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For circular ducts the maximum allowable negative pres-
sure is apparently total vacuum. The basis for this result
was not presented, so it isn't clear if it was determined
based on the interaction with simultaneous tenslie and
compressive axial loads, and if manufacturing imperfec-
tions were considered. These may have a significant ef-
fect on the allowable external pressure.
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The eye eks of tmperf e citons wt.8f
be e.vo Paa-fec). In ackMton ti shaft
be showvi that the cetitcae buc keinc.
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HOPPER AND ASSOCIATES- -

ENetNEERS

CALCULATmW SHEET

NO- @ -wt W i t- M 3-

omrE:, pace:TITLE:*

$UBJECT:hi h 6 NMWT T i' W@ BY: CK: 8& SHT: h OF . h

!

SYSTEM RECTANGULAR Smax OR Sdw + Seq - Sb + Sm SUMMATION OF
NO. DUCT S!ZE (PSI) (PSI) (Smax OR Sdw+Segl 0.9Sy REMARK

AND Sb + Sm (PSI)
(PSil

2848-1 14X14 25250 7150 32400 32400

2848-1-1 A 16X20 9236 23160 32396 32400
24X20 1648 30750 32398 32400
32X20 295 32100 32395 32400 SEE NOTE 2

20X16 9236 23160 32396 32400 .

16X43 13230 19170 32400 32400
16X66 4831 27570 32401 32400

'

2848-1 1 B 12X7 3224 29180 32404 32400
18X7 620 31780 32400 32400 SEE NOTE 2

24X7 10380 22020 32400 32400 !
'

36X7 11060 21340 32400 32400
48X7 1348 31050 32398 32400
7X24 13470 18930 32400 32400
BX57 7827 24573 32400 32400 SEE NOTE 1 i

8X66 26730 5673 32403 32400 ;
,

1 8X36 6659 25740 32399 32400 '

28481-1C 16X9 8663 23740 32403 32400
24X9 5021 27380 32401 32400
32X9 1717 30680 32397 32400
8X41 1972 30430 32402 32400

,
8X66 24010 8391 32401 32400 ;

2848-12A 32X40 11530 20870 32400 32400
48X40 3389 20010 32399 32400 i

64X40 210 32190 32400 32400 SEE NOTE 2. ,

'

32X32 769 31630 32399 32400
24X49 4110 28290 32400 32400
24X66 224 32180 32404 32400 SEE NOTE 2
24X32 669 31730 32399 32400

2848-1-2B 21X40 15250 17150 32400 32400
21X51 6254 26150 32404 32400 !

21X80 7780 24620 32400 32400 :

!

TAM % c), o . ) GtAbtMMT of ST4*" FoC h R" tmh u'^ #-
7 4 4 '-th ] M M 'f @ ] t 'l CC.UAt.6f6fE}

-
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ENGINEERS

CALCULATION SHEET

TITLE. 7t;(A - (ASN RC @bCKE] NO . Sb ~bl+ t APeiL 'qu (oDATE: ,,c,
.

bTDC6 6"MMT Df Wa.T- N sy: Ut ex:_lh sHT: Of:sus >ECT:

2848-1-28 21X53 3629 28770 32399 32400 ,

(CONT'D) 16X66 8422 23980 32402 32400

2848-1-2C 29X40 12430 19970 32400 32400
29X55 8941 23460 32401 32400
29X80 2056 30340 32396 32400
29X40 13880 18520 32400 32400
24X40 170 32230 32400 32400 SEE NOTE 2

24X66 2774 29630 32404 32400
24X55 10200 22200 32400 32400

2848-1 2D 16X66 11930 20470 32400 32400 |
16X44 13870 18530 32400 32400
16X20 1983 | 30420 32403 32400
20X10 5492 26910 32402 32400

0

2848-1-2E 20X10 452 31950 32402 32400 SEE NOTE 2 l

16X10 186 32210 32396 32400 SEE NOTE 2

16X66 132 32270 32402 32400 SEE NOTE 2

2848-2A 51.5X51.5 8051 24350 32401 32400
78X34 15120 17280 32400 32400

2848-2B 74X36 29920 2477 32397 32400
51X38 15450 16950 32400 32400

2848-5 10X10 19180 13220 32400 32400

2849-1 20X16 199 32200 32399 32400 SEE NOTE 2
18X12 0 32400 32400 32400 SEE NOTE 2
16X16 24040 8357 32397 32400
12X10 13070 19330 32400 32400

,

12X8 78210 0 78210 32400 SEE NOTE 3
10X8 14490 17900 32390 32400
10X6 3064 29340 32404 32400
16X12 13340 19060 32400 32400

2849-2 19X19 27680 4720 32400 32400

2849-3 60X26 7088 25312 32400 32400
38X34 8689 23711 32400 32400

TAWtt 6 0.1 ( C""I ' * )

__ _ _ _ _ _ . .
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.' HOPPER AND ASSOCIATES l- -

ENotNEERS

CALCULATION SHEET

. ygyg. "hEto - US t4 RC Tbt% No. Gb 6M Am % '!
DATE: pace:

SUBJECT:bNMD NMN 'f T Dh BY: N CK: b SMT: OF b ,

!

t

2849-3 78X34 22490 9910 32400 32400
(CONT'D) 32X30 21550 10850 32400 32400

50X20 14580 17820 32400 32400
22X12 16340 16060 32400 32400

,

2849-4 12X6 1490 30910 32400 32400 SEE NOTE 2

2PiO-5 74X30 19610 12790 32400 32400
,

124X48 296 32100 32396 32400 SEE NOTE 2

!
2849-6 10X10 1062 31338 32400 32400 SEE NOTE 2

.

2849-9 74X30 4963 27440 32403 32400
#124X76 1593 30810 32403 32400

72X30 22140 10260 32400 32400
52X44 7388 25010 32398 32400 '

2850-1 24X18 394 32006 32400 32400 SEE NOTE 2
24X14 18310 14090 32400 32400
24X8 1886 30514 32400 32400 ,

34X20 27290 5110 32400 32400 -

28X14 21820 10580 32400 32400
20X18 977 31423 32400 32400
20X14 14050 18350 32400 32400 ,

16X14 13270 19130 32400 32400 *

14X10 630 31770 32400 32400 SEE NOTE 2
14X8 25320 7080 32400 32400
12X12 1271 31129 32400 32400 SEE NOTE 2
10X8 1025 31375 32400 32400 SEE NOTE 2

e

2850-2 40X32 9348 23050 32398 32400
40X26 11050 21350 32400 32400 |.

34X26 10420 21980 32400 32400 .

34X20 7775 24620 32395 32400 '

26X10 10300 22100 32400 32400
16X10 4278 28120 32398 32400
14X10 5242 27160 32402 32400
14X8 2762 29640 32402 32400
10XS 1367 31030 32397 32400 SEE NOTE 2
10X6 741 31660 32401 32400 SEE NOTE 2
26X16 8636 23760 32396 32400

Th%t 'G. o . 1 (% ' P )

!
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ENGINEERS

CALCULATION SHEET
ID-MM %} NO. So - W I 1 PACE:DATE:TITLE:,

SUBJECT:b5 A WMT I N * ND BY: OD CK: M8P" SHT: OF

2850-2 16X14 6882 25520 32402 32400

(CONT'D) 14X14 1467 30930 32397 32400 SEE NOTE 2

8X8 2626 29770 32396 32400 SEE NOTE 2

2850-3 60X26 3250 29150 32400 32400 l

40X40 8589 23811 32400 32400 |

2850-4 20X16 17670 14730 32400 32400
16X12 25380 7018 32398 32400 1

16X9 22060 10340 32400 32400
12X12 16430 15970 32400 32400
12X10 21090 11310 32400 32400
10X8 11810 20590 32400 32400
8X8 ,2624 29780 32404 32400 SEE NOTE 2

| 2850-5 16X9 8396 24000 32396 32400 SEE NOTE 1

14X6 4557 27840 32397 32400 SEE NOTE 1

12X6 22720 9677 32397 32400
10X6 4299 28100 32399 32400

2850-6 14X6 13330 19070 32400 32400 SEE NOTE 1

12X7 8109 24290 32399 32400 SEE NOTE 1'

12X6 9409 22990 32399 32400 SEE NOTE 1

10X6 810 31590 32400 32400 SEE NOTE 2

2850-7 36X30 20040 12360 32400 32400
40X20 17660 14740 32400 32400

2850-8 12X6 19270 13130 32400 32400 SEE NOTE 1

2850-9 40X20 28300 4100 32400 32400
40X21 25040 7360 32400 32400 1

|*

10X6 1517 30883 32400 32400 SEE NOTE 2

2850-10 10X6 27160 5240 32400 32400
1

2853-1 40X20 14760 17640 32400 32400
32X20 15810 16590 32400 32400 ;
26X20 1630 30770 32400 32400
20X20 702 31700 32402 32400 SEE NOTE 2
20X12 9201 23200 32401 32400
24X18 4154 28250 32404 32400

TASW G. o. t (Coe4T 'S )
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TITLE:lb(,b - (A3N RC oC.FG1 HO- W-Mi b PACE:DATE:

susJECT: bM6 M*T Df N* b@ BY: CK: M SHT: OF

i

2853-2 36X30 12330 20070 32400 32400 :
32X30 4440 27960 32400 32400 !

!

'

2853-3 40X40 5279 27120 32399 32400
38X38 8250 24150 32400 32400
38X32 4980 27420 32400 32400
38X28 8484 23920 32404 32400
38X20 7014 25390 32404 32400
32X20 2583 29820 32403 32400
22X20 2801 29600 32401 32400
20X12 2768 29630 32398 32400

2854-1 36X30 3882 28520 32402 32400
36X10 19450 | 12950 32400 32400
34X22 2248 30150 32398 32400
32X20 9239 23160 32399 32400
26X20 13090 19310 32400 32400 ;

24X16 23520 8880 32400 32400
20X10 29110 3291 32401 32400 ,

20X6 10990 21410 32400 32400 |

2854 2 36X10 13750 18650 32400 32400 |

34X22 20190 12210 32400 32400 ;

34X20 3468 28932 32400 32400 SEE NOTE 1 1

30X24 3383 29020 32403 32400
30X12 5317 27080 32397 32400 SEE NOTE 1

26X20 16940 15460 32400 32400
20X12 16300 16100 32400 32400 ;

20X9 4659 27740 32399 32400 SEE NOTE 1

2854-3 38X28 1735 30670 32405 32400 i
,

38X30 1696 30700 32396 32400,

36X30 1432 30970 32402 32400
36X18 20390 12010 32400 32400
48X14 22070 10330 32400 32400
36X12 22820 9583 32403 32400
28X16 14640 17770 32410 32400

2854-4 36X12 11590 20810 32400 32400
24X20 2112 30290 32402 32400 SEE NOTE 1
24X16 2865 29540 32405 32400 SEE NOTE 1
24X8 5905 26500 32405 32400

TA% t 4 0,I (LoNT '9 )
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9bbD ' MsN Rc " Soc kEl No . 60 2 41 W4 h IY2 parg: pace:TITLE:

SUBJECT:NMN NMAN @ EM Nh BY: CK: MM SHT: OF |

|

|

4126-1 48X48 3860 28540 32400 32400

4316-2 19X19 22900 9500 32400 32400

4316-3 10X10 891 31500 32391 32400 SEE NOTE 2

Sdw - Stress due to Duct Self Weight
!

Sea - Stress due to Earthquake
i

Sb = Bending Stress in Duct Panel
Sm = Membrane Stress in Duct Panet
Smax = Stress on Post Buckling Effective Area
Sy = Yield Stress of Duct

.

'

NOTE: (1) Stresses determined based on SSE ZPA'OBE 2PA
multiplication factor only. This is acce- ut < ir a rigid system.

(2) No Buckling.
(3) Non-Essential Duct.

.

TAsts s. o. ' C ""T ' " ) ;
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|

l. l Peo6L 2M 0T A TEMENT

On &rch 3, / SS4, the U. 5. N.R. C. su bmi blecl
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Likewise, the analysis of system 2850-2 indicated that this
4

system responded inelastically at one locstion, and it '

was thus concluded that a ductility factor of 2 was suffi-
cient to achieve the required pressure load. The mean- ,

Ing of this is unclear since it implies that somewhere in
,

ithe system the highest stress calculated on an elastic
basis was about 2Sy, considerably exceeding the maxi-
mum allowable stress..
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b a t b/a k S critical |
'

(in) (in) (in) (psi)

40 30 0.0516 1.33 4.34 188
34 30 0.0516 1.13 4.06 244
26 30 0.0516 0.87 4.00 410
16 60 0.0516 0.27 4.00 1083
14 60 0.0516 0.23 4.00 1415 1

10 60 0.0516 0.17 4.00 2773
8 60 0.0516 0.13 4.00 4334 |
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b d Scritical Sdw Sea Sdw + Seq Sb + Sm S combined % S yield NOTES $,

(in) (in) (psi) (psi) (psi) or Smax (psi) (psil (psi) W

h40 32 188 85 774 9348 13650 22998 64 < 90% S yield 0.K.
40 26 188 115 869 11055 13650 24705 69 < 90% S yield O.K. Z
34 26 244 87 1034 10421 13650 24071 67 < 90% S yield 0.K. $ g

j 34 20 244 101 792 7775 13650 21425 60 < 90% S yield O.K. To on26 16 410 81 1256 8636 12240 20876 58 < 90% S yield 0.K. I g g
26 10 410 171 1354 10304 12240 22544' G3 < 90% S yield O.K. p :n
16 14 1083 126 2019 6882 8040 14922 41 < 90% S yield O.K. gQs
16 10 1083 108 1560 4278 8040 12318 34 < 90% S yield O.K. D -f 5: o
14 14 1415 235 1232 1663 6920 8583 24 < 90% S yield O.K.

@ Q'un14 10 1415 162 2054 5242 6920 12162 34 < 90% S yield O.K. *
ui

14 8 1415 239 1458 2762 6920 9682 27 < 90% S yield 0.K. 5 0
,y $ Q 310 8 2773 272 1095 1367 4090 5457 15 < 90% S yield O.K.

10 6 2773 132 609 741 4090 4831 13 < 90% S yield O.K. e m
8 8 4334 312 2314 2626 2640 5266 15 < 90% S yield O.K. p

n
Sdw= Stress due to duct Dead Weight kSeq = Stress due to Earthquake y
Sm + Sb = Membrane and Bending Stresses on panel due to pressure. See (Ref. 8] for detailed procedure.
Smax = Stress on post buckling effective area. See (Ref. 81 for detailed procedure. g g
Scomb.= Summation of Sdw+ Seq +(Sm +Sb) or p<

Smax + (Sm + Sb) ,

E 5
., n

N
TABLE 3.1.1 SYSTEM 2850-2. STRESSES FOR DUCTILITY-2 AND DAMPING OF 10%

0 %
2

- _ . - -_ . - _ - _ _ _ _ - _ _ - - -
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b d Scritical Sdw Seq Sdw + Seq Sb+Sm S combined % S yield NOTES < 3
r

(in) (in) (psi) (psi) (psi) or Smax (psi) (psil (psi) U U;

M
40 32 188 85 827 10072 13650 23722 66 < 90% S yield O.K.40 26 188 115 931 11901 13650 25551 71 < 90% S yield O.K. 1
34 26 244 87 1116 11372 13650 25022 70 < 90% S yield O.K. S I34 20 244 101 838 8309 13650 21959 61 < 90% S yield O.K. 'n @26 16 410 81 1618 11848 12240 24088 67 < 90% S yield O.K. A N Mi 26 10 410 171 2163 17483 12240 29723 83 < 90% S yield 0.K. O' M
16 14 1083 126 2396 8941 8040 16981 47 < 90% S yield 0.K. '9h16 10 1083 108 2615 10039 8040 18079 50 < 90% S yield O.K. y514 14 1415 235 1852 4626 6920 11546 32 < 90% S yield O.K. z E y,14 10 1415 162 3365 11506 6920 18426 51 < 90% S yield 0.K. y "814 8 1415 239 1742 4119 6920 11039 31 < 90% S yield 0.K. "' O, o10 8 2773 272 1469 1741 4090 5831 16 < 90% S yield 0.K. :1 5 N10 6 2773 132 971 1103 4090 5193 14 < 90% S yield 0.K. U E8 8 4334 312 2469 2781 2640 5421 15 < 90% S yield O.K. > p

M bSdw= Stress due to duct Dead Weight
h N

Seq = Stress due to Earthquake 5
Sm + Sb = Membrane and Bending Stresses on panel due to pressure. See (Ref. 81 for detailed procedure.

3Smax = Stress on post buckling effective area. See [Ref. 81 for detailed procedure. (4 '
Scomb. = Summation of Sdw + Seu + (Sm + Sb) or <

Smax + (Sm + Sb)
;,

.s N

TABLE 3.1.2 SYSTEM 2850-2. STRESSES FOR DUCTIUTY-1 AND DAMPfNG OF 10% W
'o
W"

to

- _ _ _ _ - _ _ _ _ _ - - - - _ _ - _ . -
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Y
z ,
b

h jb d Scritical Sdw Sea Sdw + Seq Sb+Sm S combined %S yield NOTES
(in) (in) (psi) (psil (psi) or Smax (psi) (psi) (psi) g

h
40 32 188 85 955 11819 13650 25469 71 < 90% S yield 0.K. 0
40 26 188 115 1095 14140 13650 27790 77 < 90% S yield 0.K. k
34 26 244 87 1318 13716 13650 27366 76 < 90% S yield O.K. % I
34 20 244 101 951 9620 13650 23270 65 < 90% S yield O.K. n @ ,

26 16 410 81 2299 17891 12240 30131 84 < 90% S yield O.K. M ]26 10 410 171 4063 34343 12240 4658'3 129 Exceeds Allowable E N

] 5 $$16 14 1083 126 3433 14604 8040 22644 63 < 90% S yield 0.K.
16 10 1083 108 5240 24373 8040 32413 90 < 90% S yield 0.K. d ED.

14 14 1415 235 3226 11191 6920 18111 50 < 90% S yield O.K. ON.

14 10 1415 162 6034 24259 6920 31179 87 < 90% S yield O.K. y "$
14 8 1415 239 2853 9428 6920 16348 45 < 90% S yield 0.K. m O
10 8 2773 272 1899 2171 4090 6261 17 < 90% S yield O.K. .5 hO 3
10 6 2773- 132 1805 1937 4090 6027 17 < 90% S yield 0.K. M E
8 8 4334 312 2819 3131 2640 5771 16 < 90% S yield O.K. D y

N %
Sdw = Stress due to duct Dead Weight N
Seq = Stress due to Earthquake $

{Sm + Sb = Membrane and Bending Stresses on panel due to pressure. See (Ref. 81 for detailed procedure.; gSmax = Stress on post buckling effective area. See (Ref. 8] for detailed procedure.
Scomb. = Summation of Sdw + Seq + (Sm + Sb) or

. to , j

-c
Smax + (Sm + Sb) g,

nR
x

TABLE 3.1.3 SYSTEM 2850-2. STRESSES FOR DUCTILITY-1 AND DAMPING OF 2% Ug

to

- _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _
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For 2 6 "y I O*,
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N- s

S ,,, = ( z. o ) ( 9 063 p s, ) = 2 32z ps,y 33,

or

Bya,,, = (2-,,,)(us3ps,)= 27 oN ps,

osera0e 4 5,,.,3 = 2,09 zazz
_ z sis /as<z

ecwger of: the two vaeues ,LA se u.e.

S ea.,79 ts l3 ps,=
i

b- the stres:- om tlne post buel<.Qecl,

egecteve cm es ca2caeote b from

Smm M) + S cc ( b - u ') = ( 5,, + Sow 3 .( b ) !

wken,
b = 2 6", ecagest cL ei dtvreos,on |
See = 410 ps,', panee baa<etn3 stress

'

6ow = 171 ps, , Dem d \A/e t3 histre.ss

S a o - 2sla, ps, , Seismi c s-bess D 7% damptnc
N= 2c+th ~

.

IT h E [f27 3, Pg 4/s ]C =
.

}_12.Lt-t>M q,
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