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| Objective

The Primary Water Storage Tank (PWST 21) is a cylindrical flat bottom vertical tank which is
35'-3" tall and 30’ in diameter (Ref. 2). The tank is anchored by 18 - 1.75" cast-in-place bolts,
equally spaced in a 30'-6" diameter bolt circle around the tank (Ref. 1).

The A-46 evaluation declared the tank an outlier because the tank's anchorage capacity was
less than the seismic demand.

This calculation recompiles the A-46 evaluation and also considers the effect of fluid hold-down
forces.

Analytical Approach

This calculation follows the computational methodology described in Appendix H of EPRI NP -
6041. This is essentially the same methodology used in Se-tion 7 of the GIP; the procedure in
NP-6041 is “equation-based”, and allows for a more accurate calculation than the “chart-based”
method in GIP Section 7. It should be noted that the critical GIP Section 7 criteria were

maintained, namely:

+ GIP Appendix C procedures were used to calculate the anchor bolt allowables,
* 4% damping was used to calculate the impulsive mode response,
 areduction factor of 0.72 was applied to the computed tank shell buckling stress.

The capacity was calculated both ignoring and including the effects of fluid hold-down. Note
that GIP Section 7 ignores the effect of fluid hold-down.



JOB NO. 96C2915 Calculation C-002 Sheet 2 of 7
SUBJECT: NYPA - Indian Point Unit 3. Date: 8/31/96
" USI A-46 Outlier Resolutions Revision 0
STEVENSON & ASSOCIATES ‘ By: A. Karavoussianis
a structural-mechanical Primary Water Storage Tank
consulting engineering firm PWST 21 Check: S. Anagnostis

Summary

The attached calculations show that the tank has a seismic demand of 0.22g (at the impulsive
mode frequency), and has a seismic capacity of 0.35g if fluid hold-down is ignored, and a
seismic capacity of 0.42g if fluid hold-down is included. The tank therefore meets GIP
requirements with a factor of safety of 1.6, and has a factor of safety of 1.9 if fluid hold-down is
included. Therefore, the tank outlier is resolved.

This evaluation yielded a significantly different result than the original A-46 evaluation (Ref 2),
which concluded that the seismic demand exceeded the capacity by about a factor of 1.7. The
principal reasons for the difference are as follows:

1. Both this and the original evaluation computed an impulsive mode frequency of about 7 Hz.
Based on this frequency, this evaluation used a spectral acceleration of 0.22g - the ground
response spectra, 4% damping, peak value within 20% of the calculated frequency. The
original evaluation used a spectral acceleration of 0.41g - this appears to be the 4%
damped ground response spectra value multiplied by 1.875 (under certain conditions, GIP
Section 4 permits the use of 1.25 x 1.5 the ground response spectra as the estimate of an
in-structure response spectrum). The tank is in the yard, therefore there is no requirement
to amplify the ground spectrum - the original evaluation overestimated the demand by a

factor of 1.7.

2. The original evaluation and this evaluation used different values for a number of the
mechanical parameters, some of which improved the result, and some of which degraded
the result. These were:

* The original evaluation used a yield stress of 45 ksi for SA 240 Type 304 stainless steel;
this evaluation used a more conservative value of 30 ksi.

 The original evaluation used 3.5 as the distance between the bolt chair stiffeners
(design value). This evaluation used 5.75" (an average value based on a field survey).

e The original evaluation used a top plate width of 6 to evaluate the bending stresses
imposed on the tank shell by the bolt chairs - no basis given, but this is about the actual
distance between the bolt chair stiffeners. This evaluation used 18.75" - the average
distance between the outside edges of the bolt chair stiffeners (6.757) plus 2x the depth
of the bolt chair top plate (6”). This was used because the bolt chairs’ top plate is a
continuous ring around the entire tank; the load on the tank shell will therefore be
distributed over a longer length than just the distance between the bolt chair stiffeners.
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* The original evaluation used a fluid height of 33’ - no basis given, but this is the shell
- height minus 2. This evaluation used a fluid height of 314" - this is the height of fluid
that equals the nominal tank capacity of 165,000 gallons.

The net effect of thése differences is that the original evaluation used an effective anchor
bolt allowable load of 17.5 k, while this evaluation used 19.7 k, and the original evaluation

computed a base moment demand of 18,000 k-ft / g,

k-ft/ g.

while this evaluation computed 15,000
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Calculation

The capacity calculations are attached as appendix A (w/o fluid hold-down) and Appendix B
(with fluid hold-down). This section of the calculation computes the bolt hold-down capacity and
other various input parameters common to both appendices.

Ténk shell material is SA 240 Type 304 Stainless Steel. (assumed same as RWST)
oy=30ksi , oy=75ksi & Eg=28300ksi (Ref. 10)

Nominal capacity = 165,000 gal = 22077 ft* gref. 2)
Fluid height, H = 22077 / [ (15-0.1875/ 12)°]1=31.3ft = 376 in

Bolt Hold-Down Capacity: (ref. 5 & 6)
1. Bolt tensile capacity, (assume A307 bolts)
1.75" Cast-in-Place bolts,
Nominal bolt area = 2.41 in? (ref. 9)
. Tnom = 1.7 x 20 x 2.41 = 81.9 kip

2. Anchorage of bolt into concrete foundation:

Embedment, L = 32" - 2" (anchor fitting) - 13.5" (chair height) - 3" (assumed length above
bolt chair) = 13.5". Reduction per GIP Section C.3.2:

(13.5+175)13.5

(17.5+1750175 06

Edge distance, E = 33" (large)
Concrete strength = 3 ksi (Ref 3); reduction per GIP Section C.3.5 = SQR(3/3.5) = 0.93.
Net capacity = 0.61 x 0.93 x 81.9 = 46.5 kip

Part of the bolt hold-down capacity calculation requires the dimension of the bolt chairs. The
following dimension designations are shown in reference 6, figure 2-14. (ref. 3 page 19)

a=g+2j+2b c=0.75" - f=2.00" j=0.50"
a=18.75" (avg.) d=2.00" g=5.75" (avg.) k=3.75" (avg.)
b=6" e=3" h=135" t, =0.1875"

' 3. Capacity of plate to transfer load to chair gussets (Ref. 6):
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s (0.3759 - O.22d)TBS (0.375 x5.75 - 0.22x 200) x 46500
P= =

= 70900 psi
fo? 2000752 ps!
. . _ 30000 _ .
Sp =70900 psi>f, =30000 psi .. T, =46.5x 70900 - 19.7 kip
4. Capacity of vertical gusset plates (Ref. 6):
. 9 95
5. = 375 =75< S = =17.35 (O.K)
j 05 \/ f, \/30000
1000 1000

* j=05">0.04(h-c)=0.04(135-0.75)=0.51" and j=0.5=0.5" (Judged OK)

T, 19700
2Kkj 2x375x05

= 5250 psi < 0.6 x30000 =18000 psi (O.K.)

5. Tank shell capacity (Ref. 6)

s T J 1322 , 0031
s T2 2
tg [1.43 ah N (4 a h2)0.333 JR
Rt,
0 1.0
z= — S — - 0,903
©177in")at,[t, (0.177in")x1875x0.1875 [0.1875
—1 +10 X +10
JRt, Lt J180x0.1875 0.1875
19700 x 3 132x0.903 , 0031
s = 2 X 2
018752 | 1.43x1875x135 2033 180x0.1875
180x0.1575 — +@x1875x135

Ss =168x10° x(0.00707 + 0.00534) = 20800 psi < f, =30000 psi ..Shellis OK.

Check the weld between the chair and the tank wall;
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1 2 e 2
S TI | ]
W ”\[La+2h *lah+0667 h?

sl g || - 1or00/oszi57 000807
W, =1 = 19700+/0.02192 + 0.0080
w 9700\}{18]5 +2x135] "1 1875x135+ 0667 x1352 J *

30600 t,, B 30600 x 0.1875
7z ;)

W, =459 1Ibs/in < =4057 Ibs/in .. Weld is adequate.

The conclusion is that the allowable bolt load is governed by bending of the bolt chair's top plate
(Step 3 above), which has a value of 19.7 k, and is ductile.

The maximum uplift height, “deltae0” is equal to 1% of the effective bolt length
=0.01(32" -2"-3") =0.27".
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’ Primary Water Storage Tank, PWST 21, GIP Criteria, w/o Fluid Hold-down
R := 180-in Radius Definitions
H = 376-in Fluid Height kip := 1000-Ib
Hg := 423-in Shell Height ksi = fg
Hq:= 12-in Dome Height n
tg = 0.1875-in Shell thickness v psi = I_b2
in
th = 0.1875-in Head shell thickness
t 5 :=0.1875-in Average shell thickness pcf = ;t%
tp:=0.1875.in Bottom plate thickness
.~ -
E g := 28300-ksi Shell Young's modulus minx{x,y) = #(x>y,y.x)
v:=0.33 Poisson's ratio maxx(x.y) = f(x>y,x,y)
K := 316-ksi Water bulk modulus, Mark's Standard Handbook, 9th Ed., Table 3.3.2
Cyg = 30-ksi Shell yield stress
G ys = 75-ksi Shell ultimate stress
Cyb = 30ksi Bottom plate yield stress
‘ O up = 75-ksi Bottom plate ultimate stress
Y § = 62.4 pcf Fluid weight
Y g ‘= 490-pcf Shell weight
0 Y¢ ~ Ys
f~q Ps "7
t b3
b= 201 - ! b = 0.000616 *in®
A, =010g 2/3 ZPA of ground spectra
Scale := 1.59 Spectral acceleration scale factor. Assumed, must iterate so that the
demand Mgy, is close to the capacity M., (factor of safety = 1.0).
Weight Summary

WH =R R+ H thys WH = 5-kip

. Hg

XH=Hs+_2-

X H = 429 +in
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Wy = T2RtgHgyg W =25kip
Hs
Xs =
Wy = mREHoy¢ W = 1382 -kip

Impulsive Mode

ta H
® - 0.00104 R- 2.089
Cw = 0.087 Frequency coefficient from Haroun and Housner (1981)
0.127-p 4
Cu=Cwy [—— Cy =0.087
Pf
- Cu [Es
7=l (o e
f|=7219+Hz 0.8-f; =5775Hz 1.2:f | = 8.663*Hz
S pa1:=022¢ From IP3 SSE Ground Spectra 5% Damping x(5/4)*0.5 to estimate
4% damping
S a| = Scale-S pj S A =035g
‘ R H
= - v |- if =2
W : <1 0.436 H) W,y if R_1.5
. H
<0.7e4~ww> if <15 .
W = 1094 *kip
R . H
X):= [<05 - 0‘188-ﬁ>-H] if ﬁ21.5
w
0.304 Mo | if g< 15
' X | = 154.2+in
V= —-S AI- w w
12—~ WH+Ws +W)) V| = 393 *kip

S Al
Ml:zT.QNH.xH+WS-XS+W|-X|> M| = 5139 *kip- ft
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Sloshing Mode
P
o sec” (H
foi= —R tanh[1.835 (R>] fe=0.316Hz
S Ac = 0.100.g IP3 SSE Ground Spectra @ 0.5% Damping at 0.5 Hz
S Ac = Scale-S p¢ S Ac = 0.159-g
w ‘—046Rt h| 1.835 H -W |
c - UAbgrian 1.8\ g w W ¢ = 304 *kip
cosh(1.835-g-> -1
X (o] = 1 - H\ l, l‘i . H
1.835-ﬁ-smh<|.835-ﬁ; X ¢ =282.1%in
S Ac
Vei=—g—We V ¢ = 48kip
S
M= _g:-wc-xc M ¢ = 1136 -kip-ft |
Vertical Mode
A
¢ o1 [ 2R 1\]2
V._4'H pf ts‘Es+-K-
fy =8.159°Hz 08fy, =6527"Hz  1.2.f, =9.79+Hz
S Ay = 0.15.g 2/3 Horizontal, 5% Damping Spectra x(5/4)"0.5 to estimate 4%
damping.
S Av = Scale'S S Ay = 0.238°g
Demand
SRSS(x,y) := sz +y?
Vgh = SRSS(\/|,VC> V gp = 396 *kip

Mgp = SRSS(M .M c) M gh = 5263 *kip- ft

Page A3 of A6
Revision 0

By AK 7/1/96
Chk. SA 8/30/96
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Pressures

y = (H=-198in) H.H

S
WX g
i pi= P j = 1.704 +psi
Pst(y):= vty U 13 RHT !
S -
0.267-ww-—:‘—° cosh[1.835- (HR )J
P C(Y) = RH A li_i
cosh[1.835- (— ]
R
SAv  fnH-
Py(y):= 0.8-yf-H-—g—-cos<§-—H—y Psn(y) = SRSS(P i.P c(y))

Psm(y) = SRSS(P sh(y).P v(y))

y Pst(y) P ¢(y) Pyly) P sh(y) Psm(y)
in psi psi psi psi psi

178 6.428 [|0.144] [1.754] | 1.71 2.449
376]113.578|(0.038] 125 1.7 3.1

. P cp = Pst(H) + P gh(H) + 0.4-P (H) P cp = 16.318 *psi
Pem = Pgst(H) + P gp(H) - 0.4-P (H) P cm = 14.246 *psi
P tm = P st(H) = P gh(H) - 0.4-P ,(H) P tm = 10.837 *psi
P a:= P gt(H) - 0.4-P ,(H) | P 4 = 12.542 +psi

Elephant Foot Buckling

R
S1_400'ts S1—2.4
S ye = O yg cye=30'ksi
c
ye
06-Egq Pch 2 1 S1+36-ksi
op:= IR\ 1- i
n Syels

. , Ib
. o p = 9705 *psi Cge =0ptg C ge = 1820
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Diamond Shape Buckling

1 |R :

yi=1-073(1- ¢

Calculation 96C2915-C002
A-46 Outlier Resolution
Appendix A

Page AS of A6

By AK 7/1/96
Chk. SA 8/30/96

¢ =1.936

2
—] =0.464

Ay :=0.19 Manually from Figure 6 of NASA SP-8007 based on Pcm

Es
O ch = (0.6-y + Ay)- R
| ts) -

CBd:=0chts

Cg:= 0.72-minx<C Be.C Bd)

o ob = 12.239 *ksi

Ib
C g = 22957

Cp=1310—

8 g0 = 0.27+in

Calculate Capacity
h 5= 27-in 8 eg = 0.01-<h a)
h¢:=13.56in Assumed, not sensitive

Wie = QNH+WS>~<1 - 0.4

C 1(B) = 1+ cos(P)

W ie = 29 -kip

Co(B):=

sin(B) + (n - B)-cos(P)
sin(B)-cos(B) +n - B

1+ cos(B)

B1:=222 Initial Guess

‘cos<aD - cos(B1)

Sei:=6eo 1 - cos(B1)

Tp = maxx<minx<5 e Kb T BC) ,0- kip>

Bgq:i=20,21.3

Wie+) Tp,

|
B := root R

-C 1(B1) - minx —COS(B”, ,
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f=2222
" 1 + cos(B)
8¢ Se0 7 cos(B)

Egtgd _
Cm = minx(——=-C cp C = 13102
he in
. 2 '
Mgc:= CmCa(B)R +ZT b, R-cos (%)
I .
M ¢ = 5233 +kip- ft
COF := 0.55
Wye = Wig + P g mR?
V sc = COF-W ¢ V gc = 718 *kip
_ . [Mgc Vg
Factor_of  Safety := minx{———, —— Factor_of_Safety = 0.994
Msh'Vsh

Capacity: S 5] =0.35°g

Page A6 of A6
Revision 0

By AK 7/1/96
Chk. SA 8/30/96
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Primary Water Storage Tank, PWST 21, GIP Criteria plus Fluid Hold-down

R = 180-in Radius Definitions
H = 376-in Fluid Height kip := 1000-1b
Hg = 420-in Shell Height ksi = lig
Hgq = 12in Dome Height in
tg = 0.1875-in Shell thickness psi = —I%
in
th = 0.1875-in Head shell thickness
t 5= 0.1875-in Average shell thickness pef = %
tp = 0.1875-in Bottom plate thickness
E g := 28300 ksi Shell Young's modulus _ minx(x,y) := f(x>y.y,x)
v :=0.33 Poisson's ratio maxxx(x,y) = if(x>y,x.y)
K := 316-ksi Water bulk modulus, Mark's Standard Handbook, Sth Ed., Table 3.3.2
Oys = 30-ksi Shell yield stress
O ys = 75-ksi Shell ultimate stress
G yb = 30-ksi Bottom plate yield stress

S ub = 7S ksi Bottom plate ultimate stress .
Y § = 62.4-pcf Fluid weight
Y g = 490-pcf Shell weight
~ Tf _ Ys
Pf Ps g
Lt
'b 12.(1- ) | p = 0.000616 *in’
A, =0.10g 2/3 ZPA of ground spectra
Scale := 1.90 Spectral acceleration scale factor. Assumed, must iterate so that the
demand Mg, is close to the capacity M., (factor of safety = 1.0).
Weight Summary
Wy =R R+ Hf tpys W 4 = 5+kip
Hg
XH:=HS+T X =426"in _
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Wy = n~R2~H-Yf

Impulsive Mode

ta
& = 0.00104
Cwj i= 0.087

0.127-p ¢

Cu=Cwr o

¢ Cu [Es
R X

f|=7219°Hz
S pl:=0.22.g

S Al = Scale-S Al

W= (1- 0.436.§>-ww if

(0.764-Ww> if -g<1.5

Calculation 96C2915-C002
A-46 Outlier Resolution
Appendix B

W g = 25+kip

W, = 1382 *kip

=2.089

ol x

Frequency coefficient from Haroun and Housner (1981)

C =0.087

0.8 = 5.775°Hz 1.2.f| = 8.663*Hz

From IP3 SSE Ground Spectra 5% Damping x(5/4)*0.5 to estimate
4% damping
S a1 =0418°g

H
=2
R_1.5

W = 1094 -kip
H
[os 0188 =215
304H——- <15 -
X | = 154.2+in
i QNH+WS+W'> V| = 470 kip
My o= oA X+ WgeXe+ WX M | = 6138 kip-ft
1=~ (WHXH s +Wi-X7) | P

Page B2 of B9
Revision 0

By AK 7/1/96
Chk. SA 8/30/96
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Sloshing Mode

A-46 Dutlier Resolution

Calcu?)tion 96C2915-C002
Appendix B

151

S Ac = 0.100-g

2
fe:= —%—- tanh[ 1.835- (:)J

fe=0.316+Hz

IP3 SSE Ground Spectra @ 0.5% Damping at 0.5 Hz

S Ac = Scale-S p¢ S aAc=0.19+g
. R H
cosh(1.835-—g\) -1
X (o] = 1 - H\ ll ,_i ‘H .
1.835-ﬁ-smh<1.835-ﬁ) X =282.1¢in

S Ac
Ve=——We V ¢ = 58kip

S
M ——§A—°-Wc-xc M ¢ = 1358 -kip-ft

Vertical Mode

oot (2R N\12
VETE| P ES TR

fy =8.159+Hz
S ay = 0.15.g

damping
S Ay i= Scale:S p

Demand

SRSS(x,y) := q'Xz + y2
Vgh = SRSS(V,.VC>

Mg = SRSS(M M c)

0.8f, =6527Hz  12:f, =979Hz

2/3 Horizontal, 5% Damping Spectra x(5/4)10.5 to estimate 4%

S Ay =0.285+g

V gh = 473 *kip

M gpy = 6286 *kip-ft

Page B3 of B9
Revision 0

By AK 7/1/96
Chk. SA 8/30/96
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Pressures
y :=(H- 198-in),H..H
S Al
X
_ Pij=z ——= P =2.036°psi
Pst(y) =vygy ' 136 RH? v pst
S -
0.267-W w~% cosh[ 1.835. ('i'—R—y) ]
Pcly):= - : A
R-H cosh[1.835- (ﬂ)]
R
B S Av TH-y _
Py(y) = 0.8-yf-H~T-cos R P snly) = SRSS(P PP c(y))

P sml(y) = SRSS<P sh(Y).P v(y))

y Pst(Y)Pc(y) Py(y) Pgh(y) Pgml(y)

in psi psi psi psi psi

178}] 6.428 ||0.172| 12.096| (2.043| [2.927
376]113.578|[0.045] [3.096| |2.037| [3.70

P cp = P st(H) + P gh(H) + 0.4-P \(H) P ¢p = 16.853 +psi
Pem = Pst(H) + P gp(H) - 0.4-P ,(H) P cm = 14.376 *psi
Ptm =P gt(H) - P gh(H) - 0.4-P y(H) P tm = 10.303 +psi
P a:=Pg(H)-04-Py(H) P 4 = 12.339 *psi

Page B4 of B9
Revision 0

By AK 7/1/96
Chk. SA 8/30/96



o 'Jdb‘96C2915 Calculation 96C2915-C002

IP3 A-46 Outlier Resolution

A-46 Outlier Resolution

PWST 21 Appendix B
Elephant Foot Buckling
. _R -
S 1 .- W-ts S 1 - 24
O ye = O yg Gye=30'ksi
g
ye
. 0,(15.[::8 1 P opR 2 / ] | S 1 t ke
P 3 cye'ts :1.121-811'5 S1+1
ts
- ; o _ ib
Gp—9463°pSI CBe""p'ts CBe_1774._ia_

Diamond Shape Buckling

-1 |R -
b= o ,E ¢ =1.936

yi=1-073(1-¢¥) Y = 0.375

E S
G cph = (0.6-y + Ay)- R
ts

CBd=0chts Cpd =2295"

Cg:= 0.72~minx<C ge.C 3d> Cpg = 1278"

2
-<£) = 0.468
t S

Ay := 0.19 Manually from Figure Figure 6 of NASA SP-8007 based on Pc-

b

in
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PWST 21
Fluid Hold Down Force
P:= P g(H) - 0.09-P gp(H

P =12.156 *psi

Calculation 96C

2915-C002

A-46 Outlier Resolution
Appendix B

)~ 0.4-P ,(H)

1221—vi
2-K-x
Ks="g
Rt
4}12<1_v)
=1-in,2:in.. 30-in
F(L).—1+’2_Tsj—b
Toy=ll. 1 Kel? Mg .
elb) =5+ £y 2Eglp PL/|
3
1 Ksl®™ Mp
Me(L) = <F(L)>' 2Egip TP )P
5
s =1 [ KelW Mg 2 p
V= Fy\7ZEsTs TP T [EoTy
ts2 tbz k|pm
G yet M p ¥ i
F =~ - ‘;b FH=0.216-'%)

Fda(l)
Tn(L) = J&M pp P [14 — & H o

Average pressure for fluid hold-down calculation

K = 39.62

K = 1454-|b-ft

K ¢ = 7680°Ib

M g = 124+Ib
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Te(Ll) Tm(L) 3000 1 T T T
L Sell) kb b
in in ‘in m o) 2000 1~ 7
— 108.031 179.018 e
] 2000 meos!  H7sOsD 000l i
7| [F0.00
4553 17896
3] [F0005
o 44586 17895
-0.005 0 I I ! I
= ooo 47. 178.998 0 0.5 1 15 2 25
= Fom 52088 17910 L
: 58116 179.306
71 [0.079
64574 179631
81 [0.041 i:=0.35
ooz 7144 180.113
ol o 78584 180.788 s N ,
1l Foes 85.00 181,692 5; 1= 8 g(0.2:iin + 5:in)
ol e 93,409 182.86 3 . _
e R 107.002 18434 i = Te(0.2:1in + 5-in)
ikl 108677 186,182
14 [0497] ‘e 1854 - Ib
15| 0.656 - - T g0 = intercept(5,T) Tep =54.744—
12477 191.065 in
16| [0.848 : :
oy 132.04% 194192 o slone(s. T = 170817-0
e e 139.012 197825 e1 = slope(d,T) e1 = 1708175
S S 147.800 201,99 '
ol s 155,729 206.732
: 163.660 212.06
21| [2459 T |
ool Foroge 171676 718 |
o R R 17959 774568 100
o R B 187581 230778 1.0
: 195.576 7396
25| 482
203.581 748,
28] >.61 211 257.29 )
27] 6.501 . - Teot+Tetdell) 50
8 o 270.67. 267109 S
: 22764 27756 n
58] [B7564 .
ol os 235,673 788,
_J .
0 ! I

3e(L)
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Compute Capacity

h 5 = 27-in 8e0:= 0.01 (hg) 8 o0 = 0.27 +in

h¢:=13.5in Assumed, not sensitive

ATe = Te1'5 e0

_ Scale'A _ )
Wite .;QNH+WS>- 1-04—0— W i = 28 kip
= 1+ cos(B) in(B)- -

C1(B):= SA(B) + (% — ). 5o5(F) C o(B) := s:n(B:iozgs()ﬁ,;n B

.. Sin(B) - P-cos(B) 1+ cos(B) .. B~ sin(B)-cos(B)
CaP) = mm (o Prcos(B) T-cos(B)  C4B) T T costmy

p1:=2.1 Initial Guess Ny := 18
o = i.ﬁ:.deg T g i= 19.7-kip
cos() - cos(p1)
g " "e 1 = cos(BT) - bEs
Kp:= hy

T b, = maxx(minx@ ei-K b T BC) ,0- kip)

Bgi=20,21.3
3000 |
Wier YTy, 2000 -
Té”eo-ﬁd ~C1(Bd)+ATe~03@d)

X ib )
. n 1000 |- —

By
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e0 T cos(p1)

‘ Wte+Z:Tbi Es'ts‘(s 1+cos([31)>
C

. i .
B := root ——T—+Teo-ﬁ1 *C 1(B1) + AT ¢-C 3(B1) - minx g #,Cpgl. B1
B=2104
5 . = 1+ cos(B)
¢~ " e0 T "cos(p)
. Es'ts'ac Ib
C m = minx T,CB Cm‘1278'ﬁ

M sc = C y-C 2(B)-R2 +ZT b R-cos(%) + T ggR%-2:5in(B) + AT ¢-C 4(B) R?
i

COF := 0.55
.\' Wye = Wee + P g mR?

Msc Ve

N R Factor_of_Safety = 0.992
Msh'Vsh

Factor_of_Safety := minx

Capacity: S p; =0.418+g



