13.122 Design Process

1. MATERIALS
For HTS Components:

1000-1bf

.2
n

Iton := 2240-1bf

It E
oy = 47-ksi Omax := 21.28'ksi  Oax = 9.5—= E:= 29.6-103-ksi v:=.30 G:=
2 2(1+v)
m
For HY-80 Components:
— R0.ke . Ksi 1t
Oya:= 80ksi - Omayi= 2352kt o 5 100 E:=29.6107ksi v =30
in2
2. GEOMETRY section spacing = frame spacing = a longitudinal position from AP := x
YIB + YOB ZIB + Z0B 2 2
y = f = T B:= (YIB - YOB) + (ZIB - ZOB)
D Select number of stiffeners,N so boo B
Assume for 1st design iteration:  yyp = — that 23in<b<28in: TN+
2

3. PRIMARY STRESS

5

1t
B0
5

M = —(0.000457-L2'

i)

{MbH'(YD - YNA)]

) Mps = 0.000381.L*

1t
B
ft2'5

> beam at the DWL

not plate breadth.

{MbH'(YK - YNA)]

ODHM = 1 OKHM = 1
Yy Yy
{Mbs(YD - YNA)] ‘I:MbS'(}’K - YNA)]
ODSM = 1 OKSM = 1
Yy Yy
Or for 1st iteration before having Iyy:
ODHM = Omax OKHM = ~Omax ODSM = ~Omax OKSM = Omax T := O-psi
At NA for external shell:
|GDSM| A SDHM ) )
G(CNA = - .5-max GTNA = .5-max
loknm| J) oKSM ) )
Below neutral axis, N ( ) YNA — Y\ N ( ) YNA — Y\
. OT= OTNA OKSM — OTNA)| — GC = OCNA OKHM — OCNA) | —
external shell: YNA ) YNA )
Above neutral axis, N ( ) Y = YNA \ Y — YNA \
external shell: ST~ OTNA ¥ {ODHM ~ OTNAJ oc=ocna + _ )|
YD - ¥ C = OCNA + |ODSM — OCNA
D~ ¥NA) YD ~ YNA
Above neutral axis, Y~ YNA Y = YNA
internal decks: OT-= ODHM 6C=ODSM'
YD ~ YNA YD ~ YNA o1 ))
OMAX = max|
. B B -oc))
Below neutral axis, YNA Y YNA - Y
i . OT=OKSM'— 6C=OKHM —
internal decks: YNA YNA
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B in this context is maximum



4. LOCAL LOADS:

Sea and weather; choose

largest
Passing waves:

Heel: Hy(y) = (YDWL + z- tan[n) ) cos( ™)
yp + 4-ft -
Green Seas: Hgs(y) := ma yp + & ft
22— x
L
Waveslap: Hysg = 7.82-ft
Independent
Dead Load: Hpy = 1.72-£-t t = plate thickness
in
Live Load: Hyp = 2.37-ft
(yD + z-tan(ﬁ\ - y\cos(E
Damage: Hpam(y) := ma 6) ) 6
YD—Y
2

Hwv(y) = ypwL + .55/ L-ft -

(4-1)

(4-2)

(4-3)

(4-4)

(4-5)

(4-6)

(4-7)
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5. PLATE LIMIT STATES - assume values for b,t; refine t as required so all gRL<1

E-(1)°
Oax = OMAX Txy =0 D= ————= (5-1)
12-(1 —v )

PSPBT -Panel Serviceability Plate Bending Transverse -

2
. b
Opx = 0-psi Ox = Ogx + Opx Cby = ~|:5p(:) :| Gy = Oby ys = 1.25
2 2 2 2 SVM
OVM = J.S-L(GX - Gy) + (cy) + (cx) J + 31 YRPSPBT = vs° (5-2)
oY
PSPBL - Panel Serviceability Plate Bending Longitudinal -
b’ .
COpx = .34p- ?) Ox = Ogx + Opx Cpy = O-psi Gy = Opy
(5-3)
2 2 2 2 SVM
OVM = J.S-L(Gx - cy) + (cy) + (cx) J + 37 YRPSPBL == 7S°
oY
- PCMY - Panel Collapse Membrane Yield (or PFMY)
Oy = Oax Gy = 0-psi yc:i= 15
(5-4)
2 2 2 2 SVM
OVM = J.S-L(Gx - cy) + (cy) + (cx) J + 37 YRpcMY = YC-
oY
- PFLB - Plate Failure Local Buckling Use Equation 12.4.7. (or PCLB)
2 2 2
-D b -D
Gaxer = —4 - kg := 535 + 4'(—j T = 0-psi Tor = kg I R = =
bt a bt Ter
(5-3)
interaction 5 sC
formula: Re:=1- Ry Go:= Re'Gaxer RpFLB = G— YRpFLB = Ys'RPFLB
o
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6. STIFFENED PANEL LIMIT STATES

HSW := DEPTH — TSF Ay, := (DEPTH — TSF)-TSW  Ag¢:= BSF-TSF Ag = Ay + Af Ap = bt (6-1)

Combination of plate and stiffeners (from p287, equation 8.3.6 in text): Li=a
A A
Ay| = - Av) + ApA,
TSF  t 3 4 2
d:= DEPTH—T+E A=A+ A Cy:= I:= Ad™-Cy
2
A (A)
ﬁ + A \ . Ap\ Lz\
2 P =d| 1= 2— Mpend = —|{ pb— (6-2)
g2 vp: 12)
yfi= A )

A ) 12

=5 is to mid-point = pb—

cfi= yg— .5-TSF cpi=5t+yp (y point) Mypcen = p-b >

- PYTF - Panel Yield Tension Flange g = 1.25
_(Mbcen'cf) Ox 6-3
Cax=OT  Obxi= ————  Ox=Oax+ Obx RpyTF:= —  YRpYTF = Ys'RpYTF (6-3)
oy
- PYCF - Panel Yield Compression Flange

_(Mbend'cf) —Cx 64
Gax'= OC Opx'= ————— Ox=Oax+0bx  RpycF:i=—— RpycF:=vs'Rpycr (6-4)

I oy

- PYTP - Panel Yield Tension Plate - usually much smaller than PYTF, plate closer to NA

_(Mben d cp) assume
Oax:=OT Gay = OOpSl Opx = f for SImp'ICIty: Gby = OpSl Ox = Ogx + Obx cy = Gay + Gby
(6-5)
. 2 2 2 2 SVM
Txy = 0.0-psi CVYM =+ -5 (GX - cy) +0y +0x |+ 31xy RpyTp = YRpyTP = Ys'RpyTP
Sy
- PYCP - Panel Yield Compression Plate - usually much smaller than PYCF, plate closer to NA
_(Mbcen' cp) assume
Oax = O0C Gay = OOpSl Opx = f for SImp'ICIty: Gby = OpSl Ox = Ogx + Obx cy = Gay + Gby
(6-6)
. 2 2 2 2 SVM
Txy = 0.0-psi  oymi= 4.5 (GX - cy) +0y +0x |+ 31xy Rpycp = YRpycp = vs-Rpycp
Sy
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- PCCB - Panel Collapse Combined Buckling.

A, A,
Aw(?e 2 Apbet
let: b= beyb A= Ag + be-t Cy:= I = Ae-dz-Cl (6-7)
Ae2
2
b | 1=, (6-8)
Ag Tx = 3
be-t
B Tx 2 Cr-Lt
= 7 -E U b Check,
Cp=mi a 2-(1 + ,,1 + yx) Oecr = 5 be = —2 = _, must (6-9)
1 CrL) per 3'(1 -V j b equal b,
Pe )
can also use: be:="b  starting point
be := root(be — by(be), be)
bet + Ag) oc (6-10)
Gaxer= —| 7. ., Cecr YRpccB = 1c
bt + Ag ) O axcr
- PCSB - Panel Collapse Stiffener Buckling
1 3 3 2 Ay
Iy .= —-\HSW-TSW™ + TSF-BSF p=d | Ap+ —
sz 12( + ) sp ( £+ 3 ) (6-11)
1
3 -
. . 4
| BSPTSF + (HSW) TSW’ | A 4DC ) ©-12)
3 C;:= 3 m:= —: 5
s
1+ 4 L\ d Elszyd™b)
TSW) b
2 2
Ca 1 n -E-Ig,-d 4.D Cr~(a +b ) (6-13)
for m=1: Gat] = G-J +
2.Cpbt a2 b
Igp +
sp 4
T
> )
. 1 D-C-E-Ig,-d 4.D-Cyb (6-14)
form=2. o,p=——|GJ+4 . +
2.Cpbt x )
Igp +
sp 4
T
) Gatl\\ R °c
Gat '= —min ; i i YRPCSB = 1TC'— -
GatZ)} recalling that; if 1< m < 2, value obtained Gat (6-15)

is conservative
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- PCSF - Panel Collapse Stiffener Flexure Use limiting mode (Mode |, Il, or lll). See text Sec 14.2.

Rule of thumb for eccentricity of welded panels: a
A=— Cax = OC (6-16)
Mode | C ion failure of fi 0
a. vioae ompression raliure ot riange
P 9 M, = 0-1bf-in 0p=0in Ay:=-A (6-17)
) (Point E of fig. 14.2):
Beam column parameters:
I a |oy (50 + A1)~yf Moyt L+mg
PI:= [ A= A N T M= Sr= -t ——
- ey
o1 (p1) Y (1)
limit state
Gax
R:= Caxu'= “R-cy  RpCsF1 = YRpCSF1 = YC'RPCSF1 (6-18)
Caxu
b. Mode Il Compression failure of plate:
For maximum moment and center deflection assume simply supported beam:
2 4
ga 5-qa (6-23)
=pb Mgy = — 0gi=————
=P °T 8 °" 384E1
determine failure stress using plate parameters
b [OY 2.75 2 104
Bi=—|— E=1+— T:= .25-|:2+§— (&) ——} (6-19)
t E 2 2
(p) (p)
b= T-b (6-20)
For combination (from equation 8.3.6 in text) and transformed plate:
Agr Aw\
Aw'(T oy + Ap Aptr )
Aptr = byt A= Ag + Aptr Ciiri= ; Iy = A () "-Cryr (6-21)
(Au)
A, A,
—W + btr't —W + btr't\ I oF
tr a
V= —d—— Vptri=d| | - ——— Pri= | — A= C|l—= (6-22)
Atr P Atr ) Atr mpy V E
Correction for load eccentricity:
t 1 1 Ypt
h=SCG+< Ap=hA¢|— - 1) Npi= Ap—— (6-24)
2 Ay A ) 2
Ptr)

Beam column with o and transformed geometry

2
Mgy 1 - Il+np+m 1-
_ (80 + A)'thr W= IO_ptr g = 1 | + p - R = % _ (C4) _ H 2(6_25)
2 tr'CF + np (1 + np)(;\’) (1 + np)(;\’)
(Ptr)
limit state A Gax
Oaxtru ‘= “R-OF  Ogxy =  Caxtru Rpcsrz = YRpcsr2 == Y- Rpcsp2

Caxu (6-26)
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c. Mode lll tension failure in flange:

To determine intersection at G: Assume value for M and iterate
(M_;>Mo; fails in Mode | or 1)

2
a oYy 5MoG-a Yftr (SOG + A)'thr
AGH = = O e — NpGH = Ap: NGH= """ (6-27)
tpy\ E 48-E-1 2 2
(Ptr) (Ptr)
~MoG-Yir 1 - nGH 1+ MpGH + NGH
MGH= —————  CGH= T - 5
O
tr'oY NpGH (1 i anH)'(kGH)
2 2
CGH (CGH) 1 - nGH CGH (CGH) 1 - nGH
RGHneg = 5 + 5 RGHpos = > + + 5
(1+ npgu) (ran) (1+ npou)(rcn)
For Mode Il at point G:
_ Yptr _ (80G + A)'}’ptr _ MoG-Yptr _1l-p l+mp+n (6-28)
Mpi= Ay —— nE s N T + e
(Ptr) (Ptr) (1 + np>' A
2
) -
Ry = % B (¢ B H - (6-29)
(1+ ”p)'(x)
Adjust M_; until these are equal: Gaxtruck = RGH'OY Gaxtru = —RII'CF (6-30)
For line GH:
From Section 16.1 plastic moment:
Ap— Ay - Ag )
Cpri= —————  Cp:i= (Cp1) - Cp1+.5 g:= Cpy-t Zg= Ap(HSW + g+ .5-TSF)
“Ap
Zy = Ay (.5-HSW + g) Zy:= Apt-Cpy Zp:=Zf+Zy+Zy, Mp:i=ocyLZp (6-31)
limit state
Agr Mp - M, GC
OauG = oYy~ RGH Cau'= ————OauG YRPCSF3 = YO —— (6-32)
A Mp - MoG Gau

7 notes_design_process.mcd



7. GIRDER BENDING CALCULATIONS

L, = unsupported length (between

B1+Bp Byt + Byty
Bg:=—F— tG=——"— bulkheads and stanchions) (7-1)
2 B1+ B
Loads: Calculate at girder location, then: q:= p-Bg Lg=2a (7-2)

Geometry: HGW := DEPTH — TGF Ay, := (DEPTH — TGF)-TGW  Af:= BGF-TGF AG = Ay, + Af (7-3)

Forplate: A, := Bgig A= AG+ Ay (7-4)
For Girder:
A AW\
TGF G w ?_T)+AFAP 2
d:= DEPTH - — + — Cy:= I:=A-(d)-Cy
2 2 A2
For combination of plate and girder A A (7-5)
(from p287, equation 8.3.6 in text): A Ap\ . Ap\
yfi=—d ypi=df 1
A ) P )
cr=yf— .5-TGF Cpi=.5tG + ¥p
Considering shear lag (Fig 3.36): AW(E _ ﬁ\ + Ap Ape
3 4 2
BGe:=.75BG  Ape:=Bge'lc  Ae:=AGg+Ape Clei= 2) Ie:= Ag(d)"-Cype (7-6)
Ae
. LGZ\ Lg”
Bending moments: Mbend == — p-BG-TJ Mpcen = p-BG-T (7-7)

- GYCF - Girder Yield Compression Flange

~(Mpend-ef) —Ox
Oax = OC Obx= T — Ox = Oax + Obx RGYCF:= — YRGYCF = Ys'RGyCF (7-9)
e Sy
- GYCP (GYBP) - Girder Yield Compression Plate

- usually much smaller than GYCF and state of stress in plate more complex; we will not use (7-8)

- GYTF - Panel Yield Tension Flange

_(Mbcen'cf) Ox
Gax = OT Obxi= T Ox=Oaxt Obx RGyTF=—  YRGYTF = vs'RGYTF (7-10)
e oYy

- GYTP - Girder Yield Tension Plate - usually much smaller than GYTF, plate closer to NA

assume

~Mpend-¢ .
M for SImp'ICIty: Gby = Ops] Ox = Ogx + Obx cy = Gay + Gby

Cax = OT Oay:=0.0-psi opx:= ;
e

(7-11)

SVM

. 2 2 2 2
Txy = 0.0-psi oyMm = J.S-L(Gx - cy) + (cy) + (cx) J + 3~rxy RgyTp = YRGYTP = Ys'RGyTP

oY
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8. FRAME BENDING CALCULATIONS

Brp:=a tpi=t LF = unsupported length (between bulkheads, supported girders, (8-1)
deck edge, turn of bilge, continuous decks)

Loads: Calculate at frame panel location, then: q:= pBp (8-2)

Geometry: HFW := DEPTH — TFF A, := (DEPTH — TFF)-TFW  Af:= BFF-TFF Ap:= Ay + Af (8-3)

Forplate: A, := Bp:tp A= Ap + Ay (8-4)
Ay )
: Aw| = — — + ApA
For Frame: TFF  tG w (3 4 ) f Ap )
d:= DEPTH - — + — Cp:= [:= A(d)~-Cy (8-5)
2 2 2
A
For combination of plate and stiffeners
(from p287, equation 8.3.6 in text): Ay \ Ay )
— + A — + A
5-TFF 5-tp + 2 " B p— " (8:6)
cf=yf— .5 Cpi= .5 = d— =d|1l-—
f=¥f p F+Yp Yf A ) Yp A )
Considering shear lag (Fig 3.36):
Ae W
Ay ?——)+Apre ,
Bpe:= 75BF  Ape= BRetF  Aci= AR+ Ape  Ciei= 5 le:= Ae(d)"-C1e  (8-7)
Ae
LFz\ LFz
M =— pBp— M =p-Bp——
bend p-bfr 12 ) bcen = P'BF 2 (8-8)
- FYTF - Frame Yield Tension Flange g = 1.25
. _(Mbcen'cf) Oy
Cay 1= Opsi opyi= ———— Oy:=Oay + Oby  RFYTF=—  YRFYTF:= YS'RFYTF (8-9)
e oYy
- FYCF - Frame Yield Compression Flange - consider when say<0
. _(Mbend' Cf) —Oy
Gay = O-psi  Opy = T Oy7T Cay*Oby Rrycr:=— YRFYCF = Ys'RFYCF (8-10)
e oYy
- FYTP - Frame Yield Tension Plate usually much smaller than FYTF, plate closer to NA
. _(Mbend'cp) ?Ssu.mel. ity: .
Cax = OC Gay = 0.0-psi Opyi=————— or simplicity: oy := 0-psi 6x = Gax + Opx Oy = Gay + Oy
Ie
(8-11)
. 2 2 2 2 SVM
Txy = 0.0-psi  oymi= 4.5 (cx - cy) +0y +0x |+ 31xy Rpyrpi= — YREYTP = YS'REFYTP
oYy

- FYCP - Frame Yield Compression Plate usually much smaller than FYCF, plate closer to NA

. _(Mbcen'cp) assu.me. . )
Cax:= OT Oay:= 0.0-psi opy:= EE— for simplicity: oy = 0-psi oy = Gax + Opx Gy i= Gay + Oby
e
(8-12)
. 2 2 2 2 SVM
Txy = 0.0-psi OVM = 4.5 (cx - cy) +0oy +0x |+317xy Rpycp:= YRryYcP = Ys'Rrycp
oY
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9. FRAME COLLAPSE PLASTIC HINGE (FCPH)

From Section 16.1: (can also use Hughes Table 16.1 — flange
breadth of plate is "effective breadth
Ay, =ty hy web
Ap = tp-bpe Ag:= tpbg yc:i= 1.5
. plate
if Ap>Aw+Af; i.e. Ap>At/2 => g (distance from top
of plate to PNA) is in plate
. Ap - Ay — Ar
2-bpe (9-2a)
centroid of upper half centroid of lower half
2
bpe g hy \ tf\ th— g
+ Ay — + + Ap| g+ hy + — P -
B |: 5 w5 g} f| &1 Dy 2) yo = > (9-3a)
Y1+ Ar
2
plastic section modulus, if Ap>At/2
At
Zpy = 7-(Y1 +y2) (9-4a)
if Ap<Aw+Af; i.e. Ap<At/2 => g is is web
Ap+ Ay — Ap
g= 2ty (9-2b)
centroid of upper half centroid of lower half
2 2
A - g ) i 28 apes ) 9-3
3 f| 0w — 8 2) 5 3 p| & 2) 5 (9-3b)
e Af+ Ay — gty 2 Ap + gty
plastic section modulus, if Ap<At/2
At
Zpy = —-
P2 > (YI + Yz) (9-4b)
Calculate FCPH
(9-5)
Z if| A, > AT Zp1,Z \
:: 1 - b b
P p> 5 AP LP2 )
Mbcen
Mp:=oyZp  RpcpH=—- YRECPH = YC'RFCPH (9-6)
p
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10. COLUMN COLLAPSE BUCKLING (CCB):

n-(d“ - d14> n.(dz - dlz) (10-1)
Tube Geometry: J=——2 A= ——= yc:=15
64 4
. I Le |oy
for a pinned column:  L,:= .7-Ly pi=|— A= — | — (10-2)
A P E
L
Eccentricity Ratio: o = .002 n:= a.[ col ) (10-3)
p )
1+1) 1+ n\z 1 P ca )
R:= 5|1+ —2 - .25 1+ —2 - —2 oult = Roy Cg:= X YReeB = v¢ (10-4)
11. GIRDER BUCKLING CALCULATIONS
- GCCP1, pinned/center:
4
I -q-(L I
Li=2a Le=L  roi= po=3m 1 (11-1)
cp-A 384-E-1 A
2
0035 L N 3o qL -cp column slenderness N Le |oy
a=. =o— 4+ — = . =
n o 1 H 81loy parameter: 7p\ E
2
1+ 1 l+n) 1- Ca
Ri=5{1-p+ S | 25 1-p+ —2 - —0y=0(C Cult := —(R~Gy) YRGgccepr = ye
(1) ") . Cult
(11-2)
- GCCP2, clamped/center:
4
I 556-q.L I Le 8
Lei= STTL 1= Bo= i = = = o— 4 —
cpA 384-E-1 A pI
2
qL -cp N Le |oy
" 24loy " npy E (11-3)
1+1) 1+ n\z l-p Ca
Ri=5]1-p+ —2 - |25 1—-p+ —2 - 5 Ga:=0C Cult == —(R~Gy) YRGgceep2 = v¢-
- GCCF, clamped/end:
4
-1 444.q-L I Le &
Le:= .423-L o= —— Op = Eani p=|— n:= w— 4 =
cpA 384-E-1 A pI
—q-L -cf Le |oy (11-4)
p = = —-— _—
12-I.oy np\ E
1+1) 1+ n\z l-p Ca
R=5|1-p+—— - |25|1—-p+ —2 - Gai=0C Cult = —(R~Gy) YRGcceF = v¢r
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