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V<oV, , $=09

9600 kg < 0.9 x 17280 = 15552 kg

33 a3 el 3 Jsb

75 4ol B9 AhgS e >k -4 o8

Ll G g G Cod 5 4 Gl §)5 Lhex
b=10—a' =10—2=8cm

L,=12cm

p _ 8b*+6bL3 + L b*  8x8+6x8x12%+12° g*
P 12 2b+ L, 12 2x8+12
Ip =915 cm3

— b? 82

X = = = 2.28cm

2b+L, 2x8+4+12
e=10—-2.28=7.72cm
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, Vo 9.68x10° 17285 K9
fy—2(2b+L,,)_2(2><8+12)_ = om 1‘&*
—————————————————— _,L
TU
| <
Jail 39 99 2,8 L Y
. VeeL, 9.68x103x7.72x12 kg -+
= = = 245 —= =+
I AL, 4x915 cm | X
. Vye(b—X) 9.68x103x7.72x (8—2.28 k
21, 2 X915 cm
il dnle
k
Fur = \/(fL{,’C)Z + (fly + fis)2 = \/(245)2 + (172.85 + 233.85) = 474.56 %
Rpw = ¢B(0.6E,)t, = 0.75 x 0.75 X 0.6 X 4200 x 0.707a,,
fur < Rpyw = 474.56 <1002.17q,, = a,, = 047 cm = a,, = 5mm
O 4 ol §y9 4bgS Shea (b -V el

M, =V,e = 9.68 x 103 x 7.72 = 74729.6 kg.cm
u

, Vi 9.68x10° 10333 19
fy = 2L,  2x12 7 em
. Ve 6M, 6x74729.6 kg
fx S 203 2 x 122 556.87 cm
" kg
fr= [(£)%+ (f;)? = {1556.872 + 403.332 = 1608.27 o

Ryw = $B(0.6F,.)t, = 0.75 % 0.75 x 0.6 X 4200 x 0.707a,,
fur < Ryw = 1608.27 < 1002.17a, = a,, = 1.60cm = a,, = 17mm
1 =5mm

= tpin = Smm
tre =15cm

tp

Amin = 3 mm
=a, =17mm>5mm not good
Amax = 5 mm

355 55 28 ol b Sl b 550 il 9 45 555 ool (5358 s b gt Jb 0 s Sl b b e o 5o

tpr =20 mm = gy = 15mm

0disS Cow j coliswl po i) (owy g BRI

St 4l (I
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F > ¢R, = ¢(6.25F,stf) ,  ¢$=009
30593.02 kg % 0.9 x 6.25 x 2400 x 1.52 = 30375 kg

A5l oo iS4l ) 0aiS o s s wil oo 5,3, YU alaly a5 bl )

o 00iiS s glaie o Ao

T —¢R, 30593.02 — 30375

Ay = = =0.1
St 0.9F, 0.9 x 2400 am

2

e oo ooliiul o 00 s gl 2PL160x80x10mmi)l

OF Ol (o290 pebud J 55 —(5,Lad 4l (o
N = min(tp, trp) = K,
N =33cm
F > ¢R, = ¢(5K. + N)E,,t, ;0 ¢=1.0
30593.02

> = 15296.5kg < 1.0(5 x 3.3 4+ 3.3) x 2400 x 0.9 = 42768 kg

bl a5yt a0 0aiS s 5l eslitsl 4y L5 1S ol
Os Ol o 6 ld (BleS S - lad 4l (o

24t,f,1/EFyW
F>¢Rn:¢—h_zc , ¢ =09

3
3059302 _ cogp kg < 0. g 24x09 V2.1x106%2400
(20-2x3.3)

= 92693.5 kg
Alged (55La8 4>l 50 0alS Coe 4 5l 1S ol )

ol (Faned S5 s i el (o

EF,,t
TuS<p><0.4t‘f,[1+3 fwey ] —wije

33y 0.9 .1 |2.1% 106 x 2400 x 1.5
T<075><04><092[1+3( >(_1.5]

20/ 1.5 0.9
T, = 22392 0 < 273949 kg
Al ges (g lad Al y0 cusS Cow 4y 5L J S ol
Jlail andiz J yius AN
vV, = My | Mz _
Poodpy dpy
6.88 x 10° 5
wp =5 — 3-8 X 10° = 30600 kg
B o4 30 X 10° 0.08 < 0.4
— bg4 = = V. .
P~ 78.1 X 2 x 2400
R, =06Fd.t, , $=09

R, = 0.6 X 2400 x 20 x 0.9 x 2 = 51840 kg
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®R,, = 0.9 X 51840 = 46656 kg
30600 kg < 46656 kg
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_ ZMpr | Quln re-1r
Vpr = =+
M, = C,,R,M, ry-1r
2 A=
M, =V, Sy + 2% + M, rA-Ir
V, = Vpr + quSh ra-ir

Jbast Goy 5 e Vg 9 My

5 W5l 0550 b 5 Slos Ve 9 My

Sh=0.5d OR 1.5d

LZFy b ol a5 Semdly Jomio 1S5 oo 0 55 Szadly S Mp
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3h
2bg + t,,. = max 5
—=b
37/ Fror
t
2
t, = max by
16

55 Jb by bt
75 Jlail )5 culo t

he ggmw Gl of3T el Ll S 00 e glisyl hs
o3 DS b 555 15 el g by bl byt 50 IS5 sl

b -
2b, +t,. = max{ PP

1
bgy,
ML’OML}AA‘Auw“wdbﬁ)lbﬁjd‘uw‘)bwsoﬂ)|;‘

ts=t FE-11

sroge LiileS Saole, sy IS H fgew o

b E
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5t/m
il i

IM M M

T ————— (Dl

v, vid b Vot V.

4 520cm .
A 40 cm " 40cm Ay
IPB300 » . IPB300

Jlo CBIY-1Y USSS

Jo
[PB30: d=30cm, bf=30cm, tw=1.1cm, tf=1.9cm, A=149.11cm2
IPE30: d=30cm, bi=15cm, t,=0.71cm, t=1.07cm, A=53.8cm, Z=628cm3

Jail (>15b ot 3 S5 alna RE

47 50 2l oo el ld g cnl Jgb > 905 50 Cenl 5mly 9 VL sl S Jlail sl 69 sl o Sedly Jaio e
Slewlos § 488 5 0,Lgo Wb wils (gl alaxdle LB Mt adsl jwas b a8l polie delsl jo 81005 o000 adgl o> S
Bgh S

b sl iy Jlasil b S

F,+E,
11 < Cpy =2 <12
Pr2F,
C 2400 + 3700 127 £1.2 C 1.2
=—=1. 2= = 1.
pr 2 X 2400 pr
Aol o bl e 0 54 alade
R, =12
b el il Sy S
M, = ZF,

M, = 628 x 2400 = 1507200 kg.cm
My, = CprRy M,
My, = 1.2 x 1.2 X 1507200 = 21.7 X 10° kg.cm = 21700 kg.m
el (oo Sy 8 Sl Jols sl 2 Ve
2M qQuln
V. = _Pr tumh
pr Ly, + 2
2%x21.7%x10° 5x103x 1072 %520

Vo= = 21346 k
pr 520 + 2 9
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5000 x 0.42
M, =21346 X 0.4 + # + 21700 = 30368 kg.m
W= V;ar + qySn
V, = 21346 + 5000 x 0.4 = 23346 kg
Sy 9 Sy SBEH 32 3)lg 6L g (LS (59 dmlxo -Y A8
= Fu =
d I:é\ Fu )Mu
ty=25cm oy
5
F, =Yu = 30098X107 _ 943015 kg

a 325

839 oogr colas wlwl y (bybaty) 5Vl §y9 2150 B

R,<¢R, , ¢=09

R, =F = 943015 kg

R, = BEyAye = 0.75 X 2400 X A,

R, < ¢R, => 94301.5 < 0.9 X 0.75 X 2400 X A,p = A, > 58.21 cm?
t; = 25 mm = byt, > 58.21 cm? = b; > 23.28 cm

by =25cm < by, =30 cm

b, = Bby = 0.75 x 25 = 18.75 cm < by, = 15 cm

t, = 3.5cm = byt > 58.21cm? = b; > 16.63cm = b; = 18 cm

b, = by =0.75x 18 = 13.5cm < by, = 15¢cm

1288 Sl Golol 2 F (s950 Joos sl (D2) S0 o )0 359 S

R, < ¢R, , ¢ =09
R, = F =94301.5 kg
Ry = Fy(byty) F,=F

R, = 2400 x 13.5 x 3.5 = 113400 kg
R, < $R, = 94301.5 kg < 0.9 x 113400 = 102060 kg

z

O & (S o JLail cugzr L 2590 3l 92 dmulne -t o8

il e ol IS (s ay Sl 5 5L (S asio L s

)“JL’“MWJLN|6|)JM9§Q~}>‘5>|)L '9313

ol o0 E70 05550 e T L 1550 09 58l sl oo i yenilo 1,0 51 5,9 clbes a5 Ll 5

R,<¢R, , ¢=075
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R, = F = 943015 kg
R, = BEuyAye = 0.75 X 0.6 X 4900 X L,,,(0.707a,,) = 1558.9L,,,a,,
R, < ¢R, = 94301.5 kg < 0.75 X 1558.9L,,,a,, = 1169.175L,,,a,,

ailge el V.0V ol calies a5 ail (oo 8 Jb S50 Cennd 5 o g Jlail G5 (e 095 (oo Ll ooy STLo gz ans
old sz STae aay (sl Lad ailoo i = SMM gz any Jila (F-1)) Jgozr & azg5 b a5

Amax = min{t, — 2,t¢} = min{35 — 2,10.7} = 10.7 = a,, = 9 mm

R, < ¢R, = 94301.5 kg < 1169.175L, 0y,

awy=9mm 94301.5
— Ly = 1169175 x 09 89.62cm = L, =90 cm
90 —13.5
Lye =2L,, +b, = L, = — = 38.25cm
, 18—-138
P~ 2tan30 4.0.cm

Sem <, < 4t, » 1, =50cm
Lpr =2.5+5.0 + 3825 = 4538 = L,, = 45 cm

S JLail 559 oo J 55 - e

Ly 45
“PL <30 = — = 12.85 < 30
t; 3.5

SLRT B39 215k -V o8

B9 &S (b 50 09800 her Byb 9 50 §y9 (nl @ 5 JL) el (e ool YL lail 55 ol Sl ol JLail 59 sl
(el 00 gz Gl s Y
47.25 M2 55 339 Colon =6y G5 Srbowe

bf +3cm =15+3 =18 cm G mp; G5 o0

47.25
th 25 = 2.625cm >ty = 2.8CM g pup; 5y9 culs

l=¥+(a’=2cm)=46.8€m—>l=50cm

— use PL 50 %18 « 2.8

ol Jlail gys olb A gl

3902 50 ()] Gl § 95 (00 035 Gy olal sl Ayl ea S Tal 0,5 o 8 s 90 50 Jigs D0 4 gl JLal G5
Dgd (o0 a3 A s 5 ol Sl
i JeS slp GBog ol S5

(h—2¢)peam = 249 cm = h,; =23 cm
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touw = 0.6
V, = 0.6F,4,,C, = 0.6 X 2400 X 2 X 0.6 X 23 X 1 = 39744 kg
Ww=sédVn , =09

23346 kg < 0.9 x 39744 = 35769.6 kg

Dgd (oo 2y SHle Ve Gy Job

(199 U 190 ©ygpo @) o @ (lar 359 4b5 9> >15b -4 o8

Lol Gl g Ghp o S 4 ol B9 Ghex

b=10—a' ' =10—1=9c¢cm

L,=23cm

_ 8b%+6bL3 + L} b*  8x9%+6x9x23%+12° 94
P 12 2b+1L, 12 2x9+12
Ip = 3720 cm3
— b? 92
X = =1.97 cm

2b+d 2x9+23
e=10—197 = 8.03 cm
v, 23346 kg

- - =285 -2
fy 22b+h) 2(2x9+23) cm
; 9 cm
y © ¢ T Ace
Rr % ® 23 cm
7 e

Jlail 39 99 2L

a4, 4 x 3720
. Vee(b—X) 23346x8.03x(9—-197) 177 kg
= 2, 2 x 3720 B cm

_Vueh _23346x803x23 kg
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b=9cm

Tuﬁ h
S
X

X IES
; - ke
fur = \/(fux)z + (fuy + fuy)z = \/(290)2 + (285 + 177)2 = 545 —
R,w = $B(0.6F,.)t, = 0.75 X 0.75 X 0.6 X 4900 x 0.707a,,
fur < Rpw = 545 < 1169.2a,, = a,, > 0.46 cm = a,, = 5 mm
OFaw & ol 59 abeS hex 2k Ve

M, =V,e = 23346 x 8.03 = 187468.38 kg.cm

.V, 23346 kg
1y =57 =5 = 50752 —

. V,e 6M, 6x187468.38 kg
fe =5 T gpr T T axazr 106315

: k
fr= () + (f;)? = /1063.152 + 507.522 = 1178.08 %

R,w = $B(0.6F,.)t, = 0.75 %X 0.75 X 0.6 X 4900 x 0.707a,,
F, <R, = 1178.08 < 1169.2a, = a,, = 1.01cm = a,, = 10 mm
tp = 6mm
= tpin = 6 MM
tre = 19 mm

Amin = 3 mm
- 4a, =10 mm > 6 mm — not good
Amax = 6 Mm

Lwogd 5185 (22 (nl b Slewlre wlb &g cnl 50 45 090 plodl (63945 (92 b g Jb 0 )9 JLa b b &l cal o

09 yrarkee Vo ey 3Sle (b dmy JBlac b 0o S ol | 15l calies ol (0 355 ol @l ey Sle (o a9z 45

Vu=23346

Mu

bty =12mm = Qe = 12 -2 =10mm
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oSS Cdw j colaiwl pg i) (w0 -Hali

228 4 (ll
S G ysme S9y ke o Jb (rdge oS

F > ¢R, = ¢(6.25F,¢t}) , $=09

94301.5 kg £ 0.9(6.25 x 2400 x 1.92) = 48735 kg

st By & S5 09D iy ) e 99 5l g Jb cals STUSSH (la (5 3,50 55 sgie (53 IS5 9> sl

(093 Zale; WL YL alals 5 ogdle) Cons

Ryp
Ryc

ter > 0.4 [1.8bysty;

1.2
19cm * 0.4\/1.8 X 15 x 1.07§ =214 cm

bbf
t > —
fc 6

19cm 2 %= 2.5cm
Db oo oS Al 40 00 Cow 4y L all e 18, YU alal, a5 Ll
L 00S s alaie prlaw drlna
b b sl slael Lalss sl (s )Led (slael Llio o 5 58 (slel Lalsd 5 55 o288 JU Mlie 5 Siog s
Gl (255 W5 o plasan 5 Jb 59 51 S o 5 ool (RET 5 20 5 3 ) (5L 5 SR Ll o o8 Ll 50,8
25 el Sl 90 50 (sl b Sk e il

5l e 35 sate b 3 Wb 0aS o aline >hb 8 oo plml il e 5 il a5 Led gl b beal o

| 12twe

Alpsdash

P, = ¢FcrAg
94301.5 <09 x ZOOOAg = Ag > 52.38 cm?
Ast — 52.38—;.1><27.5 — 1106 sz
t3 .. [EE
®R,, = min <¢> 24% , 2, 3)
wc
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295 (o0 (28 25 Dype & 0dS L olul
by =9cm
ts =35cm
2bg + ty,. = by
2X9+11=191cm = 18cm
te>t
35cm>=35cm

b
to>—
=16

9
. >—=0.
35cm_16 0.56 cm

by E
=2 <055 |—
ts E,

i =257 < 0.55 2'1X106—16
5 o 2400

3.
As =9 %35 =315cm? = 11.06 cm?

he = h, — 2K, = 20.8cm

Jlail ol J s SRR
Myy My,

Vup = d_bl d_bz -W

v 30.735 x 10° N 30.735 x 10° _ 6000 = 196500 kg

up 30 30

wgd oo o Vy 3T dil 1o 31 Geizmen g o Bio 358 alaz 90 5l (S il o Jlal (g 4 o Sl Laié S
&<0.4=>M=0.14<0.4

P~ 149 x 2400

R, =06Fd.t, , ¢=09

R, = 0.6 X 2400 x 30 x 1.1 = 47520 kg
¢R, =09 x 47520 = 42768 kg
196500 kg + 42768 kg
Aol oo Jlail dadiz o caslae §)5 4 5L
a8 09 48,5 i )0 6l 455 4 Wb Ll Sl 098 (oo a4t (gt (ol S 93 40 (B9 S S D90 4 cislas 3y
A3l Slez Tye sl ol Cwla b caclas sla 5,9 Culs goz (030 L (LS alal,

ty =2%X2+11=51cm
R, = 0.6 X 2400 x 30 x 5.1 = 220320 kg
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R, = 0.9 x 220320 = 198288 kg
ioled G o alaly o b oasS Cow slo 59 51 e e bl g (e cwlis

d, +w,
t,=>2——
2= 90
d,=30cm

w, = h, =20.8cm
oS S o §)9 5 (s Olr Cwls Jilas Ty
t, =min(2,1.1) =1.1cm
d, +w,

t, =
2= 90

30 + 20.8
1.1cm > 90 =0.56cm

d,=30cm
w, = h, =20.8cm
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68 x 103 50.8 x 103
z M. = 1868 ( 2400 — ———— | + 1868 2400 — ————— | = 7478013.68 kg.cm

149.1 149.1
. QS
z Mpb = Z(VPTSh + uT + Mpr)
GuSh
My, = Vp, Sy + “T + My,
5000 x 0.42 ;

My, = 21346 X 0.4 + ————+21.7 X 10° = 30368 kg.m
Z M;, = 3036800 X 2 = 6073600 kg.cm
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— —_ —_ ton.
My, = CprRyM, = 1.2 % 1.2 x 15.07 = 21.7t0n™m
Sp =40" - L, = 600°™ — 2 % 40°™ = 520 = 5.2™
_ ZMpT Quln _ 2x21.7tonm _ t
Vor = T+ 75 o Vpr = T = 8350
2
My, = My, + V,.Sp + q”;h - M, = 21.7t0nm 4 8 350N 4 0 4™m = 25 p4tonm
Vi = Vo + quSp — V;, = 8.355
B39 SyLd 9 (S (59 drmwlmo Y el
M
F, ="t

%105
try: t, = 20mm = F, = 25.04119°K9f.cm _ 78,25 tonf

30+2+2cm
2 2

+105
(later:) try: t, = 30mm - E, = 2504107Kgrem _ 75 g tonf

30+3+3em
2 2
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b, > % - by > 42—'2 = 24.15cm — b, = 25¢cm, A, = 25 * 2 = 50cm?
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b; =16cm —» b, = 0.75x16 = 12cm < 12cm 0. K.
Ry < ¢Ry = pF,byty
R, = E, = 78.25%" < 0.9 2400 = 12 % 3 = 77.76'°" say OK.
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Weld access hole A beam flange

A H W
Coutinuity Plates /R s V'(/»Z 1
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(arbrchM)RBSéhﬁ.oMMc}b - als

RBS:IPES0, bf = 20cm,d = 50cm

0.5byr <a<0.75by; - 05%20=10cm < a <0.75 %20 = 15cm - a = 12cm
0.65d < b <0.85d - 0.65*50 =325cm < b <0.85%50 =42.5cm - b = 40cm
0.1bpr <c<0.25bp; »01%x20=2cm < ¢ <0.25%20=5cm - c =4cm

R=2t00 g o B o 0em
8c 8x4
MRF sl 5l picmmms IS baslguss J S -Y a8
D-v-roy e an] oYgs cysgame
B2 122 50 = 154srs7 500 = 144srs,

D-arar-ye JSe-) s coval el osliza! 8 IMRF g SMRF _ies 6 s RBS Ll
:6‘ o)').l Slasiie ﬂLw
Ry=1.2 :ou 5,95 ahaiio (sl [¥-Y-¥-V o an] sl o500 pdis (25 oy

o J55S g MRF (ol sl ot 30 03 (50 pld (oot ¥ o

D-av1 e sl 2 < Apg ansl ol o) 03,88 b 9w g o5 ablis SMRF L6 o

b 2
bbf—RBS = Z(R — C) + bf -2 ’RZ - (5)
) 40\ 2
bys_rps = 2(52.0 — 4) +20 — 2 [52.02 — (?) = 15.48cm

15.48

2 4.84 < Ahd = 03\/E = 8'7ST37 , = 7'1ST52
6 Fy

Lo 08 Eonw (O RBS éja.a.c Pow 9O Cudgdme izmogd

_ bvs-res/2. 2 _
Abf = —tbf lTl3 [RBS] =

30

Ap="L=2 =52 <lyy=71

tef 29
2.45((1—0930 );C, —¢”u < 0.125
Ay = "2 < Qg = i

fow \077\f(293 C)>149\/7 Ca > 0.125

Py, 2.04%10%
Putbean) = 0= Ca = o= = 0 < 0125 = Ay = 245 /500 (1 - 093+ 0) = 714
Aoy = dft‘jv:cf = 2218 = 45.9 < Apglbeam]

ik sloj,) 00,88 aiw g 5 abolie aons (o
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= Ppy = 50-1.6

o T HE QT 3l 55 Gos il b andly 2ol alaiie sl G e SanBse 55 5 557 5950 bl (il e glaie

Ppy =

= 7.5 tonf

.Bbr ] 35290 AISC360 3o ol e s sl sl abals o ail
Ly an] ol e Jolsd jlne iSTas

0.17T'yF£y = 144.55T37Ty OR 96-3ST52Ty ;s IMRF
Ly < Lb,max = E
0.0867'3,5 = 73-1ST377'y OR 48.75T52Ty s SMRF

2.04%10°

Ly = 200 cm < Ly mqx = 0.086 431 x ==

=315cm

(35 Jsb 9 alao slayl o Lulgs) RBS JLail o g ogamo J S -0 48

el @Y [YVYY) e s 08 s Lailgs bl 5

dpeam < 100cm, tr < 5cm, Ppegm < 450%9

d 1 dcol
Lo = Lpeqm — 222t — Zeot
0 7 Tbeam 3 eft 2 right
Lg
7 < 7ismrr] OR 5[1mrF
beam

2 (o b b anle -1k

[Y-0-¥-1 - anl (658 5o s> (ias o ()85 50 55 b 00,5 0 0,55 S5 | elaio g1,
I-shape Compacted Section: check Y, LTB [M10, Table 10-2-5-1 page 61]
CheckY:
M, < ¢ppM, =09 My ; My, =M, =F, Z,
M, =--tonf.cm < ¢p,M, = 0.9 x 2.4 x 2107 = 4551 tonf.cm
Check LTB:
IPE500 — L, = 221cm, L, = 675cm
Ly =200cm < L, = 221 cm — Ignore
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(Rolled I — shape , 2 < 2.24\/FE = 653737 = ¢y = 1.0,C, = 1
y

tw
( h KyE

o y

Gy, Cpi S 1.1 /ﬂ
else:p, = 0.9,C, = { 1.1 /@sis 137 £ ¢, =D
Fy ~ ty Fy A

K,E h 1.51 K,E
Fy tw (_) Fy

tw

b= h. =d — 2c;Rolled I — shape
- {hw =d — 2t; ;welded | — shape
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Rolled I — shape ,"=%¢ < 2.24\/FE = 65.3g737 > ¢, = 1.0,C, = 1
y

tw

ton

Vo =06F, Ay, C, = Vy = 0.6 %24 =0« (42.6  1.02) * 1.0 = 62.57 ton
é,V, = 1.0 * 62.57 = 62.57 ton
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T
Fyp=235MPa
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_
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¢
tew= 15mm fow=10mm
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bee= 370mm



o5 (55 Alz) (53Y58 sl ojle (508 (AL

\Al

o
O 9 8 (5008 J 18
o Glseail sbj ¢ s JSb b adolie Cygas d (g5 9y o il oyl anT,d 1o
PRTCXRION
$ a0 Oladtiio
LI VSV PPNV APRTE V. PRy L 5% PR W

Zp =2247250 mm?
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P =P =50mm (V-F Jgd> 4y angi b
g =150mm < by = 210mm

d. =40mm
hy =d+2[pf° +dc]
=530+2(50+40)=710mm
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1S Jako 40 Joixe )5 S Tos
Fyp +K
R L 254380 1266512 ANSI/AISC 358- Equation (2.4.3-2)
2F, 2x235
=Cp =12
My =CpeRyFpZe , Ze=Zyg, ANSVAISC 358- Equation (2.4.3-1)

=12x1.15x235x2247250x10™> = 728.8kN.m

1Sy Jake U i ang jl dhold yuns

Sp =min (‘g‘,sbbl“) =min (é-;—O,S x210) = 265mm ANSI/AISC 358- Section 6.10.1. Step 1

OP 429 40 W

sy 331 sailay Jgb

L’:Lo-zx%&ﬂooo-zx?gﬂ:6640mm

A3l e e 515 clol 93 (St ghaie & Cusl 0ad 558 (L (Gamslona )3

Sty s hate s galold

Ly =L'-2S,

L), =6640-2x265=6110mm

FOp 429 3 M (6 NS\ 5 (SU
wy xL' 3x10*x6.64

Veravity = 5 5 =99600N =99.6kN
FOg 429 )0 (W
2M
V, = —th + Vgravity ANSI/AISC 358- Equation (6.10-2)

_ 2x728.8x10°

T +99600 =338159.74 N

=338.16kN
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My = Mpr +V, S, ANSV/AISC 358- Equation (6.10-1)
=728.8+338.16%x0.265=818.8kN.m

ke b (43U

Mrgiw an g S gduolxe )3 V-V o-F 0l Y B j0 sadaslyl Ciy jlai g bailgy ullas 4S 395 oo saBL ke
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3l 3390 s B et Y 018
hg =d -%ubf +Pgo = 530—-]2-x15+50 =572.5mm ANSI/AISC 358- Section 6.10.1. Step 3

hy =d —‘%‘bf‘ -pg = 530-—-;—“5— 50=457.5mm ANSI/AISC 358- Section 6.10.1. Step 3

13,38 c0d 01545150 Caomd | b 1 plaww 4551 9 A49OM 5 laibial 5l ey 45,8 L

F, =780MPa  F,, =579MPa ANSV/AISC 360- Table J3.2
2M; .
dy req'd = < ANSV/AISC 358- Equation (6.10-3)
md, Fy (hg +1hy)

6
dp reqd = 2x818.8x10 =26.85mm
nx0.9x 780 (572.5 + 457.5)

z pad LGl -F ol
D350 BN o dea YV a8 L g oy 24y roqra b &ST 4 2295
ol 3555 20 o VO 3l g Jad 4SSl s 4 (ATSC &Y Lasl K38 s i baslews jIY-AF ah s a s g Ly

Foslen 0 plyjlido 93 cpleadgl 4553 55 a5 Al 155 gy yhad e Jeo VA J i Al Pro 9 P ylde
bl g4 ) abols AISC ogas bailss J1I3AM Jga 4 435 b disd 955l 1) 95 I3l g Sloadd ol

Al o (SIS 90392 555 oo VY g b (gl 008 &S] io Lo VY Sl (i slen ¥4) ¥ o8 3 00
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s=-;- fbp =—;-\/240x150 =95mm>pg = 50mm

b 11 1.1 2
Y, =—2h (—+-)+h0(—)——]+— hy(pg +5)
P 2[ “pa s Pro 2 g[ : )

240 11 1,17 2
=—x|457.5(—+—)+572.5(—) —— | +—|457.5(50+ 95
2 x[ Go*os T 2] T5g[457:360+99)]

=3874.4 mm

’ 6
t rea'd = LIIM, = 1.11x818.8x10 =31.6mm ANSI/AISC 358- Equation (6.10-5)
Pt T\ ba Fyp Yy \‘lx235x387.4.4

! (459 Cualus OS] -F o8

g oo DB e oo YO Coolbrus b 39 ety 2 1y reqra b 45T 4 a2 g5 |

2 JU I 38 (5958 Samwline -V o

6
R, = 8188x107 ) ce0000 01N ANSI/AISC 358- Equation (6.10-6)

d—tyr  530-15
=1590kN

B 0 S (5 (o 32 oabad J S -A o8
JU uose 3l 2l (V-1 +-8) el & bgyye Slabxa )3 ol 55 4o pe &5 Cal 0ol V-V -5 4y 1A p18 )
9 4By Jlai )3 55,5 (e 10)9) Yiaide YO (gogeay

b, = min (b, ,byr +25mm) = min (240,210 + 25mm) = 235mm

F—;"— S dqR, =04(0.6) pr bptp ANSI/ATSC 358- Equation (6.10-7)
$gRp =g x0.6Fypy xby xt, = 1x0.6x235%235%x35=1159725N =1159.73kN
ki = 15%0 =795kN S¢4R, =1159.73kN

2 2 ] wl&n

S, 5 o 1 ot 5SS A 8

Ay =1, [ by =2(dy +3mm) | ANSI/AISC 358- Section 6.10.1. Step 9

=35x[240~2x (27 +3)] = 6300 mm?

% SR, =0,(0.6)F,, A, ANSI/AISC 358- Equation (6.10-8)

Oy R,y =0, x0.6Fp x A, =0.9%x0.6x360x6300 =1224720N =1224.72kN

% =T9SKN <o, R, =1224.72kN
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V, S 0,R, = 0 () Fyy Ap ANSVAISC 358- Equation (6.10-11)
2 2

A, =lgk=ﬂﬂ~=572.6mz

33,5 0 LI Y ply b 50 550 (cbagey diai 9 5 Jaod (6l slagus by oy oSSl & gl
F,, =579MPa ANSV/AISC 360- Table J3.2
R, =ny xE,, xAp =4x579x572.6 =1326141.6N

=1326.1kN
¢, =0.90
V, =338.16kN <0.9x1326.1=1193.5kN ool Colio
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dp =27mm = dpg)e =dy, +3mm
=27+3=30mm

| b e el
Lei =Pr +tor +Pro -2X5dholc

=50+l5+50—2x%x30=85mm
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i = 1.2L gt Fyp < 2.4dyt Fyp ANSI/AISC 360- Equation (J3-6a)

=12x85%x35%x360<2.4x27x35%360
=1285.2kN 2816.48kN = r,; =816.48kN

2B a2 sl

1
Lo =de - Edhole

=40—%x30=25mm

foo = 1.2LotpFyp < 2.4dyt,Fyp ANSVAISC 360- Equation (J3-6a)

=1.2x25%x35x360<2.4x27x35%360
=378<816.48kN =>r1,, =378kN

V, S0,R, =00 (0)) i+ 0 (0g) 1o ANSV/ATSC 358- Equation (6.10-12)

n;=n, =2
Ry =nj i +ng 1y

=2x816.48+2x378=2388.96kN

¢, =0.90
V, =338.16kN < ¢, R, =0.9x2388.96 = 2150.06 kN

IV P
Fogw JU 2 B (S Creglie J 8
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Fuc ter
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up p

~2150.06 x 22 % 2% _1740.5kN
360 35
V, =338.16kN <($;R )cormn= 740.5 KN ol oo
e RA! Byg 4 ol g 2! Gy d U o (2 hHb VY el
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1y eaplgs g Caoglie g (25 (59585 (1300 )15 il

Fa, x t.
=Dreqa, = brfy b\‘}é = 09x235x10 =4.5mm

2x¢x0.6F, xTxl.S 2x0.75x0.6x490x—‘/2-zx1.5

ue

Y

PO puo AISC g0 halgs 51724 4y llas 03y (6955 5 w93 ot 42 0 (ggly Jdd oy
dule J2-4 cdlayl) | hen ol Canglio «dabpul jl ot ot ol . cdoad Jlosl Jhgn Canglio

ol s 9 o
Ry = FoyAwe ANSVAISC 360- Equation (J2-4)
F,, =0.6Feyx (1+0.5 Sin'*8) ANSU/AISC 360- Equation (J2-5)

9

MPa 038 p 518 (gau0d) Cuglin = Fexx

|
@

4253 0 39d o0 (53503l g (o ygoe 5148 )1k sagl;
mm? . he> phe Colwe = Awe
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min (ty, ,tp) = min (10mm,35mm) = 10mm = Dy, =5mm

Dieqa, =4.5mm < Dpyp = Smm
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L,y =min (g_tbf ,d—=2tyr —pg —150mm)

=min(s—;—q—15,530—2x15~50—]50)

=min(250,300) = 250mm
d97ge iy = Vu

D9 Caaglie =2x¢x0.6Fuch‘Wxg

FCubly pabls (B9 Craglio g 39290 By 12,18 2l 5l

v, 338.16x10°

Dog = =
reqd, J2 J2

2x X 0.6, XLy k= 2x0.75x0.6x490x250x
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s:_;.\/bcrxg:-;—\/B'lelSO:ll'/‘.Bmm

b [, 1, 1] 2 3 .. (.8
Y, ==L hy () +hg(=) [+ =| hy(s + =) +ho(s+ =)+ — |+ 2
€ 2 [ l(s) o(s)] g[ 18 4) ofs 4) 2] 2
c=pﬁ+tbf+pf°=50+15+50=115nu'n
y, =220 4575(—)+572 o )|+ -2 [457.5x(117.8
) .8 150

2
3Xl15)+5725(1]78+£) .],i] @_4144llmm

b od (S 539 4 Sl g Jb (ol e 155 ol> pslaie & Al L35 05 (gdbal; aomils
L11M[

ter 2 [~
¢dchYc

6
20mm < M—- = 24.86mm
\llx355x4144.|| < Cannsd Lawwlio

C.ual)Lub)yn ﬁu,ﬂ 879 4D 3

ANSI/AISC 358- Equation (6.10-13)

ty=tep=15mm g odliiw] yio luo VO Cuslius & Siwgm (5,9 51 ST

—t -
P = D = c . s _ 115 2ISmm - 50 mm

pdbCSw giw JU sl 0-F Jgse 5l eolaz! b
Psi =30mm<s=117.8= p;; =50mm

Y, = %‘[h. GeLyang <1+#)]+-§[h1 (5+pg) +ho (5 + Peo)]
S

psi S Pso
370[ 575 (

+—) 5725(— —)]+—[4515(1178+50)+5725(1178+50)]

2 .8 1178 50 150

=7733.03mm

ok s (gt Jb (pled malud J S
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1.1IM
tor 2,5 Yf ANSU/AISC 358- Equation (6.10-13)
diyc ‘¢

’l.llx818.8x106
20 >, | —————————=18.2mm
T Tx355%7733.03 ol nolin

o JU (oo gl 51 (oWl (Siwgnt (89 3W5 990 (S9mi - o

dpuslons 3 (21l 24158 1 2 al gl el U (Kiogey 39 42 g Sl b el (1 &S0l e 4,
& Ja8 o8 1> oS Sl o 08B (gt b b p 551800 el )l Voo 5 Ol jo vl S35 4 p5Y 00 8

Caol 02l Cawsd

daMep = bgFye Vil = 1x355x4144.11%20° ANSUAISC 358- Equation (6.10-14)
= 588463620 N.mm = 588.5kN.m

Mr _ 588.5x10°
04R, = baMer _  =1142.65kN ANSI/AISC 358- Equation (6.10-15)
dp—tpr  530-15

Op Ol pabad Cuoglio Y 08
2L 9 0o sl gimms SV & Cund 5 (Vb JU salold 4y a2 g LG jiall i V-1 o5 0 IV 68 5
el by g Bos 3l 5w Jb @Vl g b gt (VL 5l alols oSl 8 S ks
C =1
Ry = Cyx (6 kg +tye +2t,)XFg X1y, ANSUAISC 358- Equation (6.10-17)

Fogko ¥ U oYU JU 5 5V e o ¥e - can b pd oadbaid b JSWb-T giaw 0 (V) Y- iy oll
b (5295 (54gS o9 g g uaato o Jol8 395 b gyl (g2 vl Jlg e 5 ok JU 3l Somb
9> dn TYp JSS Bollao cpl plly S8 43l (ygiw ol Culdes g e Jhe A e 93 (2 S0 6 g2 aay
Ll plycaiadgs
a =min{8mm,tg,)
= min(8mm,15mm)

=8mm
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ke =ty +8=20+8=28mm
Ry =Cy x(6ke +tpp +2t,)x Fyg x 1y,

R, =1x(6x28+15+2x35)x355%15
=1347225N =13473kN

Fry < 04Rp ANSV/AISC 358- Equation (6.10-16)
1590kN2> 1x1347.3 = 1x1347.3kN Comsd anwlio

el L 2)90 (Stuogey (39 40t >
BIIESUw g 3la  wdileS Cusglile J S -F o8
gden 3y (gt Sl 5‘925 35555 slalold > Fy,
2413, JEF,
h

R, = ANSI/AISC 358- Equation (6.10-19)

h=d, —2xter =360-2x20=320mm

_ 24x15% V2x10° x355

R, =2132869.16 N
320
=2132.9kN
F, SOR, , $=0.75 ANSI/AISC 358- Equation (6.10-18)
1590 kN < 0.75x2132.9 = 1599.7kN sl i

&0 ea Gb

DI CSuw (ygaw Gl SS9 18 Cusglie -0 ol

LL b a5 ang 90451l o)l > Sleslat b b olewsl 5y9 4y Jb Jladl (V)V-4-F 0 olaly,
oyl 98 e Jaicd e e S5l Slaebl Caps )5 all Al jia Jie A a4 alsS Ben

N =ty + 2% ((Lasd Gusz ) =15+2x0=15mm

Nt
R, =0.8t2, [1 + :s(d—)(-li‘l)"5 ANSI/AISC 358 Equation (6.10-22)

¢ cf

] E Fyeter

tC\V

05x3
=0.8x15% l+3(£)(£)l.5 M
360° 20 15

=1893533.62 N=1893.53kN

Fi, <OR, , $=0.75 ANSV/AISC 358- Equation (6.10-21)
1590kN= 0.75%1893.53 =1420.2kN ) Cawwlio

Cwl)bb)yﬁw% 6)949_&515))
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dp=d—tbf
=530-15=515mm
R MutMy
dP

O Salons 53 03laiwl 590 S 059 (ubiod (BB ) Ll EalS alads by ded Jlail Jle Bollae
huwgio ded gl 5 a8 Jb 5. Conl Szl Jato oS5 5 SU gt dag ) 50 S Jlail gdaits
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400
R, =——-180=596.7kN
0.515

u

1wl 5 b A (o erded (g3 Sl gl Jlail gdeuta ol coml Cuoglie

P,c = 200kN

Ag = (360 2x20)x15 +2x370x20 = 19600 mm?
P, = A, F,o =19600x 335 =6958 kN

il 00 bl ol oo )3 Jlal sdaide S5 i i1 dllise €90 4 a2 g3 |

0.75P, =0.75x6958 =5218.5 kN

P <0.75P,
3"(bcl' >(tcl'2 .
SR, =0.6F, xd xtg, x| 1+ ——< ANSVAISC 360- Equation (J10-11)
dxd, xtg,
2
= 0.6x355x360x15x] 14 2370%20
530x360x15
=1328.7kN
Jbail oty By )8
Ru S ¢ Rn
$=1.00
596.7kN <1x1328.7 =1328.7kN ] Ganwlin

G U3 3)90 ol cisliae 39 domis )
Al gad 5 4 i SR s J15 & jl bawgie oad Sl ) 45390 dn g

Swant (339 3l 3,90 Cuglie & oIS
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Fou =F —min(¢R ) ANSI/AISC 358- Equation (6.10-25)

(Section 6.10.2 Step2) — 1142.65kN
(Section 6.10.2 Step3) — 1347.3kN
(Section 6.10.2 Stepd) > —

(Section 6.10.2 Step5) — 1420.2kN

= 1590 —min

=447.35kN

t w339 >k

Ly Swgn W59 (> AISC Y Lail (Kb ks iy baulgss JIF-F-Y W &S Cunl (5)9 06 &S5 (pl ) do g
Sy & il (o o V-F A B9 (2l AISC eVl (S5 s i bulgs jIV-F iy bailgs Lyl oS

Am3 e gl b goad b Jolye 4l ol (2l g (Sagy
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USE M22(dy, =22 mm)

& 22 B ol i Y S
1290 43S )15 )3 55 Jb 46,8yl < 3y9 055E 9 Ml o he YO b 39 Cuslies oS (10,8 5]
bg =190mm,tp =25mm
13 Wiy
D9 QB! 5 Jb Culbus jl it 2eys oz 399> )3 Jb §yg Cuslses
D9 g0 il A490 5 )|kl o5 5l s 95355 5V g8 5l 55 pdlas
F,, =579 MPa ANSI/AISC 360- Table J3.2

Ay, =0.25rd2 =0.25x nx22? = 380.13mm?

Fuy xAp =579%380.13 = 220.1kN
r, =ming 2.4F  dytye = 2.4%x360x22x15 =285.1kN ANSV/AISC 358- Equation (7.6-3)
2.4F ,dpt, =2.4x510x22x25 =673.2kN

=220.1kN
Bz 1y ool lojl Slans OB -F o8

Ry 1.25M,, 1.25x561.2x10°
¢nrn(d+tp) 09x220|xno3(460+25)

ANSI/AISC 358- Equation (7.6-4)

=73 =n=8

(82) Sty ke ey -0 a5
e :9) =70mm
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Al go S el ke e )3 Cawl 003 pYel y2a oo VA il 4 5 e
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ot (28 jieS g STl alols
Smin = 3dp =3x22=66mm = s =70mm

1]
Sp, =S, +s (';- 0 ANSUVAISC 358- Equation (7.6-5)

=70+70(—§--—l) =280mm
(Vi) Sy Jato 3 i i -F o8

Sy gL Juaks C”!LS‘*L"&M". J
d
—L. —2xZc_9
Lh Lo 2x 2 Sh

=6000~2x2—§—q—2x280=5080mm

sl o s 5 glagil g3 (gl gt oS Cal 0ad 6 3 L g Auwlne 4o

Sl e oo 33 Suidly S50 BUiks (i

2Mp  2x561.2x10°

V, = =220.95kN
L, 5080
s.ﬁ{w}k Juada oo Fr ‘_ﬁﬂ
v, =V + Yubh _ 99095, 20000508 103 991 75kN
h pr 2 2
Vi =V, ~Wulh 09520000508 103 190,15k
2 2

g 3algs oSt el cnl Vi ke (1392 1550 4 4297 L

(M) (yomw dg 30 )W' d)90 ,iJ-V ,0@
My =My, + ViSy ANSVAISC 358- Equation (7.6-6)
=561.2+271.75x0.28 =637.29kN.m

(For) JU §5955 39290 (5935 -A o5

My 637.29x10°

or = x107 = 1314 kN ANSV/AISC 358- Bquation (7.6-7)
d+ tp 460+ 25
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For 1314

n=g2—E -~ —___¢
dutn  0.9%220.1

ANSU/AISC 358- Bquation (7.6-8)

bl g0 (SIS ol slages Slaw o )

- Jb $)9 Selbesd Jy25 -1 o8

E
pr ANSVAISC 358- Equation (7.6-9)

d)d prbfp

3
25mm 2 214—"!-0— =19.5mm
1x355x190

ty 2

Al oo (BB U 39 caslus aox )

JU 3 9 el S5 5511 08

dhole =db +2mm = 24mm
sl o) g & RS Cod Al Colue

Ag = Ay =[bgy —2x(dpgle +2mm) |, ANSUAISC 360- Scction D3 & J4.1.(b)
=[190-2x(24+2)]x25
=3450mm?

AL 0 AISC sog0e balgs JIBA.3b uis g adge (i) Sl 598 Slsslne )3 75 jad 4y 00 BablS] o Lo ¥
ol a1 55550 yio deo ¥ bl Elig—w 25 1 U g S Al Lo (galona 2035 g0 (i &S

095 4335 a3 )3 90
A =3450mm? £0.85x by, xt, ANSU/AISC 360- Section J4.1.(b)
=0.85x190x 25 = 4037.5 mm? ol anolio
R, = Fup xA, ANSY/AISC 360- Equation (J4-2)
=510%x3450 = 1759500 N = 1759.5kN

by =0.90
Fpr <o R, ANSU/AISC 358- Equation (7.6-10)
1314kN $0.9x1759.5 =1583.6kN ol cawolio
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by — l
Am =2x tyr x|:( bf2 g)—;x (dholc +2IT11T\):|

=2x15x[(:90—90 1 ]

)5 x(24+2)
=1110mm?
bl plp G Jobo JS
Loy =(%—l)xs+ (S| — 3liga sabols)

=(§—l)x70+(70—20)
=260mm
sl ) 700 & codbdulte 4y ot Job dagi b S b Colue
Agv =2thf XLgV

=2x15%260
= 7800 mm?

L»Cw‘ ))‘)Jua."b kf":')‘-' Colowe
Apy = 2xtyy X[Lgv ——;—(n =D x(dpote +2mm)]

=2xISX[260—%(8—1)X(24+2)]=5070mm2

Ups =1
Ry =0.6F, xAny + Upg xRy x Apy S0.6F x Agy +Upg x By x Ay ANSI/AISC 360- Equation (J4-5)

0.6F,, x Ay + Upg x Fyp x Ay = (0.6x360x 5070 +1x360x1110)x 107 = 1495kN
0.6Fg, x Agy + Upg xRy XAy = (0.6x235x 7800 +1x360x1110)x 10 =1499.4kN

R, =min(1495,1499.4) = |495kN
¢, =0.90
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Fye SOnR, ANSVAISC 358- Equation (7.6-11)
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JU 9 54183 LS -V Y o6
el pj s Jb Gy JS colus
Ag =bgpxty
=190%25 = 4750 mm?
:AISC oYlasl  Kibd iy Llgd 420 50 #-Y 0 51V 68 3 09290 sy ol 4

KL = 0.658; = 0.65x70

t

r=—p—=£=7 22mm
iz 2

;L__iL_z 0.65x70 ~63

r 7.22
A<25=>F, =F, =P, =F xA; ANSV/AISC 360- Equation (J4-6)

=355%x 4750 =1686250N = 1686.5kN

For S00R, ANSV/AISC 358- Equation (7.6-12)
1314kN<0.9%x1686.3=1517.7kN .w‘wt.o

oV g3 g0 IS Y e

2y 351 gaiad Job cpnd

L'= Lo—2x923= 6000-2x¥= 5640 mm

AM.G[JLro alls 5 L;l{,’b‘ 93 LS“'"(J?L" &S ol 0 ua)s L' sduwloo 30

toghw dg 48 JB L JBlEe 10y
wyxL'  20000x5.64 3
Vgravity = u2 = 5 %107 =56.4kN
IOG g 50
M,
= +V ANSUV/AISC 358- Equation (7.6-13)

u L, gravity

S2X3612 e 42 27734kN
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thw thw 10 10
h <260= k, =5 ANSI/AISC 360- Section G2.1
thw
LR <l kyE ANSI/AISC 360- Equation (G2-3)
ty F,
G
4351122200 g 96
235
TCubld pairlg>
=¢,=090,C, =1
A,, =dxty, =460x10 = 4600 mm?
Vi =0.6F, x A, xC, ANSV/AISC 360- Equation (G2-1)
=0.6x235x4600x x10~ = 648.6kN
V, =277.34kN< ¢, V, =0.9x648.6 = 583.74kN ol lio

e S5 g JUi 2 15b V0 0l

1ol g Aan s
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A}, =0.25rd, =0.25x nx16% = 201.06mm>
R, = Fi A} = 469x201.06x107> =94 3kN ANSV/AISC 360- Equation (J3-1)
V, 27134

=M - S 39

Noeaa’, = =J.
eqd T BE L, AL 0.75x94.3

=n'=4

i Ol 43 g (San) J S
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dioje =dy, +2mm = 18mm
J |
L,=S _'2)(-2_('1;10[6

=60—2x—;-x18=42mm

fy =1.2L 1 Fup < 2.4dpty Foy ANSI/AISC 360- Equation (J3-6a)
1.2Ltyy Fup =1.2x42x10x360x107> =181.44kN

2.4d} i Fup = 24 x16x10x360x107> = 138.24kN
r, = min(181.44,138.24) = 138.24kN

R, =n'xr, =4x138.24 =552, 96kN
V, =27734 < $R, =0.75x552.96 = 414.72kN ol canlin
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Ay = Ly, xt;, = 28010 = 2800 mm”
R, =0.6F, xA; = 0.6x355x2800x107> = 596.4kN ANSI/AISC 360- Equation (J4-3)
V, =277.34 S oR, =1x596.4 = 596.4kN ] cawlie
SRy

) 005 ub{bl AISC ORE 1::4‘9@ )I J4.2.(a) a0 L)"'l‘“’| »$=100 &nglﬁn G 2
Ay = Ag =1 x(dfgre +2mm)xty
=2800—-4x(18+2)x10 = 2000mm?
R, =0.6xF,xAp, ANSI/AISC 360- Equation (14-4)
=0.6x510x2000x107> = 612kN
$=0.75

V, =277.34 S$R,, = 0.75x612 = 450kN ol s
1879 ¥V ¥y J S

ol oad 03l Jiulad £-Y-p S5 )0 o 5)9 (8IS g Gy g Jgbo

b2 =60
e

OB Byg U8 9 by Jsb P-Y-p S5
sl j b & Ol (399 0 LRSS LS LAl Colu

bp 1y :
Ay = T_E(dh°le+2mm) X1,

=[.I?._%(18+2)]x10 =500mm?

bl plp ol 3y9 0 Jhp Cou Jobo

Lgy =(4-1)x60+50 =230mm
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bl go drlre LB j5 JSb & JS b o0 cobus  JS o9 b 4 dagi L
Agy = Lgy x 1, =230x10 = 2300 mm?

4 l ! 1]
Ay = [Lgv —{n'- 5—) (dhole + 2mm)]x iy

[230—(4-—-;—)><(18+2):lx10 — 1600mm?

Ro =0.6F, x Ay, +UpsxFp x Ay S06F, xAg, +Upg xFyp x A ANSI/AISC 360- Equation (J4-5)

0.6F,p X Apy + Ups X Fyp x Apy = 0.6x510x 1600 +1x510x500 = 744.6kN
0.6Fy, x Agy + Upg x Fyp x A = 0.6x355%2300 +1x510% 500 = 744.9kN

R, =min(744.6,744.9) = 744.6kN
V, =277.34< 6R, =0.75x744.6 = 558 45kN ool olin

18)9 0 W Funt) J S
bl o Y-Vp JSS 700 s > (39 slog (Sast) Jobo

'® B
5 =60
@ B
3 3
4% |/
3 |‘- 50
bt ——al
b,=120
Ol (89 0 g (St Job Y-Y-p UK
. 1,
L; =S —zx_dho[e
2
=60-2x%x18z42mm
Tyl = Mg =Th3 =1.2x L x t;) xFyp < 2.4d;, x t;, xFp ANSI/AISC 360- Equation {(J3-6a)

L.2xL; x l;, xFp =1.2x42x10x510 = 257.04kN
2.4dp x t) x F,, = 2.4x16x10x510 = 195.84kN
Iy =Ty =Ty =min(257.04,195.84) = 195.84kN

g = 1.2%(50~2)x 10x 510 = 250.92KN 2 195.84kN
2
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=R, =3x195.84+195.84 = 783.36kN

$=0.75
V, = 277.34KN < $R,, =0.75x 783.36kN = 587.52kN Gl lie
1P JU & gl (859 e J S
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[AISC 358-16 7.6]
BFP DESIGN PROCEDURE

[AISC 358-16 7.6 COMMENTARY]

The BFP moment connection is somewhat more complex than some other connections, because a

larger number of yield locations and failure modes are encountered with this connection.

%

Protected zone = S, + d

l /Shims, if required
i [
]

/ 1
/
Continuity and doubler A1

L — Single-plate web
plates as required (] / connection

e

e

e

=

]
\Shims, if required

V!

Fig. 7.1. Bolted flange plate moment connection.

Section properties:

Beam:
2PL25 X 1.5cm + PL40 X 1cm
- by = 25cm, ty = 1.5cm
>d=40+2%x1.5=43cm
_ 40+1.5 _ 3
- Z,=2x(25%1.5) x > + (40 x 1) x 10 = 1956 cm
Plates:

2PL55 X 30 X 2.5¢cm + (2 X 6@8.1cm)M27A490(10.9)
1PL30x25x1.2 + (2@10cm X 3@7.5cm)M18A490(10.9), a,, = 8mm

S, =7.5cm,s = 81cm(M27),s = 7.5cm(M18)

Sp =81 +5Xs=75+5%x81=48cm

S, +d=484+43=91cm

Step 1. Compute the probable maximum moment at the plastic hinge, My, in accordance
with Section 2.4.3.

2.4.3 Probable Maximum Moment at Plastic Hinge
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The probable maximum moment at the plastic hinge shall be:
Myr = CprRyfyZ
where
R, = ratio of the expected yield stress to the specified minimum yield stress, f,,, as specified in the
AISC Seismic Provisions.
Z, = effective plastic section modulus of section (or connection) at location of the plastic hinge, in.3
(mm3)
Cpr = factor to account for peak connection strength, including strain hardening, local restraint,
additional reinforcement and other connection conditions. Unless otherwise specifically indicated in
this Standard, the value of C,,- shall be:
+
bt
2fy
where

1.2

fu = specified minimum tensile strength of yielding element, ksi (MPa)

fy = specified minimum yield stress of yielding element, ksi (MPa)

+
—_— M <12
2f,
24+37
Cor =—5gq = 127 $£12-Cpr =12
R, = 1.15

probable maximum moment at the plastic hinge:
M, = CprRyfyZ, = 1.2 X 1.15 X 2.4 X 1956 = 6478 ton.cm

[AISC 358-16 7.6 COMMENTARY]

This step defines the maximum expected moment, M,,., at the last bolt away from the face of the
column in the flange plate. The beam flange must have greater net section fracture resistance than its
yield resistance because tensile yield of the flange is a ductile mechanism and net section rupture is

a brittle failure.

Step 2. Compute the maximum bolt diameter to prevent beam flange tensile rupture.

bf Ryfy
d,<2[(1-22)-3
b‘2< Ref,) "

Select a bolt diameter. Check that the edge distance for the beam flange holes satisfies the

For standard holes with two bolts per row:

AISC Specification requirements.
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beam flange tensile rupture:
say Ry =R, = 1.15

1.15%2.4
1.15%3.7

dpy<Z(1-

[AISC 358-16 7.6 COMMENTARY]

This step establishes the maximum bolt diameter that can meet this balanced criterion. While this

requirement is rational, it should be noted that net section rupture of the beam flange has not occurred

) = 03cm = 4.09cm > try M27: dy = 2.7cm

in any past BFP tests, because the beam web clearly reduces any potential for flange rupture.

The shear strength of the flange bolts is the smallest strength permitted based on bolt shear with

threads excluded from the shear plane, bolt bearing on the flange plate, bolt bearing on the beam

flange, and block shear considerations.

Step 3. Assume a flange plate thickness, tr,. Estimate the width of the flange plate, bsy,

considering bolt gage, bolt edge distance requirements, and the beam flange width. Determine

the controlling nominal shear strength per bolt considering bolt shear and bolt bearing:

1.0f4p
1, = min3 24fupdpty
2.4fupdptfp

Where

1,, = controlling nominal shear strength per bolt

Ap, =nominal unthreaded body area of bolt, in.2 (mm?2)
fnv = nominal shear strength of bolt from the AISC Specification, ksi (MPa)

fup = specified minimum tensile strength of beam material, ksi (MPa)

fup = specified minimum tensile strength of plate material, ksi (MPa)

try tgp = 2.5cm
try b, = 30cm
M27 - dy, = 2.7cm

_ mx2.7?

Ap = = 5.73 cm?
4

ton

A490(10.9) - f,, = 10—

ton

fav = 045f, = 0.45 X 10 = 45—

ton

fub = fup =37—

cm?

dp = nominal bolt diameter, in. (mm)
tr = beam flange thickness, in. (mm)

trp = flange plate thickness, in. (mm)

nominal shear strength per bolt considering bolt shear and bolt bearing:
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1.0fupAp 1.0 X 4.5 X 5.73 25.79
1, = min{ 24fupdpty = min{2.4 x 3.7 x 2.7 x 1.5 = min{35.96 = 25.8 ton
24 dptsp 24X 3.7X27%X25 59.94

Step 4. Select a trial number of bolts.

User Note:
The following equation may be used to estimate the trial number of bolts.
Lo 125My,
" puru(d +tp)
where

n = number of bolts rounded to next higher even number increment

d = beam depth, in. (mm)

. 125Myr  _ _125x6478 _ 6>n=8
= Pura(d+te,)  0.9%x25.8(43+3) -
o

if Fay = uDyhsTyng - Fppy = 03 X 113X 1 X341 X1 =11.6 ton > 1, = 11.6 ton > n =
16.9

[AISC 358-16 7.6 COMMENTARY]

This step is an approximate evaluation of the number of bolts needed to develop the BFP moment
connection. The moment for the bolts is larger than My~ because the centroid of the bolt group is at a
different location than the primary hinge location. However, this moment cannot be accurately
determined until the geometry of the flange plate and bolt spacing are established. The 1.25 factor is
used as an empirical increase in this moment to provide this initial estimate for the number of bolts
required. The bolts are tightened to meet slip-critical criteria, but the connection is not slip-critical:
The bolts are designed as bearing bolts.

Once the required number of bolts is established, bolt spacing and an initial estimate of the flange
plate length can be established. This geometry is illustrated and summarized in Figure 7.1.

[AISC 360-16: GLOSSARY]
Slip-critical connection: Bolted connection designed to resist movement by friction on the faying

surface of the connection under the clamping force of the bolts.

Step 5. Determine the beam plastic hinge location, Sy, as dimensioned from the face of the
column.

sh=s1+s(g—1)

where
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S; = distance from face of column to nearest row of bolts, in. (mm)

n = number of bolts

s = spacing of bolt rows, in. (mm)

The bolt spacing between rows, s, and the edge distance shall be sufficiently large to ensure
that [, as defined in the AISC Specification, is greater than or equal to 2d,,.

Sp="S+s(5-1)=75+81(5-1)=318cm

[AISC 358-16 7.6 COMMENTARY]
This step defines critical dimensions of this geometry for later design checks

Step 6. Compute the shear force at the beam plastic hinge location at each end of the beam.
The shear force at the hinge location, I/, shall be determined from a free-body diagram of
the portion of the beam between the plastic hinge locations. This calculation shall assume the
moment at the plastic hinge location is M,,, and shall include gravity loads acting on the beam

based on the load combination of
1.2D + fiL + 0.2§
where
D is the dead load; f; is the load factor determined by the applicable building code for live

loads, but not less than 0.5; L is the live load; and S is the snow load.

User Note:
The load combination of 1.2D + f;L + 0.2S is in conformance with ASCE/SEI 7-16. When using
the International Building Code, a factor of 0.7 must be used in lieu of the factor of 0.2 for S (snow)

when the roof configuration is such that it does not shed snow off of the structure.

[AISC 358-16 7.6 COMMENTARY]
This step is similar to other connection types in that the shear force at the plastic hinge is based upon
the maximum shear achieved with maximum expected moments at the plastic hinges at both ends of

the beam plus the shear associated with appropriate gravity loads on the beam.

Step 7. Calculate the moment expected at the face of the column flange.
My = Mp, + VpSp
where V, is the larger of the two values of shear force at the beam hinge location at each
end of the beam, kips (N).
This Equation neglects the gravity load on the portion of the beam between the plastic
hinge and the face of the column. The gravity load on this small portion of the beam is permitted

to be included.
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2Mpr  Gubn
Ly, 2

moment expected at the face of the column flange:
Mf = MpT + VhSh

Vh =

say My = My, = 6478 ton.cm

XX
NOT OK
Step 8. Compute F,, the force in the flange plate due to M.
M
f
E_ =
Tod+t,

where
d = depth of beam, in. (mm)

t, = thickness of flange plate, in. (mm)

force in the flange plate due to M;:

M
F, =—L
PT  d+t,
6478
br = 2313 = 141 ton

[AISC 358-16 7.6 COMMENTARY]
Step 7 uses the geometry established in Step 5 and the maximum shear force established in Step 6
to determine the maximum expected moment at the face of the column flange, My. The maximum

expected force in the flange plate, Fyr, is determined from My in Step 8.

Step 9. Confirm that the number of bolts selected in Step 4 is adequate

¢nrn
n=gxJer —_1M __ g4

= @nprn  09%x258

[AISC 358-16 7.6 COMMENTARY]

The flange plate bolts cannot experience a tensile force larger than F,,., so Step 9 checks the actual

number of bolts required in the connection. If this number is larger or smaller than that estimated in
Step 4, it may be necessary to change the number of bolts and repeat Steps 5 through 9 until

convergence is achieved.

Step 10. Check that the thickness of the flange plate assumed in Step 3 is adequate:
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E
trp = ——
¢dfybfp
where
fy = specified minimum yield stress of flange plate, ksi (MPa)

bsp = width of flange plate, in. (mm)

thickness of the flange plate:

=20cm

F,
trp =3cm > —P— ==
P Gafybrp  1x2.4x30

Step 11. Check the flange plate for the limit state of tensile rupture.
Fpr < ¢nRy
where R,, is defined in the tensile rupture provisions of Chapter ] of the AISC Specification.

limit state of tensile rupture of flange plate:
Ry = Fpdp

ton
— X
cm

Fpr < Ry = ¢y FpeAp = 0.75 x 3.7 5.73 cm? = 15.9 ton

Step 12. Check the beam flange for the limit state of block shear rupture.
where R,, is as defined in the block shear rupture provisions of Chapter ] of the AISC

Specification.

AISC 360-16 J3
6. Tensile and Shear Strength of Bolts and Threaded Parts

The design tensile or shear strength, ¢R,, and the allowable tensile or shear strength, Rn /Q, of a
snug-tightened or pretensioned high-strength bolt or threaded part shall be determined according to

the limit states of tension rupture and shear rupture as:

Ry, = fulp
¢ =0.75

where

Ab=nominal unthreaded body area of bolt or threaded part, in.2 (mm2)

f, = nominal tensile stress, fnt, or shear stress, fav, from Table J3.2, ksi (MPa)

The required tensile strength shall include any tension resulting from prying action produced by

deformation of the connected parts
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User Note: The force that can be resisted by a snug-tightened or pretensioned high-strength bolt or
threaded part may be limited by the bearing strength at the bolt hole per Section J3.10. The effective
strength of an individual fastener may

be taken as the lesser of the fastener shear strength per Section J3.6 or the bearing strength at the
bolt hole per Section J3.10. The strength of the bolt group is taken as the sum of the effective
strengths of the individual fasteners.

7. Combined Tension and Shear in Bearing-Type Connections

The available tensile strength of a bolt subjected to combined tension and shear shall be determined

according to the limit states of tension and shear rupture as:

Rn = F' ntdp
¢ =0.75
where

F'nt=nominal tensile stress modified to include the effects of shear stress, ksi (MPa)

, Frue
Fnt = 1-3Fnt_Mfrv < Fnt
Fnt=nominal tensile stress from Table J3.2, ksi (MPa)
Fnv=nominal shear stress from Table J3.2, ksi (MPa)
frv=required shear stress using LRFD or ASD load combinations, ksi (MPa)
The available shear stress of the fastener shall equal or exceed the required shear stress, frv.
User Note: Note that when the required stress, f, in either shear or tension, is less than or equal to 30%
of the corresponding available stress, the effects of combined stress need not be investigated. Also

note that Equations J3-3a and J3-3b can be rewritten so as to find a nominal shear stress, F'nv, as a

function of the required tensile stress, ft.

Step 13. Check the flange plate for the limit states of compression buckling.
Fpr S ¢an
where R, is defined in the compression buckling provisions of Section J4.4 of the AISC
Specification.
User Note: When checking compression buckling of the flange plate, the effective length,
KL, may be taken as 0.655.
Some iteration from Steps 3 through 13 may be required to determine an acceptable flange

plate size.

Section J4.4
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Strength of Elements in Compression

The available strength of connecting elements in compression for the limit states of
yielding and buckling shall be determined as follows:

(a) When Le/r < 25

Pn = FyAg

¢ =09

(b) When Lc/r > 25, the provisions of Chapter E apply;

where

Lc=KL = effective length, in. (mm)

K = effective length factor

L = laterally unbraced length of the member, in. (mm)

User Note: The effective length factors used in computing compressive strengths of connecting
elements are specific to the end restraint provided and may not necessarily be taken as unity when

the direct analysis method is employed

[AISC 358-16 7.6 COMMENTARY]

Steps 10 and 11 check the flange plate width and thickness to ensure that tensile yield strength and
tensile rupture strength, respectively, exceed the maximum expected tensile force in the flange. The
net section rupture check of Step 11 employs the nonductile resistance factor, while the flange
yielding check of Step 10 employs the ductile resistance factor; this check also allows limited
yielding in the flange plate and ensures ductility of the connection. Step 12 checks block shear of the
bolt group in the flange plate, and Step 13 checks the flange plate for buckling, when Fpr is in
compression. Both block shear and buckling of the flange plate are treated as nonductile behaviors

Step 14. Determine the required shear strength, V},, of the beam and the beam-web-to-

column connection from:

2M

pr

Vu= I + Vgravity
h

where
Ly = distance between plastic hinge locations, in. (mm)
Vgravity = beam shear force resulting from 1.2D + f;L + 0.25 (where f; is a load factor

determined by the applicable building code for live loads, but not less than 0.5), kips (N)

User Note:
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The load combination of 1.2D + f;L + 0.25 is in conformance with ASCE/SEI 7-16. When using
the International Building Code, a factor of 0.7 must be used in lieu of the factor of 0.2 for S (snow)
when the roof configuration is such that it does not shed snow off of the structure. Check design
shear strength of beam according to the AISC Specification.

[AISC 358-16 7.6 COMMENTARY]

Step 14 is somewhat parallel to Step 6 except that the beam shear force at the face of the column is
established, and this shear force is then used to size and design the single shear-plate connection is
Step 15

Step 15. Design a single-plate shear connection for the required shear strength, V,,
calculated in Step 14 and located at the face of the column, meeting the requirements of the
AISC Specification.

Step 16. Check the continuity plate requirements according to Chapter 2.

Step 17. Check the column panel zone according to Section 7.4.

The required shear strength of the panel zone shall be determined from the summation of

the moments at the column faces as determined by projecting moments equal to R, f,,Z, at the

plastic hinge points to the column faces. For d, add twice the thickness of the flange plate to the

beam depth.

[AISC 358-16 7.6 COMMENTARY]

Continuity plates and panel zone shear strength are checked in Steps 16 and 17, respectively. These
checks are comparable to those used for other prequalified connections.

As previously noted, the BFP moment connection has provided quite large inelastic rotational
capacity in past research. It has done this by attaining primary yielding in the beam at the end of the
flange plate away from the column and through secondary yielding as shear yielding in the column
panel zone and tensile yielding in the flange plate. Bolt slip occurs but does not contribute greatly to
connection ductility. This rather complex design procedure attempts to achieve these goals by
balancing the resistances for different yield mechanisms and failure modes in the connection and by

employing somewhat greater conservatism for brittle behaviors than for ductile behaviors
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