panels are strong enough to withstand a pressure of 0.54 psid.
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Matal Wall Pane System Connectioh Angle
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tsriof Ffe*w“: Figure 2: Typital Girl Top View
i %5‘ ;/ 2 Screw [ ] J =B Eﬁgr
f::V = &:57_““1 i Syb-Girt
,/;Tﬁ 4 ~ :ﬁ | I~ Interior
#14'Screw - 1 Panel

 Figure 3: Typical Sub-Girt Crass Section ]

The interior panel design sheets were provided by the manufaciuret (sée Atlachment A). These

sheets give an alfowable pressure near 0.5 psid for a triple span condition. The as-installed

span condition is mare than 3 spanning sections, but this difference is small. As the edges. of
the panel are supported continuously by the neighbering panels, the wall will distort, but-ng-
panels will open to establish a vent path for interior pressure. The behavior of the pane!s will
then switch to that of a membrane. This greatly increases the cartying capacity of the member.

The pressure put on the panels will force the screws that tie the panels to the gids‘into {ension.
A single panel is fastened to the girt with twio #14 stainfess stéel screws. For metal buildings
and walls such as this, failure is typically initiated at these cohnections either by Screw pullout of
the base material, screw tensile rupture, or sheet pullover. These failure modes are evaluated
in Attachment E1, with the lowest being a pressure of 5.8 psid. Failure of the panels will not

-acour, therefore, by this mode.

Beam material will change behavior when operating heyohd the elastic range or elastic buckling
range due to excessive foading. A plastic hinge will form when yield stress is passad. This
causes a redistributien of the mornents on the beam and a corisequential change in the beam
behavior. When the beam reaches its plastic moment (Mp), any further increase in load will
cause continued deformation. When the deflsction is large encugh, the beam will no longer be
able to carry ihe load through behdmg and will have to garry it in tension through catenary.
getion. This will resuil, in this case, in plasticizing of the connection angles.that causes sheanng
&f the bolts.
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The Tutrbine Building structural stzel columns are designed for 40 psf with a 0.6 safely faclor
(as sgen in B&R Book 58). 1f the safety factor is removed ihis will result in 2 yielding pressure:
of about 0.5 psid. These beams are very large and will pot fail immediately at 0.5 psid, due fo
their depth, and will not allow the pressure to be released. The columns are rigid enough to -
resist the catenary action of the beam.

Several different beam configurations are used in the girts of the metal walls of the Turbine
Building. As seen in B&R Book 58, the girts are designed for a 40 psf distributed toad. Like
item & above, with the safely factor removed the yield pressure is near 0, 5 pSId The book's
anatysis is bounding for the longest gin.

The bolts connecting the girt channels to the connection angles are the weakest part of the
Ipading chain. The cennection angles between column lines D, E and F in the porth and south

walls are different. The north wall connection angles are L4‘x3x3!8 and the south wall
connection angles are L5x3-1/2x3/8, The girt channels are C10x15.3 for both walls between
column lines B, £ dnd F. Shear foads, caused by tha internal pressure acting normal o the
metal walls, are not capable of eausing failure.

This calculation demonstraies the methodology used to reconstitute tha 0.5 psig value
pr&sented in the FSAR Amendment 25. The connecting boits will shear before @ prossure 0.5
psid is present in‘the Turbine Building, as seen in Attachment E4. Therefore, the value is
conservative.

Catenary action is initiated at the develepment of a full plastic mement st the end connection
angles resulting in failure. This svaluation aiso demonstraigs a tensile force Trom catenary
action. This calculation does not expiicitly cansider the possibiiity of slrdin-hamemng and load
dnstnbut;cm The large catenary tension force demonstrates the conservatism i this
methodelogy. The conclusion is the same for both cases. 1)-catenary action is initiated below
0.5 psid and; 2) when catenary action begins; tensile loads increase rapidly and shear the bolts.

Attachment £3 contains the evaluation parformed in change nétice 0G1. This change notice
was performed to evaluate the south wall connection angles.

Attachment E4 contains an evaluation of the material fallure mechanisms. The result of the
evaluation determined that the shear failure of the two 3/4in A307 boits connecting the girt
channel to the connection angles is the controlling failure of the metal paniel wall systém.

'The analysis in Attachment E4 does not evaluste the strain levels of the connection angle at the
location where the plastic hinge is developed. An advanced fracture mechanics svaluation
could be performed to show that the angle experisnces fracture when the strain limits of the
material (A38) are exceeded before full calenary behavior is daveloped in the girt channel,
Furthefl analysis could prove exceeding the angle matenal strain limit is the controlling failure
mechanism in systom; however, strain limits were conservatively ignored, * Stress svaluations
were performad using stendard structural enginecring design methodologies.

i AV
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The loss of & corinection angle (bolts) causes a redistribution of the loads on the whole giet bay. AN

Loads supported initially by the broken connection are distributed to the connections above and
helow. which then fail under increased load. The combined vent path area created on the north
and south walls of the Turbine Building. due 1o the shear failure of the connecttion angle bolts, is
8.576 1"

P

Attachmenits:

- ET1.  Panel Fastener Evaluation {pages E1-1 to E1-2)
E2.  North Wall Piastic Evaluation (pages E2-1 to £2-3) ~
E3.  South Wall Plastic Evaluation (E3-1 lo £3-4)
E4. Failure Mechanisms Evafualion (2441 10 E4-12) . if
lnryco Wall Systems Technical Data sheet for 10 Series Liner Panels {pages A1-A2)
Vacuum:Load Test (pagss B1-828)
Piastic Design.in Steel excerpt ipages C1-C13)
Engineering Mechanics Statics and Oynamics excerpt (pages D1-D8)
Fastener equations from reference R7
Figure B-2 from reference RS

mmpﬂm>
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iZvaiualion 1

Rodern AIBI code {07} is vsad as it gives aipore tharough treamsnt of faslenats siting more mae
fascafol.

The screws which fasien the panels to the stuctural gid are evelusted below. Thosa will ha
Subjerted to g tensile fojee whinh may cause’

Pull-over : The shaet metel will fp over fasteners

Pull-gut - The screw will fip aut of the structurat gint

Tensile failure: The sorew will tail it tension

19 Pull over

11 = 0.04R i 18 gaoe steet
dw = 0.4 i whdth across serew hedd (AIST equation max)
Fol = an ksi utimate strength of sheet stee {Altachmant AR

Po_over 1AW Ryl = 3.2 kips

The ol haads cannol be dinsetly observed and the true ullimate strengtn is unknown so
corsenvative assumplions have been mars.

1.2 Pull nuf:

o -lz; n: depih of penetration {flangs ihicknagé af Coxid.a)
g 8,342 in: Nommal diameter for #14 sorow
Fu? .~ 58 ksi: Tensie strength of Stuchwal Steel

Po_pt= 0RStedFu? =52 kip

1.3 Tensile failure

Fys == 90 Tengile slength, sssimed. from 316 S8
d1 = 0242 in: nominal diamster
2
:‘.%ﬁ-L = 1,046 int2: Tensile cross section

g e Fus-A =41 Kipy
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1 & Failom Prossue

Page £1-2 b A2

Spen is assumed 7' (7. Strength of o fastener group & assighed 10 the suppont reaclion. "8 span

condiion i& used. The lowest presswe avalustion far screw strength is. usad.
Hi= 2-Prn_ov « 6.5 kips {2 verws installod per panct to girt)

b T2 =84 in

o oeand
R e w,i‘i‘::ii? el 112, 6 speh eondiion
14
%ips
Wi o= - R, - = (LORT -51)3
§.154:1 in
000 .
=1 2 -1—7;5{ =36 st

{uing the minimum strengti of the fagtanars, the screws fail in tension whia the interior prassire

raaches 5.6 psi
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Evaluotion 2.

2.1 Given:
E .= 29000000  psi: moduie of elasticly haspiel C10x15.9
ng . momant of Inetiia

Fy = 36000 psi : yield altess (el R1} .= 66.9 (ref RY)
Ey = 55000 psi  itimata Stress I, v 287 i« girt leagth

_ N o a1 Uiltroate stain (el
ls:= 84, i gitl spacing £s 1= 0.12 RS, Fig B-2)

I L - o indiny ; plastie strain (et
Law 4.5 in ; length ¢ angle £p = 0.01 RS, Fig 8-2)

FEZQ = 70000 - psi - ulimdle weid stiength

Section L10x16.3: Member 7 Section L4x3x Y8 Memnber 173
Avxe ' 447 Asexd =248 | in2 : Ares (rgf R1)
L ] nd . Plastic gechion
b < 1aht™ !5.9 Zel== 2.8 ‘ Niﬂdu'ug fraf R;’)
Mp2 o= ¥y-Zxe = BR2400 Mp1 = Fy Zxi= §3600 lbs-n- Plastic _
. : moent A
A3
2.2 Uzing the Mechanism methed {rom referchag R3 the max pressure i svalualed The moin
beum of the gid does not vield. The ioad is. balanced 1o find the banding momend in the miridie of
the glastic baam whan the atgle conneclions reach plastic momenl (Mp).
f.
s
Comoao N ¥
B . &
hf‘ﬂs v fﬂ??\
{hastiv Viner {idagic Hinge
frlotientd T Mot
" Wiy, [E Yostic Dondiop)
Fig. 3 (31 brov Bady Diagram .
A%
- PN AN
Fyp o 2 %‘i’; = 0.327 Fyc = Ralig of Plastic Hinges
P Mole: This value is used lo account for the different plasiic

rrewNant capacities and crogs secfions of the girl channe! and
the connection angles. Due fo the smaller capacily of the
connection dngles, the girt channel will nol develap a plastic
hinge when plastic hinges develop in the connection angles.
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2.3 Detarmunalion of meximum pressurc applied 1 thé Git baseil on exfamal vessus. inlernal work
for upper it condition:

Where Wa = Wi {ref B3, An 3.2)
We = wuL{@I20L2) = fwitL2 By
Wi = Mp1'8+ Mp3 B+ Fya Myt

Mpt = Mp3

Fy
Wig == 2-Mp! - 2.Fye Mp2 = 581600 4 ffﬁ‘%\,
. W’ lb‘
wUp = w =273 .:2
Le n
{ fog
5 .2
in

This darmaristialos that the USAR load of 0.5 psi oan be obtained. True faiibre.occurs st 0.3 psi.
Aceuracy shauld not be given to mare than 1 significant figure due Lo vacsiteinties in vield stiess .

Z.4 Determination of the ceflection at mid-span using stope-deticetion on a beam using unifom
foading. Maximum deflection oseurs at the contar of the gin,

Where,

BA = dA™+ AJL + L3 * £ ¥ 1) “(MAB. - MBEA/Z) frel B3, At 8.4)

‘Mot BA' is 8 suppon displaconient and 6
imnored in this evaluation
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Mianhmont £2 Page £2-3 of B3

0 + GV2ALZL + IIBEDEM? + Mpl/7)

&t
0 - BYRAL) + (LIGE1H{MpZ - Mp3/2)

023

L

821 = 823 4
2BVAHL + (LIBEN-Mp2 + Mpli2) = - 28V + (LBE 1)MpZ - MpGs2)
2OV, + 28VAL = (LIBEINVP? - B3R - (UBEN-MpZ + NP

ABMEIL = (LSENEMp2 - Mpli2 - Mp3ig)
BV2 = (LA2EN2Fye Mp? - Mp1e - Mp3i2)
?
L” {ZFyc-Mp2 - -
V- {2Fyc-Mp2 - MpTy 0.5

(24-E 1)
2.5 To ssttmata the deflection heyond vield, Es is doietmined based on the angle permanent
deformiation strain vatue, Thio values fos & are taken from the stiess-sizeds v rom el RS,

B8p = Zepr La « 0.08

fip = Ju2p + Bsp - 0,09
2.6 Determination of the applicd tension ai supoorends as 4 result of the catenary achion which
_occurs whien Mp 18 achived; the bear deflection finim Section. 2.5 is used.

2
= WL aress0  lbs (el Ra)
&-8p
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Evaluation 3

Giverl:
o= 20000800 psi: madulus of plasticy  Channel C10x15.3

ind -~ raoment of ingilia

Fyie 36000 psi - yiold steess. (ref 1) 1xx o~ 66.8 {rei R1)

Fu = 55060 psi - uitimate sbess L= 287 in : girt fenglth

Ls:- A4 in * gint shacing a8 = 12 ;%i‘f'g;gg?te strlsin fref
la= 475 in : dength of angle sp = (01 infin . plastic strain {ief

. RE. Fig B-2%
EE7D = TODOO  psi : Ultimate weld sirength

Seclion C10x15.3: Member 2 Section LEx3.5x3/8: Member 113
Hge = 4.47 Aot = 308 nd : Aves (ref RT)
. " ‘ . in%.: Plastic section
Zxn= 189 - Zxl = 4.09 Moduius {ref RZ)
Wip2 == Fyv-Zxc = 572400 : Mpt 1= Fy-2xi = 147240 fhs-in; Plastic
mamernt

' e

sing the Mechaoism method from mference B3 the mex pressure is evaluated The main beam
of fhe git doas nol vield. The load is balunced to find the bending mament in the middie of the
elastic beam when the angle connsctions 1each plastic mament Mp).
L.
S
R < A3 _ i v
o - mmitis
Mip, KD«
{f 1550y Hinie {Fiastie Hinge
Prmentt Mol
Mg {Estic Bending
Figz 1 Gint Free Body Diageam
] ‘,f': N
Fye = ':’-““*Mw =0.514 Fye = Ralio of Plasic Hinges I
Mp2 '

Note: This value s used to acoou for the dilferant plastic
moment capyciies and orgss sections of the girt charnet and
the cannestion angles. Due b0 the smallor capasity of {he
connectian angles, the gin channal will not develop a plastic.
hings wheq plastic hinges develop in the conneclion angles.
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Datermination of maxirim pressuie applied to the Gint besed on extemal versus intema work for
upper limil condition

Whiere Vi = Wi {ref R3, At 3.2)
We = warL B2y (1/2) = (wutl2'gpd
Wi = Mptig+Mp v 2 Fye Mp22 8
Mp1 = Mps
Fy

Wip = 2-Mp1 + 2 Fye-Mp2 « 583440 0

% -\Ai fhs
WUP & .L..JB?. . é?g m
{ :
L {
Pp e p = 0.8 —kisé—
Ls in

This demonsirates that the USAR load of 0.5 psi can be obtained. Ascuracy should not be given lo
more tan 1 significant figure dise to uncertainties in yiekd stross,

Dietermination of the defiection 5t mid-span using slope-defiection on 4 beam using untform
loading. Maxihum deflection cotturs at the cenler of lhe girt,

Where:

BA = OA'+ AL + U3 E * 1) * (MAB - MBAR) {iet R3, At 8.4)

s
/ iy

Mote: 0A' is 2 support displacament and is
whored in {his evaluation

.
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623
423

O+ EV2HU2Y + (LGED{-MpZ + Mpi/2)
- OVIKLIZ) + (USERNMDE - Mp3f2)

Wy

D21 = &%
ABVHL + UBEIN-Np2 + Mpt 72)-
2BVRIL © N
AFVL

&v2

- 2BV2IL + (LIGE)NR? - Mip3i2)
(LUBEY(MR% - Mpdl2) - (UIBEN-Mp2 + Mp1/2)
{LAEEGEMPY - Bip172. - Mp32) |
(LU 24ED2 v M7 - Mp1 /i - Mp3i2)

Hoa o

q

i
LY (2Fye-MO2 - 3 .
(ZFyc ii/ig tAp 1) ~0.78
{24-E-1zx)

Hdp =

To ostimate the deflection beyand yield, Es i detennined based on the angle pammanant
defomiation strain value, The values for & arg laken from the Siress-atrain curve from ref RS,

Asp = 2ep-La=0.005
5p = Sv2p + dsp = 0.88

Determination of the applied tension at support sads as a result of the catenary sction whigh. )
acehrs Whitn Mp is achived; the kearn deflection (o Section 2.5 is used.

oo YL Aoa01a ks {rel R4)
8-8p
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Fi= 36 ksi o= 58 & {for all cross sections)
Mo iy as, Refy AISC Manual, 6th £4.
M= Fyad, _ Fof: ABC Manual, SteEd,
Loenss Section 5] M b wm,

CW0a15.30 134 6’ | 8B4 kipin 1159 o7 | 572.4 Kip-in
L3 1/2x3/8) 228 "] 821 &ipdn [409 Y ]147.2 wipn
Jahafs) 144 5| 18 kipm 1260 in® | 936 kipin

Cheek for Reduced Strenath Capucity of the Gl Channal;

For 12000000/L/A) = 18959  psi Hef: AISC Manual, Sth £d.
L= 2874+ 72 in Ref: DW6, 9150 Shts, E101, ¥107
d= 10 in

A 26inx0436n = 1434 W
M= F,%5, = 254053 Mbin —~ 2341 kipin

1519
Fue (1P ACICH 068, = 206 kai Roof: AISC Manual, th £,
tox W72 W
G = [an’Ejr > = 3988 Ref: S15C Manual, 6th Ba.
L= 1 {ronsnrvativel :
E= 29000000 psi
M=Fu5 s 2893 kip-in CONTROLS!

Sumprary:

Due to the unbraced length of the girt channel being 72 inches betwesn the sag rods (Which provide lataral
suppiort [Ref. A1SC Design Guide 7 - Industrisd Buildings}, the elfecs of Bterst torsionat bucding will control
over the yield capacity of channet. Therefors, the channel will buckie (289.3 kip-inj befiare the plastic
bending capagity (572.4 kip-in) is schicved, However, this bucrling phenomenon will nat be observed
betore the plastic moment eapacities of the convection angles are éncecdud {147.2 kig-in, 93,6 kip-in <
285.3 Wo-iny.
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Widspan Checl:

The iargest midspan momeat the girt (C1015,3) will experioncs acovrs when it is moadeled with pingisd-
pinned and randitions, which isunrealistic, The-elastic and plasiic moment capatities of the channel
Cross section are 289 Rip-in and 572 Kip-in, resgectively. Due 1o the waakar conaertion asgles at the
erul consections, the girt chainnol will not yield betose the angles éxcacd thalr alastic monent
rapacities. Therelore, the shannel will not ckperiencs plastic fallure at 8.5 psi; bul will remmain within
whe clastic stress zone.

End Ceonsction Checlk:

224

The porth and south Turbing Bullding walls have two different sizod conosction angles. Considering
the fied-fixed 2ad conditions (wo 3/4% bolts), the pressure induced monents at the giet channel
enidy, and therefore at the connection anglis, i 288 kipdn, This Zpplied moent is Rreaiey than thd
plastic mament capacity of the favger coanection angle on the south Tustine Building wall (288 kip-in »
147 kig-in; therefore, significant plastic deformytion will occur at the glastic bingo point in the
connagtion anglas. Afrer the plastic momnent capacity is extead, catensry action fortes (rxial tensile
forcos) gevelop in the connertion angles to eompensate for the Toss of inoment capacity. Rupture of
thie crass sactinn acours pot dist to tinding bul dug 10 Ascessive tension n the member. The inmenal
forcos in the connection angle must he ideatified when the Turbine Building is pressurized ot 0.5 psi to
ditarming the eusct faifura mechanism. The tangila force thet Is devalopod AY A% psi is then rampsared
o the pertinent material failure wiechanisms to determing tha controlling failure..

Page B3 ot B4 12

AN
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Determing Infernal Forces on Cross Sé

Whiere M, is reachied inthe crosy section, thesiress bleek aveas abiove and below the plastic
acutral siis ave squst {A; = Ack. This mcais that the tension and the compression forcen in tha
cross secton are also eguat (T = C. The distance ketwoen the resultani forces s tie lover arm
{ihe). The tever urm mudsiphied by Lhe ¥ ar C force equals the plastic mement capacity of the
cross section.

L3%3-1/24%3/8 Connectinn Anihe

W= 147 kig-in

fNA Lacation = 0938 i {irom tottom) Lo
Ayt Q375N (S in - C.9%8 In) ' I

Ay= 1523 ja

Resultant LocarionA, = {5in-0.938 i / 2

Resuftant Location A, = 2031 e Ifroms inp}

disgn”

o Eges

AR hmw:,-w}

Resuftant Lucation A, is detormined by locating the ¥ i the Ay S -
*{r"‘“ L RE
Alin®y  vle)  ApnY)
Top. 02108 06563 061384

Bouwem 13125 01875 02461

Ao=EAx 1,573 Ay - 1.3BAS
¥= IA§/fFA= 0252 in {fram bottom)
Rosultant fotationAc= D352 i {from hottom}

A= 5in-203in-25%in
daz  A7I6 in

T= A#Fy = S4B kips
ar T= My /da= 542 &ips

P=05psi T= M/ ta = 288 E-in /271600 = 106 Kips

THe tension value 15 105 kips. After the plastic momeni capacity of the cross section is vxoeeded
the compression area starts 10 decrease, causing the tension area o incrasse. Eventuatlly, the
compressiun ares will be eliminated entircly from the cruss section; leaving only the tension
praperties of the £ross section to carry the entire load. At 1his point pure c,at'enar? bohaviay is
achievied, which would result in higher tension Torces apd therefore shows that using @ tension
valie at 106 kips s tonservative,
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Detepmine titernat Forces on Cross Section: (continued)

L4X3%3/R Conpection Angic

Me= 936  kip-in

PNALoeation = (688  in {from botiam} -
Ac= 037500 x {4 in - 9375 in) ‘ 1
Ac= 1242w i i
kS GRS H

Rosuhianm Location Ay = {(4in-Q837%in}/ 2 Lwis ;

Resuttant LocationA; = 1656  in {trom top} |
P A A
B ) 1‘}::;‘514 J' S }
Rasultant Lacation A s dotermined by locating the ¥ in the A, i i ¢
R

0.3%5

AN gpn) AR(nY)
Top 01174 D5315 00624
Hottom  1.1250  0.1875  0.2108

A-=¥AZ 1247 3Aj= 0.2733
¥=rAp/IA® 0220 in {trom bottom)
Resultapt Location A= (3,220 in {from hottom)

e~ 4in-1.656in-0220in
d];;\ = 214 in

Te Mgrby = M7 Kp
or T= Mg/do= 441  Kp

P =05 pi T= M/d,. = 288kpin/2.128.ip = 136 kip,

The tensipn value is 136 kips. Aller the plastic moment capacity of the cross seoten is sxceeded
the compression ares staris fo decroase, Eausing the tension area to Incroase. Eventually, the
compression area will be eliminated onlirely frém the cross section, jpaving anly thi ténsion
_sroperties of the tross settion to carry the ontire load. At this point pure catenary hehavfor is
achieved, which would result in bighar ténsida forces and therefore show that using atension
value at 136 kips is consetvative.

=

19

i et
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lure Mechanisars:

allure Med

¥

L. Base Maieris! Rupture:
2. Base Matorial Tearing
3. Bolt Beating

4. Boit Shear

5. Weld Rupture

The plastic moment capacities of ti tonngciion angles are exceedet by si teast a Tavtor of
2 (288 Kip-ii / YAT gip-in = LYG or 288 kin-in / 93.6 lip-in = 3.1}, approdimately, when an-
mtemal pressure value of LY psi & present in the Turbine Building. The wontnfling
mechanism wilt be o localized tension or shaar fallure BT 1 the induced caveniny ehavior
in the connection shglos. The fallure wilt ofeur ais efther tesile upiure or stear raplore of
Thé tase matefiai or the fastening matarials {boits ur wekds). The fEilure mevhanismes et
are listed above will e eviluntad to Uaiermined the Initial failure that will control the wal
panels release from the Turbinie Building.

fage £4 b ojLb4-13
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1. Bage Mipterial Ruptwre

Tha tailisre methanizm s vensie rupture.

T.= ¥, %A,
F,= 5& ks
Ay = et Ceoss Sectionat Area

L L5x3-1/2%3/8 Connection Anply

A v 308 i
‘Boit Dismetes fﬁg}. = 875 In
golt Hole Mameter (1) = §.81 in
t= 038 in

Ag= Ag-hynt= 275 jof

{ley thickaess)
T, = 159 kips

1.2 £4x3x3/8 Connegtion Angle

&,= 248 in’

Bolt Diameter (b = 075 in
‘Bolt Hole Diameter (hy)= pa1 in
t= 038 in {teg thicknuss)

Ko Ag-bgnt = 218 in®

T, = 126 kips CONTROLS!

i.3 C¥0x35.3 Girt Channel

Ags AN '
folt Wiamrieter fhd= 075 jn
Bolt Hole Diamater thy)= 081
g= 024 in {web thickness)

A= A bt = 428 int .

T.= 248 kips

Page Fa-fot 414

Hai: AISC Manis, 6t Ed,

‘Ret: DWG. 9150 Sht, £107

Ruf: BWG. 9150 Shi. 156
Ref, DWG. 9150 Sht. 156

ftel: AISC Manual, Gh Ed.

Ref: DWG. 9150 Sht. E101
Ref DWG, 5150 St 157. 158, 159

Ref: DWG. 9150 Sht. 157, 158, 159

Ref: AISC Mawsa, hth £4,

Ref: DWG. 2150 $it, E101

#Hef: DWG: 9150 Sht, 123.
Ref: AISC Manuai, 6th Bd

The L4x3x3/8 Connection Angle is Lhe controlling. chods Section for ts Faluce rec!soisin,

AW
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2. ggs‘g;@ggggialﬁearmg

The failtire mechanism is shear ropture of the base material, This is caused by the
balts tearing theaugh the base materizh

T, = Py AL XE {2t = Ywo Shear Plapes)
F,* 58 ksi

1y = Shear Plane Length

1 = Base Matediat Thickness

3.3 -15x3- 1724378 Copnection Angle

i= 825 in Ref. DWG, 9150 Shi. 156
L=z 425 in Ref, DWG. 9150 Sht. 150
t= 038 in {tep, thickness) Rel. DWG.-9150 $ht, 15§

T, ¢ 185 Kips

: 3.2 t4xIx3/B Connéctinn Angle

| L= 75 in Ref: DWGE, 9150 Sht. 157, 158, 159
L= 425 in Ref: DWEG, 9150 sht. 157, 158, 259
t= 0.38 in -{tag thickress) Raf: DWE. 9150 Sht, 157, 158, 159

T,¢ 185 kips

| 2.3 C10x15. 3 Givt Chongel

1 L= 45 in Ref: DWG, 9150 Sht. 133
i t= 024 in (web thickness) Hel, AISC Mawial, Gih Ed,
T,= 125 kips © CONTROLS

The £10x15.3 Girt Channel is the contralling crass seetlon for this Taifure mechaoism, Thisis
ocguring from the edge of the end of chanael to the inslde adge of the boit line.
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3. _B_c_lt Bearing

Thi: taflure rucharin s yieldlng of the Gass owtoriad ansiyd Whe bodts,
Fu = Dyt ab,u 1357, ' fef: Struct. Steed Design (1965]
by = Number of Rolis
t = Buse Matarist Thirkness
ty = Bof Diamerer
fo= 36 ksi

3.1 ¢5x3-1/2x3/8 Coanectign Angle

e 2 bolus Ref, DWG. 9350 Sht. 156
t= 0375 in Ref. DWG. 9150 5ht. 156
s Q75 in Rel: DWG. 9150 Sht. Bx(n

= 273 Kips

3.2 14x3%53/8 Conpectinn Angln

by= 2 bols Aef: DWG. Y15U Sk, 157, 158,159
t= 0375 in Ref: BWE. S150 Sht. 157, 158, 159
by= 675 in Ref: DWG. 9150 Sht, E11

F:a = 27-3 kipﬁ

1.3 CI0x15.3 Gist Channel
By = 2 hoits
t= 024 in
By @75 ih

Faz 175 lips CONTROLS

The CLOXI5.3 Girt Channal is the coqatrolling cross sectinn for this failurg mechanicm,




NEDL 13-028 Prpe C4-10 of 413
Revision 1
Aliachmoni £4

1. Bkt Shear

The fallureTnachapism is stear ruptire of the boit Matchal,

Bo= Dy Fyn 4, Ret: AISEC Sanual, 14t 6o,
. = Nunvher of Rolts
Fum 60 hsi {2307} Rof. ASTM A302, DWG. 9150 Shis. 10 agd B0

Yo= 377 ki 1A307%) Hai; AISC Monual, 18ih £d.
Ay = Boit Cross Sectional Area '

by= 2 bole: (et angln cizes) Ret: OWG. 5150 St 133
ﬁ,j = U?S in
A= D442 10

R.= 329 kips

Shear cupture of both bolts will ocrur ai 32.9 bips (tension between girts 3nd connection angies),

Noto: DWG. 9150 $hus. 10 and E101 indicate that the bolts vsed in these eonnections are 34 in machine
bafts. Per contract £69-15, these machine bolts are ol A307 {gssuming grade A). Also, it is assumed that
the: threads are excluded from the shear glane. The 13th edition wses 62% lensile strahath for the nomingt
shear capacity of hoits:
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5. Weld Rupture

“Fhe fatfure mechanizm is tensife failure of the welds that fasten the connccting

angles to tha structural colitmns. (P, welds are assumad.]

Row 1, XL, 20707 x5, w15,
t..= Weld Thickness
L.= Wald Length

Feog™ 70 ksi

D By= 15.8 ksi

F = 3

{torat combinied length)
{Altowable Shaar Stress}
{Commicntary)

5.1 L533-1/72x3/8 Conneclion Angle

'.lp;: 0.25 i“
L‘pl': 7;0 Hi

#,7 586 kips CONTROLSL

v 2 {4x3x3/8 Connection Angle

ty= 031 in
L,= 50 in

R,= 62.8 kips

‘the contralling wald cornection is on the 15x3-1/2x3/8 cunhection ongle,

Page £4-12 ol £4.13

Rel: Stauet. Steel Diesinn {1965)

Refr AISC Manudl, 6th Ed.

Ref: AISC-Manuvgl, & Ed..

Ref. DWG, 9150 5ht., 156
Aaf, DWG. 9150 Shi, 156

Ref: DWG. 9150 Sht. 157, 158, 15¢
Ref: DWG. 8150 $ht. 157, 158, 159

MNote: The 6th dition provides an afiowaiile weld strengih in the specifications; the commentary section
indicates that a factor of safety of 3 was used on the uliimate strength tesi results to progduce the
atlowables, The F.5, Ts multiplied taek ito the strength equat to-generate the ultimate strength of Le
welds.. Alsn, E70 electrodes were identitied vis weld procedures associated with contract £68-15.

Validate weld strength controls over base materiat strongth;

Wald Metal: Rn= Fyx A, = Q60K b.u Fepe =
Rase Matal: R x Ty % Ay = 0B8R tXFu =

Rel: AISC Matual, 13th €d,

{3/16 in. wild thickness)
{38 in. leg thickness)

The base material and the weld materiaf haye the ssvwe strength; therefore, the caloulsted weld strength is

‘sceeptable for use,

/1

5

>
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{iote; this is vielding).

COMTROLS!

Fenifure Mechanisim | failics rorce | Fofled Materis!
Base Material Rupnsre 126 Wips LAx3n3/E

Base Moterial Tegring | 125 fips CitxiS3

8olt Bearing o 175 kips | CIMI53
{Bolt shoar 29 wgs | 3/0in{A307) bolis
Weld Rupture - 588 kips L5x3-3/2:3/8 welds |

@inim_m@mjmwnm;

The span lengih betweeo girt channeds offects the fine force on the girt channels. An
evaluit on 5 parformed below to detesmting the mirirnum girt channel span that wall
parmit panet blowout whee-0.5 esl is predont in the Turbine Building:

Distributed Load:w =

Fixnd End Moment: M =
Tension in Cross Section: T =

Prs
wiif1z
W/ dig

Girt Span: $# {diax T % 125 1000 IoAkiph AP x L)

{LSa3-1/M818) o =
WX I/E) b ®

T

P =

L=

(1543 1/2x378) § =

RS Y R

2.?} ‘in
2124 in
323 kips
g5 bfin®
287 in

26615 n
20382

CONTROLEE

The minimum girt chandel span for bolt shearing to accur with 0.5 psi pressore in the

" Turbing Building 26,01 ln. All the ginl channel spans betwaen colurmn lines 0, F, and F ap
the northvand south ends of the Turbine Buliding are greatér than 2.5 ft (26,01 In). Thé
only except is the'top girt chanhel, which s a C12435 channel.

Prge £4-12 of £4-13
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Contugions:

Thee e tsal keisiu Torees acting on e wo diffenent conrestion angle sizes are 106 king
{15531 /263 /8Y anvid 136 ¥ips (LACHI/G) whan ihe Turhing Quitding is pressudized at 0.5 s,
tgnweing, the balt bearing failure moechanisn {not uitimate strengih of the materisl), the
roittroliing faflure rozchanism in the girt channelfoensestion amde is the shiéaring of the
wh 318 in A0 gnachinel bolts at 3.9 kipe. Vs failaré mechanison otours befare o
pressure of 0.5 psi is achieved (329 kips < 106 kips, 136 kips). Por the previous sections, 8
prisyere of 0.5 pat will cause Tailire of the welds; fwevsr, the connection bolts will shear
befora thes strongast connection clenw: fwekisPwill ropture (32,9 kips « $8.6 kipsh. »
Therelore, the connection anghes will nos remain strsched to the gint channels whin the

‘panels sre religved from the Tughine Buliding norlb snd south walls, Pane! reloase witl
(]

aurur phimpeted. AL s 05 psi prassar e ie miniam girt chacnel span tergth for piane
reletseds 2.5 7L Al of the girtrhaanels, escep {or the Lop girt chansdals, between column
fines D, E, and F ot the vorth andl south ends of the Turbine Bailding have spins greater
than 3 ¢, and therafore will bowsul 51 0.5 psl. A vent adees of 6,576 1t will ba ¢ reswd that
will relieve pressure fram the Turbing Building.

Hote o the vond area:

The total bay width is 4% Tt {2 bays.x 24 7t} and the bay height (sum of individugl girt spans]
is 68.5 ft per drawings 4088 and 4089, The 6,575 ft° (2 % 68.5 ft.x 48 ft) is the total vent
area created o the north pad south Turblne Bollding wals.

Bapge 413

of (1%

(IS




NEDC 13028
Rovision | ’
Aflactmant A ; Page Al ot AZ

Inryco Wall Systems Technical Data , Field-insulated Walls

SR A

an lang Sterd company

o e e e e

o 0 Intyco L1O SEriEg ; i.iner Panel

S

Ayallablo in two surface textwes, L10 and 111

penais ara desi {or usg as Interior Iners in

combination with any laryco extarior pane! or

othor stitable facing sysiem in cavity wall cone L1o
struction or 6n Intarior partition sysierds. Stane

dard as GY0 steel, stucco embossed, with 2 two

cost polyestar (Duenrimer®) on hoth sides. Otser

‘Ln:t;m and aoatings svailabic on a speciat inouby

SR,

The stwal peacl with caulked joints, perlorins as the
vapar barrier. Acs with the exterior parel v sup-

porting applied loads. (5 8
Accessories:
Available for use with tho L10 Intorior Walf Pdnal
Series:
1. Batt or roll type insulalion
2. Top, base, and corner trim
3 Sub-gid salection .
4. Fastoner type selection .
8. Brake-formed trim for special conditians - = o
8. Sealant-factoryfor fielg-npplicd ve § Lims oL Ll
. , e p—te
Panel properties L10 series
Panel thickness .. ..., A% Ty i
Panel widdh .. .. ... L2
Jolnt gontiguetion ... .. Gonthhuous zaulkad in- SJOINT QETAILS.
feripeking side.
UFactor .. .............. 136 (gieel faco ponei, LA JOmT
1:»519!36& {iber inguba- :
tign e
Hose material .. ...,.......G80 galvanizad sieel, R B S Re
33,000 psi yield.
Finishes ‘ .
Exposer surface ., .. . Duoprimer gineer: Helphit information on firewall muings, alr
nnar suefare ... ... Duoprimar and weter inflitrabon criteria, corrosive exposwes,
mivsite-wall applicatinns, ’unu;mgh envirximmental
. conditions, special material ot Binish requiraments,
Avallabiiity end many other perfinent subjects.
Panet Leugthy v
The ?u?kmﬁ;%‘ gages and kngu;s umah te;%m~ Perlormance Features
mundud tp facilitata eraction, minimize handling Therms! properties
damage and surfece abasrations: , Uvalue of 358 BTUiinJsq. fL°F whan corrected to
Profiles & Gazgt:s Ma ek th? 95 mph wind condition.
{i0ar t L E i 5 Al¢ infiiteation
20 ....... 2807 Mo alr lsskage, per squace foot of sudface, groster
L1t ar 11A ;2 hen ig.‘g, than .06 afm at 1.56 psl air preseure differential.
o es L. ‘Waiter infiftration i .
30 .1 40" No uncontrotied water icakage al 4 psf* air pressure
A A differential.
=y *Lengihy svailable 1o 387-0" on speocia! request. Acoustical proporties
Ak . e W3 mﬂfm perforated for use Bs 8n scoustical
Special Applications: finer with an NRC of .80 and 2n STC of 34,
Assistance an special or unusosl spplications ol LW *Data is based on interior panel tested with extarior
pancls ase available from your Inryeo Bales En. paniet in piace.

.

.




NEBC 13
Fevainn 1
Adachmerst A

Fage AZ 0t AZ

"Design Tables Maximum Spans — L10 Liner Pane! Series

L10 Serius Linor Pangls

22 Gnge

Explanatory Notes for Deslgy Tables
1. Panei spanning conditians

; 28 Gage s
Soen — € . i 1V Doutle Span: T — Trigt
Type i e s gpm imple Span; ¥ P iple
Lang MAXIMUM SPAN LENGTHS TN PEET 2. Nuinuars o tha tablos indicate distance batweon
CBAPSET | f 11323 132 1470./155% 1556 1738 adizcunt struclural suppants (girs).
'8 I § B84 854 9661106 1016 1136 3. Span length fimitstion factors
PSF o | 688 §23 861 782 1072 9A7 1 = Stress factar limitation, using (0.8 (Fy)} a5
o t | 748 745 887) B3 A79 883 dﬁsis'ﬂ";t"’w&‘;f:mm -33%*&" *xﬂﬁ?fsr}n
L T : - A e LIBA A maximum aliowable tetiection
e 4 ::: f;‘i 212 :jf = = {For L1120, use: J{E Table] x {1.145)}
R S et S 4. Static load in relstion ta wind valocity:
n 88! 776 338 G4s 4Dy 154 PEE = {0«00%5} (BAPH)?
:sor ! R SE SR TR T AW 5. Shaced smeas indicate bat i the paoel werg to
; A § BAE 732 Bk, SOs 831 748 be used 8t those span fengths and number of
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Srarnng e A%

The mswbly was loaded with ’neg;ﬁ‘émé igrﬁgs’sas«ra. ‘iha mm: ms con-

dusied at Inlaad Hyerson Cpnstrua&xon Products Caa@gny, Bornheanm
Stxent Research Loboratory. ﬁilwankea¢ Wisconsin on Mprceh 27, 2973,

The st snd calculations were parfoinesd by Inryeo personnsl.

'&.%s,% tost was withessed by John M. Fisk,. Imryco District Ssles Manager
&nd Milton Goodman, Burns § Roe, Inc. The assepbly simniated the
censtruction of wall ponels used on the Cooper Nugleay Ebwar‘3§éfiaﬂg
Nebraska. |

sl B

Tho G‘bjéétiw af the negativae pressurs lopd fest weve the following:
i. Demonstrate the Eﬁad car??ﬁésg cepacity of the IWZIA Mmfim:im
wall panel.. ' |
Z. Determine the ioad defléction chrves of the L16 Steel/IWiRA

Aluminun  insulated wall sssembly.

.
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ST ;?fgf‘ ;gg*i 3 ls

CONCLUSIONS

Tthe L10 Stesi/IWRiA Aluminum Well Panel asseibly eairied a %

lpad of 5.0 psf wider negative prossure agzguii_ﬁ(l dicéstly to I <
aluminun paael hefors the pansi puiled over the scréus. Tiiss ond
preduced vitizate load of 341.25 1bs, /8, per screw. Yhis .'gg@;g;m
safety facter of 2.63 in pern of the design load por screw afiﬁ’?‘.s

1bs./ft. There was no damage to the L18 stexl panel.

pers

naviLl

B

the muximym deflection of the specimen was . 1975 dnch in the
span which is 88,53 of the calculzted value p¥ ¥, 1312 inch.. - The

seuth span deflocted 0.110 Zich o 106.4% of the calewlnted velie
o5 8.2934 fuch.

The fW2ia 20 gage sluwinum panel vequires a serew at gach subgirt.
adjacent to the web of the panel to wuintain its profile mnder
lped. It is recommended that Inland screw, part No. 4294-123; =
§32-14 z 1" nylon hesd, seif drilling, tapping and seuling sheet

petsl scrsu be dsed.

G




AABLE 3
DEPLECTION SUMMARY
DEPLECTION ( ), INCH

Tesz  Test Lead Harth Span South Spam .
No. Panel PSF Test Lude. Togt Calc, .
2 Lib 20 Us, 40 1878 L1815
8toel :
IW21A 18 Ga. 34 110 1034
Alum,

2 &

| £18

TABLE 11 Gk
’ R

SCREW _LOAD CARRYING CAPACITY

Decign Witisate Safety
Test No. Paned Tyee. Loadfierew LoadsScrew Tartor
(Lbs/Fe) - (Lhe/ Pt}

2 L10/1%21A Alwm 157.8 343,2 2.85%
32429 page






Two Speed Clements Blover

Fivst Load st 10.4 PSF

e I I

€ JusLtpelly
{ BoIaey
#2000 OUEN

#éy jo gy oy




s s S

i s

g - O o s

Load at 72.8 PSF

g Wauioeny
| uoIsIAGY
820-€1 OCEN

8zd 10 60 8be




5

iy

5 %’a?
: T e East Panel Puii Over 0f Screw On : gﬁig
Ultimate Load (78.9 PSF} At Feilure Stiffened Rib at Mid-Support g§,§
~ 3 ' ' w-‘m
4
‘i 2
Q
North-Bast End Feilure of Peme aor, TAae] Pull Over of

Screw On Stiffened Rub




AO

DESCRIPTION OF TUST

Tes: Assembiy

The liney cousisted of six 110 steed 18 gape puncis 12 imchex
wide, 143" fonp screwed o 3-1/27 x 3-172" rubing supports.
o 214 x3/0" Type B serews with neaprone wanhey, inyyco Fart
No. A290- 10}, ariached cach panel o suppord af 10" on centers.
A drill size No. 1 was used inte the tubjng suppori s,  Five
Iaryco hat skpaed sobgirts 6'-4% long, Part No. 2298-210, were
vsed af 3°-0" on centers, They were fastemed with 012 - 14 x 3™
Hex washer head, self deillipg and tappiag, Puart No. 4209-951,
Screws io the tiner 12" on contiers. The face ponel consistad
0f six JW2IA aluminum 26 pape paneis, 1! inches wide ond 147 3"
long. The panels were fustened with the subgires by fwo kiml
of screws, Part No. 4209-D51 and 4290-121. ‘The Jucution end

spacing of screws were indicated on the Brawing No. 4X312 of
the Appendix.

AB' -1V x 147-3-1/2" (1.D.) woodew frame was consiructed
around the specimen. .~ assesbly wes scaled with & mil polv-
ethylene plastic shest placed betwoesn the L10 ang I1W21A pancls
thai ceuscd the applied load cayried directly by I1W21A panel

to the floetr with canlk tape.




"

chn were bolted to ﬂm ﬁwmﬁ in ﬂm vy
ihe assémbly,  ¥ressurve was vead using o menoueter with
r orange of S0 isches (1 inch wqual to 5.2 PEFY.  The
Fluid wos mnm 100 ved saity oid with 4 specific prav-
ity of one at 73° fahrenheit,

A tramsie love: and 40tk seade raler sere psed to neasure
deflections of the asseih jos as indicated on the daga
reducikion puges in 1t Appendix.
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Procedure

Step L. The assembly was pre-foaded to 0.4 PRE and hald vor

five winutes (0 verify the seald.

Step 2. Load was applied to #1004 PSE. - Then Jouds were in-
creascd dw 5.2 PSF incremenis unitl the fadlure of
the specimen.  Bach inad was agoin held for ften min-
utes,  Hee Data Sheets in the Appendix for the specis

fiv loadings.




Braisted, Jonathan

From: Sutton, Taylor E. <tesutto@nppd.com>

Sent: Tuesday, August 04, 2015 2:19 PM

To: Braisted, Jonathan; Reinert, Dustin

Cc: Flaherty, James R. S

Subject: [External_Sender] Turbine Building Blow-out Calculation
Attachments: NEDC 13-028 Rev.1 Approved (email size p1).pdf

All,

Attached is the first part of NEDC 13-028 Revision 1. The second half is to come shortly.

TAYLOR SUTTON

DESIGN CIVIL. ENGINEERING DEPARTMENT
COOPER NUCLEAR STATION — NPPD
TESUTTO@NPPD.COM

0. (402) 8252706




Braisted, Jonathan

From: Sutton, Taylor E. <tesutto@nppd.com>

Sent: Tuesday, August 04, 2015 2:15 PM

To: Braisted, Jonathan; Reinert, Dustin

Cc: Flaherty, James R,

Subject: [External_Sender] FW: Blow-Out Panel 3D Animation Update
Attachments: EE 13-041 Rev.2 Approved (email size).pdf

All,

Attached is EE 13-041 Revision 2. The calculation will come in two separate emails.

TAYLOR SUTTON

DESIGN CIVIL ENGINEERING DEPARTMENT
COOPER NUCLEAR STATION — NPPD
TESUTTO@NPPDR.COM

O. (402) 8252706

From: Sutton, Taylor E.

Sent: Tuesday, August 04, 2015 12:26 PM

To: Braisted,, Jonathan (Jon) D.- U.S. Nuclear Regulatory Commission; Reinert,, Dustin- NRC
Cc: Flaherty, James R.

Subject: FW: Blow-Out Panel 3D Animation Update

From: Woods Kirby [mailto:kwoods@inntecheng.com]
Sent: Monday, August 03, 2015 6:49 AM

To: Able, Alan L.; Sutton, Taylor E.
Cc: Estrada, Roman M.; Nienaber, Matthew B.
Subject: Blow-Out Panel 3D Animation Update

I have created two 3D animations of the angle and boli(s) fracture (see attachment).
~ Enjoy,

Kirby Woods
President

InnoTech Engineering Solutions, LLC
6721 North 105th Avenue
Omaha, NE 68122-3005

~ Phone No. (402) 740-0281
kwoods(@inntecheng.com
website: http://www.inntecheng.com
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5 EC # (EE) 13-041 Revision 2 Engineering Evaluation Page 3:of 16
E Title: Turbine Building Slowout Panels / Metal Wall SBystem

1. Description

1.1. Struciure, System, or Gomponient Description
Turbine Buiding

The Turbine Building is designated as a Principle Class il Structure [Ref,
2.3.31}.

The Turbine Building houses the turbine-generator and associated
auxiliaries including the Condensing, Feedwater, and Water Treatment
‘Bystems. Space is provided in this building for other auxiliary pawer plant
equipment. The Water Treatment Area, Machine Shop, Exhaust Fan
Room and Heating Boiler Room are located adjacent to the Turbine
Building and are referred to as the Turbine Building appendages {Ref.
2332,

The Turhine Building is a reinforced conerete struciure up to the operating
floor. Concrete shield walls surround the turbine-generator and structural
steel framing rises above the operating floor. The building is enclosed
with insulated metal siding and roofing. The interior walls are reinforced
-concrete with conerete block enclosing smaller ateas. The Turbine
Pedestal is a massive reinforced concrete structure supporied by the
same foundation mat as the building [Ref. 2.3.32].
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Figure 1: Typical Wall Section View J '
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Metal Wall Panel Systeni Curmccilon Angle
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1.2 Redson for Change/Evaluation

EE 13-041 Revision 2

During a High Energy Ling Break (HELB), such as a Main Steam Line
Break, the Turbine Building. will pressurize. This event will lead to over
pressurization of the Control Room if the pressure is not relieved. The
peak pressure that the-panel wall system (metal siding) can achieve is
stated in FSAR Amendment 25, This Engineering Evaluation looks at the
north and south walls of the Turbine Building to determine the failure
mechanism that will controf the refease of the panel wall system when 0.5
psid pressure is present iri the Turbine Building.

1.3 Design Objeclive to Resolve Problem

This Engineering Evalugstion is an gssessment of the weak link and
subsequent internal pressure that can be maintained as well as the impact
of the effects of biowout on the surrounding structures and equipment.

FSAR Amendment 25 states g value of 0.5 psid for the pressure’ at which
the building siding fails. This evaluation conservatively confirms that panel
wall systems on the north and south Turbing Building walls will fail at 0.5
psid.
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Title: Tis-rbinej Buiiding Blowout Panels { Metai ’W-éﬂ System

2. Documents

2.1 Affected Documents List

There are no documents affected by this Engineering Change.

2.2 Affecte

uwipment List

Theve are no 88Cs or equipment affected by this Eng_ine.éring' Change.

2.3 Reference Documents

2.3.1

232
233
2.34
2.35
2.36
2.3.7
238
2380
2.3.90
2.3.11
2.3.12
2.3.13
2.3.94
2315
2.3.16

2317

2.3.18
2.3.18
2.3.20
2:3.21
2322
2.3.23
2.3.24
2325
2328
2.3.27
2.3.28
2.8.29

NEDC 13-028, Rev.1; "Uitimate Internal Pressure of Turbing
Building Blowout Panels and Meatal Wall System”
FRAR Amendment 25

DWG. 4088, Sht. 1, Rev.00, Ver AA
DWG, 4089, Sht.2, Rev.00, Ver. AA
DWG. 9150, Sht.E108, Rev.00, Ver AA
DWG. 8150, Sht.£107, Rev. 00, Ver AA
DWG, 9150, Sht.10, Rev.Q0; Ver AA
DWG. 8158, Sht 133, Rev.U0, Ver AA
DWG. 9150, Sht. 156, Rav.00, Ver AA
DWG. 8150, Shi. 157, Rev.00, Ver. AA
DWG. 8150, Sht. 158, Rev 00, Ver AX
DWG. 9150, Sht. 159, Rev.00. Ver AA
DWG. 40054, Sht 2N, Rev.DO, Ver.AA
DWG. 48054, Sht 2R, Rev .00, Ver.AA
DWG. 49054, Sht.2T, Rev.00, Ver AA
DWG. 49054, Sht.2W, Rav 00, Ver.AA
DWG. 48054, Sht.8T, Rev.00, Ver AA
DWG. 49054, Sht 7T, Rev.00, Ver AA
DWG. 45054, Sht 8T, Rev.00, Ver AA
DWG. 48054, Sht.9T, Rev.(0, Ver AA
DWG: 48054, Sht.9W, Rev.00, Ver.AA
DWG. 48054, Sht 10T, Rev.00, Ver.AA
DWG. 45054, Sht.10W, Rev.00, Ver.AA
DWG. 49054, Sht. 11T, Rev.00, Ver.AA
DWG. 49054, Sht 12T, Rev.00, Ver.AA
USAR VI-4.3, Rev.loep.sxvii2
USARVI-4.4, Rev.loep.sowii2

USAR Xi-2.4, Rev.loep.xvii2

USAR X1-9.3. Rey .loap.xxvii2

Loy

e
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2.3.30
2.3.31
2.3.32
2333
2334
2335
2336
2.337
23238
2.3.39
2,340

USAR Xi1-2.1.2.3, Rev.loep xxvii2
USAR XH-2.1.3.1, Rev.loep.xxvii2
USAR XII-2 2.2, Rev.loep.xxvii2
USAR XiI-2.2.3, Rev.loep xxvi2
USAR Xli1-2.2.6, Rev.loep.xxvii2
USAR Xil-2 3 3.1, Rev loep xxvii2
USAR X}1-2.3.3.2, Rev loep.xxvii2
USAR X11-2.3.5.1.3, Rey.loep. xxvii2
USAR XiV-6.5.3.1.i, Rev loep.xxvii2
Technical Specification 3.5.2

Burns ahd Roe Calculation Book 58

Other applicable calculation references are contained in NEDC 13-028,
Rewision 1.

3. Evaluation/Design Summary
3.1 Evaluation Resolution

If the panels blow off, it is hypothesized that they could damage piant

structures or equipment. This discussion locks at the various equipment
surrounding the Turbine Building and what effect the discharged building
siding could have.

Figure 4: Location of Blowout Panels
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Calculation NEDC 13-028 concludes that the wall system will fai in the
middie of the north and the south walls, as noted in Figure 4. (The east
and west walls of the Turbine Building have more robust connections to
the girts and will require a higher internal pressure for the connecting bolts
to shear) The calculation also validates that the walls will fail at the FSAR
Amendmaent 25 pressure value. Bolt failure is to occur in the shear plane
between the girl channels and the connection angles. This failure
inechanism controls the release on the blowout panels.

Localized dynamic loading was not considered in.NEDC 13-028.
Localized pressures from a HELB event could break the panel fasteners,
which would result in releasing the panels. If this were to occur, it would
establish a vent path sooner than what is calculated. From the point of
view of the HELB event, ignoring dynamic affects is conservative.

The internal pressure acting on the paneis puts the girts in bending. The
connection angles have smaller plastic moment capacities compared to
the girt channel. Aiter the connection angles deform plastically, plastic
hinges form that induce catenary behavior in the connection angles A
catenary is formed by lack of flexural strength such as is present in a
string or suspension bndge This is reasonable as deflection will continue
to increase with no increase in load.  The catenary action leads fo a much
larger tensile force that must be resisted by the bolted connections
between the girt channel and the connection angles (In the end, the bolts
fail due io excessive loading.)

After the first connection fails, there will be a redstribution of Joad, which
in turn, causes more bolts to shear. Sag rods tie the girts to each other
from the lowest girt to the ceiling. The sag rods provide dead load and
lateral suppaort of the panels and girts, and are supported from above in
the eave strut,

The Turbine Building’s concrete walls and metal roof were not considered,
They are not the weakest components of the building envelope. An
alternate biowout location, such as the Office Building or Turbine Building
ground level exit, does not offer a large enough vent path and so are
conservatively ignored.

The interior and exterior panels da not fail within this evaluation. The
panels were subjected to a vacuum test (retrieved from microfilm and is
attached to calculation NEDC 13-028). The failure mechanism af the
paneis is sheet pullover near the pressure that 1s considered in that
test/analysis. The panels, as tested in the setup, do not fail and remain
undamaged.

1

i
s

i
L



[ EC# (EE) 13-041

5

e

g thla Turbing Bm!dmg Blowout Panels / Metal Wall System

S

! Revisian 2 o Lngineenng Evaluation { Page8 cff 16

7
i
-
E

s

However, it is foreseeable that unusual conditions may cause panels
separate from the main mass of the wall. The resulting piecés would be
small and would fly anywhere within a wide arc of the breach. i is also
foreseeable that farger sections of the wall could break off. These larger
picces would not travél far and may land close to the north ar south walls.
In addition to wall debris, small, lightweight, loose iterns within the T urbing.
Bui iding may also be swept up in the resuliing airstream and become
aifborne, The total debris is equivalent to the vent area, which is 6,576 .

As stated in USAR Xi-2.3.3.2.1, all Class | structures are designed for
tomado loading. Also, LISAR XiI-2.3.3.2.2 states Class | structures are
desighed for tornado generated missiles. Any missile generated by
release of the blowout panels will have lass kinetic energy than a 35' utility
pole with a velocity of 200 miles per héur due to the significantly smaller
mass and slower veigeity

Class. | struetures include the Service Water Pump Room, the Cantrol.
Building, the Diesel Generator Building, the Conirolled Corridor, and the
Drywell and Suppression Chamber. Not included is the refueling floor
which is enclosed in a metal wall similar to the Turbine Building. This part
of the structure is not located near the blowout, so it is protected from
damage by separstion.

Diese! fuel oil storage fanks are classified as Class | equipment as siated
in USAR Xi1-2.1.2.3. The diese! fuel oil storage tanks are protected from
tornado missiles by a double manhole and a soit cover. They are not
affected by airborne debris.

USAR Section XII-2.2.8 states that the ERP was not designed for tornado
loading. It is notreguired for safe shutdown, if's fallure does not cause an
accident. _

While the Emergency Station Service Transformer (ESST) and Start-up
Station Service Transformer (SSST) are not located directly adjacent to
the walls that blow cut, it is possible that panel fragments of-other airborme
missiles could damage the ransformers or short the buses. Per USAR
XiV-6.5.3.1.i, during a main steam line. break accident, the plant assumes
a Loss OF Offsite Power (LOOP). The Emergency Station Setrvice
Transformer {(ESST) and Start-up Station Service Transformer (SSST) are
both assumed down at this poirt, Therefore, they are not required.
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The Condensate Storage Tanks provide station systerm makeup, receive
sysiem reject flow, and provide condensate for any confinuous semvice.
needs and intermitient batch type services. While C8T-A is used in Tech
Spec 3.5.2 and is referenced as ECCS suction in USAR sections Xi-9.3,
VI-4.3, and VI-4 4, both Condensate Storage Tanks A and B are not
designed fo withstand tofnado imissiies. The Tech Spec and USAR
sections are under ravision to remove this requireiment due to the lack of
saismic qualification of the tanks. €8T's are nol required after a Main
Steam Liné Break.

Summaty/Conclusions:

The 0.5 psid value stated in FSAR Amendment 25 was shown to be
calculated by a simplified analysis (NEDC 13-028). This value is shown to
he conservative when compared with the shaaring force that is required
for the controlling failure rmechanism of the system.

The north and south Turbine Building wialis between columns D, E, and F
will experience blowout before 0.5 psid is achieved. When the bolt
connéctions fail, pressure inside the structure is refieved to the
atmosphere.

When the wall panels detach form the Turbine Building. they do not impact
structures or equipment important to nuclear safety.

3.2 Licensing and Desigh Bases Discussion

FSAR Amendment 25 states that the Turbine Building siding will blow out
at 0.5 psid thereby venting the released steam and steamywater mixiure to
atmosphere pressure causing complete pressuie relief for the confined
space {Turbine Building),

An evaluation of the Turbine Building concrete structure was peffarmed to

confirm that it is capable of remaining structurally intact without gross

structural failure following a postulated SSE. This allows ¢rediting the dose
consequence mitigation assumptions related to leakage holdup and the
resulting iodine plateout within the Main Condenser following a postulated

- Loss-of-Coolant Accident [Ref. 2.3.31].

The Turbine Eueldmg is a Class I strucfure [Ref. 2.3 31] that is designed to
withstand a minimum wind velocity of 100.mph [Ref. 2,3.351. Class |
structures are designed to withstand ternado loads, such as fornado
missiles [Ref. 2.3.36]; the Turbing Building is not des;gned to withstand.
tornado. loads.
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The Turbine siructure is designed to withstand missile effects for normal

‘operation, i.2., the inner and outer casings are designed to-resist disk

missile impact at more than 120% of rated speed [Rei. 2.3.28].

Bums and Roe Calculation Book 58 contains the structural design of
columns, roafing. girls and other wall panet components in Turbine
Building. This book was reviewed in the preparation of NEDC 13-028.

Samples of key Turbine Building substructures (e.g., walls, floor slabs,
angd columns) were evaluated for increased geismic loading resulting from
a postulated SSE. The horizontal seismic acceleration input to the
operating floor of the Turbine Building at elevation 932 f{-6 in. due to the
Turbine Building response was assumed 10 be 0.3gbasedona
comparison with Class | struclures (Reacior Buxidmg and Contral
Building). The svaluations show that the increase in design loadings from
the original seismic Class !l eriteria to the postulated SSE condition do not
result in stresses that exceed the alfowable limits applicable o the S8E -
load case. Thergfore, it is concluded that theré is sufficient margin in the
ariginal design 10 ensure that the concrete portion of the Turbine Building
structure will rerain intact during and folipwing an SSE. These results are

‘based primarily. on the fact that allowable stresses are increased for the

SSE load ¢ese and, consequently, the increase in seismic loading is offset
by the increase in allowable stresses [Ref. 2.3.32].

The Turbine Building was specifically evaluated for the potential to impact
adjacent Class | structures. It was determined that the only zone of the
Turbine Building that ¢an adversely affect the integrity of an adjoining
Class | structurs is the area'in close proximity to the Diesel Generator
Building. This particular area has been designed to Class | standards [Ref.
2.3.37).

The Conirol Building houses instrumentation and switches required for
station operation. Also located in this building is a computer room, station:
batieries, and components of the Reactor Pratection System [Ref.2.3.33].
This evaluation is in support of protecting the Centiol Building. These
other areas are evaluated separately.

The applicable drawings of the Turbine Building pans! walls were utilized
in NEDC 13-028 and are listed as references to this document. When-

- possible, the drawings were field verified to validate materials and

dimensions of the matal wall sysiem. In such cases, the drawing details
did match the field conditions. The drawings that could not be easily

verified were assumed 1o be accurate.

R
]

e e e .
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The use of several structural design codes, such as the AISC Manual of ,.é’,;}?‘

Steel Construction 6th Edition, were used, when applicable, 10 determing
the ultimate strengih of the metal wail system girt channels, connection
angles, bolts and welds. Design codes are typically used to evaluate the
acceplability of structural members, and not the point of ultimate fajlure.
This evaluation uses engineering principles when the standard
engineering. practices (desigri codes) lack specific design criteria.for
evaluating material failure.

3.3 Design input Considerations

CNS Safely Analysis Report
FSAR Amendment 25: 0.5 psid Turbine Building siding blowout pressure
Design Codes

AISC Manua! of Steel Construgtion, 6th Ed.

AISC Manual of Stesl Construciion, 13th Ed.

AlS} Morth American Specification for the Design of Cold-Formed Steel
Structural Members, 2007 Ed.

Standards

ASTM A307: Carbon Steel Bolts and Studs, 60,000 PSI Tensile Strength,
1978 Ed.

Physical/Measured Components

Girt Channels: C10x15.3 (A36) ‘

Connection Angles; L5x3-1/2x3/8, L4x3x3/8 (A38)
Conneciing Bolts: 3/4" machine bolts (A307, Gr.A)
Angle Welds: 1/4", 5/18" (Fex)

Performance Requirement

Turbine Building siding will blowout at the FSAR defined blowout pressuire
thergby venting released sleam and moisture to the atmosphere,
completely relieving the confined space.

Other Docuiients

-All other documents are referenced in Sectian 2.3 or referenced as inputs
o the analyses in NEDC 13-028.
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3.4 Discussion of Impact Screen Resulis

See Attached 9.1 for the impact Sereening Summary.

3.5 Relationship with Other Engineering Changes

This EC is not associated with any other Engineering Change document.
However, the following discussion has been added for clarification on the
difierent salculations associated with Turhine Bullding hlowout paneis and
HELB. _

NEDC 12-012, "Turbine Generator Building Siding Blowout Pressure,
other than EQ Purposes,” is superseded by NEDC 13-028, “Ultimate
internal Pressure of Turbine Building Blowout Pargts and Metal Wall
System.” However, NEDC 12-012 supports NEDC 11-078, "Turbine
Building High Energy Line Break." which supports a closed CAP ilem. For
this purpose, these two calculations have not been deleted. Calculalion
NEDC 03-005, "Turbine Generator Building Sidiag Blowout Pressure,”
which also looks at the blowout of the Turbine Building walls, has been left
in place. 1t provides conservativa results 16 NEDC 02-008, "HELB EQ -
RB Gothic Model" Calculation MEDC 11-122, "Design Check for Door
Mark H-307 for an Overpressure of .75 psi.” evaluates door H-307 for an
overpressure of 0.75 psid. Because the blowout pressure has been
determined to be lower than 0.75 psid, there are no pending changes.

3.8 Operating Experience Search Results

3.6.1 The search criterion of "Turbine Building Blowout” was used in
the INPQ {CES databass; there were 21 resulis using that
criterion. Only two reports appeated 10 he applicable {o this
evaluation.

3.6.1.1 Report #164109 - Safety Analysis Qverpressure
Protection Not Provided for the Turbine Building

Event Summary. On March 3, 1897, with Vermoni
Yankes operating at 100 percent power, it was discavered
that the design for Turbine Building averpressure
protection, as described in the final safety analysis report
(FSAR), was never installed: The Vermont Yankes FSAR
description of Turbine Building overpressure protéction
includes a 1,000 square foot plowout panel that would
agtuate at an intethal pressure of 0.25 psi. No venting

areas of this size have been found in the Turbine Building,

and investigation to date has been unable to identify any
other venting methads that may have been assumed, in
lieu of the biowout panels, when the plant was

i
AN
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constructed. The analysis for high engrgy line breaks of
the main stean and feedwater piping in the Turbine
Building credits the blowout panel. Once the blowoui
panels actuate, a steam cloud would be released in a
matter seconds. Absent the blowout panel, the potential
higher pressure raised coneern for the structural capability
of cerain block walls and ductwork in operation.

The preliminary FSAR states that steam would travel up
through the Turbine Building, pamaisy condensmg on the
walls and equipment. The increase in prassure in the
Turbine Building would result in portions of the siding and
roof of the building being tarn from the building structural
members releasing steam to the environment. It is not.
¢lear from the curent FSAR description and that of the
preliminary ¥ SAR as to whether the anticipaied changeto
blowott panels was {0 be made as a result of a decision
that an engineered fealure needed to be installed or
simply a case of interpretation.

Due to the age of this event, i is not possibie to deternine
the root cause Tor the failure to install the device described
inthe FSAR. The difference in the temminology between
the plant's preliminary sefety analysis repert (PSAR) and
the ariginal final safety analysis report alludes to an
apparent cause. The PSAR identified that building
overpressure wasto be prevented by failure of Turbine
Building siding. In contrast, the original FSAR desciibed 2
plowout panel, indicating that a formally ehgineered relief
path was intended. It appears that a design change was
planned which would have installed a specific relief device
in the Turbine Building, However, because the
investigation was hampered by the lack of dodumentation
and unavailability of individuals involved in the early
licensing process, it could not be positively detennited if
the change was simply a change in wording or the result

-of actual change of intent.

Corrective actinns include modification of the vital
switchgear roam heating, ventilation and air conditionirig
systemn fo prevent an HELB in the Turbine Building from
intreduction steam into the switchgear rooms and
developing operability determinations o support bases for
continued safe operation of the plant.

Appficability: The original Vermont Yankee PSAR
indicated that the Turbine Building siding would fail and
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thereby create a relief path for internal pressure o escape
to the atmosphere.

3.6.1.2 Report #158158 - Turbing and Reactor Building Blowout
Panels Determined to bé Outside Plant Design Basis.

Event Suminary: At 1000 hours on Qclober 25, 1893, with
fhe reactor at 100 percent power, it was determined that
the relief {blowout) panels in the Nine Mile Point Unit 1
(NMP1) Turbine and Resictor Buildings would not blow out
at the design pressure of 45 psf because the bolt
fasteners for the panels were larger than designed and.
fad a higher ultimate strength than designed. The initial
engineering evaluation of this condition efroréougly
determined that the Twrbine and Reacior Building pansls:
would blow out at 60 and 53 psf, respectively, 1o rélieve
internal building pressure prior to structural failure of the
buildings.

On March 27, 1995, during refueling outage 13 (RFO13).
it was determined that there was an error in the design
assumptions for load distribution. Revised calculations
confirmed thal the relief panels would not blow out until
the internal building pressure exceeded the minimum
documented building structural design of 80 psf. The
cause of this évent was inadegquate quality conirol
maasties during inftial construction which resulted in
oversize bolis being installed in the refief panels.

Prigr-to restart from RFO13, the panel attachment design
was revised, the size of the bolts was verified, and every
other bolt was removed from the relief panels to reduce
their blowout point to a value below the decumentad
building structural capability. Additionally, appropriate
Engineering personnel were counseled regarding
verification of design assumptions.

The blowout panel design uses panels of cortugated
siding approximately 2 feet high by 20 feet long. The
horizontal ends of these panels are firmly fastened to steel
angle bars which are then connected to the building
structural stesl by shear bolts. The top and bottom of the
individual panels are not structurally fastened to adjacent
panels, and, because of the corrugation, the panels are
relatively flexible in the vertical direction. For these
reasans, the load resulting fromm an internal pressure is
transferred horizontally only, however, the enginear
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gvaiuated both a horizontal and vertical transfer of load in ;:i‘sg

the design calculation. As a result, theé incorréct
calculation conclusions were used to delermine the
biowout panels would separate from the building
structures at infernal pressures of 60 psf (Turbine
Building) and 53 psf (Reactor Building) by teanng of the
pane! metal at the top and bettom of the Biowout Panels.

Applicability. The Nine Mile Paint Turbing and Reactor
Building Biowout Panel analysis determined the limiting
failure mechanism of the sysiem o be the bolt fasteners.

3.7 Margin Analysis

4. tmpact on Current Operational Basis

This Engineering Change does nol adversely impact the current operational
basis of the plant, but on the contrary, by validating the FSAR Amendment 25

The analysis preforfied in NEDC 13-028 determined the metal wall
systerng on the nortly and south Turbine Building walls will fail (create a
vent path to the atmosphere) before 0.5 psid prassure is present in the
Turbine Building. However, the purpose of the calculation, and this.EC, is
to regonstituts the FSAR Amendment 25 pressure value of 0.5 psid;
therefore, margin is available in the calculation to confidently claim that the

applicable panels will fail at 0.5 psid.

blowout pressure the current operational basis is reinforced.

5. Englneering Requirements Necessary to implement the Change

There are no erigineering requirements associated with this Engineering Change.

6. Enginesved Maferiale List and Yendor Technica! Information

6.1 Engineered Maierials

8.2 Vendor Technical Information

None

7. Special Process Reguirements

No special process fequirements are associated with this Engineering Change.

The applicable vendor as-huilf drawings are listed in Section 2:3.
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8. Test & Inspections

No new tests or inspections are associated with this Engineering Change.

9, Attachments

9.1 Impact Screening Summary

8.2 PAD {Revision 1)
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ATTACHSENT 8.3 . ) 4 , " [PAGT SCREENING SUBMARY
SHEETIOF T ' ' '
INSTRUCTIONS:

identily the potentially impacted and the unaffocted areas by checking the appropriate
Yas or No block on the Impact Screening Criteria.

it & direct determination caniiol be made based un the impact screening questions, the defailed
gquestons it Attachment 9.4 may bie used to identify polentist impacts.

The completion of detaited questions in Attachment 8.4 is recommended but nof required.
Contact potentially impacted groups if assistancs is required .

Engineering Change No.: (EC) EE 13-041 Rev. No.; 2

Prepared by: Taylor Suiton Date: 1215
DESISN ENGINEERING DISCIPLINES nl | potentiall
| Civil / Strictural Design Baginsering | EIYES | [IwoO

= . Poes the proposad activty involve any civil / etriuctural finchuding <e:qnm;,\ tiessign
changes or adlivities? OR Dogs the proposed achivity involve any piping engineering
desnign changses or acwmes’? .

Paintings and Coatings Enginesring I Pves | Eno
« lloas the proposed achivity invalve the use of a coating of & companent coated with 8

epating not previgusly &valusied Lnder the Paintings and Coatings program? i
Electrical Design Bngineering S Oves ZINO
»  Dpes e propossd aclivity inveive any station or switchyard elecitical design, large

pawer iransformers, ar settings changes or gctivities? (SOER 10-1) - .

instrsmeniation and Conlrols Design Rogineering | ©ves & no
= Dees the preposed sclivity invelve any 188 6{:{.3&93 or getiings changes oy activives? |
Meéchanical Design Enginesring b mves | EBwno

& Dogs the proposed dctivily addiremoveiraplade insulation; aluminum or other
mezamcmsn-mewmr seurces of debris in the eaciodzoniginment huiiding or mvaivo
any mectianical dasign changes or sctivities? A -

PSA Engineasing {1 Cves K No
o Ioms Hie proposed aclivity impact of involve changes ta plan avalisfions or ‘
probabilistic safety assessmenis?
«  Does the proposed aclivity impacd or involve changes ie the Emerguncy Operating
' Frocedures, Abnoanal Oporating Procedures, or Severe Accident Procsdures o
does it aid, remove of madify S5Cs znc{udeﬁ in g Maintenance Rule funclion?

Nuclw Analysis Oxes | Fwo
- » Does the propased aclivity Tmpact or involve ehangas Mpfant svaiustions, Technical
Specifications, Tschinical Reguirstoents Manisl, or requite 2 full 50.59 Eva!uai;on ?

Cybar Sgctirity Anglysis | mves | !‘&'NO‘

o  [Does thy propused aclivity impact qr imudlve chanhges to Cybsr Security Controls, ar '
raquite oybor security assessmaeni, evalvalion 25 per TOCFR73.84 and

Frovedure 11 CYBER-SECURITY? - N
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{MPACT SCREENING SUNMAKRY .

BHEETZOF 7

- DESIGN ENGINEERING DISCIPLINE

FERG ! NERC Ifpact
* Doss the proposed actvity impaal or mvoive change to FERC / NERC o Regional
Eatity eutriplianocs doculionis?

D YES

%?:‘J ND

B.8.b and other "Beyond Design Basis” considerations
= [lges the proposad activity impact of weive ghangas ta strategies na}alﬁd woBboor
other iwsues conskierad “béyond design basiy” ingiuding Scvore Accident Procedwes . |
and Guidelings? : = ‘

| oves

o

| DESIGN ENGINEERING PROCRANIS

Potential Impast

§ ASRME Seclion i} Specifications
o Does the proposed aaivily stid, deteis, or modify information requiredt by ASME Sealion
1 to be contained in a deaign specification? »

ives

BInNo

Oable 218 Raceway Program
»  Daoss the pragosed sativity invphva any changes 1o cable trays, raceways or the
2580Ciz45d documentation? .

vEs

T Eno

Electronic Dalabases (ELB)

= Doges the proposed aptivity mvn&se any changes fo eleclonc datepages? . .

LiVES.

ﬁ NO |

EQ ngmm {10CFRE0 48, NUREG U588, Reg Guide 1.38)
e Does the propused golivily involve any cnangas to the EC Program?

Ives

Hwo

Hydrogen Conteol Prograim (10 CFR 50 44} (7 applicable)
o Hges the proposed activity impact equipment af maienals related to hydmgen gontrol ?

Tyes

['Ni)"

Hauman Factors Prégram
s Cocs e proposed activity involve controt panel design including layput and abeling,
visud| dispiays, operatot aids, auditoy sigoals of anvirgament in e cuntrot room, cable
spreeding ream, apy other dootrpl panct locations?

1YES

Margin Managament
e [des the proptsad activily impam of invoive any churges lo ﬂes;gn ficgrsing of
operstions mergios? .

1YES

@No.

Reg. Guide 1.97 / PAM (Puost Accident Hloniioring)
i +  Does ihe prapesed awwity involve Reg. Guitge 1.87 (Pos! Accidant Monitoring)
ludscanons’? ,

{(1vES

N0 |

Polsntial Impact

1 Electrical Maintenepce

procedures, reguired achions ang requlied baining?

s Dopes the vioposed acivily requite an Ehecliicst Maintenence feview to xc%emxfy affacted

[AvEs

BEwNo ¢

J6C Malnlgnance:
s Dose the proposed aquity require an JAC Maintenanca fevisw lo identily aifected
procedutes, required acticns and reguited fraining? )

I Dves
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Pote galimaact

Flechanicaf Maintengnce
<4 Dnes ihe proposad sctivity require 3 Mechaaicat Mainteparu® wvisw 1o ideulily
aflected provedures, toguired aotions and reguiied training?

I YES

T no

NUCLEAR ENGINEERING

_}__ potontlal impact
| Cives

‘Wauslear Fuel Design HINQ
» [Does tho proposed activity impaci o iivoive the destgn performanca or storage of
auciear fisel? . —
Reactivity Management Proyram COves | EiNO
v Loes the proposed adivity impact o ivolve the reuctor system, reastor controis,
raactor chemistry, réfatsd systems, patential core and spent fuel damage, speni lud, |
icagtor cooilarit prossure boundary or reaalor systam gracedunes? ;
Potential impact
1 Computer Support and Settware [aves  [SNO
e Does the proposed activity impae! or involve changes to plani compister soliware or
frmwaré or impact Software Quakty Aseurance (SQA)? , S
Champstry and Environmental fnpact Ljves & NO
» {ioes the proposed aclivity impact or mvalve any changes to glant chemistry
requiremants, dperatinng or procidures: or any changes to the environmant?
= Loes the proposed activity impect arinvolves the site rammmcsl around dater
manitoring program? _
1 Radlation Protection (RP) Program bripact [ Yes P NG
«__[Doas the proposed activily imgisct ot involve uny ghanges to the P program? , .
| Opgraticas - [J YES K No
= Doas the propesed activily impadt or invelve changes o Operatxcns prnceduras * ’
i trzirting or aperater ackions? » .
Planning, Scheduling and Outage {PS&0) C{OYEs ¢ EINO
«. Does the proposed adctivity require a PS&Q review 10 ienlily required dasign and ’
installation informaiion? .
MPAC (Inventory) YES EHNG
' » Lpes the praposed adiivily impast ot inveive any addition or tamaval of equipment i
o the inventory?
+ Does the proposcd adivily impacl or invalvd any Proouremanti of Quamy material
. foer non-gualified supplsers? — _— - N ")
Pmcmemem Eagineering 1 DOves | NO
] o Dpas the aotivity impaci or involve any procurement acfivities? L N
1 Vendor Manual Control S vES NO
T -« Doesthe changs add. remave, Of medify a structiurs, systém. or component?
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e vt

. Pot em!?l pact

| PROGRANS AND COMFONENTS
: ASME Appendix J (Primary Containment Lesk Rate Tesling) Progiam

a

Coes the propesed sctivily irmpact or invelve any changes fo grimary cortainment
leah rate testing? .

1vEs

£ Ny

*

AS&E Coritainiment in-servica Inapsction (IWE :'i%ﬁL] Program

Coes the proposed activity impact o7 involva the containment pressure boundary of
nasneatsted moishurg botricrs or o support for the containment pressute boundary?
This includas “seftware ohly” changes that do ot physically change the nardware
s.ch as se-rating of pressures oc termperatures to include chariges o docurhented
infornation on these items of addilional documented infimation for thess e
Lacs the proppsed activity Bimit access to contanmant surfaces Ror inspection?

lvolve disagsarnbly of & bolled connection which farms & portion 6f the contaiament |

boundary?

[1vEs

I NO

"ASME ln«sawica inspection {55{)' Program

Boas the groposed activity axd, delete, or modify an ASME Ssclior ¥ pressiice
beundary itent or @ support for an ASME Section Xi prestwe boundary itere? This
includes “software oaly” changes that do nol physically ghange the hardware like
such 49 reraling of pressures or temperatufes. {ASME Sechen Xl itoms include
ASME Class 1,2, 3, or B21.1 trealed as 151 Class 2 or 3(T2 and T3) componerig,
parts, or appurtenancas such g8 pnpe ar pn-:«ssuré vessal walls, valve badips and
pump Sasings. .

- [IYES

FNO

ASHIE Section X1 Repalr / Replas:emem Progmm
' ‘Dees the proposed adtivily invalve any mechanical component within the ASME 3

%

Sactioh ¥ grassure boundary ftem or 2 suppor fof an ASME Sema;x X1 prasaure

program / boundaries? Does the propased activity add. delete, or modify an ASME

boundary lem? (ASME Sectinn X itoms includn ASME Class 1, 2, 3, MC, artl CC,
as well as 31,1 treated as (8] Class 2 or3 (T2 and TY) mmmmzﬂts patis, o
appurienancas Such 585 pipe or pressure vessel walis, vaive hodies and pumg

_tesings).

| [7ves

N

ASME in-semce Testing ngram

Does the proppsed activity impact or invelve any item {safely ralated of non safety. |
redated) that may affed! the perdornance of teding of & safely related purnp or vaiva?
Doss the propoged aclivity impact the functior or functional classifisation of aoy
panIp or valve as Stated in the 15T Bropram: dc@&mgm&"

{ives

Fno

, “Alr Operated Valve (ADV) Progiaim

«

Doss the propasad aetivity impact or involve the désign, gperation or tasling of-
AOVs? .

ves

BINO

Burled Piping and Tanks {BP&T} Program

Ooes ing proposed activity impact o7 itvolve any changes to piping or cathodic
pns'aec!mn of Buried Piping & Gampononis?

CIves

B NO:

[ 3

Bom: Acld Corrosion {BAG) ngram

gGid fonmﬂon or corragion

Dops the proposed acmrny impact of mva!ve any Ingrease in the kkvlnhuoﬁ of Boric

] YES

g No

Gheck Valya Program

_ vaives?

Dues fe progosed eu:t:wty npad or invelve the desigp, opiiation br testing of check

Jves

EIwna
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| PROGRAMS AND COMPONERTS (CONTINUED)

Potantial ﬁn@ {4

#» -Does tha roposed activity atld, delete, or modify the besis {(as contsired n each
sites reactor vessel surveillance material testing prograrhy for the Fressure /
Temgerature Limit Curves (luence, pressure. fempersture. reaclor matarials)?

. Cobait Reduction yes | #INO
s Doz the proposed ackivity invalve the peléntial to oreate conditions that could imparet :
peisorne! dose such as the introduclion (or reintraduction) of ary £oball contsining
mstenals (such s Steflife or high sobalt staioless sisal) inte {he prrviary syaten or
pracesses sych as electio-pelishing or advanced surdace l_u'ea‘tmén:.fi?
1 Carstrol Roora Habliabiliy [ ves 4 NO
: s boes the proposed activily impact or invoive changes that affeci tha zemperature oF
radselc;gca! cnwmnmcma! conditions it the Mam Lanimi Rodmn? e
: Eiec;emai Cireuit Bree&er, Relay and Electiical Equipment Tesling [ives i3]
«  Duoes the proposed activily impact or involve ghanges 16 the functicnatl testirig of
sircull brenter, relay or alecineal fsqmpmem?
'Flow Accelerated Comosion {FAC) Program [1vEs | [FINO
’ +  Does the proposed activily involve any changes {e.g.. configuration, yetccﬁy, fow’
rate, prassure, lemparatwé. matarial, weld location, ele.} 1o piping systems iniciuded
i the FAC Progiam 7 )
Heat Exchanger Program CIYes EING
o {mesthe pmpased activity. mpaet or involve the design, operation or te.sxmg via
Lompongnt in the heal exchanger program? ) ;
| Predictive Maintenance Program TJves | Wwuo
= Dwes the propesed acsivity impact ar inveive any aépect of the storags, tise and
testing of lubiicanis?
»  Does the proposed activity involve thenwography?
_ =__foes tha proposed actwny involve vibration wonilaring? .
Miercbioiogmai induged Corroston {IIC) Program kbgact {1YES FIno
: e Doss the propused achvity involve piping mnmamang untfested or s!;;gnam water or ) :
__bpei.ia the aimosphera?
‘Wiotor Opersted Vaive (MOV} Programs ves NO
o  Does tha prapeser dctivily impact or invalve the design, opgration or fasting of
’ MOVs? . N _ 3 . ,
{ Piant Thermsi Performange Pragram [1v¥Es K NG
’ s [nesthe praposed activily nmad or involve plant thermial perfmvnce’? . )
Preventive Malntevance Program Cves | ENO
: s Daes the propoacd activity impactor inveaive peéricdic {esting or patformance of
S8Cs? or )
e Does the proposed activity atid, modify or dalets any Envirenmental
Qusziification (EQ) maintenance requirement or regiacement frequensy lo
. ensute the compongm(s) ma;mams its qualification status? .
BT Gutves Cyes | @O
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| Retiet vatve Brogram N . 1 Cives | Mo

#  Dopes the proposed aclivity impact or involve the design, speration angd testing of
refief valves. sefely valves, vicuum breaker vaives- of ruplure dise?

RPY ternals Program {BWR VIP) ¥ES” M ND

o Dpes the proposad aclivity impact of invoive any change 10 the reactor internals?
This-méluddes “sottware only” changes that do ool physicatly shange e hardware
sunh 3s re-aiing of prassoures or temperatures,

s PBoes ihe proposed astivity impac! or invoive or relaled documentation lo incurde
ozutron Ruence or neulrgn fluence calculations?

+  Does the propossd aciivity impact de invoive o changes to cure fiow characteristics
a” cure flow Chn’aclaﬂshu..?

i Weldmg Program L Eives | @no
« Does the proposed activily impact ot invoive & speela! pIIcess, suth as we ézng
trazing or 3ctdenng‘?

‘ Safefy Program ‘ 1-0ves | BEwNO
«_._Doss the proposed imnad or activity inyoive pergonnel or indusiia; sately? ; .
Bystem Engineering 1 I[3ves EFwo

« Duves the proposad gotivity Impag] or involve any changes o system gonfiguration,
fungfion or perdoranice. gtc., for Maiienance Rule or dther systerm®

¢ Does ihe proposed activily impact ar involve anhy changas fo. ays:am progeduies,
manensnee or psation, ste.?

i Tegining Program - 1 dves 1 ®nNo
. o Dunes the proposed agtivity imvalve exisling trammg regpirementis or creals tha nes
- for new Uaining? .

Bimulator impact  JYES | NG
@ Boes the pmpassd achivity nmp@ct gr ipvolve changes to the Simulgtor? o ] v
] Fim Protection Program ¥ [Ovyey Bwa

E -wm the propesed sativity be performed as “Wark al Risk™ thus reduiring notification of
Zil. representalive at conceplual design phase?

¢ Oosas the proposed activily result v 2 change to gy exdsling or insisll 8 new fire
protection water sipply syetem {fanks, pumps, updergradnd fire main, hydrants), fire
SUDDIBSSIoN system (waler. gasepus). fire alarm or dalection system?

«  Daes the propossid activity result in a chenge 1e any existing fire bariér, fire barrigr
paretrakon seat, of insiail new fire barriers or firg baniar panelration seals?

o Does the proppsed aclivity result in -8 change to any in-situ combustible lgading 6t
add new i-situ combuslible materials (cable insulstion, thermal insulation, oil;
lubricards, plagtics, ele )?

s  [ows the proposed activily result in 8 change to any adminigtrative cantrol of the Fire
Protection Program (FPP) {e §.. ol work, transient conbustible. impainments, fre
brigade camposition ar training)?

= Does the proposed sciivity resilt in & change 1 any Syslen or compongit gredited in
the Nuctoar Safely Capabilily Assussmen (NSCAY? Ralarence NEDC 114018,

s [oes the proposed activily resull i a change to the Fire Protestion Pragram (FPP)
2% descrbed il Procedwe 0.237 Also, refer ig the Fire Safely Analysis calculation
fer the speoific fire wveas affecied by the change.
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'PROGRAMS AND CONPONENTS (CONTIRUED)

Polential Imgact

s

-3

| Fire PRA

Coes the proposad activily result in & change that wotdd affect the PRA fire rodel?
Change to a pumg, motor, fan, MOV,
Chanys o any cablets) or cable mouthy,
Ghange to squipment focation,
Chignge to in-aitt comblintiblos {ceble ingulation, ubncaats, plastics} .
Change o or addition of an igniion sturer {transformer, mnfor, slzctrigal
cabinet. junciion box ar mitchgear}i

[IVES

FIND.

NE!L Qeslgn Review

Is this design change 2 new structioe?

Tioes addition, renovalion or. atteration change the occupancy classification of any
part of a NENL. ivsured struclure?

Coas the design change invojve the addition af & new NEIL required five protection
syslem?

Dioss the chenge significanily add 1o, remove of alter an existing NEIL requlrad fire:
detection of fire proteciion system? For oxample, this does not include relpeation of

less than 10% of the fire detectors of supprassion heads/mozzigs for 4 single system |

white stifl maintaining code compliance”?
Does the change create an addition 1o an existng NELL insured structura?
Diogs (he change invelvi: replacement of the roof decking sndior covaring?
Dyes the design changs affect an interior finish sueh tal it woultinot mpet the
teguirements of the RERL Property Loss Conlrol standards (PLES)?
Dogs the design change add to, rencvale or alter the cabling tower fill or supporis?
Does the design change add ot ed compenents over 50 gallons oil capacity?
Uaes the change add 0. rengvate or alter oil callection aystems, fitg barriar or fire
protection systems for il fillad components?

4 DOyes |

e
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ATTACHRENT.4 B PROCESS APPLICABILITY DETERMINATION FORM
I OVERVIEW PAD Tracking #: 1120 .

Proposed Sctivity / Dacomont:  £E13-041 andlor NEDC13-028

PAD Rev.# 1

Description of Proposed Activity: Turbine Building Blowout Panels / Metal Wall System

ChangelRev. # 2

it DOCUMENT REVIEW .

Provide the fequested informition for each iom bolow.

§. Fordocuments available electronicaliy:

4. List search engine or documents searched, and keywords used: ESAR, Tech Spers.

“Siding" "HELB" "BLDG" "Panel’ "Girt" "Turbine Building”

b, Lizt relevant sections of bontrolled electronic documents reviewed:

CHNE USAR Seclion #1-3.2.2, “Wind"
CNS USAR Section XH-2.1.3.1, "Principal Class if Struciures”.
‘CNS USAR Section XIi-2.2.2, “Turbipe Building”.
CHS USAR Secilon Xil-2.3.3.1, "Wind Loads",
CNS USAR Bection XN-2.3.3.2.2, “Tornado Generated Missiles”
CNS LISAR Section IW-12, “High Encrgy Ling Break (HELB) Study”

2.  Documents reviowed manually {(hardcopy):

NEDC £3-005, Rev. 0 thry 4
NEDC 12-012. Rev. 1
NEDC 11-075. Rev. 1

3. For those doguments thal are riot reviewed either electronically or manuafly, use the
specific questions provided In Sentions 1 and IV of Atachment 2.2 of G-EN-LI-100 as

needed. Document below the extont to which the Attachment 8.2 gquestions werke used.

NiA

#l. = PROCESS REVIEW

Does the proposed activity affect, invalidate, or rendér incorrect, OR have the potential to affect
invalidate, or rénder incerrect, information contained in any of the following processes™ Associated
regulations and progedures are identifled with each process below.

PROCESS magmaﬂonsmmceams) YES | nNO REVIEW RESULTS
| Radwasta / Protass Gentral Program (PCP) £ B
{0.PCP.1 or contagt the Radiation Prolestion Depi )
b .
Radiation Protection  ALARA B R
{10 GFR 20 [ 8 EN-RP- 110 or contact the Rardiation Proiaciion Dapt H ’




NUCLEAR QUALIYY RECATED

@ 0-EN-LI-100 | REV. 1200
e '?'sy © MAMUAL WFORMATIONAL LISE PAGE 2 OF g
Process Applicability Determination
ATTACHMENT 8.1 ' _PROCESS APPLICABILITY ﬁerﬁammmoa FORM
PROCESS (Regulations / Pipcodures) YES | NGO REVIEW RESULTS
inservice inspaction Program (10 OFR 50.65a | EN-DD-420, 351) 0nlmo —_—
Inservica Testing Program (10 GFR h0.552 / 3EN-DC-332) oo —_—
Hainistance Ru!e Program {10 CFR 50.86 / EN-OC-283. -208, -zos 206, i3 = —
-207) ,
| Contaiiment Leakage Rata Testing fAppendix J) Progrsm (10 GFR 50 [ R I e
Appendix 3/ 340)

IF any hox is chethed “Yes,” THEN contact the appropriate department to ensure that thé proposed
change Is accaptable and docyinent the results in the REVIEW REBULTS golpmn.

W, 'L!CENSSNG BASIS DOCUMERT REVIEW

Does the proposed agtivity affect, invalidate, or render ingorrect, OR hiave the poiential lo affect,
jowealidate, or render incorvect, informalion contained i any of the following Licsnsing Basls
Ducument(s)? Associated regulations and procediires are identifled with each Licensing Basis

| {FHA), Appendix R SEAR, 0:28]

Oi Condt%xon. JOCFR50.48/0. 29 43

L'morgmy Plan {10 CFIR 56.54{) 7 0.29.9)

ﬁocument belovr. .
LICENSING BASIS DOCUMENTS T YES N0 | REVIEW RESULTS OR SECTIONS .
{Reguldtions / Prodeduras) : APPELTED GR LBDCR &
Buality Assurante Progiram for Opsreiicn Policy Document {QAPD) O] S
(10 CFR 50.54(2) 1 0.29.4) i
| wire Protection ngram (PP {includes the Fire Hazards Ana!ysw 0o I

safaguards Flan and cybsr Security Plan
{10-CFR 50.54{p} {-0.28.4 or contast the site Secunty / {T Dept. ]

0

Bpe:ating Lizgnge (OL}/ Techaizal Specoﬂua&ons (¥S)
{10 GFR-50. _Bﬁl 0.20., O-ERL1-103)

[ TS Bages (10 CFR 60,59 / §-BN-LI-100 J0-EN-L1-101, 8.29.1)

Technical Requirsinents Manual (TRM] fincluding TR Basés)
{10 GFR 50.58 / 0-EN-LI-100 7 0-EN-1 - 101, 0.2R.1).

g
BB B B8

Core Oparating Limits Regort (GOLRY, (7S Administrative Controls, 10.32,

1 S-ENLE-100, OEN-LA10T)

' fo-slte Dose Assessment Manual {ODAM)
(S Administrative Controls or 10°.CFR 50.59 / 0.28.1 or G-EN-LI- 700/ 0-EN- |
FART ) A

al o olg

5

Updated Safoty Aualysis Raport (UBARY

(10 CFR 50.71¢e) / 0.29.2, B-EN-L5-100, 0-EN-LI-1D1}

G R
®

Storage Cash Certiftvate of Compliance {10 CFR 72.24410.20.9)

,g*'
B

| Cask satory Anatysis Report (GSAR)

OO CFR 7270 or 72 245 1 0.20.D, B-EN-LI-100, 0-EN-LI-118Y

0
T
B

| 10 CFR 72.212 Evaluatlon Repoit (212 Repart).

(10 GFR, 72,487 0-E0-L1-100, O-EpLe112, 0289}

o
=
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Process Applicability Determination '

e ok

ATTAGHUENT 8.1 ' _ PROCESS APPLIGABILITY DETERNINATION FoRM
| LICENSING BASIS DOCUMENTS | Yss | ‘HO MREWEW RESULTS OR SECTIONS
-(Regulations | Procedurar) . AFFECTED ORLBDCR#"
NRC Orders {10 CFR &0 36/ §- EN-Ll 103 or as diretled by the Order) A , il-f' | RV
NRC Commitments ;;;s abugamns 0421 ; ' @ —
-Site Spvcilic CFR Exenption [jp: 51 .

(10 €FR 50 12. 10 CFR £5.11, 10 CFR 55 13, 10 6FR 727

*STOP. Contaid the site Licensing Mepardnient ter iunmer gingance,

{E any boxt is checked “Ves,” THEN ensure that any requiréd regulalory reviews are perfonmed in
accordance with the referenced procedures. Prepare an LBOCR per procedure 0.29.1 2 LBD isto
be changed, and docuinent any dffected sections or the LBDCR #. Brisfly discuss how the L.BD je
affected in Saction VILA.

V.

40 CFR 50.59 / 10 CFR 72.48 APPLICABILITY

Can the proposed activity be dispositioned by one of the following criteria? -Check the a@pwpﬂaﬁe
biox {if any)..

v e 5

An appravéd, valid 860.59/72.48 Evaluation covering associated aspacts of the proposed
activity already exXists. Reference §0.59/72.48 Evaluation # N/A (if dppiicable) or attach
documentation. Verify the previcus 50.58/72.48 Evaluation remains vafid.

The NRC has approved the proposed activity or portions thereof gr an appmvad license
amendment addresges the proposed activity. Reference the &ppr&vaﬂ document:.
N/A

L1 | Tre proposed activily is controlled by one or maore specific reguations.

| Examples of specitic regulations are:

Quality Assuiance Program {10 CFR 50 Appendix B)
Sefeguards Plan (50.64(p))

Emorgency Plan {50.84{g))

Fire Pratection {operating license condition)

¢ G % &

| Biee NEI 95-07 Section 4.1 for additionat guidance ohsmﬁc ragutations.

Reference the controiling specific regulation{s)

NA

IF the entiie proposed activity can be dispositioned by the criteria in Section V, THEN proceed to
Section Vil and provide basis for conclusion in Section VILA. :

QOtherwise, continue fo Section ¥l to perform a 50.59 andlor 72.48 Screening, or perform & 50.58
andior 72,48 Evaluation In accordance with 0-EN-L1-101 and/or 0-EN-LI-112.
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ATTACHMENT 9.1 , -PRog:gss APPLICABILITY DETERMINATION FORM

Vi.  50.58 17248 SCREENING REVIEW
VLA  50:59/72.48 SCREENING {Check the sppropriaie boxes.)

40 CFR 50.58 Screoning critaria are met [18 CFR 50.58(c)(1)]

The proposed sctivity meets all of the fellowing criteria regarding design function:

L4

o

2]

Does-not adversely affect the design function of an SSC as described in the USAR; AND

Does not adversely affest aﬁ‘act a method of performing or casntralling a-design fitnetion of an 38G as descrived in
the USAR; AND

Does not adversoly ﬁgct a methott of pvaltation that demonsirates intended design fuaction(s) of @ 8SC
wifl be accomplished as described in the USAR; AND

Dogs not involve » tast or experiment not deseribed in the USAR.

The proposed activity does not involve structures, systems, or coimpenants controlled by 10 CFR 50.58.

P!

10 CFR 72.48 Screening criteria are met. {10 CPR 72.48(c)(1)] (Applicable to wites with an ISFS))

The propused activity meets all of the following crideria regarding design function:

R

Doeis not adversely affect the design function of an SSC as deseribed In the CEAR; AND

= Does not adversely affect a method of perferming or controliing a design function of an 83C as describad in
the CSAR; AND

L]

Does not adversely affect a method of evaluation that demonstrates intended desigo function(s) 6f an 38C
will be accomplished as described in the CSAR; AND

Dosg not involve a test or experiment not described In the CSAR.

The propgosed activity does not involve struciures, systems‘ or componenis nantmﬂad by 18 GFR 7248,

IF eitherof the 50.50 or 72,48 Screening criteria are met, THEN cemg&e%e ¥1.8 below as sppropriate
and proceed to Section ViL

¥ the proposed attivity doss not mest the applisable criteria, THEN perform 2 50,89 or 72.48
Evaluation in accordance with 0-EN-LI-101 or 0-EN-LI-112,.25. appmpria‘t@, attach a copy of the
-Eyvaluation {o this form, apd procesd to Section VI

IE the aetivity does not involve systems, struclures, or componants controlied by 10 CFR 5§0.58 or
by 10 CFR 72.48, THEN = £0.59 or 72.48 Screening is not requived, as appropriate, and proceed to
Section Vi,
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Process Applicability Determination

ATTACHMENT 8.1 | PROCESS APPLICABILITY DETERMINATION FORM
Vi.B  BASIS

Provide a clcar, concise basis for determining the proposed activity may be sereensd out such that a
“third-parly reviewer can reach the same conclusions. Refor to NE! 86-07 Section 4.2 for guidance.
Provide supporting documentalion or references as appropriate.

= Dods nol adversely affeet the design funclion of an $SC as deseribad in the USAR: AND
The siding (such as: panels, girls, sub-girfs, sag rods and connections) is considerad a8 an architeciural
‘camponent and is nof Creditad as a sbuciural SSC fur e desigo of e Turbine Generatdr Buliding (TGD)
stipersiructure (Mafe; the siding enly ransfers foad to the TGB Superstiuciure SCCY . The HELB Cvent has the

patential 1o.guneraie dehrdis andfor inissiles’, bl will he minintized by the $ag rod and allachment to the voof truss

and girds. In addition, the Reactor Building Tomado Event for missites impaet (Raf. CNS USAR Section Xil-
2.3.3.2.2}) envelops this siding systern missile typa,

e {Jues not adversely affoct & method of performing or controfting 2 dasign funclion of an S5C as desaribed in ihe

USAR, AND

There are np changes 10 any pracedisre, ar aoy other dodlanent, as a rexilof this assessment. EE13-041 Rev. 0

Rey: 2 andfor Caleulabion NEOC13-028Rev-0. deterviines fthe nwaimum infernal prassure at which the TGB
-siding can be maintained. Thersicre, there are o atverse &flepts on USAR described $8C design function
performance ar control.

=  Does nol adversety affecl & methad of evalualion thet demansirgies mmnded design function(s) of an SSC will be

accomplished as describad in the USAR; AND

This assessment of the TGB siding(s) capability to resist an infernaf pressure dogs not impadt sither the design
bases for the siruciure or safety analyses for the HELB. The HELB analyses' bounding peak and tentperature.
curves will not be allerad ant/or changed by this assessmend. Hawever, ihis eveluation does demanstrate the
code approach andior methodology and values used te arive.at the FSAR Amendment 25 (Rof. CNS USAR
Section V12, ‘Migh Energy Line Breek (HELS) Study”, $18) baunding valug for the TGS limiting internat
prasgurs capsclly a8 baing conservative,

s Does bol involve a lest or sxpariment nol describad in the LSAR.

No USAR-describad tests or experiments are inveived in the evaluation of the TGB siding syster internal
pressure capacily.

Surmmary”

This EE12-041 and subsequent supporting analysis NEDC13-028 is an assassment of the architectural siding's
sirutture, systern andfor components (S5€) 1o determing the weak link and subsequently the maximiin iaternat
pressure thal gan be maintained as a result of a High Energy Line Break Event. This assesaement doss not
chignge the Design Basis of the TGR and therefore has no impact oit the gesign reyuiremends for this Class 1)
siryciure as defined.in the USAR. Howevsr. this avalustion of pragressive coilapse of the TGB architectural
siding system. consisting of the gid and cenradtions, documents the code methedology and input values to
derive an iMernal pressure value of 9.5 psid as reporled in the FSAR Amendment 25, {n addition, tha analysis
also dednenstiales [dondifies this system's m&emalpreesuyeimMg—mmnes 2-3-peid-ecsutdng -at-fullyield-of
awmmmmm His-event-seaharia weakest componant hef will faif and sugg_a_quengy ipitigte the
relpase of anels from the nonih snd. South TGR walls witer o FS'AR de[uled Prussure is presant i1 the TGB.

b
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ATTACHMENT 9.1 PROCESS APPLICABILITY DETERMINATION FORM

Process Applicability Determination

V.  REGULATORY REVIEW SUNISARY

VILA GENERAL REVIEW COMIMEMTS (Provide gértment review dotalls and basis for conclusions if not

-addressed elsewhere in form.)
Nene

Vii.B CONCLUSIONS

1. Is a change o an LED belng Initiated? 0
iF “Yes,” THEN enter the appropriate change control process and include
this form with the change package. :

2. isa 40 GFR 50.58 Evaluation requitad? i3
IF “Yes,” THEN complete a 50,59 Evaluation in accordance with 0-EN-LI-
101 and attach a copy te the changs activity.

3, is a 10 CFR 72.48 Evaluation required? 7
¥ “Yes,” THEN complete a 72,48 Evalualion in accurdanca with D-En-LI- |
142 and attach a copy to the change activity.

4. Are any other regulatory reviews required? [l

IF “Yes,” THEN specify the review(s] required, below, complefe the reviaw, [
and attach a copy of the review reseli(s) to this PAD.

Review(s) required prior to PAD completion: DUA

Yos
Mo

Yeos

No

Yos
o
Yes
No

v SIGNATURES '

/ /
Preparer: j{?;{/ ey A’U’ <Al f d{.,e’g,rg/f /Ié 1'6 / i /C. \ f ‘ 7;/;;‘%:*:: ZN
TQD- Name (ptint) / Signature nepamemmate J; / d
or928 ’ -
¥ P \ L ,-* .«Z“,‘-’{ f o / o / e
Ruaviewst: Tleer Ldvaal Af:f’"‘ A o DfE. F«v/ LGS
TQn. Nam {pnmws;gmtmf-l Depmment f,@m { ¢ ‘
S0iR or '
8% N N
Process Applicability Exclusion
Procedure.

Owner: Name (print} / Signature § Department / Date

Lipon completion, forward this PAD form to the appropriate organization for record starage. If the PAD form is

part of a process that requirés transmittal of dotumentation, including PAD forms, for retord storage, then

the PAD futm need nat be forwarded separately.

? Signatures may be pbtained viz manual methods {e.g., ink sigaature) or telecomiaunication.
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ATTAGHIENT 9.1 ‘ T DEsIGN VERIFIGATION COVER PAGE

'.Sheeﬁ of 4
DESIGHM VERIFICATION COVER PAGE

Revasmn Nao. Page 1af g

' Document No. BEF 13.841 2 !

Title:. Turbine Building Blowout Panels / Metal Wall Systern

[ Quality Related

DV Method: [ Design Review [] Allernate Calculation 1] Quatification Testing

VERIFICATION REQUIRED DISCIPLINE VERIFICATION COMPLETE AND
: COMMENTS RESOLVED {DV piint, sign, and
: dafeg
N ; Elactrical
L] Mechanica
D- { Instrument and Control ' .
N gﬁ L Civit/Structural Matthew Nienaber iif‘; ,5%»&_ R
T Nuciear
]
Originator ' ,‘j
(individuat 4
requesting Tavior Sution gfw«fflrf‘w % &/é‘:f t‘}/ 3o/i5,

DV Print/SigriDatz After Cormments Have Been Resoived
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Dasign Verification

ATTACHMENT 9.8 ___DESIGN VERIFICATION CHECKLIST
Bheet1of4

IDENTIFICATION: o N | DisCIPLIng:

Document Title: Turbmc Bmid)ng Blowaut P nels / Metal Wal System  CiuiliSichural

: A Dty
4 Doc. No. EE 13-041 Rey. 2 QA Lat aR Chac
- o ﬁ
Verifi Matihew Nignaber i fa 8 ,’m .’3?“;1 ¥ s &, ,ﬁz& 5 gﬂMech«mml
erifier: > ' |
. _ . Prnt _ ‘i!gn CiNuciear

Manager authorization ‘mther

for supervisor pariorming

Varfication.

Bl N o
“Print Zign Date

METHOD OF VER!F SCATION:

§ Design Revieiw x Alternale Gateulations [3 Qualification Test [

The following basic questions are addressed as applicable, during the performance of any design verification.

[ANSI N45.2.11 ~ 1974)

MNOTE The reviewer can use the “Comments/Continuation sheat” at-the énd Tor entaring any

commentresolution atong with the appropriate question numper. Additional tems with new guestion

numbers.can alse be entered.

1. Design inpuls — Were the inputs eorractly sefected and insarporatad inte the design? -

(Design inputs include design bases. blant opérational. conditions, performance regiiremants,
regulatory requirements and commitments, codes, standards, field data, ete. All information
used ds design inputs should have been reviewed and approved by the responsible design
grganization, as applicable,

All iriputs need to be retrievable or excergts of docurnents used should be aftached.
FExamples may include Wateria! Test Reporls (CMTRs) verified As-Builfs, appa:aved
procadures, approved drawings, publications, etc. &

See sile specific de?%n inpit procedures for guidance in identifying inputs.)
Nol] A [ ,

ves =

2. Assumptions — Are assumplions nedessary to parform the design atlivity adequately described ang
reasonable? Where necessary, siré assumptions identified for subsequent re-virification when the detailed
activities are completed? )
Yes ) No [} Nia 3

3. Quality Assurance — Are the appropriale quality and quality assurance requirements spacified?
Yes [] No . NA ]
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A'FTACH?&KNT 8.6 "~ DeStoN VERIFICATION CHECKLIST

Bheet 2 of 4 '

4, Codes, Standards and Regu atory Requirements ~ Are the applicable codes, standards and regulatory
requirements. indiding issue and ddtenda propsrly identified and are their requiremeants Tor design me?

Yes 4] Mo A )

5 ‘Construction znd Operating Experience — Have applicable construction and operating e<perience

baen considersd? )
Yes[] o []] NiA B

8. interfaces ~ Have e design inferface requiréiments beéen satisfied and documenited?
Yes [} Nel] NA )

7. Methods - Was an ?{fmwm& desxgn of analytical (for catculations) methiod used?
Yes =] NA [

8. Design Outputs - Is the output reasonable compared fo the inputs?

Yes [X] Nol] MA ]

g ‘Parts, Equipment and Procegses — Are ihe specified parts, eguipmént, and protesses sutable for the
required application? )
Yes [} Mo [1 WA

10. Materials Compatibifity ~ Are the specified maternials campatible with each other and the design
envirgninantal conditions to which the material will be exposed?
Yes ) No ) NA 3

1. Maintehance requirements ~ Have adequate maintenance feawres and requirements heen spacified?
Yes [ No [J MNA

12. Accessibility for Mainténance ~ Are aceessibility and other design provisions adeguale for
performence of nesded maintenance and repair?

Yes {] Mo [ Na [

13. Accessibility for In-service Inspsction ~ Has adequate accessibility been provided to psriorm. the in-
sefv:ee inspection expected o be required during the plant life? Does this design provide adequate
actess to other components thal raquire insamvicg inspéction and testing?

Yes[] Nal] A

4. -Radiation Exposure - Has the design properly considerad radiation exposure to the pubiic and plant
personnel? include review of USAR Section Xif, Subsegtion 3.0, tor affects to plant ragiation zohes
during operation and shutdown conditions.

Yes [ ] No [ WA X
185. Acceptance Criteria — Are the acceptance criteria incorpalated in the design docu;ﬁems sufficient to

allovs verification that design reguirements have been satigfactorily accoinplished?
Yes [ No ) N/A 1
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ATTACHMENT 8.6 B _ , . DESIGH VERIFICATIUN GHECKLIST

Shaet3ofd ‘ '

16. Test Requirements — Have adequate pre-operatiohal and subsequent periodic tast requirements
‘beer appropriataly specified?

a.  Aue air eperated camponents that have been added pr affected by this change, tesled for fail
positien on loss of air, of loss of elecirical power?
b. s adequate qualification testing specifisd for new or unproven equipment designs?
Yeu! | No [} /A - [

17. Handling, Storage, Cleaning anc Shipping — Afe adequate handling, storage. cleaning and shipping

requirgments specified? . '
Yes [ ] NoT ] NA {#

18. Identification Requiraments ~ Ars adequate identification requirements specified?
Yes ] Mo ] WA R -

14, Records and Documentation — Are requirempnts for record preparation, review, approval, retention,
gtc.. adequately specified? Are all documents preparsd in 2 clear legible manner suitable {or microfitiming
andier othet documentation slorage method? Have all imgacied dociments been idenlified for updale as
necegsary? ‘

Yes [ No [ NA O

20. Software Quality Assurance- For & calculation that utilized software applications {e.g., GOTHIC,
MAAR), was it properly werified and validated in accordance with 11.SQA?

This is an 11.80A lask. However, par 3-ENS-DC-128, for exempt software, was il verified in the
esleulation?
Yes [ ] - Nell NA R

21, Has adverse impact on peripheral componenis and systems. outside the boundary of the document

being verified, been considered?
Yes [X] No ] niA ]

22. Are ihe latest applicable revisions {including pending data)of design dotuments utiized? @'
Yes [£] No ] CoNA T

23. Has this design adequately considered hazards such as missiles, jet impingemeni, &t6.¥
Yes[F1 ~ Well A [

24, Has the design adequately considered seismic requirements, barge impact, and Marik Hoadings as
appropriate?

Yes|[ ] Nol1 NA |
.25 Ji this change involves. a - modification to a contzinment isolation boundary or fungtion, have the:

fallowing docurvients been chacked for pessible impact?
a. USAR Table V-2-2 ' )
b. USAR Saction V

Yes[ ] " Nl A
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Desigrn vexiﬁecatign

ATTACHMENTS.S ' " DESIGN VERIFICATION CHECKLIST

Sheet 4 of 4

26.

27.

28.

it

30.

31

32.

33.

35.

Yes

Has this design adeguately gddressed internal flooding vulnerability?

a. Does the configuration change increase potential for internal flooding?

b. Does the configuration change reduce capability to moiaté or cope with flooding?

<. Doss the destgn locate Essentisi equipment where #t would be susceptible to fiooding?
Yas[ ] Mo {3 NA

Has the design adequately conS!dered GNS Computer Sysiem imarfaces (PWIS. Anhungiator, -

Security, Simulaton)?
Yes[ ] No [T NA 5]

Has the design adequaiely addressed its impacl on CNS Emergency Qperating Procedures and the

Emer L_glency Proceduri_le Guidelines? 0
Mo NA

‘Fort alectrical and JAC changes, the resuits of the point-ta-point analysis indicate the design satisfies

the spocified design requiremants and fully satisfies applicable topics ligted on this attachment?
Yes [ ] No {1 NIA

Do ail drawings affected t%y the modification have DIR versions crsated and the information is

properly documented?®"
Yes[] Nol '} NA ]

If applicable, has the Classification Evaluation (CE) bgan reviewed for tompletensss and fechnical
acouracy with regard to the Structure, Systern, or Component (SSC) design licensing reguirementsy
a  Are alf guestion responses and required information correct with repard ta the design basis?
b. s justification to each Equipmeni Application Data Bheet YESINQ answer documented on-
ihe Equipmant Application Analysis Sheet and is it comprehgpsivé and gensible?
& Are all CE equipment applications praperly cigssified?
Yes | | No [} NA

Dict this 1DV include a review of aif calculations affected andlor implemented by the package?
Yas (=] No [} A ]

Did this DV roview gll SAP Netificatiohs written for document changes 10 ensure consisiency with the

proposed design?
Yes [} No [ NiA X

Have all CNS Computer supporn abd cther considerations been adequately addressed?
Yes. [} No{] NA =]

-Have &ll design and configuration documents which ware required o be created or revised as 3 resui
of this aclivily been reviewed?

Yes (] Mol NiA (]
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Design Varification
ATTAGHNENT 8.7 "DESIGN VERIFIGATION DOMMENT SHEET
Sheet 1 of 1
REVIEWER COMMENT/RESCLUTION RECORD
Dogument: EE 13-041 Rey 2
| | | REVIEWER |
T REVIEWER REVIEWER. PREPARER PREPARER | ACCEPT
NUMBER: . _COMMENTS INIT/DATE RESPONSE WIT/DATE | INIT!DATE | CODE'
i1 Wiinor edttonai comments provided in markup MBN Incarporated comment TES I;Hé | -
L 7.18.15 1 72015 | wdedd
Apphcab&e Desagn Basis: Document the Turbine oy
: Building design wind speeds, applicable tomadeo MBN | —_— Y
12 miissiles and applicable turbine missiles. Discuss 71615 |Mneorporated comment 7._:,2‘3_ 15 |7 Fis

the use of not use of design codes. Document

f drawmgs used and verification methods.

' See Step 5.6{6} for-code definitions.



