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Zstimation of the Median Ductility Scale Factor, Fmu

The median ductility scale factor, Fmu, is obtained by several methods (See Reference 1)

The following variables are used in the analysis:

fm'7‘5856°Hz The A8 Bus frequency

b =fets b =005 Elastic damping

" =2.s-:: Response spectrum knuckle requency ( aut M Ak e X S)
s=0.1379% Strain hardening ration

mu = 1.67125 Ductility factor

Riddle-Newmark method for Calculating FuRn

The details of the methodology are given in Reference |

Lets first calculate Fmu at the peak ground acceleration level (zpa)
The zpa value is'

zpa =04g

md(bemdmlmdonutheﬁmdnmnlhq\mcy,ﬁuﬂcluﬁcdmin;b, is:
Sa = SSl(fm.b) Sa=065%91+¢

Fmu 1s estimated as:

Fut + 3

zpa

Fud = 174485

Then, in the acceleration range of the spectrum, Fmu is estumated as:

Fud = (267 mu-1673)"*" Fu3 = 152439

Finally, in the velocity range of the spectrum, Fu is estimated as:

N (& ol [%a0) .
Cf kfm}hmq»o)*(fm?l'o} Cf =0.32957

Fu2 = (224 mu- 124" cf Fu2 =0.5774



The median ductility scale factor, FuRN, using the Riddle-Newmark method, is obtaned as

Ful =Fu3 (Ful<Fud) + Fud (Fu32Fud) Ful =1.52439

Using the ratio of ultimate uﬁcapccitytoyieldunﬁccapacity.k.deﬁmdu:
Rzls+s(mu-1) R =1.09259

, (Ful-(Fu2<Ful) + Fu2 (Fu2 2Ful))
R

Fupn Fugy = 13952

Modified Riddle-Newmark method for Calculating FuMRN

Mmmmmwummhmmduwmumaam
slopeummedforbymodiﬁﬁncmedwﬂhymio. Therefore, the modified ductility ratio is:

(mu-1)(1+R)+1

mu; =05+ - mu | =1.50718
2R

At the peak zpa level, Fu is:

Fumd = 2% mu ™" Fumé = 172513

zpa

In the acceleration range of the spectrum, Fmu is:

Fum3 = (267mu ) - 1673)°4" Fum3 = 1.42101

In the velocity range of the spectrum, Fmu is:

Fum2 = (224muy - 1.24)°¢ Cf Fum2 = 0.52402

where Cf has been defined previously.

The median ductility scale factor, Fu MRN, using the modified Riddle-Newmark method is:
Fum! =Fum3 (Fum3<Fumd) + Fumd (Fum3 2Fum4) Fum] = 1.4210!

FupymN = Fum! (Fum2<Fum!) + Fum2 (Fum2 2Fuml) FuMRN-I.QlOl
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Effective Riddle-Newmark method for Calculating FUERN

Because the modified Riddle-Newmark method only accounts for second slope of the force-deformation curve, the last
correction to perform 1s to account for ground motion duration.

The factor to account for earthquake duratioe is:

=10 X Y Vo nw ‘Vthm%“%& Lasdtam (M&»&A)

and the median ductility scale factor, FUERN, effective Riddle-Newmark method 1s:

FU'ER_N =1+CD(FUMRN— I) FUERN'1.42101

Effective Spectral method for Calculating FusSA

mmmrmummmmdwwwmmmmdum. First, the ratio of secant
suffness to elastic stiffness is estumated as:

_ (1 +8(mu- 1))

Ksg -

Ks g =0.65376

Nmuurmodmem&eqmywehﬂcﬁequemyi:uumnedwbc:

fs¢ :J-K:; bf-0.808$5 Compare to.
fs =fs¢f g fs =613335-Hz fuu-6l3377-Hz

mmduMmemMwaMum(&Mm 1)

of =19 Coefficient to account for short duration moucn
Al =cf (1-fsg)
A =Al (Al <0.85) + 0.85(A1>0.85)

feg=(1-A)+A(fsg) fe ¢ =0.93036

The effective damping ratio, be, is calculated as follows:

Cn =0.15 Coefficient to account for short duration moton

bh =Cn (1 - fsf) Hysteretic energy dissipation damping bh = 002872
[fsg)’

be =|— | (b+ bh) be =0.05945

‘\fe f/'



The median ductility scale factor, Fu SA, 15 estmated as follows

L - AT, CCC frequency, fc, i

fe =feef g fe =7.05734 ‘Hz
Sa, = 5Sa( fe,be) Sa, =0.59505g S.:de&t:eﬁzgc:d woelen:eonnlbeeﬂ'ective frequency, fe,
ve damping,
fer)’ sa
.Fu B s Fuga =1.46763
SA ﬁ{) Sa, SA

Final Estimate of the median ductility scale factor

Different methods have been used 10 estimate the median ductility scale factor.
Buedonareccn(m:dy,themedxmdwuhtymhaa,l’u,isukennsthe
average of the ductility scale factors found using the Effectve Riddle-Newmark
method, Fu ERM, and the Effective Spectral Method, Fu.SA.

Fou pedian ~ 2

v
Fu +Fu
ERN SA FOU pedian = 1.44432 Y (‘- i I‘*“\"\%L
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Logarithic standard Deviation of the eotibétyp—iesie-asser A1

The variability due to random scatter of ime history-computed Fmu versus predicted
Fmu values using approxumate methods (for example, the spectral sveraging method) 1s:

brqu'=0.4~[006+0.03~(Fu5A-R- l)] b pymy, ® 003124 \ (3"' «0.03 \

Themmmtyduwwydﬁﬁmocmedwithfnﬂmuuhdmm
that the 10*clastc deflection is st 1.0 standard deviation from the mean, 0
be 1.25673 using the same equation as above. Therefore:

/ h(Fm . )
1.25673

fres N tad
Ruu @

L U g = 0.13913
The uncertainty due to inelastic energy absorption model is:
b Paum =01 (FIOU median = 1) b gy = 004443

The combined vanability is:

2 2 2
b Fmu :fb'ﬁnu +bU pry” + DY Froum b Fipy =0.14935 \ P“ s 018 &




PROJECT race_ 27 _or

SUBJECT JOB NO

Cn‘

Wodd & e & B oo fn K Aﬁwbﬂ

' \

. 0.5

An

Nele F“.ME “r‘“‘t‘ WM&MQ&

bt ey

Jock B. Benjomin & Associates, Inc.
Consulting Engineers 4

.



raceE_29 __or
JOB NO.

BY DATE PROJECT

CHKD BY DATE SUBJECT

A" \Y\'J %Mm%w ol Lol 0&-.
. V\OWQ
RS WV P P
.MLV.L u\ml Vb ot
. Bawnd Yol

G ronnd Wilin

€vn~o‘1’; RAAYWL ‘S\J«m Skf-
A PR a-.c\_x quw&&%
£ | TPPR | SN |
JM\\ ,}L_w e, B \w‘(wt, A\Aj\»m A)-.\a. c»-A &wwoo‘t&
M‘\ ‘\«)t W\M -‘Maw‘"« MML&O ’ 13' , W M&A
L5 W 0.29 wd 6, ;wTJwa MA.L‘«&Q, a i’swo,zo

&Aix NP Dvuv.u. “‘h'Y‘L‘ W“"ﬁ"‘ N

rE e \.0. Jock R Benjomin & Associates, Inc.
Consulting Enginewrs LR

§ )

R



PROJECT pace__ =0 or

BY DATE
CHKD. BY DATE SUBJECT JOB NO

Vined o b &(‘T.MG-\*&\@LM Tv 1980 ¥2) 0l oudnsd Lo THA
(Rdgn e 2).

(\j'\. WNWMM%N\L\' 0 24 "‘a‘ O,LQ/QLJ.AL
f. (M)(

B, . 0.34
+0394

(m dhtad R @ (AL edhmacd 1) %» &, al»r. wil ¢
o123 tud f, - e

T
. B LA3XL AN 5 22
F’ 303 x\N%Y
/3“ 2 0.20
g A Wk b

Ry B roadls ‘w (3,.»;‘1

M ____0_1_?_- b S 011
¥ 0.3

s

Jock R. Benjamin & Associates, Inc. L4
Consulting Engineers B



PAO(.}_? l OF

L A4 DATE PROJECT

JOBNO

CHKD. BY DATE . SUBJECT

{\J\. ﬂw}ﬁmvm‘&a ok \"ny.m wdl /3 o Y, M&L(M(
o iad S © (Machnod ®) o 8y, (L cunnid by &7
. S . din asnd % o

€ .,1550 s (". 1480

o

‘QM \‘0\5\\\"\'\ . o.0le
.55k x\.A%0

pata Vel Cxur.\k), M«m\lmdy&j

[3' ) .e‘\ Vg1 n LAY - 0.03
LS4 x\ . AVY

Jock R. Benjamin & Associates, Inc.
Consulting Englineers

o



BY DATE PROJECTY

PAGE_ L __oF

CHKD. BY DATE SUBJECT

JOB NO

das Sulanahe Lovonad Comliodan
X ‘

W00 Ade v aad e Do MJ-BW VSIS, W c.\.‘.-\wi
PR R, N Q;Md.,(b u..,)(‘. 9\~ o 100--10p e on

307 ((awae Mw\-c,«%w,w, ad - ol and
WAL, Ce ke b wat B 20, A B BL) fa mibcd
Sun @ (Aah e %) Gl o to0- b0 k.

€-0480 ad €, - \50

(3'. L0 Mamsiaaa
3 oAl a6l

T ~adiom &A&» w 0

Jock R. Benjomin & Associates, inc. @
Consulting Engineers [ ]



oY DATE PROJECT . PAGE 23 __OF
JOB NO

CHKD. BY DATE SUBJECY

Mode L om Lim Yo

) SEEVWE TNV | ¥ LTT.I ragart | B T T .
&«(«wmu&n, w %»-Jm e\mu..\,u\ic%m<h~1
foo o el ";w‘«-\-.l pid an T A...chxm & ﬁ.oos

Ao DA s N Seidin % PRYR

N3

A1\ \i\_i.é_*‘”‘i__%
e Suttns Sl o f mad
S
LB ey e e

o S Qw
. Mede sk‘a.

M’Mn&&lwhww.

§ 2 ‘_"‘@5*&?
Tt smtsloadly w iy (L.LJA,.M g&u&%uw
%F* o b odd L bdoas p.05 Yo 015, a,ruvm

;),"53005 AL mwmwwé\-b. »;
| Jock & Benjamin & Associates, Inc. J
Consulting Engineers ~D'\




PAGE 3\\ oF

By DATE PROJECT
SUBJECT

JOB NO

CHED BY DATE

AN T Bl 5’5.-@*;1\5\4.”& 5T
Tn «md«« 1. ‘*Q? oy W @3\‘,.5 wn hen 1008 . aMawsd)
v x‘ Aas e B : M L UAAN

g TN WY A\ UN mm\) e b Yo B

e cRe dl A hal o e " as 4 o -IX.

bron Miie) San ® (ABadm L) Wi 3 05
ol ad Foe 248

S

A

VL2 x\ 245

\ P & A3 XM o)

| SR . $<.,.'f.,v o \o.

sans Wtk
Bon ool Ll drume A o m&lo{ 5 o o ab IV
LMMTM‘ ﬁ:—-eudﬁw W\GI’CA‘U% o ko L

f_zg__ o= Zlb Mg
s

Con 103 S @ (Madhea %) 0 0t A 16 bpo 04

A Q.Jﬂw Q,ur.«.b,‘ 300 K,

(.b’ 1552 D-»J (‘.‘ 126§ Jock R. Benjomin & Associctes, Inc. .5
Consulting Engineers &



BY DATE PROJECT PAGE__2° _orF
CHKD. BY DATE SUBJECT JOBNO

Awd

{3. Do LW1Z\MHA gy
N | 551% ). 35S

NW%&\-O

§.aA4 ’Don
J-Q‘ lb/ &v\mm den&

WMWMLB&/ A'»T-b“ -\T.
b Mibtad Run @ (ALad w3 d) Wk a 857 Y2y

o hag od £ 21099

At

/3\ - QM \ll.\3 A MY Y ‘3
A€ X\ M9

T ~adiom '(.J.w‘b\-o.

Had.9 (Q!Fc*
kw%kwq-&g “‘M“O‘“wa‘“‘(“‘\‘““a
e Whaa ) M Do o2, RU\A‘«,LOVM hm% Abapinat
A Yo H»-uqu&mmu bﬂtm, H«ﬁu

Q& & .
Jock R. Benjamin & Associates, Inc.

B
Consulting Engineers W



BY DATE PROJECT race_2l or
JOB NO

CHKD. BY DATE SUBJECT

from Mahted S @ (k=2 ) b 4 §d - Lo i
3\\‘7\\%', -

€ -\l pt) (“. 585

{3 RS 1 3 % s WY P
7 Leal n 1585

MW%«‘-U

nanl  Shan f}&g}

T "\Mmhwn’-mk widiam c.‘u.tbwu.am
%M%M%”Mgwwaw%‘whﬂk

w%mm)%;.w\r

“O = le- V‘a

Jock R Benjamin & Associctes, Inc. L
Consulting Englneers 6




BY DATE PROJECT PAGE -1 __OF
JOB NO

CHMKD. BY DATE SUBJECT

km&’w(‘-m e v MMX«&&«L”%MW,

ol aamt DX wo Ma va -\,

o WItad b @ i o b
€ avd ﬁ,.mw

At

F . o LL13x\ 448 _ 0.0
h RPN 7T

Jock R. Benjamin & Associates, Inc.
Consulting Engineers

-~



By DATE PROJECT racE_o % oF

CHKD. BY DATE SUBJECY JOB NO
frand, Sl
g R VRN

\)%Q.w\«ﬁa &u«h\d e AN BY% RV wwb LTAHJL ol g
”‘\““’“ o\w&m T S ool ol B, 4
CRES WPTWIR A 7. Ddav NJ»MU‘«MFW we sl
%m ehes Lo b o o Do i Bandad o6

VsalRe Mo e 2
$xu~6m Ll 0cS
Fadade Ean % |44 0.03 0.15

? ML Q 1o o€
T o Velaw

fvﬁxp ““t‘”“"*‘d““‘ l.o 0.3% 0.5
WMT“\Q"\M Lo 0.0k
Vedied U-"mw-t Qv.vw .o 0.03
W Cl\“*‘-t M \.o 0.\l
Mot Lo i aluin |0 0.05
Yy
£ .0 .00
DM.S::.;b \.0 o \3
“""&t \.0 ©.\"
T, MHXL 1.0 ol
A W ‘w .0 .l
Made Shapr 1.0 005
Com w 241 .29 0.31

Jock R, Benjomin & Associates, Inc.  ®
Consulting Engineers [



sace__ 24 _or
JOB NO

8y DATE PROJECY

CHKD. BY DATE SUBJECT

o B . LY%k\wlLVsh T

M Yk Uraend Mol h\ulc A (RON) = 04X = oAl 4
-, Mp» , fb,, 0.21  oud '%M »0.29 = F" 0.4
At
Aus(e21c0at)

\ké. L‘«*#M \.».W?M%%o& fodor = NOLRE (Rop) =04k e
WCLTF (LK) - 0. Ny

-
Ar,mmxcwmmw ™ W

o hd don Al A Gy, ik and 2yl wde 0ud
WSl (§t i) Jo B bow Oaunst wids .

Neg , 2 mMmW o Cledidin a0 o2
ks \

Jock R, Benjamin & Associctes, inc. @
Consulting Engineers »



By DATE PROJECT race_ 10 or

CHED. BY DATE SUBJECT JOB NO.

50 Q_&r_u.n

\_ﬁw %«’(m/(mﬁ 3\ $3M~£u.\\ ‘\"\ }\Moujm “xl \Boywn VUA
B Do Dampenie PR VPV W MJ_%?;JL)\; Stdun
STRR [pund Spdn , dad N b Vb, 1042,

2. “é:‘ir d &&63@1“1 Comattlions ¢ Qn,.‘%w,d
"“)M"Dﬁn bdeor 1d Lo WMad, EfL

Bnwoed hndd

s f £ ke clim %.\ Mo Tovia ThooX S Toobabe Ll
Sak A Moo wed ¥ A 0Ed3, Traia c.w,'«.?xmg,b
wd S0 Rud Xaaalon Talo M, CA, 0dube 1193,

g " Stat Vintnoen ”\Si““zs”’ y\ O H@O.,,,,td.,
S Dmadanl Vs | Motk Py WA

—
-

Jock R, Benjamin & Associctes, inc. P
Consulting Engineers [



PAGE or
JOB NO

DATE PROJECT

BY
CHKD. BY DATE SUBJECT

Ap-dia A

587 Welldown YhaXoo

Jock R. Benjamin & Associates, Inc. :)
Consulting Engineers ’




S W' |
? 3 e Pictures of Pilgnm Station A8 bus FnSSOuSmml - X

Picture 1 Picture2 i

Picture 3 Picture 4

Enclosure 2 Page 1



Pictures of Pilgnm Station A8 bus SRR

Picture § ;

Picture 7 Picture 8

- |
Enclosure 2 Page 2



Pictures of Piigrim Station AB bus wEkEREGHIEEERe

Picture 9 Picture 10

"y

b pmiﬁl 3

Picture 11 Picture 12

Enclosure 2



Pictures of Pilgrim Station A8 bus el

Picture 13 : Picture 14




Pictures of Pilgrim Station A8 bus smeSESEE N

Picture 19

Enclosure 2




g 2* . o rowmwan | wm] ]
- —
D 190 ENAAN | ] TS

e L N ERE I L T
L 09ty L A2t LBl - ™
a7 Cl-WeS-w-22001004 TAMOM | 384 D TR0 SR | m | ™
10 MUSIE ) wOLSON
\nGe WVIVIW WSO Nd GEH W TN 156 G | O | S
e ) - SRR AT

y Ry )
e -
o Tomes B AE\M_

: ¢
l:!
13
tind

H
T
£ Bewaffene

€00 -S596 €5 Vs W LESL)

WIADWIY H0DT WOINZIXT HAlA NACAS SLIND
E—(\'U mm AND 4

‘-

AWEE .

N5 e R WRAL l.q.lw

-

FSvE  TaNNwHD

L |

[‘
G
I' =
Ls

TAZIA INDd4
TR EETEL N LR B

]

|

L____—M.‘._..___.!

- |
smrsren ML oo .



| 36 n....n.—.nv.s...* wommmonean | wl o]
woumain | =g
SANA NS - ey
e TIT U AR IR B
vt 22041804 ViinO M 8O3 e SO G e | W] e . m
» 13 i
ol WM e v €8] WnD g G uswww 1560 FRé DA% 6.._51. $ 3
SR — o T i . -
m :”
, i
.—'J v '
- TS
i
.
| . - 3
& . ~Y
.
L |
e
6 B SENTE W
D e ST AL
B i SRS W D
WS & U TW
-
s 1 | T
23, WL v, NRIADES
o —— W e I e PN — —
s ane T

"S- ~! 2/1-€€ ‘.._

as...w‘slaa._nlun.dd‘

—!l 27t |II“||| an-u ||c~l~>- _.v|| -ee — wilv—. i — 1".|~\..2 mu‘_. 3

-l—LL

! e ._.l
M | - ¥
L »m . g |3
f L - o= ! ‘N_W-.h.l. FM | | — e
I - -
3 1l U E oI L 1Y ®
"o oUW . 3
o) e — _
1 | R 1|
| -1 o I
m.MMr - : m 2 '
R i »lll\ﬁgliv e
m et |




BY DATE PROJECT PAGE or
JOB NO.

CHKD BY DATE SUBJECT

h AL sk %

km@ S»KAL Medd ’B-«L\MJC

Jack B. Benjomin & Associates, inc. B
Consulting Engineers L3



BY DATE PROJECT PAGE OF

CHEKD BY DATE SUBJECT JOB NO.

To ol adhond udeis fo Mlqu M\IL. e odall &w -N\”L*D‘u

w«)u.«@ The .’LHC Band v Sal uMy’\L.w
X\%m“mmwnm,ﬁw,& DXotd Awt?,,
4WLWJM"&M B nodd e
Sw %ALML{M% Do Ond Dane, ie,
%JN&L &*L%w M‘*J‘e\%,&w

\\J.a\hmdl'T

Jock R. Benjamin & Associates, Inc.

Consulting Engineers

3
o’



nology, Uni-

fon.

of London

ad Technelogy

Tuty

»rloo, Ontano

| Engineers

1t Technmues

ondon

e~ ———

ANALYSIS AND DESIGN
OF STRUCTURAL

CONNECTIONS:
Reinforced Concrete and Steel

M. HOLMES, BSc.,DSc, CEng.,FICE, FStructE

Professor and Head of Department of Civil Engineering
University of Aston in Birmingham

and
L.H.MARTIN, BSc., PhD

Reader in Structural Engineering
Department of Civil Engineering
University of Aston in Birmingham

ELLIS HORWOOD LIMITED

Publishers - Chichester

Halsted Press: a division of
JOHN WILEY & SONS

New York - Brisbane - Chichester - Toronto



(Ch. 4

the tee
1 flange
tubs are
~in con-
mental
of those
lange are
nen the
ry thin,
1 contact
:nts by
ic stage
attom of

‘orce in
rtion in
strength

'nt M and
nn con
_.Ane~*on

- -

“d’.... ‘Lﬁk"‘l
oy A " v "‘, ~
R '-1-’ s
e L TR
;j-‘ ,;‘Af lﬂ‘ ] t_’,“'j
5 SN L
S e

- <R MR Ay ¢ BN

-

Sec.4.13] Elastic Theory for Prying Forces 145

shown graphically in Fig. 4.10. The tensile forces in the bolts adjacent to the
tension flange of the beam are approximately equal. The preloaded bolts adjacent
to the compression flange eventually resist part of the bending moment. The
prying force in the elastic stage of behaviour may be greater than at ultimate
load and depends on the number of contact areas

4.13 ELASTIC THEORY FOR PRYING FORCES

The bolts must be designed to resist the external forces plus the prying forces,
and it is therefore necessary to develop a theory to calculate the magnitude of
the prying force. For an allowable stress method of design at service load condi-
tions, the prying force Q, is related to the external force F,, assuming linear
elastic behaviour of the components

The theoretical model in Fig. 4.11 shows an end plate of thickness 7, and
of cantilever length (g, + by). The extremity of the plate is in contact with a
column flange, for example, and this introduces the prying force Q... The
external force F, is assumed to be balanced by the prying force Qe and an axial
force Fy, in the bolt. The axial force in the bolt produces an extension of the
bolt of 8.

Fig. 4.11 - Forces acting in the elastic stage for prying force theory

Applying McCaulay's method for the deflection of a beam with the origin
of O and the deflection positive downwards
dy . _
A"I;i;‘z - - thx : il (F, T (‘)u)(f "'Up] (4 29)
Integrating
d x? [x —a,)? )
El = = Op— + (F +Qu;~-‘——-~—— + A (4.30)




146 Bolted Connections [Ch.4

Integrating

x’ [x —a,)?
Ely = -~ Ql,,,‘g + (F.*'Qu)-—-é—" + Ax + B (431

whenx =a, + by, dy/dx = 0 and therefore from equation (4.30)

(ap + by) b,}
Oz—Qu_v._z_.p_.+(F'+Qu)_?p_+A

-

Rearranging

-Q_E \ 2 EL’. \L\+',Qd“ V\S) /s .
AnS a,(a,n%b,) Fot /ng el v

whenx =0,y = 0, and therefore from equation (431) B = 0 whenx = a’ the
extension of the bolt y = — &, and from equation (4.31)

% - by |
~Elbp = ~Qoe = * 8p | Qoe ("p+2bp)"Fe s
}é 2 2
Rearranging
F, — 2E] Gblarb,’
Aap/bp) + (2/3) (@p/bp)®
The extension of the bolt originally preloaded with a force Fly is

by = (For — Fra) 8p/AvEp = (Fe + Qe — Foa) Bp/AnEp - (433)

Obe = (432)

Substuting equation (4.33) in (4.32) and rearranging
F.(l "k') + k. Fu

b T 2ag/by) + (213) (@g/bp) + ke

(434)

where ky = Epwplty 8p/6apby" Ay Ey (4.35)

This form of the equation is applicable in the linear elastic range of behaviour
and relates the prying force Qp, to the external applied force F.

4.14 ULTIMATE LOAD THEORY FOR PRYING FORCES

At ultimate load when the bolt fractures it is preferable to relate the prying
force Quy to the ultimate tensile strength of the balt Fy,. Equation (4.34) can
be expressed in terms of the bolt force and strain in the bolt, when combined
with equation (4.28). At ultimate load the equation would be

Gec.4.15)

Ow =

where Fp =

The strain in °
(4.20], and the s
values of €, anc
thickness plus was

The width o!
defined and is al
column connectic
tiohs in & colum
theory [4.22], =
whichever is the b

4.15 CONNECT

Some connectior
diagram is gener:
beam, and colurr
are applied to tr
stiff bearing nea
force H are resis
fasteners, e g. b
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C \WINMCAD\FILES\A8COMPS2 MCD 12/1793
kip = 1000 Ibf
ksi = 1000 psi
fhxed = 10HZ Fixed-base frequency of cabinet
f s =75856Hz ., =9848°Hz Peta =005 Frequency and damping of the enure cabunet
0.375290 | 25|
R E F = , Hz Ground input response spectrum
*l o350 | & |10 e
0.723530 25 |

"y F{ _[SA
ssa(f,p) -o:p(unwp(m(E .m(-— .

/

Wt = 10kip

Spectral accelerstion
in o/s direction

Sa g = SSa(f 1, Beta)

o4 g = 06591 g

P s = 197519 kip

¥ =Pm+044-(Pew+Pm)

¥ | =3.00598 kip

c‘ 2 —

8/
Weight of cabinet
Spectral scceleration

in e/w direction
S8 ¢y = SSa(f ¢, Beta)

{50 0699918

Sa
Sew o (E)
8 2

e[

Height ground to top of cabinet

Base lever arm for north/south direction axial foroe at support

|

|

Pew © -
'm
24 ey + :

P gy = 1.91031 skip
Wit
¥ S
2

¥, =25 %ip

¢ =0.54858

¢q=137144kip

|

Values of Sa at different frequencies
and damping values

Spectral acceleration
i wartiod) divacs

S yery = 026667 °g

Base lever arm for east/west direction axial force at support at first bolt

Base lever arm for east/west direction axial force at support at second bolt

Sa
__E.W(

¥ 5 = 164901 *kip



STOPI
ELASTIC POINT ANALYSIS

This program determunes the allowable capacity of the plate bolt anchorage system for the 4160V Swithchgear A8 at the

Pilgnm Station

Plate and steel properues
E =29 10°psi
.8
2(1+03)

tp =025m

| wp =225 |
dy =0625in

=275 in
b":t 1375 in

cyp =44 ks

Bolt propertues
Eyp =29 10°psi

Ay =019 in’
Ep =2.51m
Channel properties C6x8.2 (AISC 9th Ed.)

d =600in
bg=192in
tg=0343in
ty =0200in
e, =059 in
K =008 in*
Cy =472ic*
I, =131n*

1., =0692 in

y
L =38375in
L

2=
2

n =025

Modulus of elasticity for steel
Modulus of ngidity for steel
Thickness hold down plate
Width hold down plate

Diameter bolt bole in plate

Length pate from end 1o bolt (maximum value)

Length plate from bolt to support
Median yield capacity plate

Modulus of elasticity for bolt

Area bolt (Gross ares for streiching)

Effective length bolt for stretching

Height of channel

Width channel flange

Thickness channel flange

Thickness channel web

Distance outside edge channel web to shear center
Torsion constant

Warping constant
Moment of inertia about x-axis
Moment of inertia about y-axis

Channel span between assumed supports
Distance of anchorage to support along channel

Distance from edge of flange where point of contact
between plate and channel flange occurs



Creneral properues
¢ =0 54858 ¢) and ¢y are used for the case where the shear force
on the bolt 1s proportional to the the F, on the
¢ =137144 kip e

V.cheOCI

I\

top =tpe | (| sassumed o | Offset in plate which causes moment in plate from
shear force on the bolt (equal to thickness of channel
Caloulated pr - flange plus deflection upward)
t
¥=1-¢, PP ¥ =0 85807 Variable reduction factor on the force Fe due to shear
bP on bolt
t
C=—E~c2 £ =0.35482 *kip Constant reduction factor on the force Fe due to shear
bp on the bolt
3
tp Wp 3 g
I =-T2-—— [ =0.00293 “n Moment of inertia plate
2
(Wp—db)lp 3 )
Zy =—--——‘———- Z),=0.02539 “m Plastic section modulus plate at hole
My ’Zh"’yp My =111719kp i Plastic moment capacity plate at hole

CASE | - MOMENT BETWEEN PLATE AND CHANNEL FLANGE IS ZERO

Thuukulauonﬁndnhcvnlueofupnmhmntbedopeuﬂxendoftthlmhmmdtbemomemnlhe
attachment to the channel (ie, atx = up+bp)iulsowo. This is the limiting case where the channel offers no
resistence 1o rotation

See derivation for definition of terms and theoretical basis (Reed 1122/93)

M
Qbe(‘p) o Allowable prying force corresponding o plastic
ip moment capacity plate at hole
& 4 2E-I‘gp
o'p) "5
2
8 3
bp 3 bp



Constrain A o equal zero, which corresponds to zero slope at the end of the plate

Fmdnp
;”Q (lp\: ) \ b :
'y :rcvou.!k - Fp\‘PQpr/' (Fe(.ﬂ)? C)—;-!t By
| b b b
et et 1932 422 ) vt 2
y 1l ' o] | 'p
| 2
! 2
| bp J
ap=0755114n

Find limiting value of 9,

R R A R A b
- 2E1
Py

8, = 0014004148
Tension force on anchorage at edge of channel flange Fe(ap) 13604 kip
Prying action force on plate Q be(‘ p) = 1.4795 kip
Bolt force Fb(lp) =Fc(lp)+Qb‘(lp) Fb(ap)-2.8399°kip
Shear force Viou(tp) ¢ 1Fe(sp) + €2 V poit(8 p) = 211773 kip

Plot deflected shape, slope, shear and moment of the plate

4 \ Qbe' \ b :
Alagp) =[ 2( p'lle(;Pflbp)-(Fe(np)‘l’-C)'-—i&]*E-!»oe

5,,'L('Q be(® p)% +Afs p)"‘) +(Fe(ap) -0 Que(tp)) 2 '(""p)}

>)*(r,(.,,).v-uq.,,(.,,))-("'; J <x>-p>l
V(xap) = Que(sp)+ (Fe(tp)+ Qbe(tp)) (>2p)

M(x8p) *-Qpe(sp)x+[(Fe(sp)¥-C) + Que(sp) ] (x-2p) (>2p)

o

) -y(a .8, ApEg '
Pbohi\'p) z ( P ‘PZ Pbolt(‘p)'z'””'hp




n =100 ax =2 F ax =00213 *in

1 =1.n+1
X, =(1- 1)Ax

def =y(x.8p) slope, =r(x.ap)  shear =V(x‘,|p‘} mom, =M(x .8

y(0in,8 p} =0 y(.P.. P) =-000125+n  y(a ptbpe p) = 001636 in
0 o T i | |l
dof,
& -00ib o
..
1 1 1 1l
. 0.3 1 L3 2 23
|
-
3 -y i >
r(O-m.lp) =7 06720925% 10 r(.p.-p) -0.004963919 r(op+bp.ap) 0014004148
. T ! T T T
‘e
0,02 i 1 1 1
0 25 1 1.5 2 2
u
-
V(O-'m.np) =~ 4795 *kip Pw(lp)-z.ﬂ”-hp V(lp+bp,lp)-l.3604'hp
2 T v T T T
L]
)
“5
3 o b + s dsahba eveave et waman s am oo me w9 S S B B 0 D YRS S AR D S 4 SR SA S0 080 H =
..
> i A 1 + s
0 0.5 1 15 2 23
i
n
M(om,.p) =0 +kip in M(lp.ap)—-l.ll7l9~kip-h M(lp+bp,lp)-0-kjpin
0
g :ﬂ 1 1
x
“‘ 0.5~ | -
e |
om" -lr- } e
|
-1.4 1 : 1 1 1
T 05 1 1.5 2 28



CASE 2 - ROTATION AT CONNECTION BETWEEN PLATE AND CHANNEL FLANGE IS SET TO 8,
For thlS case a value of 8 between zero and the limiting value 6, =-0014 s assumed and the plate response is
calculated Again, the slope at the end of the plate 1s set equal 0 zero

8, = Oassumed . Assumed value of 8,

¢
2E16,
b 2

+§

Qpe(tp) (Kap) +kelap)) +

2
nag) < [omieg 2l (o) o E oy
f(x.ap) 'ELIL( Qe(s p) x;”‘('p))’ (Fe('p)""C*Qbe(‘p))'(x-z.p) (""P)‘

Constrain slope to equal zero at end of plate
r(O-in,sp)uo

s ﬁnd(n p) 8, =087422in

Fo(sp) =253015 kip

Q pe(8 p) = 127793 *kip

Fu(sp) “Fe(dp) * Que(tp) Fy(s ) =3 80808 kip

. -y(a .8 >’Ab'Eb
Pbolt\‘p) : ( P*P Pbo“(np)-SSOBOS'hp

o V poit(# p) = 275942 kip
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1.7
[1] 10081
128 | 0375 |
5 06 |
x =10 | y = 0702 |
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n =100 AX = - Ax =0022494n
n
1 =1 ne+ |
x *(1-1)A&
def =y X 8p) slope, LA Py shear, =V X.8p mom, M X:8p
=0+ { \= e . ; s = 2" N
y\Om.ap 0*n ylapep -0 0016749 *in viag bp.ap 001275 4n
0 | pp—— T T T
:z\
4 \
“l
n o0l . - -
0 o
002 - A 1 !
0 0.8 1 1.5 2 28
5
n
r(o-m.ap} =0 r(np.up) = 0005747713 r(.p* bp.ap) =0 00362
0 T T T
4
w
slope,
— 0008 -
°.4
-0.01

0 0s 1 1.8 2 2.3
u
n
V(0in,a ) =-1.27793 *kip Pol(dp) =380808kip  V(ap+bp.ep) =253015 kip
4 T T T T
)
0
“l - -
o
ou 0 b= prense. RS =
_J
) 1 & L 1
0 03 1 1.8 2 28
i
P
M(0in,a ) =0°kip-in M(sp.ap) =-111719kipin  M(ap+bp.ap) =138013kipin
2 T . T T T
o |
il wn / il

B>

2 2.5



{ Channel Flange

rua 1s equal to sum of

Plate and channel flange composite for plate width w

{ 4
[ e ’ s .. =0 0391 in
I - I’p 391 *u

width equal to twice distance from edge of flange to inside web surface

NI L
z'f""' 1157 “in

Distance from ground to center of area of plate channel flange composite

\

Afp Wty iy Ap=2:{(bg-1t lf’

ty+ty tg
3

Afp' o .Af?
E' So— e

S B e £=023784 n
Agy+Ag
Total moment of inerua

-tr

'f-;"‘f‘.Afr‘ € e -Af‘ € o I

~ae E
t =) 06045 “1n

Calculate rotation and vertical deflection of flange/plate composite at edge of flange




Rotation of channel due to twisting and deflection at edge of flange

Torsion moment at shear center

To=013417 kipin
At distance “a" from the extenor channel intersecuon to anchorage

a=1918754n

Rotation of channel

The following formulation is taken from Roark 6th Ed (as given in Mathcad Roark's | Handbook)

This file corresponds to Table 21, Case 1, and Table 22, Cases le-1g, in
Roark's Formulas for Stress and Strain.

Concentrated intermediate torque

Case f Left end free to warp but not twist,
right end fixed (no twist or warp)

”

NOTE THAT THE "LEFT" SUPPORT
CORRESPONDS TO EXTERIOR
CONNECTION AND THE "RIGHT"
SUPPORT CORRESPONDS TO AN
INTERIOR CONNECTION ON THE A
Tg 4 SWITCHGEAR CHANNEL BASE FRA



F(x) =cosh(p x)

F4(x) =suh(p x)

F 4(x) = cosh(f x) - |

F 4(x) =sinh(p x) - P x

F g1(x) =(x>a)cosh(B(x - a))

F 43(x) =(x>a)-(cosh(p-(x - 8)) = 1)

F g4(X) = (x>2) snh(P (x - 8)) - (x>8)(x - 8)-P

Cy =cosh(pL)

C,y =sinh(pL)

Cq =cosh(pLl)-1

C4 =sab(pl)-pL

C g3 =cosh(p(L-a))~ 1

C g4 =sinb(B(L~8))-B(L-8)

[ 0 1
! To ,:’C3-C.4-C4~C.3)‘a

"CWE-BZ\CICFCZ'CS dey
] =2
|

0
| ¢ [C1Cmu-C2Cuw)| 1
°\c,c4-c2c3)xb£m |

12»9‘65 1,8
-F 2()() +

8(1,x) =1, deg + 2

Rotation 8t point of anchorage attachment to channel

92 ‘-’-KI.I)

- Fs(X)O-

Vector of end constraints
for this case Recall:

=

3‘F ‘(X) +

B = 008074

CwEP

8, =-351099107 rad

in

'F“(X)

|
|
8

0

002022
0
4822618



Range of x-values x =0ff, — L
100
Torsion Torsion
Pinned end Fixed end
0.0 T T T

Angle of twist, §

o2 ,_,/’_\4 -

a b \ 81,0 8) =0-rad
- /
/
0k

8(1,8) =351099:10 % rad

’ : : ; O(1,L) =0-rad

Vertical deflection of channel at contact point between plate and flange due to channel rotation
averty =0 {[(bgreq)-n]] Avert 5 =-7.96644-10"* +in
Vertical deflection of channel between cross channels - assume fixed/pinned span as effective boundary condiions

“TFg(a p)-L’

Avertq =
3 TI68E1,

Avert 3 = ~0.00343 *in

Horizontal deflection of channel between cross channels - assume fixed/pinned span as effective boundary
conditions 3
B ‘7'V wl(. p)‘L

Ahoriz Aboriz =-0.07083 “in
768E 1,
Total rotation from channel support system and deflection from concrete to switchgear
on 391'0.2 .Td"‘o.wm3‘l’d
Compare to calculated rotation at end r(|p+bp.ap)--000362~rad
of plate (connection to channel flange)
Total displacement

Ahoriz = -0.07083 *in

Avert 1 = Avert | + Avert 5 + Avert 3 .. Aven-r*~00|974'm
+y(ap+bpp)
Cantilever flange Avert | =-0.00277 *in
Channel twisting ~ Avert 5 =~7.96644+10 * +in
Channel bending ~ Avert 3 =-0.00343 *in

p \ = . =yl \
Plate bending y(ap+bp.ap) =-001275n sel plae “Y(ap+bpiap
Force at ends of plate Qbe('p} =1.27793 *kip \;e<.p =2 SlOiS-hp\
Force in bolt P bl 8 p) = 80808 -kip \
TAbuel =y(ap~—bp,lp7\ Vo8 p) = 275942 "kip

P e



STOP2

Calculate scale factor

F.la +¥ 4
L A \ FS =167338

Calculate frequency of cabinet in East/West direction

h [04P .y Aven-r‘! ) SSalf oy, feta) FS

z(lewl'leui Y ) 2 (2”'fﬁxed?»2

foew o == | f_new .., =9 84806 ‘Hz
J el

f oy = 9.848°Hz

3l =0 11815

SpAce o = 1.17121 g

Calculated frequency

Assumed frequency

h
| 2 [Pog+ 04P yor) | SSa(f y Beta) FS
del =im¢-?--(—“—’-——-"—“‘-)-amﬁi* Sl ag Pt \Te,-onsvsc)-m &
|
{ we =

| ns ¥ (2 "fw)z
SpAcc ¢ =SSalf . eta) FS SpAcc ¢ = 110377 ¢
‘SpAec
{0 o ¥ e [ {_new =7 58572 Hz Calculated frequency
2 'NI Acl
f o =7.5856Hz Assumed frequency




STOP3

SECANT POINT ANALYSIS

Spectral acceleration
in n/'s durection

Sa g = SSa(f g Peta)

Sa = 062852 ¢

S‘m
P :__g__

ns
lnl

WH!
2

‘2

P o = 1 88211 kip

¥ =Ppg+ 04 (Pew’Pm)

¥ | =288807 kip

Spectral acceleration
1 e/w direction

Sa gy = SSa(f gy, Peta)

Sa oy 2067716 g

P oy = | 84823 kip
Wt
VYo =
2y

¥, =25%p

< 1 =() 54407

C 2 =] 36017 'lup

Spectral acceleration
in vertical direction

Slve“ :”%0‘0. 8

/

S8 ey = 26667 g

Se.
... Wi

¥4 =15713 kip



4

(eneral properties

¢ | =0 54407 ¢ and ¢ are used for the case where the shear force
on the bolt is onal to the the F th
¢ 4 =136017 kip e etk e
- sc
VlC,F6062
tpp “tf+ 20 (| abar | ) Offset in plate which causes moment in pl e from
shear force on the bolt (equal to thickness of channel
Calculsted -~ flzage plus deflecuon upward)
t
Y :l-¢) L2 ¥ =0.7634] Varisble reduction factor on the force Fe due to shear
bp on bolt
t
(=PPey ¢ =0.59147 *kip Constant reduction factor on the force Fe due Lo shear
by on the bolt
1w .
o e [ =0.00293 “in Moment of inertia plate
12
(\V -dh)‘lpz 3
Zy =__2__‘__.___ Z ), =002539in Plastc section modulus plate at hole
My ’Zh"yp My = 111719 kip'in Plastic moment capacity plaie at hole

CASE | - MOMENT BETWEEN PLATE AND CHANNEL FLANGE IS ZERO

Thxscdculnuonﬁndsmevdueohpmhthuﬁuﬂopeuthemddthepwcuwomdthemmthe

attachment to the channel (1e. atx = lp+bp)iadaom. This is the limiting case where the channel offers no
resistence 10 rotation

See derivation for definition of terms and theoreucal basis (Reed 11/22/93)

M
Qpel® P) s Allowable prying force corresponding to plastic
) ip moment capacity plate at hole
2Elg
kefop) = g
bp 'Ab‘Eb'.p



bigg | 7 L it Tk pn s o

a,.+b
n 100 ax @ Ll Ax=002184n
n
b =21l .01
X, =(1- 1) &
def =y X:8p slope = r X.8p shear =V‘x‘.|p‘

y/ 0 m.np) =0*n

yf\lp.n p =-000142 ‘n

mom :M'x'.a

P
y;ap+ bp.np‘ =-0 01698 4n

001 T

| Ll g |
|
w
“‘l o -y
o
0 =001 E
“0.02
0 25

\ ) = . -‘ = =
r(O'm,lp) 1 465303015°10 r(lp.lp) <0.005291601 r(lp+ bp"p) 0014331831
001 T T 1 1
b 4
n
“i 0k \. -
ol \ -
‘..-"'_—‘-———-—-—
| 1 1
™ 03 1 18 2 28
&
-
V(0map) =-13877kip  Pyoy(sp) =3.22678kip V(sp+bp.ap)=183908 kp
2 T . T =t F
)
.'-i ‘1
B ok S I ;
° |
1 1 1 1
“o 0% 1 15 2 28
%
™
{ g \ = - ok \| = .
M(0 in,a ) =0kipin M(Ip.lp) 1.11719 *kip 10 M(nro,bp,np/ 0+kip in
s T T T T
- ] 1 | 1
"0 0% 1 18 2 28

gi»



CASE 2 - ROTATION AT CONNECTION BETWEEN PLATE AND CHANNEL FLANGE I8 SETTO 8,
For thiS case a value of 6, between zero and the luuung value €, =0 0143315 assumed and the plate response 15
calculated Agan, the slope at the end of the plate is set equal to zero

0, =0mumcd“ Assumed value of 8,
o 2By
Qpe(sp) (klap)+ke(ap))+ =3 *%
Fol#g) * P
\ P/ {
Y—ke\np)
[ y 2)
Qpeldp) |
{ z . { W \_E_ .
Alsp) *| 15 (8p+2bp)- (Fe(sp)¥-¢) Jhexoe

o

wltp) 2 A5 (o) ¥~ @uefeg)) 52 -<»-,,>l

('Qbe(‘pf‘ 523”‘(‘9)) *(Felop)¥-CrQuefs p))'t;p) '(""p)lj
“Qpe(sp) + (Fe(sp) + Que(sp)) (>4p)
M{x8p) = Que(sp)x+[(Fe(sp) ¥-C) + Que(ap)] (x-4p) (>2p)

vh’h(lp§ =C|F¢(lp}¢¢2

o
——
.
i3
hd
S
'

Given
Constrain slope 1o equal zero at end of plate

\-0

r(Om.lP}

'y =ﬁndu\|P) a8, =092366n

Fe(ap) =304146 kip

Qpel? P) =] 20953 *kip

Fb(lp;l =Fe('p>*Qbe\"p> Fb(\,.Pt -425099'k1p

- Pboll(‘ P," =4 25099 'lup
P Vol 8 p) = 301492 kip



\?

+b
¢ delhd 4 Ax = 002299 *n
n

ERILA Py siope, =1 X85 shea iV(.Xl.Ip:‘, mom, =M,j"x|,|?‘_‘

/

y{_Om.lp‘ =00 yvi.p'.p>-{)00|8697-m yie +b,..a,. =001383n

P PP
¢ T T T
'
w
“‘l
w oo o
0
0.02 . L A L
0 03 \ 13 2 23
p |
w
r"O-m,lp) =0 l'(lp.lp) = -0 006072709 f(.bep,.y) = -0.0049

1 ] 1 |
\1
n

M.ow,#_ \/ -

$ 001~ -

-0.019 L l it
o 058 1 18 2 28
ol
P
V(0in,ap) =~120953 kip P bl (8 p) = 425099 *kip V(ap+bp.ap)=304146kip
4 T L T T
pet |
«
shear 2 b= ~
2
| 1 | 1
“o 0% 1 15 2 28
e
-
M(O—in.np) =0+kip in M(ap.up) =-1.11719 *kip in M(npybp,np) =1.26212kip in
2 T T T T

b |
w

1 1 —
e |
kp , - -
0




ﬂ

Calculate rotauon of channel due applied shear and moment and compare 1o assumed rotauon Also, calculate the
total deflection of anchorage systemn and channel

Rotation and deflection of Channel Flange

Assume moment of inertia 1s equal to sum of
1 Phlcmdchmlﬂmgempomcforplmm&hwp

3

Wt 0(\
- p(p f' = . 4
lfp -———-‘2 lfp 00391 “in

2 Channel flange width equal to twice distance from edge of flange to inside web surface

2(bg-ty)te .
T 1¢=001157in

Distance from ground to center of area of plate channel lange composite

Atb =Wp-(lp+!f) Af‘l[(\)f-(w)'lf]
1+t t
A'P- P f-rAf—-f
0 2 2
gt ¢=0.23784 *in
A(P-rAI
Total moment of inertia
2
T PP N (: ¢ e § SR (s ) I, =0.06045 -in*
- * . - - ——
t FlprirAp ) 4\ t

It
tpe -2 - -
!*{M(‘p’bp"p)*vm“m’) '3 c)](bf W) J i Dies

‘.
—

Avent |

m

—
-

w

Avenl =0 00304 “in

v boh"l pl] =301492 'k.lp



Rotation of channe! due to twisung and deflection at edge of flange

Torsion moment at shear center

™ |y

To '-.M ‘p'bp'ap,’Fe\ap, ‘bf-noeo “Vboh"p ‘;~lf— -
T =05294 kipwn
At distance "a” from the exterior channel intersecton to anchorage

a=191875n

Rotation of channe!

The following formulation 1s taken from Roark 6th Ed (es given in Mathcad Roark's | Handbook)

This file corresponds to Table 21, Case 1, and Table 22, Cases le-1g, in
Roark's Formulas for Stress and Strain.

Concentrated intermediate torque

Casef Left end free to warp but not twist,
right end fixed (no twist or warp)

N

NOTE THAT THE "LEFT" SUPPORT
CORRESPONDS TO EXTERIOR
CONNECTION AND THE “RIGHT"
SUPPORT CORRESPONDS TO AN
/ INTERIOR CONNECTION ON THE A%
To SWITCHGEAR CHANNEL BASE FRAM]



TIEL R p=008074 -
\CwE) in

F (x) =cosh(p x)

Falx) = sinh( B x)

F 4(x) =cosh(px)- 1

F4(x) =sinb(p x) - fx

F g1(x) =(x>a) cosh(p-(x - 8))

F g3(x) =(x>a) (cosh(P-(x- 8)) - 1)

F g4(x) =(x>a) sinb( (x- 8)) - (x>8) (x- 8) P

C, =sinb(pL)

C3 =eonh(DL)-l

C4 =sini(PL)- PL

C 43 =cosh(P (L~ a))~ 1

C g4 =sinh(p(L-2))-P(L-4)

p Vector of end constraints
[ 0 for this case. Recall
- To [€3Cu-C4Cu| n
: ic‘,,x=.1;’\‘-‘1‘34-‘3203,"“es Oa | [

» |

|‘ 0 qA | ]-i 007977
| (€ 1 Coa=C e PN &

| Ty o e L A IL-I9028083
' }ClC‘-Cz'CJVIIbf-In TAj )

lvcleg l‘d_‘!
"y a2 1, Tbf in Ty
al,x) =lldeg¢ -Fz(X)ﬂ» : ‘F3(X)f ’F4(X)ﬁ- 3}"..4()()
p CWEB CWEB

Rotation at pont of anchorage attachment to chacnel

8y =-1a) 85 =-000139 rad



Range of x-values x =0 ﬂ,-k— L
100
Torsion Torsion
Pinned end Fixed end
" ' 2 " Angle of twist, 0
Y ple .
008 N\ ~
aLx) / M ®1,0R)=0-rad
deg \
. oK S
&1,2) =0.00139 *rad
-0.03 L 4
0 1 2 3 u].L) .O'l'“
x
-

Vertical deflection of channe! at contact pount between plate and flange due to channel rotauon
averty =05([(bg+eg)-nl] Avert 5 =~0.00314 *in
Vertical deflection of channel between cross channels - assume fixed/pinned span as effective boundary conditions

) -TF o(s P)~L3

Avert 4
! TTI68Ed,

Avert 3 =-0.00412 *in

Horizontal deflection of channel between cross channels - assume fixed/pinned span as effecive boundary
conditions

TV o (8 ‘)-L’
ProseoRr N . W . Ahoriz = -0 07738 *in
768~E‘ly
Total rotation frora channel support system and deflection from concrete to swilchgear
.TI =°1v02 .T"'O.WQM
Compare to calculated rotation at end r(lp*bp.ap) = -0.0049 *rad
of plate (connection to channel flange)
Total displacement
Ahoniz =-0.07738 «in
Avert 1 =AVQ1]+AV312¢AVGﬂ3 : AVGI‘\T“026523'L!1
+(tr- lpp>
Cantilever flange Avert | =-0.00304 *in
Channel twisting Avert 5 =-0.00314 *in
Channel bending Avert 3 =-0.00412 “in
Plate bending tg- tpp--0.25493 *In
Force at ends of plate Qpel® p} = 120953 “kip Fe{\lp“ =3 04146 kip
Force in bolit Pboll’:‘p? = 425099 *kip

V polt(8 p) = 301492 “kip



STOP4

Calculate scale factor

Fe(lpu. + ¥,
FSS =_—~y-_-—: FSS = | 91874

\ A——
Caleulate frequency of cabinet in East/West direction

|

\ [04P,, | Avertr| SSaf,.,. Beta) FSS
by - b ! poid...{ T‘ -—r = 4,=017525n
lewi=tew2) | ¥1 | 2 (291 fixed)
SpAcc | =ss;<fm,seu}rss SpAcc , = 12993 ¢
f newp o =2—J e f_newy o, =851512Hz Calculated frequency
B
# f ewy =8.51538 *Hz Assumed frequency
Calculate frequency of cabinet in North/South direction
| v
, 5 [P +04P $Sa(f . .peta) FSS
™ - | horiz » 2 _91____‘1‘_'!),4\,,11 + (asy )2 \A“-0.3l3510;\
| ' ns ¥y (241 yeq) - —
SpAce =ss.(fm.peu')-rss SpAcc , = 120597 +g
1 [k, i
f_newy oo --2— : f_newy . =6 13345-Hz Calculated frequency
‘R
"
fm“-6l3377°Hz Assumed frequency
Og [O‘in\
SPACC =| SPAce ¢ 8= bel |
SpAoc“ lAB ]
1=1.3 Force/Deflection Diagram
15 T T T
1= P 0 [0 ‘
SPACC. \ ’ |
- i SPACC =| 1.10377 |-g aA=| 018759 |
I | o > \1.20597) 1031351 |
0 1 1 L
0 01 0.2 03 04
o |
m
Calculate ductility factor and slope
SpAcc | - SpAcc o
A Ay~ A
. mu = 167125 PO os... s =0 13794
L%} {SPA“CH




STOP6

Estimation of the Median Ductility Scale Factor, Fmu

The median ductility scale factor, Fmu, 1s obtained by several methods (See Reference 1)

The following vanables are used in the analysis.

f =7 5856 Hz The A8 Bus frequency

b = peta b =005 Elastic damping

:x=zsi Response spectrum knuckle frequency
s =0.13794 Strain bardening ration
mu=167125 Duculity factor

Riddle-Newmark method for Calculating FuRn

The details of the methodology are given n Reference |
Lets first calcuate Fmu at the peak ground acceleration level (zpa)
The zpa value 1s

zpa =04 g

and the spectral accelerauon at the fundamental frequency, f, and elastic damping, b, is:
Sa =SS|(fm,b) Sa =065%]1 g

Fmu 1s esumated as

fub = 30 ot Fud = | 74485

zpa
Then. in the acceleration range of the spectrum, Fmu is estimated as

Fud = (267 mu- 1673)"" Fu3 = 1 52439

Finally, in the velocity range of the spectrum, Fu is estimated as

| \ / [
&) (& o), (&0 Cf =0 32957
“.’fns, \"fns } \\fn’ /'

Cf

Fu2 (224 mu- 124)°%"cf Fu2 =0 5774



The median ductihty scale factor, Fu RN, using the Riddie-Newmark method, 15 obtained as

Ful =Fuld (Ful<Fud) + Fud (Ful2Fud) Ful =1 52439

Using the ratio of ultumale static capacity to yreld static capacity, R, defined as.
R=l+s(mu-1) R =109259

e >
. :(Ful (Fu2<Ful);Au2(Fu2_Ful)) F“RN'I 1952

Modified Riddle-Newmark method for Calculating FuMRN

u.mwmm-mmmmmnmwdmwmmudwmm
slope 1s accounted for by modifying the ductility ratio. Therefore, the modified ductility ratio is.

(mu- 1)(1+R)+ 1

mul =05+ lnul-lSONC
3 xt

At the peak zpa level, Fuis:

Fumé = 3% my O Fumé = | 72513

zpa

In the acceleration range of the spectrum, Fmu is:

Fumd = (267mu ) - 1673)%" Fum3 = 1 42101

In the velocity range of the spectrum, Fmu 1s:

Fum? = (224mu | - 124)°%" Cf Fum2 = 0 52402

where Cf has been defined previously

The median ductility scale factor, Fu MRN, using the modified Riddle-Newmark method 1s:
Fum! :Fum3 (Fum3<Fumd4)+ Fum4 (Fum3 2Fumd) Fuml = 142101

FuymN : Fum] (Fum2<Fum|) + Fum2 (Fum2 2Fuml ) Fupmn =1 42101

(93

A



Effective Riddle-Newmark method for Calculating FuERN

Because the modified Riddle-Newmark method only accounts for second slope of the force-deformation curve, the last
correction to perform 1s to account for ground motion durauon

The factor to account for earthquake duration is
CD =10

and the median ductility scale factor, FUERN, using the effective Riddle-Newmark method 1s

FUERN 2]+ CD f;FuMRN— |v‘ FUERN-l‘ZlO‘

Effective Spectral method for Calculating FuSA

In this method, Fmu 1s calculated using the effective frequency and damping ratio of the structure. First, the ratio of secant
stiffness to elastic suffness 1s estimated as:

:(l*s(mu- 1))

Ks
K mu

Ks g =065376
Next, the rauo of the secant frequency to elastic frequency 1s esumated to be:

fog = Ky fs ¢ = 0.80855 Compare to

fs =fsgf o fs =6.13335 ‘Hz fm“-6.13377 ‘Hz
The ratio of the effective frequency to elastic frequency is calculated as follows (See Reference 1)

ef =19 Coefficient 1o account for short duration motion

Al sef(1- fsf)

A =Al (A1£085)+ 085(A1>085)

fef =(1-A)¢A(f3f) fef-0,93036

The effective damping ratio, be, 1s calculated as follows:

Cn =015 Coefficient 1o account for short dur=t:5a motion

bh =Cn 1 -fs f/ Hysteretc energy dissipation damg ing bh =0 02872
/fo',z

be = [~ (b +bh) be =005945

‘\ fe f/



The median ductility scale factor, Fu SA, is esumated as follows

Spmairseaneeicrssame clectuve frequency fo, ueSibempng
fe =fe ¢f oy fe =7.05734 *Hz

Sa, =SSa(fe,be) Sa , =0.59505g Sa.cis the wtnl acceleration at the effecuve frequency, fe,
and the effective damping, be

fleg)’ s
FUSA T | | — FUSA‘I‘6763

\fs” Sa,

Final Estimate of the median ductility scale factor

Different methods have been used 1o estimate the median ductility scale factor.
Based on a recent study, the median ductility scale factor, Fu, is taken as the
average of the ductlity scale factors found using the Effective Riddle-Newmark
method, Fu ERM, and the Effecuve Spectral Method, Fu.SA.

Fu + Fu
qumﬁhlﬂ 3—2‘—%———8—& quwm'lm32



final factors

FS=167338

Fmu o odian = | 44432

FS FINU ogian = 2416897743

BETA =~ |In

1 2416897743

1 ‘ (FS'quMm

Assumed values
Elastic pont

fmﬂ $856 Hz
fewt9.848Hz
AanmedelLO‘OlZN n

fassumed LS 0.00362

Secant point
fu“-6,13377-Hz
fm-8,51538 Hz

w“-.o.wgo

BETA =2.57973-10 "'

Calculated values

f_new o, =7 58572 -Hz
{_new ., =9 84806 ‘Hz
8el pgge = 001275 '1n

oTel =<0 0036

f_pewy o =613345Hz
f_wnN-SSISIZ-Hz

(] Tu =) 0049



Logarithic Standard Deviation of the Ductility Scale Factor

The vanability due to random scatter of ume hustory<omputed Fmu versus predicted
Fmu values using approximate methods (for example, the spectral averaging method) 1s

b Fmu =04~[0,06+0.03-(Fu5AR—l')] br pry = 003124

mmmydznwmdnnuaocwadwﬂh&ﬂmucdanawd.mmng
that the 10*elastic deflection is at | 0 standard deviation from the mean, to
be 1.25673 using the same equation as sbove. Therefore:

H (qu oadi m)
N 1.25673

The uncertainty due 1o inelastic energy absorption model is:

bU prnum =01 (I edian = 1) DU gy =0 04443

The combined variability is:

- 2 2 2 -
me‘“Jh'Fm fb\l!:m *bl.lfm meu 0.14935

74



BY v A TS
CHKD. BY DATE

PROJECTY

PAGE OF

SUBJECT

JOB NO.

AN ok e X ©
Kudde o
MT&\

[

Jock R. Benjamin & Associates, Inc.
Consulting Engineers

(R



or

PAGE

N

P~

PROJRCY

-
5

-

DATE.

[ B4

suBIECT L

~

- -

JOB MO

\

DATE

CHXD BY

LY SV

900 BLECZ  ggs syt g
oy ewe g0yl Lpttf | o9 -
(o &N SAEY 219 | vE00g <
hito} =0T sset ] Tsey | sagomn -
fito} T2 hah't BZh't | BLkO0 0~
110 L] 01£°) 40| samo-
f0'0 (AT 281 W] Lisora -
00| ST YLk 95 )| Lo~
g0
200 2w’ ken'l SOLA T | Spwompp -
Em_.o £91'z Ls2t LYY | oanoorn-
SO0 L&z2 1ot 1] | 9000 -
- LinZ v L) moow
§ TSy Ay S3 Tt

AN Vs A S

0=

't 8969 g0 wpro - s hl 8977y,
st M9 L 00|00 9 - GiCY ] el
Cear'n|  MS | K000~ U0~ LR'b | bSAY L
o'l | 906 S| ovope-| s2ai00-] 0hOR | pi9z-9

032 8°3 1 0419 shepato~] ILrtee n1sa's] L2bSL

('] S S| amp@0~| stcn .o.A se bl bunl
038k 4L CEh 9] Lagnotof 18UYO -] RoRR Ll Y9S L
199 g1 0SIL'S) weerp-] ©VUDp4  g0b°hL| KYL!Y
WA (yts]| woog - olauno-| osn| Mnrd
WIL | ML) Taoeo~| wimwe|  0ARsTL| ISBS'L
1058 x7'9| seeo| awee AL huay
poisal aeer9 | 1%0oo-] bLuvol pRnRk| YREYL

9 ) o~ Sy )

e I e PRy S

i

Ve tarn (L)

M:o— «Li)ad 0N % (wl(.wa\y oS - .SZJ ?j. ﬂ)
0= tro Y A LTS @0 T ()

(814) Sy % r,?wey mv

(M=) 9= vYmS A.»U

) o386 v g (W)
f!.. :Srw» { St ) M @

(8 %sE b &)
(vo's#) opr-001-00) (%)
(B14) (g4 @ Ppp ()

(34) .03 W3R (2

(Bh) gy wdeq

»b_.vv rﬂ.fv L d&(Jw e

3
@

OR

(B1~) 4201V N, 6
(r1-) "2ty @)
V) R
Moy

[ s2r =wpe o

e




