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Horizontal Structural Irregularities

3) Diaphragm Discontinuity Irregularity

Open

Open

Irregularity exists if open area > 0.5 times floor area
OR if effective diaphragm stiffness varies by more than
50% from one story to the next.
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Horizontal Structural Irregularities
5) Nonparallel Systems Irregularity

/
|

— !
Nonparallel system Irregularity exists when the vertical

lateral force resisting elements are not parallel to or
symmetric about the major orthogonal axes of the seismic

force resisting system.
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Horizontal Structural Irregularities
2) Re-entrant Corner Irregularity

4 AN

Px
< Lx )
Irregularity exists if p, > 0.15L, and p, > 0.15L
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Horizontal Structural Irregularities
1a) and 1b) Torsional Irregularity

1

Omax < 1.20,,, No irregularity
1.20,,, < 00y < 1.40,,, Iregularity

D 1.4(56Vg Extreme irregularity

Irregularity 1b is NOT PERMITTED in SDC E or F.
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Vertical Structural Irregularities
1a, 1b) Stiffness (Soft Story) Irregularity

Irregularity (1a) exists if stiffness
of any story is less than 70%

of the stiffness of the story above
or less than 80% of the average
stiffness of the three stories above.

An extreme irregularity (1b) exists if
stiffness of any story is less than 60%
of the stiffness of the story above

or less than 70% of the average
stiffness of the three stories above.

1 =p

Exception: Irregularity does not
exist if no story drift ratio is greater
1 €= than 1.3 times drift ratio of story above.

S

Irregularity 1b is NOT PERMITTED in
SDC Eor F.
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Vertical Structural Irregularities
5a, 5b) Strength (Weak Story) Irregularity
Irregularity (5a) exists if the lateral

strength of any story is less than 80%
of the strength of the story above.

An extreme irregularity (5b) exists
If the lateral strength of any story is
less than 65% of the strength of the

story above.

Irregularities 5a and 5b are NOT

PERMITTED in SDC E or F.
Irregularity 5b not permitted in SDC D.
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Vertical Structural Irregularities
3) Vertical Geometric Irregularity

d-+1 «

1

Irregularity exists if the dimension of
the lateral force resisting system at
any story is more than 130% of that
for any adjacent story

Vertical Structural Irregularities
2) Weight (Mass) Irregularity

Irregularity exists if the effective
mass of any story is more than 150%
of the effective mass of an adjacent

story.

Exception: Irregularity does not
exist if no story drift ratio is greater
than 1.3 times drift ratio of story above.
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SITE CLASSES
A Hard rock v, > 5000 ft/sec

B Rock: 2500 < v, < 5000 ft/sec

2

C Very dense soil or soft rock: 1200 < v, < 2500 ft/sec g §

D stiff soil : 600 < v, < 1200 ft/sec ~ {11

E V,<600ft/sec | 5

F Site-specific requirements

———————
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N= (T-T,)+1
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T< T,

Ts <T<4 sec
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(r-v

5y dawgie g Shasly loay ol o

N= T< T,
0.4 T.<T<4 sec
N= (T-T)+1 . (F-Y)
N=1.4 T>4 sec
NEHRP Site Amplification
for Site Classes A through E
i Site A|
5 = Site B
2 e Site C
g 250 \ = Site D ||
% 5 = Site E
e 4.00 —Site A |
S 150 5 e = Site B
s 5 3 —Site C[]
< 1.00 g 3.00 \\ === Site D | |
8 P \ —Site E
2 050 o
x $ 200
0.00 g .
0.00 0.50 1.00 1.50 200 <%0 .
Short Period Acceleration Ss (g) g 1.00 4
% 0.50
14
0.00
0.00 0.50 1.00 1.50 2.00
Long Period Acceleration $1 (g)
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Special Steel Moment Frame

1.2

v

Disadvantages

Drift control, connection cost, connection testing
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Special Steel Concentrically Braced Frame
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k accounts for Higher Mode Effects
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k=05T+0.75
(sloped portion only)
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Amplification of Accidental Torsion
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Amplification of Accidental Torsion

max
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Reason for Amplifying Accidental Torsion

New center
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1.2D + L + (Ex+0.3 Ey +EV)

o;lw S oS
06AI*D 0.6Al * (D+L)
\f/
(1.2 + 0.6A1)*D
= (1.2 + 0.21*1)*D
=141D

0.6 X 0.35x (1) = 0.21

S _0.6AI_0.6><0.35><1_105
DS™ 02 ~ 0.2 -
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Basic Load Combinations
(involving earthquake)

$2D+1.0E+L+0.2S

AAR2A.

0.9D+1.0E

Note: 0.5L may be used when L, < 100 psf
(except garages and public assembly)

Combination of Load Effects

Use ASCE 7 basic load combinations but substitute the
following for the earthquake effect E:

E=E, +E,
E, =pQ. E, =0.2S,.D

Resulting load combinations (from this and previous slide)

(1.2+0.2S,.)D+ pQ, +L+0.2S
(0.9-0.25,,)D + pQ;
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N, =0.002Y,
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N, mp
N, mp
N, s
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Overstrength Factor Q.

Elements must be designed
using load combination
with factor @,
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Analytical Modeling
for Modal Response Spectrum Analysis

* Use three-dimensional analysis

* For concrete structures, include effect of cracking [req’d]

* For steel structures, include panel zone deformations [req’d]

* Include flexibility of foundation if well enough defined

* Include actual flexibility of diaphragm if well enough defined

* Include P-delta effects in analysis if program has the capability

* Do not try to include accidental torsion by movement of
center of mass

* Include orthogonal load effects by running the fill 100% spectrum
in each direction, and then SRSSing the results.

11. For determining drift, multiply the results of the
modal analysis (including the I/R scaling but not the
85% scaling) by C/I.
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Story Drift

5e Strength
s level forces

t modified

by Rand /|

Drift reported by
h analysis with strength
level forces:

R
°" h

Amplified drift:

A

Note: Drift computed at center of mass of story A=CyA,

Story Drift (continued)

For purposes of computing drift, seismic forces may
be based on computed building period without upper

limit C,T,. S eSS

For SDC C,D,E, and F buildings with torsional irregularities,
drift must be checked at building edges. I
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P-Delta effects are based on the
Fictitious Elastic Displacements

S . PCA,
\/Xl'7SXC

5 CC,:C‘JXe Displa;cement, o)

Xe
Fictitious “elastic” True inelastic
displacement displacement

Ssle Golods: e 59



BouiiS gaz g sl ko A-¥

it oolazdbo 0 8 sla )l 0025 oo (glojlu ST Ygena 45 LagSTibs
it oS malie 4 1) LS 5o o0l Sloml (glag o JLat adog 4l3)y £435 alSin 4o
ol il o a5 8l gla JSd i 10 5 ol Lol s aio ouge il
A la ), 8 S g Coaglie iyl oo

2 58 wwbio jab 4 wols a8 8bo condee 1 laislo o3l o o Y-A-Y
g s oamdi il g o el ip i 4t s 4 LapSTBls IS sl oy 0k 4288

(§9 =il o Ll 10 oundiolon! 281 IS potd iSlos a5 a8l ,80s 4o -l
il il baigin gl Lo il pilp 93 5 (e FYY) sy il il
O 03io g8 (531 5o s b (@57 £ 3 sl Al Sed n AL o ST 30
slacbi by (b sbaylps L ol ptwsn @bl laojln o oy Ay,
355 8 asd fal 53 Ll (58 el gay lgee

Ptz sle ) Sd 3 008, € el > ay ol p g slae] Sls sl slaejlu o
O 435 o (S0 )85 5 099 (T-V-T-F) 5 (T-Y-X-Y) gloasy ab p olessla
S o plodl [l ol g 0 5 Capalyn ulud 1 alily s j0 polite 3B (513!

S ol em Lgdl jo euds olowl 281 1S3 jeuts 250 o8 lan®l 80 4o -0
s i 51,55 Bl e bgin o oS i inS 4l
S ) e for Lyolen (o388 slasyy b (o Jbo g5 51 slan130s 058 00
dty y gyite sle pabitals l S gl 4 S LT LY 850 4 aileo cos

IRTIV g U IPEORLILE) UL RN GURNTS.2 R4 B SR D!

60



RVO) FYRVCI VLI SR P U S S| PR LIMIPUNC N ISR T 4 - PSR PR
b aihE s daaFTls 508 Jae b b wjle o2

Sl S 3 b S L s clodas g do slanS)ils gl slaeshe,s Y-A-Y
ol ol (F-Y-F-T) 4 (F-Y-T-T) sloats 3oy oleislo jo ooey

e 5L 810 5 b ol 00 (sl sl lotasd g Lo stagSt s YA-Y
gD drlaes (V0-T) alat) Bollae dopS153ls 1 5350 (59m5 5 (20

2 F

oy = (S 081
J=l T ¢

bl b o

35 50 w8108 4 a)ls (il (59 Fpu

Gldae oo 5l 5l st ol d 55 50 oY 1 et (gl g 05T 500 (55 W
A=1=¥-F) s abals

(P-Y-1Y ol iyl Ballae a5 g Al 4y 3y (609 b i 4 W g By
i oY o1 S g ol <D AW L ol Fpyi lade JBlas o308 akal, 4o
D 68,5 135 0 AIW, 5 iy
oo slisl ol (59 0 o aljl5 Gy 2 oMo pFTyibs 457 (g0 lge ;o P-A-Y
J-izie FooSs a wilends adly KaSo 655 2 o51)8ko ey 9 Vb e o 457,
g adlal (10-Y) alal, 5l adel Canody (59500 4y b jui tagyud al i cylad oo
daaslome (gl (V-F-1) oty Jaslgs Gubo wib ol P vl i po 31 0 g0 () 0
29 jplane Slunlone 50 1o oy i jf 3 ol polia

61



ool L sl LSt 3 3 0 olonl gl ISt kd 505 5 d5la (gl 235 B-A-Y
shls a8 U jlae (glepd] 3L 0 a0 F el leojlu Jdod sadaislid (cla g,
5 Lo Gl ity o a4y o3 9 5 glagsle a8l g nagy gedite s (3
9y 2 &S (Sl 1l D jeae dy 1B 3 58es (B8 L el g | Lo JSC s
SonTiLsa Ceaglin J 55 5grad s sl 55,5 18 el laolSasSs

rllcs 3l oabaslo slanST)abs 5 &L lul i aslivg | Jalsd ubl p doylop
03 5 on (enl g pe glaaalicpn | lalgs ululy So

Sl 4 oS80 5L il gl eanSaen” gl aal 45 (55)le 5 PoA-Y
ot gl ails plaiVlail g Lagl ook wally 5)800 (ool sl )l ol o pglia
amcioo i i g S 1L o pwdirr Blod 4 oM 0 pdiial (slaoslw adS” 0 Y-A-T
P2 Y-V=Y) oty ils sl et plad Llod oy play )| o placali by 5 (-YV-1) oy
LB gliat a WS1ibs SVl olils (65,0 YL g oy o las L gladsy,
Al Sl YD liee 4 b saxS per (sl

62



SOY 98 4l 5 A

Ao (i I)LQ&AJSLSHg)l)gosg_‘))ej Lgl.md.iw

S Goloden 1 oy 63



gl i eer T

S B L P e B

Type B{Fu=420MPa)
2B@25cm
fe=210kg/em™2

4 . )
LT : A1 ae
- £ o

. 4
R T
R P

eoles as oaan Sl e

SC:1/10




balieo alaio b dws clael Y- A-Y-1e
Wgliss gudiib pj0g)F d 4 Ll alade by pies (gl
ol 4y ol e 5y I 5 oV e b e oL (U
i 5 bles Lalis alaie b s slael (o
O boady btz alado b clas glacl (o
i Jb Cwls J8las g fFao ppe \-Y-A-T-1e
G ASzsS Sl als wilei e Jae bt Spo 2 T L 55 Bl 005 oo o S e
gl an8)5 s o 255 5 polia
o SolSaSs 35 50 b 55 10) 5 wilnd pidis oS5 )
5 i yg7me by jeome dlold Caal Y
b 5 ema alule ¥
25,5 oo ke i L Ar o o b cwlrs Blas o pass
2! o 30 Cwoglin Y-Y-A-Y-).
250 S B s I oo e o chalite plade b i slacl 0 a5 g )90 0
fo daseie Caslio wo o VO & o o, 5| L3 L soVsd gie waii ooliiul soVsd o5
b =) Il e o)l s 5 e s 00 O3 Jeod sl (BB Swglie Il 2l 4 b
B-Y=)+ e Sl 3l Wl dgs (soVg8 s ohed Casglie bl (o B 5l iU

23,5 s

Sl Galod e 65



iy syl bl ablic Jhwed Cwglie Y-Y-A-Y-).

Gl ina> Canglio (]

g+ gy Caglie gals cope Pp T 0 a5 wib e GpM, gslas Bl uie ied Ceaglis
D Lyl g 7 A peded gam Sl WLl sl S 0l e seml Sdie  ies Zeeglae My
ghis g3y p 25 Sl e bl b My ot % SY/IVJEE, S 5550 5

'fa"-érc

alises oo 3 5 Sl 22395 Y-A-Y-1e U
. h . 7 .
32 el g0 | Slp Clae éLM—.’.Lz. Sl u-*-°')5 JJ:&; 59 L 3 ub‘_J.'..x.._, adris 2,8

s Ole 00 8 s My) bz glaie oLl sla )b
M, = min (M,, s Myy) OVA-A-Y=) )

Ssbe Oslodw sl

66



135 kg, o

sl bowd gl go¥sd U o 5ys0 o Fy 25 Ll e S = M,

il bas alaie j3 gy I8 6 0 5 e0 o o IVEe s b cnes S - My

Veb ols i -Fy

O clalei] Boas dadie g lad Caeglia -1

SVsh 15 ol caalis - By

Jb 50 o ST Aole 5 ouio )58 slogpand sl Jb & ol &) 605 £505 e aloli-h

Gc btr
by=be/n 2’ e O ae ~:-\
n=E/E,.  gps— '(
________________ ———— NAE (Sl glis ,b)
P il [ ]
{

| |
| o |

Al ford lalisw plate o od SVl @ jg F-A-Y-) USS
o 0310 JSh 59V 98 (gla 3 g ol pe & lalids ablis  heed Cuglie(
ool IS4 gaVes sla 5,5 gy, » b o5l ISaie lisee ablie 1L _ies Coeglie
Al caglie ol co o Op T jo a5 il o OsMy (gsle soVsd alaie & Late 5 o0l

Cole, by YoX-A-Yo1 e bl ol s sl 48wl e ol otied Cesslio My ¢ +/9

.éé)fo._._._._.n.'iﬁ_j el !

Ssle Galodaw oy 67



Sliag 3 i e en V0§l sl () st asls S5 s3Yh slagsys o €5
Wls Slaloe jo oS wdly e des B0l 25T wls i b eady oo S5 bawyie
o ol ools IS (gaVsd (555 SBsd mlaw Suoi o (als) ST sl Bloas 3l 555

ey

Vs alaie & o Lo Voo aSlam b3 L LS55 slage S aliws 4wl b

e 4 e sl 43 o asls K5 s3¥5d 55 sk 51 s ngonn S i
Vs gt 0gd VB ghaie JU 53, Wb g S Jlo o j0 isd g oY
3l wed s g S ojlasl suds ool JSCL goVed 5,5 VL 5l &5 e IS gl ) ccuas

3l e lea V0 51 a8 wls b S (595 o (RS a3l a8 pe e ¥
o e 00 5l a8 wls sad esls S5 (go¥ed 5,5 Slsd cand o o I Cwlis

A

2l g o3V alale 4y o oo TO+ 2STam (olsd 13 sl oad oy S 6¥ed slags s
5 g5 5l o5 5 S0 slageJS wilsioe sl (ol bisd Sl (81T sl

,.L..LL, C1)J" e J::L...d_a) W) d§1)| )l_f@b g 1_1 6|4Ja_3_§ L‘?L‘bu-:’j-""

Se Goloden t osde

A

68



S yioslas VO 51

ok b0 Slas
\ S sl VO S Tas

= o oo B+ JBlas
0 Faa e 0 T g g ; e /
A -ﬁa-‘;;ﬂ'o" : . oty 1 _ A ; 2
N . ‘If W é 0 - "
5 ¥ ’ 3 K "f

o 00l0 JSCa g0 ed claE)e clrcegusne g Ol F-A-Y-1. ISCS
.L..bbsa 5 je%me p Dzel Lg‘.yTl Lngc)gJS as suld ool ‘_JS...’Z Lga\.,'sé E-‘;L‘bt.éjﬂ (T—I:J
b 3 0 9smae oy 3l b A Lube (o 10 g Ll alaie wose Slasiie fpuas (o
(B-AY-N e JS8) 35 L5 Gy o ools Kb go¥sh 3,9 lEs3
| < A-.Mm |

S Lot M Bt ) ] L M L)
T R R T R R L

- =
o on 4

Syl g0 i S o

L 1
Mo L) L Lt Ry an® W ¥
T LT T T 0 gt e

. * o' L] L] o' L]

Sl o i ygme g 0ges oyl glee 505 a5 suds s0lo ISUh g0V ed glaiyg H-A-T-Ve S

Se Goloden t osde 69



.L..‘..:La‘_gn JUETC L ng]g.a LQ.»'I L‘;Lmo)ﬁ.:_f 45 ool sala J_f.ﬁu c;b\fgé LEL‘:‘@JB (T'—I:J
25y e il ol oo A asloe )3 15 g lalitee alafis wsie Slasiie s o
s oals JS_S E_g.ﬁars._al 6Lhé}5 (piSet Daas salal ool c.:].hdi.fa Lgb'}'a_al B8 31335 tJa.HJ
fomenle S (o0V58 shaiie Jb 55, ;0 U 05 b oo 5l 2l5aS5 63¥e8 15 55, 50 Uy )
gl JSS (o

Q_gl.:.g,:_ il )_‘Jf)f L }Mt}.:_o ¥ (hl-) sa odly JS..Z 63\"’9 61-‘5’4._.3)5 J_s""‘"”l &l_r.uﬂ d:ul_o
So Sl e 00 51 oS Wls (ST 15 (655 0 G boad n slee S5 st

Ml fn J5 8l ¥ el LAl En IS n sy i (sligg ol 8 Ligg 53 a5

e ] e e v
".' ,f?l) O‘.' o W ‘.,;3 v Lt ¥
i i 3 i 3 a

W,

Db on b jome b (g5lge LT olive S5 a5 s o8ld JSLi oY ed gloEye F-A-Y-1 S

Sl Galod e 70



= JI0 g oY i e b JLS (0
Code (oo S (2le (V-0
3 2 )5e GBI Caeglie )
ale e (2 2SS pln g s b Gl o e (B D el Ll 5 Shee
Sed a8 § ey o eoVWed alade S L5 o Sado s sus sl Wl el
R Saba s

Vie= -/Ad AL (VA-A-Y-V+)

Vsh aaie 2S5 s @
Viu=FyA, (Y o—A=Y=)+)

135t ks o

o sl Baed daseia g led Cueglie =L
Fee 25 edgame 3 oy I ahiie mha -A
©oVed alais Cxlis A,

Vb alaiie 8Ysd plis i -Fy

Ssle Galodaw oy 71



ol 28l Caglins Y
Glae Wb oS0 sl s o o 2 (S Lz alatie L slael ool (281 50 gl
205 i S0 (B Saglie W 5 dk,

Vin=2Q, (YV=A-Y=)-)

s s
Pl i ied S bl Lol os o le Ko el op sladeslie faeme =2Q,
VA=Y=V o ol jae wllhae 20 S
o pt Sl g s pg Ay )80 B0k 5l sl S0 Slasiie g ol wlaw Y
03,5 pad Canglite hals
V. >V, (FY-A-Y-)+)
b Sty V= A-Y-1-
oses Sl \-YV-A-Y-).
OF o Ol |y hre b oeie s S AE 30k 5l Sope o il 0 jse sl S
iy lade (S oS a s S lESe jsba s he S 6l a5 (g psbee bl s alais
g Sl S Jeam cuz wlbohe S Gl A 0 5005 5 55 el )l 8 G S5
22l BBk Jleel adasi o 5L
Ao elead sl sdioe sz Ol a8 b L cules Gl VIO Il e S

il 43,8 15 soVed alaie ol olael o s Fue [ asyl

Sk Caloden s 72



YoV-A-Y-V e o g lalisee alaie b e clael olo 8 Slalyll a Y-V-A-Y-) o oy
blizge abhio b gla o sl o g3 Y-V -A-Y-)+
Slihd L F Bl ceai 5l am il Jsb 45 oSS slogee 5 £55 5l b ol b oS5,
a5 Wed ot 2l jo Wl b Ko widl snlo)g 2,5 slaslosh gg 5l Lol
sl plesle e o) ke pps o Sl 5 gdate Jsere o lp LT slaailain
\.LHJL'I ol ..\..Jl; C}La.:& cli....._;l.a)'! d_;)l—_-: )‘ L?‘JT
G S £ 51 Gl Sl (ool (0 1 englie (]
2gead fate oo¥sd o5 B L » oS me S g5 5l sla S0 el (B el
355 et 25 a5 ol 255 e 15 o s 5

Qu=-/0Au/ JcE: < RRALF, (FY-A-Y-) )
:;_J JEEL
e
RETR VoG | B PRV O
orn sl Lesd datiie g led Coeglie L
G5 dlas Bl ol o8 2 By
\I—-’\—Y—‘I * JBJ.?- \5..5 f}L&J 1_.‘_;1;.53 = Rgs Rp

Sk Caloden s 73



Rp gRg Jg_.}Lﬁ.n V—A-Y-)- JQ-L‘:'
R, R, wJl>

AR \ a.&..’ba:-‘.‘.‘_rls.:- ©oVad ol d,q 5l eolanl fgan laliss CJ;:LQ.» A
N \ w/h, >/ L s5lge Lao 55
VO | e IAD w/h, <\ GoVes o5 jamme
Joe 00 K05 S0 0 e B8 Slows . .
5 \ ’ L hlse sblie ¥

\ ngl.m.q Ji-n-l Lv‘.:_.!:il.ﬁ‘_l

skri,s solal
Ao 00 505 S0 o e 5 olaws | 2ges Lo IS
Jid < [AD saenla IS0 gV gd

Vsl 5 Lol SV e
doe 0 0 S5 S0 0 e 5 olass

Vil Sl sl 5 b bl

Gaeoli 2 (@
ol la oS5 s ol el IS s0VYed (gl 5,5 8 505 I3l ool el sle S0 slicl 4
slacel jo o AU A 5 alold Blos il el 0 3l il idey e e YO Blos>
VO S sloprn lr g ek Vo il sens (opae 35 L slogi Gl (B

a2l e Lo

alassl ).J I_e_,! JJ:JE ;.:IJ.] & L_‘E-BL"-" :_».nulf EJ:I.D )1 \_gLﬁbJu&uun Oy JS).A: iy JS;.Q alsls UE".J\}

—— —_—

il e Lalisee ahaie b o5 Jsbo jsmme poses sl o ol a8 10 F oy o5 Jsb oo

g jffa s J‘S;.a ols U@'J;b- a5 aald sala JS...' L_.;_-_\.'}Jsé L';Lmij)f Lngo)i;S Ul:>'-|..‘: I Jin
..LsL_v I_ﬁ).niud).'l O J.S-Jm i J-S).n aols _,h'jil'-\-" J)S u_Jl_‘bv.._ul :—n-bJj: JM ;_31)_‘1 ¥ u'jﬁ\sn 1) slacs!

sl o e Ao b s o J5 culd Sl

Sl Galod e 74



| |
I _
6 i | 6d | li CZZG T2
| I
I |
| @I i 5!
FIGURE 16.6 ) )
Bl BN
Anchor L J
arrangements. 3d 4d

ADVANTAGES OF COMPOSITE CONSTRUCTION

The floor slab in composite construction acts not only as a slab for resisting the live
loads, but also as an integral part of the beam. It actually serves as a large cover plate
for the upper flange of the steel beam, appreciably increasing the beam’s strength.

A particular advantage of composite floors is that they make use of concrete’s
high compressive strength by putting a large part of the slab in compression. At the
same time, a larger percentage of the steel is kept in tension (also advantageous) than
is normally the case in steel-frame structures. The result is less steel tonnage required
for the same loads and spans (or longer spans for the same sections). Composite sec-
tions have greater stiffness than noncomposite sections, and they have smaller
deflections—perhaps only 20 to 30 percent as large. Furthermore, tests have shown
that the ability of a composite structure to take overload is decidedly greater than for a
noncomposite structure.

An additional advantage of composite construction is the possibility of having
smaller overall floor depths—a fact of particular importance for tall buildings. Smaller
floor depths permit reduced building heights, with the consequent advantages of
smaller costs for walls, plumbing, wiring, ducts, elevators, and foundations. Another
important advantage available with reduced beam depths 1s a saving in fireproofing
costs, because a coat of fireproofing material is provided on smaller and shallower steel
shapes.

It occasionally is necessary to increase the load-carrying capacity of an existing
floor system. Often, this can be handled quite easily for composite floors by welding
cover plates onto the bottom flanges of the beams.

A disadvantage for composite construction is the cost of furnishing and installing
the steel anchors. This extra cost usually will exceed the cost reductions mentioned
when spans are short and lightly loaded.

Sk Caloden s 75



DISCUSSION OF SHORING

After the steel beams are erected, the concrete slab is placed on them. The formwork.
wet concrete, and other construction loads must therefore be supported by the beams
or by temporary shoring. Should no shoring be used, the steel beams must support all
of these loads as well as their own weights. Most specifications say that after the con-
crete has gained 75 percent of its 28-day strength, the section has become composite
and all loads applied thereafter may be considered to be supported by the composite
section. When shoring is used, it supports the wet concrete and the other construction
loads. It does not really support the weight of the steel beams unless they are given an
initial upward deflection (which probably is impractical). When the shoring is removed
(after the concrete gains at least 75 percent of its 28-day strength), the weight of the
slab is transferred to the composite section, not just to the steel beams. The student can
see that if shoring is used, it will be possible to use lighter, and thus cheaper, steel
beams. The question then arises, “Will the savings in steel cost be greater than the extra
cost of shoring?” The answer probably is no. The usual decision is to use heavier steel
beams and to do without shoring for several reasons, including the following:

1. Apart from reasons of economy, the use of shoring is a tricky operation, particularly
where settlement of the shoring is possible, as is often the case in bridge construction.

2. Both theory and load tests indicate that the ultimate strengths of composite sec-
tions of the same sizes are the same, whether shoring is used or not. If lighter steel
beams are selected for a particular span because shoring is used, the result 1s a
smaller ultimate strength.

3. Another disadvantage of shoring is that after the concrete hardens and the shoring
is removed, the slab will participate in composite action in supporting the dead
loads. The slab will be placed in compression by these long-term loads and will have
substantial creep and shrinkage parallel to the beams. The result will be a great de-
crease in the stress in the slab, with a corresponding increase in the steel stresses.
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The probable consequence is that most of the dead load will be supported by the
steel beams anyway, and composite action will really apply only to the live loads, as
though shoring had not been used.

4. Also, in shored construction cracks occur over the steel girders, necessitating the
use of reinforcing bars. In fact, we should use reinforcing over the girders in un-
shored construction, too. Although cracks will be smaller there, they are going to
be present nonetheless, and we need to keep them as small as possible.

Nevertheless, shored construction does present some advantages compared with
unshored construction. First, deflections are smaller because they are all based on the
properties of the composite section. (In other words, the initial wet concrete loads are not
applied to the steel beams alone, but rather to the whole composite section.) Second, it is
not necessary to make a strength check for the steel beams for this wet load condition.
This i1s sometimes quite important for situations in which we have low ratios of live to
dead loads.

The deflections of unshored floors due to the wet concrete sometimes can be
quite large. If the beams are not cambered, additional concrete (perhaps as much as 10
percent or more) will be used to even up the floors. If, on the other hand, too much
camber is specified. we may end up with slabs that are too thin in those areas where
wet concrete deflections aren’t as large as the camber.
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SHEAR TRANSFER

The concrete slabs may rest directly on top of the steel beams, or the beams may be com-
pletely encased in concrete for fireproofing purposes. This latter case, however. is very
expensive and thus is rarely used. The longitudinal shear can be transferred between the
two by bond and shear (and possibly some type of shear reinforcing), if needed, when the
beams are encased. When not encased, mechanical connectors must transfer the load.
Fireproofing is not necessary for bridges, and the slab is placed on top of the steel beams.
Bridges are subject to heavy impactive loads, and the bond between the beams and the
deck, which is easily broken, is considered negligible. For this reason, steel anchors are
designed to resist all of the shear between bridge slabs and beams.

Various types of steel anchors have been tried, including spiral bars, channels,
zees, angles, and studs. Several of these types of connectors are shown in Fig. 16.4. Eco-
nomic considerations have usually led to the use of round studs welded to the top
flanges of the beams. These studs are available in diameters from 1/2 to 1 in and in
lengths from 2 to 8 in, but the AISC Specification (I8.2) states that their length may not
be less than 4 stud diameters. This specification also permits the use of hot-rolled steel
channels, but not spiral connectors.

The studs actually consist of rounded steel bars welded on one end to the steel
beams. The other end is upset or headed to prevent vertical separation of the slab from
the beam. These studs can be quickly attached to the steel beams through the steel
decks with stud-welding guns by semiskilled workers. The AISC Commentary (13.2d)
describes special procedures needed for 16-gage and thicker decks and for decks with
heavy galvanized coatings (>1.25 ounces per sq ft).

A rather interesting practical method is used by many engineers in the field to check
the adequacy of the welds used to connect the studs to the steel beams. They take aSor61b
hammer and hit occasional studs a sufficient number of times to cause them to bend over
roughly 25 or 30 degrees. If the studs don’t break loose during this hammering, the welds
are considered to be satisfactory and the studs are left in their bent positions, which is OK
because they will later be encased in the concrete. Should the welds be poor, as where they
were made during wet conditions, they may break loose and have to be replaced.
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FIGURE 16.4

Steel anchors.
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Shop installation of steel anchors initially is more economical, but there is a
growing tendency to use field installation. There are two major reasons for this trend:
The anchors may easily be damaged during transportation and setting of the beams,
and they serve as a hindrance to the workers walking along the top flanges during the
early phases of construction.

When a composite beam is being tested, failure will probably occur with a crush-
ing of the concrete. It seems reasonable to assume that at that time the concrete and
steel will both have reached a plastic condition.

For the discussion to follow, reference is made to Fig. 16.5. Should the plastic neu-
tral axis (PNA) fall in the slab, the maximum horizontal shear (or horizontal force on the
plane between the concrete and the steel) is said to be AgFy; and if the plastic neutral
axis is in the steel section, the maximum horizontal shear is considered to equal 0.85 . A,
where A, is the effective area of the concrete slab. (For the student unfamiliar with the
strength design theory for reinforced concrete, the average stress at failure on the com-
pression side of a reinforced concrete beam is usually assumed to be 0.85 f..)

From this information, expressions for the shear to be taken by the anchors can be
determined: The AISC (13.2d) says that, for composite action, the total horizontal shear be-
tween the points of maximum positive moment and zero moment is to be taken as the least
of the following, where >0, is the total nominal strength of the steel anchors provided,

a. For concrete crushing

V' = 0.85fLA, (AISC Equation I3-1a)
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PNA in slab

/3____’ :

Total horizontal force

3 below plane between beam
—_— and slab = AF,
S ——
F,
PNA in beam 0.85 f
|l (=
I ]
f‘ J . ! -
| <—F,
! - - - _— —_— .
> Total horizontal force
N above plane between beam
- —_— and slab = 0.85 /A,
F,

FIGURE 16.5 ¥

b. For tensile yielding of the steel section (for hybrid beams, this yield force must be
calculated separately for each of the components of the cross section)

V' = Fy A, (AISC Equation I3-1b)

c. For strength of steel anchors
V'= 20, (AISC Equation I3-1c)

PARTIALLY COMPOSITE BEAMS

For this discussion. it is assumed that we need to select a steel section that will have an
LRFED design strength of 450 ft-k when made composite with the concrete slab. It is
further assumed that when we select a section from the Manual, it has an ¢, M, equal
to 510 ft-k (when made composite with the slab). If we now provide steel anchors for
full composite action, the section will have a design strength of 510 ft-k. But we need
only 450 ft-k.

It seems logical to assume that we may decide to provide only a sufficient num-
ber of anchors to develop a design strength of 450 ft-k. In this way we can reduce the
number of anchors and reduce costs (perhaps substantially if we repeat this section
many times in the structure). The resulting section is a partially composite section, one
that does not have a sufficient number of anchors to develop the full flexural strength
of the composite beam. We will encounter this situation in Examples 16-3 and 16-4.

It is usually felt that the total strength of the steel anchors used in a particular
beam should not be less than 25 percent of the shearing strength required for full com-
posite action (A F,). Otherwise, our calculations may not accurately depict the stiff-
ness and strength of a composite section.
-
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Pmax

The largest axial load in the beam for any design load combina-
tion.

Important note: This value is not used in the Composite Beam
Design postprocessor design. It is reported to give you a sense
of how much axial load, if any, is in the beam. If there is a sig-
nificant amount of axial load in the beam, you may want to de-
sign it noncompositely using the Steel Frame Design postpro-
cessor. The Steel Frame Design postprocessor does consider
axial load.

Laﬁtiyd@\%g}&&ﬁdbdﬁﬁ&bﬁbl%

Ctop Left and Ctop
Right

The program calculated cope of the beam top flange at the left
and right ends of the beam. Do not confuse the left and right
ends of the beam with the left and right sides of the beam. The
left end of the beam is the I-end and the right end of the beam
is the J-end.

Al ad s (813 sl

Dir. Left and Dir. Right

The deck directions on the left and right sides of the beam.
Perpendclr means that the deck span is perpendicular to the
beam span. Parallel means that the deck span is parallel to the
beam span.
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Stud Ratio

This item has a slightly different meaning, depending on
whether the shear studs are user-defined or calculated by the
program.

When the number of shear studs is calculated by the program,
a stud ratio is reported for each composite beam segment. It is
equal to the number of shear studs required in the segment
divided by the maximum number of studs that fit in the seg-
ment.

Coisels s Sae ds s

PCC

Percent composite connection.
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The Governments of the various regions of the UK publish documents which provide guidance on means by
which compliance can be achieved. In terms of fire, the most widely used of these is England's Approved
Document BIZ. Amongst the various rules for fire safety in buildings contained in this document are details of
the structural fire resistance requirements to meet the obligations for structural stability described above. For
example, an office building over 30 metres in height requires 120 minutes fire resistance plus a life safety
sprinkler system and an unsprinklered assembly building between 18 and 30 metres in height requires 90
minutes fire resistance. Until April 2014, this document was shared between England & Wales but in that
r—nmmument was issued for Wales!®]. The differences between these are small but it is
necessary to know that they exist.

Table A2 Minimum periods of fire resistance

Purpose group of building Minimum periods of fire resistance (minutes) in a:
Basement storey © Ground or upper storey L/
including floor over
Depth (m) of a Height (m) of top floor above ground,
lowest basement in a building or separated part of a building
More Not more Not more Not more Not more More
than 10 than 10 than5 \/ | than 18 than 30 than 30
1. Residential:
a. Block of flats
- not sprinklered 1/ 90 60 30* 60"t 90 Not permitted
- sprinklered 90 60 30* 60"t 90" 2 —
b. Institutional 90 60 30* 60 90 120#
c. Other residential 90 60 30" 60 90 1204
2. Office:
- not sprinklered 90 60 30 60 90 Not permitted
- sprinklered @ 60 60 30 30* 60 120#
3. Shop and commercial:
- not sprinklered 90 60 60 60 90 Not permitted
- sprinklered @ 60 60 30* 60 60 1204
4. Assembly and recreation:
- not sprinklered 90 60 60 60 90 Not permitted
~ sprinklered # 60 60 30* 60 60 1204
5. Industrial:
- not sprinklered 120 90 60 90 120 Not permitted
- sprinklered 2 90 60 30* 60 90 120#
6. Storage and other
non-residential:
a. any building or part not
described elsewhere:
- not sprinkiered 120 90 60 90 120 Not permitted
- sprinklered @ 90 60 30° 60 90 120#
b. car park for light vehicles:
i. open sided car park @ Not applicable | Not applicable | 15"+ 16*+ @ 1544 @ 60
ii. any other car park 90 60 30* 60 90 120#%
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Minimum thickness of concrete (mm) for a fire

Conoréte type resistance period (mins) of:

60 90 120 180 240
Normal concrete
{All cases) E‘i 70 E a0 116 130
Lightweight concrete
(All cases) 50 60 70 80 100 1156

Minimum insulation depth of concrete. measured above the steel deck, for frapezoidal

profile steel deck exposed to a BS 476 Part 200 fire test

den

Trapezoidal steel deck V/

Measurement of minimum insulation depth of concrete
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Shear stud
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Figure 2-1 Illustration of Composite Beam

= Slab Depth: The depth of concrete fill above the metal deck. This item 1s
labeled 7. in Figure 2-1.

* Deck Depth: The height of the metal deck ribs. This item is labeled /1, in
Figure 2-1.

* Rib Width: The average width of the metal deck ribs. This item 1s labeled

.‘_-_'.___ e
in Figure 2-1.

* Rib Spacing: The center-to-center spacing of the metal deck ribs. This item
1s labeled S, in Figure 2-1.
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The weight-per-unit-area of the deck. wg can be specified. The self-weight of
the deck element representing the concrete slab over metal deck 1s calculated
using the weight-per-unit-area shown in the following equation.

. . w.h
Weight-per-Unit-Area = w, [# +1, J +w,
1 g

r

In the equation, w, 1s the weight-per-unit-volume of concrete. The first term 1s
the weight-per-unit-area of the concrete and the second term 1s the weight-per-
unit-area of the metal deck.

Note that the program does not check the design of the metal deck itself.
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0.119 + 0.186

2 % 0.075 + 0.06 5 + 11 ~ 255 "8
0.305 m?

2500 x
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1.6D + 0.3(1.6L) = {1.6 X (255 + 26 + 40)} + (0.2 x 1.6 X 200) = 578m_§
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K
1.2D + (1.6L) = {1.2 X (255 + 26 + 40 + 350)} + (1.6 X 200) = 1125m_%

For slabs that are to be placed at a constant elevation, AISC Design Guide 3 (West and Fisher, 2003) recommends
an additional 10% of the nominal slab weight be applied to account for concrete ponding due to deflections resulting
from the wet Weight of the concrete during placement. For the slab under consideration, this“would result in an
additional load of 8 Ib/ft*; however, for this design the slab will be placed at a constant thickness, and thus, no
additional weight for concrete ponding is required.
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Composite Deck and Anchor Requirements

Check composite deck and anchor requirements stipulated in AISC Specification Sections 11.3, 13.2¢ and 18.

1. Concrete Strength: 3 ksi < £ <10 ksi (for normal weight concrete) (Spec. Section 11.3)

Kg o Kg Kg

205—2 <f'c= 210—2 < 680—2 OK

cm cm cm
2. Ribheight: /. <3in. (Spec. Section 13.2c)
3. Averagerib width:  w, = 2 in. (Spec. Section 13.2¢)
4. Use steel headed stud anchors 34 in. or less in diameter. (Spec. Section 18.1)
5. Steel headed stud anchor diameter: d,, < 2.5¢¢ (Spec. Section 18.1)

for IPE220 - {2 cm < {2.5 X 0.95 = 2.375 cm}} OK

il bl G5 el Syl S 1 Ol shazal s lids b melS S 550
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6. In accordance with AISC Specification 13.2¢, steel headed stud anchors, after installation, shall extend not less
than 1Y% in. above the top of the steel deck. A minimum anchor length of 4% in. is required to meet this
requirement for 3 in. deep deck. From steel headed stud anchor manufacturer’s data, a standard stock length of
47 in. is selected. Using a ¥-in. length reduction to account for burn off during anchor installation through the
deck yields a final installed length of 4% in.

Ailae s b 2edS (6l el VY sl iy 4 a5 L

7. Minimum length of stud anchors = 4d,, (Spec. Section 18.2)

12cm > {4 X 2 = 8 cm} OK

9. Inaccordance with AISC Specification Section 13.2¢, slab thickness above steel deck shall not be less than 2 in.

6cm > 5cm OK

Design for Pre-Composite Condition

LZ
M, = W
8

578 x 82

u 3 = 4624 Kg.m

4624 X 102

i 3 3
=09 % 2400 214 cm® < 581 cm® OK

Pre-Composite Deflections

AISC Design Guide 3 (West and Fisher, 2003) recommends deflections due to concrete plus self-weight not exceed
the minimum of £/360 or 1.0 in.

From AISC Manual Table 3-23, Case 1:

B SwpL
384ET

nc
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5 x (255 + 26 + 40) x 10~* x 800*
384 x (2.04 x 10°) x 2772

L 800
360 360

{3.02 cm « 2.2,2.5} no good

X 100 = 3.02 cm

= 2.2cm

235 S BB OT 6l Slome A 53 i S go 4 Lol S o anilons | 555l ETABS 1530 p 5 5l
LS s JES oTCz\j
Pre-composite deflections exceed the recommended limit. One possible solution is to increase the member size. A

second solution is to induce camber into the member. For this example, the second solution is selected, and the beam
will be cambered to reduce the net pre-composite deflections.

.;JSa;L&;..AJ;:;'-Ji,::j&\Q@ﬁ#ﬁéﬁbdm&d\j‘jc@)ﬂ\):

Reducing the estimated simple span deflections to 80% of the calculated value to reflect the partial restraint of the
end connections as recommended in AISC Design Guide 3 yields a camber of:

Codls gl il by (sl ol dslne OIS o5 Ao a At o3Il 4 el o 5 Ay il ST
0.8 x3.02 =2.416cm = (2.5 cm )camber T

S o oolinal ot A zel Y0 L IPE220 gt Olaa Sl opl 1l
Design for Composite Condition
Required Flexural Strength

Using tributary area calculations, the total uniform loads (including pre-composite dead loads in addition to dead
and live loads applied after composite action has been achieved) are determined as:

Determine effective width, b

The effective width of the concrete slab is the sum of the effective widths to each side of the beam centerline as
determined by the minimum value of the three widths set forth in AISC Specification Section 13.1a:

1. one-eighth of the beam span, center-to-center of supports

é@\:m.a\jﬁ- s sla s gl

800
2 XT = 200 cm

2. one-half the distance to the centerline of the adjacent beam
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100
ZXT= 100 cm vV

To utilize AISC Manual Table 3-19, the distance from the compressive concrete flange force to beam top flange, Y2,
must first be determined as illustrated by Manual Figure 3-3. Fifty percent composite action [0, = 0.50(4,F})] is
used to calculate a trial value of the compression block depth, ay.,, for determining ¥2 as follows:

20
0.85 /b

Agpial =

(from Manual Eq. 3-7)

Ag X Fy 33.4 x 2400

= = =4
4= 085, xb _ 0.85x 210 x 100

5cm

Note that a trial value of @ = 1 in. is a common starting point in many design problems.

As X Fy, = 80160 Kg

—d+r -
YESTITS
—22+135 4'5—225
y = > . 5 = 4 cm

@.M, = 0.9 x 80160 x 22.5 x 1072 = 16233 Kg.m

1125 x 82
w= ——5—— = 9000 Kg.m
Raitio = —220 _ 055 0K
Ao =16233 =
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Steel Anchor Strength

According to AISC Specification Section 18.2¢, the number of steel headed stud anchors required between the
section of maximum bending moment and the nearest point of zero moment is determined by dividing the required
horizontal shear, T @, , by the nominal shear strength per anchor, O, . Assuming one anchor per flute:

20
On

Shear Strength of Anchors Used with Steel Deck

The shear strength of one stud depends on the values of R, and R, in

Hanchors =

On =054y [ E: € ReRpAsF, (AISC Equation I8-1)

If the studs are welded directly to the top flange of the steel beam (no deck). R, = 1.0
and R, =0.75. With a formed steel deck. these constants can take on different values.
For deck ribs oriented perpendicular to the beam, the values are

R, = 1.0 for one stud per rib
= 0.85 for two studs per 11b (as in Figure 9.16)
= (.7 for three or more studs per rib

Rp =0.75 for €mid-ht = 2 1m.
=0.6fore g <210
emiane = distance from mid-height of the rib to the stud, measured in the load-

bearing direction (toward the point of maximum moment in a simply
supported beam)

Most steel deck is manufactured with a longitudinal stiffener in the middle of the rib.
so the stud must be placed on one side or the other of the stiffener. Tests have shown
that placement on the side farthest from the point of maximum moment results in a
higher strength. Since it 1s difficult to know in advance where the stud will actually
be placed, it is conservative to use a value of R, = 0.6. In this book, we will use
R,= 0.6 when formed steel deck is used.
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*  Minimum longitudinal spacing (center-to-center) = 6 X stud diameter
* Maximum longitudinal spacing (center-to-center) = 8 X slab thickness < 36"
*  Minimum transverse spacing (center-to-center) = 4 x stud diameter
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Partial Composite Action

Partial composite action exists when there are not enough steel anchors to completely
prevent slip between the concrete and steel. Neither the full strength of the concrete
nor that of the steel can be developed, and the compressive force 1s limited to the max-
imum force that can be transferred across the interface between the steel and the

concreteN that is, the strength of the studs, £0,,. Recall that C is the smallest of 4, F,,
0.85f./4,, and 20O, '

With partial composite action, the plastic neutral axis (PNA) will usually fall
within the steel cross section. This location will make the strength analysis some-
what more difficult than if the PNA were in the slab, but the basic principles are the
same.

The steel strength will not be fully developed in a partially composite beam, so a
larger shape will be required than with full composite behavior. However, fewer stud
anchors will be required, and the costs of both the steel and the studs (including the
cost of installation) must be taken into account in any economic analysis. Whenever a
fully composite beam has excess capacity, which almost always 1s the case, the design
can be fine-tuned by eliminating some of the studs, thereby creating a partially com-
posite beam.

5. Maximum spacing of deck attachment:
\___________—________-____
AISC Specification Section 13.2¢c.1(d) requires that steel deck be anchored to all supporting members at a
maximum spacing of 18 in. The stud anchors are welded through the metal deck at a maximum spacing of 12_

inches in this example, thus this limit is met without the need for additional puddle welds or mechanical
fasteners.

Available Shear Strength

According to AISC Specification Section 14.2, the beam should be assessed for available shear strength as a bare
steel beam using the provisions of Chapter G.
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FIGURE 1.1 High-strength structural-steel bolt and nut.
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FIGURE 1.2 Unfinished (machine) or common bolts.

Structural bolts can be installed pretensioned or snug tight. Pretensioned means that the
bolt is tightened until a tension force approximately equal to 70 percent of its minimum
tensile strength is produced in the bolt. Snug tight is the condition that exists when all plies are
in contact. It can be attained by a few impacts of an impact wrench or the full effort of a man
using an ordinary spud wrench. Common bolts (A307) can be installed only to the snug-tight
condition. There is no recognized procedure for tightening these bolts beyond this point.

Pretensioned structural bolts must be used in certain locations. Section J3.1 of the AISC
specification requires that they be used for the following joints:

Joints that are subject to significant load reversal
Joints that are subject to fatigue load with no reversal of the loading direction
Joints with ASTM A325 or F1852 bolts that are subject to tensile fatigue

Joints with ASTM A490 or F2280 bolts that are subject to tension or combined shear and
tension, with or without fatigue

i A

o

Connections subjected to vibratory loads where bolt loosening is a consideration

6. End connections of built-up members composed of two shapes either interconnected by
bolts or with at least one open side interconnected by perforated cover plates or lacing
with tie plates, as required in Section E6.1 of the AISC Specification

1.2.2 Washer Requirements

Washers are generally not required in snug-tightened joints. However, a beveled ASTM F436
washer should be used where the outer face of the bolted parts has a greater slope than 1:20
with respect to a plane normal to the bolt axis. Additionally, an ASTM F436 washer must be
provided to cover the hole when a slotted or oversized hole occurs in an outer ply.
Alternatively a %, in common plate washer can be used to cover the hole.

Washers conforming to ASTM F436 are required in pretensioned and slip-critical joints as
indicated in Table 1.2.

Sske Golodems s oy 106



TABLE 1.2 Washer Requirements for High Strength Bolts

Washer Requirements for Pretensioned or Slip-Critical Joints*

Bolt type | Boltdia. | Fy<40 Installation method Hole in outer ply
(in) [ T i) T
Calibrated Twist-off Direct OVSorSSL | LSL
wrench tension tension
control indicator
A3250r | <l% Not REQ'D | REQ’D Under | REQ'D REQ'D See REQ'D 46" PIt.
F1852 turned Under nut RCSC spec. washer or
element for location Coit. bap
A490or | <1 REQD’ REQ'D REQ'D w/
F2280 [, ?E ——— %" Plt.
l(')'kf = washer or
e Cont. bar

*REQ'D indicates a washer conforming to ASTM F436 is required.
'Not required for F2280 with a circular head.
‘A “in plate washer and an ordinary thickness F436 washer may be used. The plate washer need not be hardened.

For connections with high-strength bolts, surfaces, when assembled, including those
adjacent to bolt heads, nuts, and washers, should be free of scale, except tight mill scale. The
surfaces also should be free of defects that would prevent solid seating of the parts, especially
dirt, burrs, and other foreign material. Contact surfaces within slip-critical joints should be
free of oil, paint (except for qualified paints), lacquer, and rust inhibitor.

High-strength bolts usually are tightened with an impact or TC wrench. Only where

clearance does not permit its use will bolts be hand-tightened.

Tensioning should be done by one of the following methods, as given in the RCSC
Specifications (2004).

Calibrated-Wrench Method. When a calibrated wrench is used, it must be set to cut off
tightening when the required tension has been exceeded by 5 percent. The wrench should be
tested periodically (at least daily on a minimum of three bolts of each diameter being used).
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For this purpose, a calibrating device that gives the bolt tension directly should be used. In
particular, the wrench should be calibrated when bolt size or length of air hose is changed.
When bolts are tightened, bolts previously tensioned may become loose because of
compression of the connected parts. The calibrated wrench should be reapplied to bolts
previously tightened to ensure that all bolts are tensioned to the prescribed values.

Torque + Angle

Turn-of-the-Nut Method. When the turn-of-the-nut method is used, tightening may be done
by impact or hand wrench. This method involves the following three steps:

1. Fit up of connection. Enough bolts are tightened a sufficient amount to bring contact
surfaces together. This can be done with fit-up bolts, but it is more economical to use
some of the final high-strength bolts.

2. Snug tightening of bolts. All high-strength bolts are inserted and made snug-tight
(tightness obtained with a few impacts of an impact wrench or the full effort of a person
using an ordinary spud wrench). While the definition of snug-tight is rather indefinite, the
condition can be observed or learned with a tension-testing device.

3. Nut rotation from snug-tight position. All bolts are tightened by the amount of nut rotation
specified in Table 1.7. If required by bolt-entering and wrench-operation clearances,
tightening, including by the calibrated-wrench method, may be done by turning the bolt
while the nut is prevented from rotating.

Ssbe Oslodw sl 108



TABLE 1.7 Number of Nut or Bolt Turns from Snug-Tight Condition for High-Strength Bolts*

Slope of outer faces of bolted parts

One face normal to bolt

Both faces normal axis and the Bolt faces
Bolt length (Fig. 1.1) to bolt axis other sloped’ sloped’
Up to 4 diameters Y % %
Jver 4 diameters but not more ' % %
than 8 diameters
Jver 5 diameters but not more % % 1

than 12 diameters’

*Nut rotation is relative to the bolt regardless of whether the nut or bolt is turned. For bolts installed by % turn and less, the
olerance should be £30°. For bolts installed by % turn and more, the tolerance should be £45°. This table is applicable only to
:onnections in which all material within the grip of the bolt is steel.

"Slope is not more than 1:20 from the normal to the bolt axis, and a beveled washer is not used.
“No research has been performed by RCSC to establish the turn-of-the-nut procedure for bolt lengths exceeding 12 diame-

ers. Therefore, the required rotation should be determined by actual test in a suitable tension-measuring device that simulates
:onditions of solidly fitted steel.

Matchmarking / Required Turns

/.s....

2/3Tormn ___
- 240°

1/2 Turn - 180° \IIJM-HO'

Direct Tension Indicator. The direct tension indicator (DTI) hardened-steel load-indicator
washer has dimples on the surface of one face of the washer. When the bolt is tensioned, the
dimples depress to the manufacturer’s specification requirements, and proper pretension can

be verified by the use of a feeler gage. Special attention should be given to proper installation
of flat hardened washers when load-indicating washers are used with bolts installed in

oversize or slotted holes and when the load-indicating washers are used under the turned
element.
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Big Gap

7 Smail Gap

Twist-Off-Type Tension-Control Bolts. The twist-off or TC bolt is a bolt with an extension to
the actual length of the bolt. This extension will twist off when torqued to the required tension
by a special torque gun. The use of TC bolts have increased for both shop and fieldwork,
since they allow bolts to be tightened from one side, without restraining the element on the
opposite face. A representative sample of at least three TC assemblies for each diameter and
grade of fastener should be tested in a calibration device to demonstrate that the device can be
torqued to 5 percent greater tension than that required.

For all pretensioning installation methods bolts should first be installed in all holes and
brought to the snug-tight condition. All fasteners should then be tightened, progressing
systematically from the most rigid part of the connection to the free edges in a manner that
will minimize relaxation of previously tightened fasteners. In some cases, proper tensioning
of the bolts may require more than a single cycle of systematic tightening.

An excellent source of information on bolt installation is the Structural Bolting Handbook
(2016).

How to install a

Tension
Control Bolt

Step 1: Step 2: Step 3: Step 4:
Place the bolt into Slide the inner socket When the proper Push the ejector lever
the connection with over the bolt tip and the tension is reached, the  to discharge the severed
the washer under the outer socket over the nut. tip of the bolt will shear.  bolt.
nut. Press the trigger switch. When the tip of the bolt

The outer socket will shears, pull back on the

rotate and tighten the wrench until the outer
nut until the bolt reaches socket is no longer
the required i ing the nut.
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24.2 Framed Connections

—
These are the familiar double-angle, single-angle, single-shear plate, and shear end-plate
connections. They are called framed connections because they connect beams, web-to-web,
directly. Figure 2.37a shows a typical double-angle connection and Fig. 2.37b shows a shear
end-plate connection. These and other types of framed connections can be easily designed
using the design aids (charts, tables) contained in the AISC Manual of Steel Construction. A
shear end-plate and single plate shear connection will be designed in detail in the next two
examples. The other types are designed in a similar manner.
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SINGLE-PLATE CONNECTION (BEAM-TO-GIRDER WEBE)

~7.6—~ =20

N 50
711.0 O -
15.0 50
O 1
8 5+— 5,0
12—
Sumrmary Strength Stud Details I S erviceahiliby I
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42744

Connection Design

Tabulated values in AISC Manual Table 10-1 consider the limit states of bolt shear. bolt bearing and tearout on the
angles, shear vielding of the angles, shear rupture of the angles, and block shear rupture of the angles.

Coped Beam Strength

From AISC Manual Part 9, the available coped beam web strength is the lesser of the limit states of flexural local
web buckling. shear yielding, shear rupture, block shear rupture, and the sum of the effective strengths of the
individual fasteners. From the Commentary to AISC Specification Section J3.6. the effective strength of an
individual fastener is the lesser of the fastener shear strength. the bearing strength at the bolt holes and the tearout
strength at the bolt holes.

Block Shear Rupture of Beam Web

The nominal strength for the limit state of block shear rupture is given by AISC Specification Section J4.3.

Ry, =0.60F, Ay +UpsFy Ay < 0.60F, Agy, +Ups oy Ay

Block Shear

Block shear. which was considered earlier in conjunction with tension member con-
nections, can occur in certain types of beam connections. To facilitate the connection
of beams to other beams so that the top flanges are at the same elevation. a short
length of the top flange of one of the beams may be cut away. or coped. If a coped
beam is connected with bolts as in Figure 5.20, segment ABC will tend to tear out.
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The applied load in this case will be the vertical beam reaction, so shear will occur
along line 4B and there will be tension along BC. Thus the block shear strength will
be a limiting value of the reaction.

We covered the computation of block shear strength in Chapter 3, but we will re-
view it here. Failure 1s assumed to occur by rupture (fracture) on the shear area (sub-
ject to an upper limit) and rupture on the tension area. AISC J4.3, “Block Shear
Strength,” gives the following equation for block shear strength:

R,=0.6F,4,, + UyF,4, < 0.6F, A, + Uy F, A, (AISC Equation J4-5)

where

Ag, = gross area in shear (in Figure 5.20, length 4B times the web thickness)

A,, =net area along the shear surface or surfaces

A,. = net area along the tension surface (in Figure 5.20. along BC)

’ss = 1.0 when the tensile stress is uniform (for most coped beams)
= 0.5 when the tension stress is not uniform (coped beams with two lines

of bolts or with nonstandard distance from bolts to end of beam) (Ricles
and Yura, 1983)

For LRFD, ¢=0.75. For ASD. Q =2.00.

Web block
ear oul
—
Y
shear
& Tailure
-
tension
fracture
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Shear Yield & Tension Fracture

@R 1

¢(Fudw)

‘ o (.6F,Ap)

Shear Fracture & Tension Yield

PRy

—

FIGURE 2.59 Block shear rupture under shear.
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Open File... | Il::'xprngram filezhcomputers and structureshetabs

Impaort. .. |

-Propertie Froperty Modifier b aterial
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~Dimenzian

Cutzide height [ 3] IEE— |:Z:|

Top flange width [t2 ] 1.

Top flange thickness [t 0.32 )

Weh thickness [tw) ID'EEl

B ottom fange width [ t2b ] i1

Bottom flange thickness [ o) ID'E|2 Display Color .

ot A 5 sl S 6 sl 0 Ll Gy b 5 Vb Sl s 55k il 5 B sesle ¥ S o0

ég;vi\sr.:m\f ‘J.:n\' é)jugiﬂwuh‘ffl:’)pvil%wbwu

Ssbe Oslodw sl

127



ol oslital 58 5l Bos b S 4l UA}QJA307Z>))\M\'\Jla.“em_@\‘)'le.sl.&;,.a\ o g 3
Els el LS
..1.1Ml)}J&Jd\gJEI&@”Q)\jﬁJ%WG
Sus 4l

2d=2x16=32cm<5cmOK
JERte

3d=3x%x1.6=48cm < 5cmOK
PO pal g 2 b Ol sl

Agy = 0.59 x 11 = 6.5 cm?
il bl 505 1 s el s 53 S 1/0 Sl s &
Ay = 6.5 — 1.5 x {(1.6 + 0.2) X 0.59} ~ 4.9 cm?

Eoals el Sl D13 EAS shale e 3 L G had roeen

Ay ={(12 = 7.6) = 0.5 x (1.6 + 0.2)} X 0.59 ~ 2.1 cm?

Ry, = 0.60F, Ay, +Ups Fyy Ay < 0.60F, Ag, +Ups Fy, Ay

R, =0.6 x3700 X 49+ 1x 3700 x 2.1 = 18648 Kg
Rymax = 0.6 X 2400 X 6.5+ 1 x 3700 x 2.1 = 17130 Kg
@.R, = 0.75 x 17130 = 12848 Kg > 5800 Kg OK

G sla b gy S Jas
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Strength of Bolt Group

The strength of the bolt group is determined as the minimum of the bolt
strength 1n single shear and bolt bearing strength.

3.3.1.1 Bolt Strength in Single Shear
®R,, = dnE, A, (AISC I3-1)
¢ = 0.75

The nominal shear strength of the bolt, F,,. is taken from Table J3.2. 4, is the
bolt area and » is the total number of bolts.

@.R, =0.75x 0.45 X F, X n X A,
‘M‘Jmﬂ‘?cfﬂbuffﬁjlﬁ-\"' &L@u}u&:l{6.8&,4}[.5.&3.))[{14307@)"03@‘&)}&))

@.R,, = 0.75 x 0.45 x 6000 x 2 x 2 = 8100 Kg > 5800 Kg OK

Bolt Bearing Strength
Ry =1.24:tF, <2.4dtF, (AISC Equation J3-6a)
where

£, = clear distance, in the direction parallel to the applied load, from the edge of
the bolt hole to the edge of the adjacent hole or to the edge of the material
t = thickness of the connected part
F, = ultimate tensile stress of the connected part (770f the bolt)

d = bolt diameter
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For load and resistance factor design, the resistance factor is ¢ =0.75. and the design
strength is

®R,=0.75R,
Clas dal a5l Gos 4 Sl el pall Aol
l.=5-(1.6+0.2)=3.2cm
l.=5-05%(1.6+0.2) =41cm
@.R, =2 x{0.75x 1.2 x 3.2 x 1 X 3700} = 21312 Kg > 5800 Kg OK
@.Rymay = 2 X {0.75 X 2.4 x 1.6 X 3700} = 21312 Kg
ol el 5 Ol gl oS e

@.R, =2 x{0.75 x 1.2 X 3.2 x 0.59 X 3700} = 12574 Kg > 5800 Kg OK

R

B R R A

T T T N
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C( A Y
/‘

where A4 1s the total throat area of the weld. The maximum tensile stress can be com-
puted from the flexure formula
Mc
I

Ji =

where 7 1s the moment of inertia about the centroidal axis of the area consisting of the
total throat area of the weld, and c 1s the distance from the centroidal axis to the
farthest point on the tension side. The maximum resultant stress can be found by
adding these two components vectorially:

OR, =0.75(0.707wk,,)

b 2 AL e (EO0 545 oSl eslin] 530 5 e A e Gle wad b Y ai S e sl eslatal (5 5 L

l S el ad S S el s Slee Cuslis (B edx

K
@.R, = 0.75 x 0.707 x 0.75 x 0.6 X 4200 x 0.8 = 800—g2
cm

ClAs dal ol el 4 s (3l D3 Ly 550 53 ) B 4SS el oS oS e Sl s &
e=76—-05%x08=72cm

M =R, Xe=41760 Kg.cm
C_________________________________________________________________________
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FhAd dalz nln 8 e ol Oles

bh3 0.8 x 153

R — 4
1 2 X 1 450 cm

[=2X
ldd dal 5 S bt Gl B led s a5 e alole

c=2_75
—7— .0 CIn

5800 ” Kg
VT 2x15x0.8 cm?

41760 x 7.5 Kg
= ~ 69

= 5
t 450 6cm2
K K
f. = [f2 -i—ft2 =4/2422 + 6962 ~ 737—g2 < 800—g2 OK
cm cm

Jlasl Gy Srar Jome 55 Gy Ol Sy (SenS J 28

Shear Rupture of the Girder Web at the Weld
Sttt sbiih —_

The minimum support thickness to match the shear rupture strength of the weld is determined as follows:

Web Plate Rupture Strength

The web plate rupture strength is calculated by determining the minimum base
metal thickness that will match the available shear rupture strength of the base
metal, to the available shear rupture strength of the weld(s). The minimum base

metal thickness is calculated as follows.

_ FexxD
tin = T202, (AISC Manual pg. 9-5)
Kg " 0.707 X Fye XD
—_— o=
cm i Fu metal
_0.707 x 4200 x 0.8

tmin = 3700 = 0.64 cm < {t\ girder = 1 cm} OK
-
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Flexural Yielding of the Plate

Mu = Vue
_ 7.6 _3g
e= > =3 cm
M, = 5800 x 3.8 = 22040 Kg.cm
t,0°
Zg S
4
M, = Fl‘Zg
b =0.90
1 x 152 5
L, = . 56.25 cm

@.M, = 0.9 X 56.26 x 2400 = 121500 Kg.cm > 22040 Kg.cm OK

s PSSl Wt 5o S5 w8 e [l S0 e b oS Dose w0 Ol Jal G S So e 2

¢3Sl
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An eccentric load in the plane of the weld subjects the weld to both direct shear
and torsional shear. Since all elements of the weld receive an equal portion of the
direct shear. the direct shear stress 1s

P

A=t

where L is the total length of the weld and numerically equals the shear area. because
a unit throat size has been assumed. If rectangular components are used.

P, P,
Six = Tx and Jiy = ?}

where P, and P, are the x and y components of the applied load. The shearing stress
caused by the couple 1s found with the torsion formula

Md
J

fHh=

where

d = distance from the centroid of the shear area to the point where the stress 1s
being computed
J = polar moment of inertia of that area

Figure 8.17 shows this stress at the upper right-hand corner of the given weld. In
terms of rectangular components.

] Mx

famTy A=y

Centroid

e et e i e
—

!
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Also,
J:Lﬂdﬁ{ﬁﬁ+ﬁﬁM:LEdﬂjﬁﬁM:h+L

where 7, and 7, are the rectangular moments of inertia of the shear area. Once all
rectangular components have been found. they can be added vectorially to obtain the
resultant shearing stress at the point of interest. or

fi=JC A +E5)

Y

P
g/ PAAAAIATs | gﬂ#/ G |

[

? \
4+ + -
? ﬁ/
~ f M
% N

i —X 7 /W/?

i
TN

122
2X—=

2X12+40
e=76-—225=535cm

X = =225cm
M = R, X e =5800 % 5.35=31030 Kg.cm

If the moment of inertia of each horizontal weld about its own centroidal axis 1s
neglected, the moment of inertia of the total weld area about its horizontal centroidal
axis 1s

bh3 0.8 x 443
L, = T + Ad?} = T+ (0.8 x 12 x 222) ¢ = 10325 cm*

0.8 x 123
I, =412 — + (0.8 x 12 x (6 —2.25)%) ¢ + (0.8 X 44 x 2.252)t = 679 cm*

J=1.+1,
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J = 10325 + 679 = 11004cm*

2r =
J
)[21 =
J
31030 x 2% K
fox = 2 - 62—
* 11004 cm?
31030 x (12 —2.25) Kg
ny = ~ 28 2
11004 cm
_ 5800 107 Kg
iy =08 x (44 +2%x12)  ~ cm?

Kg Kg
= 2 2 =
fr \/62 + (28 + 107) 149 ey < 800 ey OK

b Gl b Sl el L Ol JLal G5 s J xS

My, =0.02M, (Spec. Eq. A-6-9)
ol g PG ke Sedly o

M, = ©.Z,.F, = 0.9 x 2014 x 2400 = 4350240 Kg.cm

My, = 0.02 X 4350240 = 87005 Kg.cm

Coly pnl s el Ol Jlall )5 5 (2 2 05 (el 10 ww@ww},;t{

th?
0.9 x e X F, = 87005 Kg.cm

6 X 87005

rea = 09 % 152 x 2400 _ [0/ cm=1em0

t
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EXTENDED SINGLE-PLATE CONNECTION (BEAM-TO-COLUMN WEB)
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19 5—= | 80
. O N
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@ 1

7.0

O o

sls;:r

bl e S b el ke sl 5 IS 4S5 el S5 ST

_4QM,, 4 X 0.9 x 2014 X 2400
v 800

~ 21750 Kg
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Elastic Analysis

In Figure 8.3a, the fastener shear areas and the load are shown separate from the col-
umn and bracket plate. The eccentric load P can be replaced with the same load act-
ing at the centroid plus the couple, M = Pe, where e is the eccentricity. If this
replacement 1s made. the load will be concentric. and each fastener can be assumed
to resist an equal share of the load, given by p. = P/n, where » is the number of fas-
teners. The fastener forces resulting from the couple can be found by considering the
shearing stress in the fasteners to be the result of torsion of a cross section made up
of the cross-sectional areas of the fasteners. If such an assumption is made, the shear-
ing stress in each fastener can be found from the torsion formula

Md

k== (8.1)

where

d = distance from the centroid of the area to the point where the stress is being
computed
J = polar moment of inertia of the area about the centroid

and the stress f, is perpendicular to d. Although the torsion formula is applicable only
to right circular cylinders, its use here is conservative, yielding stresses that are some-
what larger than the actual stresses.

If the parallel-axis theorem is used and the polar moment of inertia of each circular
area about its own centroid 1s neglected. J for the total area can be approximated as

J=Y Ad* = 4Y d*

J =2y}
Eoils weal nlaly s dalt Sle g e 05,5 a5 e i Ly 00l 5w a5
J =2x%x(7)? =98 cm?

(;}gd;ﬁfi;;o@buyA;\jm\j:6@,\;;:L;@L&,ﬁdb\;%sg)yﬁ@\).wum
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LS el e s 03 i S SN E r onlal

Mxy (21750 x 19.5) x 7
foe =—7—= 98

S ol bl plp iy St Cgr A8 4SS Jonll Slo 20 S 10 5l g 2 oS 3L andls S35 |

sls dal g a1y (6 508 K e limd o dgd sz 40 pomn ka5 50 U gy ikin

= 30289 Kg

FL A Aaly pl g 5 el P (izees

P 21750

ny 3

Ryq = = 7250 Kg

LD sl il e n s 53 A S sl e T S o0l

R, =\/302892 + 72502 = 31145 Kg
‘L“:‘“"“f‘ff‘jbd&fu)u‘ 6-833)‘)‘#&\"#b@&&‘fﬂ\sg‘)y).)

@.R, = {0.75 X 0.45 x 3.14 x 6000} = 6358 Kg

Jslas b adl s gas o3lizul AlSc construction manual sas o3kl Jslas 51 G g Sl el b 4 Ol e

AL gl VLY e gy sl S 53 5 il Sy ) Ly alols Vsl o8 5 500 s3lizd Ol by 1

e =195cm
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Coefficients C for Eccentncally l.oaded Bolt Groups

Angle - 0°
Available strength of a bot group, | Where _ )
R, OF Ry/<, is determined with £ = required force, £, 07 £y, kips
- i = nominal strength per boll, kips T ——
Ra=Cxip ¢ = pocentricity of P with respect n+ p
or to centroid of bol group, in. - I
- (not tabulated, may be Bm- -
LRFD - ASD determined by peometry) é;.,_,m
_ & = horizontal component of ¢;in. '
szg ' Cm,n:%f?- s = bolt spacing, in. - $'
SR S "1 ¢ = coefficient fabutated below
" Mumbar of Bolts in One Vertical Row, _
5 in. | &g, Im, - " —-
'- 2 3 | 4 s |.6 ] 7 |8 | 9 |w]|Nn |1
2| 118 2231 3321 433| 545] 648| 751| 852 953| 105 | 115
3 | 088 1.75) 281 3.90; 4981 6.06] 7.12¢ 817} 9. 21 102 | 113
-4+ 1. 0,69 140| 2361 340 447| 5561 664| 7.72 8.78| 9.84] 109
6§ | .05 | 1315 201} 295 398 S505| 613 7.22; 830 9.38( 104
] 0.48 097| 173} 259 3.55 - 457} 5863| 670 779 BB7| 996
7 1 04 0831 1811 223| 3171 413| 515: 620 7.28| B36| 944
8 | 036 0731 1.34] 2047 285] 3750 4721 573 678 785 88
q 0.32 065{ 1.21| 1.83; ‘2531 342| 434} 531 632 736 342
. 10 | 0.29 059 1.09| 1663 '236] 3147 400) 4.92| 589 6£90; 754
3 12 0.24 049 082| 140 2001 268| 344} 427]| 515 609 706

OR,=Cx ¢r,

CX @.R, =0.73 x {0.75 x 0.45 x 3.14 x 6000} = 4641 Kg + 21750 Kg NOT OK

UJSJA)@{ g)j;’...uY &.}“ u.pJ.BLiJJS V.:.A\}} oslaul 88 ZJJJ‘@{;@'JJiijLAY)\m.\SJUpJB st‘
Al el 1SS 5l Ly Aol o B gl s 5 sl bl ol el Vol 4 s 51 (S
SS dal o IS8 4 Slale

J = 3xf + Zy?

s el pl by o el Gle gy gy 03 8 kia S e bl Lz 00l s 4 e S L
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J = 8x (3.5)2 + 4{(3)% + (9)?} = 458 cm?

(J‘}«uwlﬁv.ﬂ;a-QLML?:A)JA}‘)‘Q‘)Jwwud@ﬁé‘)b%ié&‘)fpjiu‘)&:,..Ml\ov\.«.f-v

LS el e s 00 st SIS Gl e

e=195+4+35=23cm
_ Mxy (21750 x23) x 9

vtx — ] 458 = 9830 Kg g
MxX (21750 x23) x7
thy = 7 = 458 = 7645 Kg l

LA Aal g pl g 5 el 2 (e

P 21750

ny 8

Ryq = =2718Kg |

L el ol s 00 E e S Sl e T S e

R, = /98302 + (7645 + 2718)2 = 14283 Kg
(Lol ply b 5 caslie BB 6, 5l me Ja Yl Sl p S S5 0
@.R, = {0.75 x 0.45 x 3.14 X 8000} = 8478 Kg # 14283 Kg NOT OK
R Gl s se i p boablis S Olp o andl i Sl by e e dladle oS lailes

¢ 5 gas onlatul

i e OF 3 68 (Catls al o 50 mlane ¥ Il 5300l (SO Gus gl Ol S 5 Sl eslinad-)

A dal g dal s
Qs Ol 0 JUail Gos g (o S 0 &0 Sl gz S0 55 50 5l s 7 Olie RalSY
S G b et i 3l el ales 5l VLl s gl 50 51 eslizal-Y

13 dal gt a1y (6 2eS S ldie luads 4 (g g 45 gas wdid 35 10 U Lgoey wikia

Sl Galod e 143



Cx@.R, =3.37 x {0.75 x 0.45 x 3.14 x 8000} = 28570 Kg > 21750 Kg OK

Table 7-9
Coefficients C for Eccentrically Loaded Bolt Groups
Angle = 0°
Available strength of a bolt group, | Where .
or J'ﬂ, is determined with P = required force, Py or £ kIpS D Byt E
fin O B rp = nominal strength per balt, kips — _dr;,.,m
By=Cxry g = eccentrichy of Pwith respect —da-~~
of 10 centroid of bott proup. in. _ ¢_+_+ "_é___
' - {not tabufated, may be . $~ -413
LRFD ASD determined by geometry} _ﬁb““'
7 oP = hofizontal componant of & in. - é"‘“‘" -
Cm=~$£“ Cmm=-*l:£ 5 = boit spacing, In.
i i C = coefficient tabulated below
* Nimber of Botis in One Verlical Row, a
g in. | e, in. - a
1 2 3 i 5 6 7 4 9. 10 1 12
2 1.31 291 471| 656| 869! 10.8| 128 | 149 | 169 | 183 | 21.0 | 23D
3 112 ] 254 ) 434 5985 780] 9.83 12,0 | 141 | 162 | 18.2 | 203 {224
4 1098 | 224] 366 533} 715 910; 111 | 132 {153 | 174 | 195 | 216
5 | 087 | 1,99 327 4.80% 649 | 833] 10.3 1123 § 144 | 165 | 186 | 207
6 | 0.79 | 180 295 4.35] 590 7.63; 849 11.5 {135 | 156 | 17.7 | 198
7T | 071 1.63| 268 3.07) 640] 702 877 107 { 126 | 146 | 167 | 188
8 | 0651 149 2461 3.65] 497 | 648) 813 94 118 | 138 | 158 | 179
9 | 060 135, 227 3.37) 459| 601 7.55| @24f 11 | 13.0 | 148 | 17.0
10 | 056 | 1.287 211] 313§ 427 ) 559) 7.04] 864} 104.| 122 | 14.1 | -181
OR,=C X ¢r,

Al el VB sd J gl LM 3 Lmeo oot aSCul g a0 sl o 485 (ghldae (40 adasly 4l
B $ U » D A P = S TS 3§ Al A

Maximum Plate Thickness

Ol Jlasl B, Cwlbes pns

From AISC Manual Part 10, determine the maximum plate thickness. f,,,,. that will result in the plate yielding before
the bolts shear.

Mgy =

Sske

m[’Ib

0.90

)

Golodew 1 yde
O

(Manual Eq. 10-4)
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Table 7-7
Coefficients C for Eccentrically Loaded Bolt Groups

Angle = 0°
Available strength of a balt group, F‘-*LB"B ncredforce, Pyt Po Kgs e
or Ry/iY, s determined with | 7 = TRUUTEONANCE, 7 OF g - ]
Fin O A2, _ ry= nominal strength per bolt, kips oy —h -
Rp==Cx fn g & gecsntricity of P with respect ° R ._.¢...:"l
ar ; | to-eentraid:of bolt group, in. o T NS
. g {not tabulated, may be . ____4;______ -ﬁb-—
LRFD ASD - cetermined by geometry o S S
© By = horizontal component of e, in. ' D
m:% Gmg,:-i-}%' § = bolt spacing, in, - L_:L..._!
. ” ¢ = coefficient tabuiated below
- Number of Balts in One Vertical Row, n
5in anin_.__

1721 3 | 4 5 | € T B 9 10 1" 12

2 | 084] 254| 44B| 680] 872 1081 129 ; 150 | 170 1 19.0 | 210 | 230

3 j065 1 203) aes| s&7| 7771 991121 | 142 | 163 ] 183 { 204 | 225
4 [ 0541 167| 3.06| 4B6| 6841 893 111 [ 132 | 154 175 | 196 | 1.7
5 10451 142 258 421 6014 800, 101 } 122 | 144 { 165 | 187 | 20.8

6

7

B

Y

039 | 122| 225| aso| 532 747 916 112} 1341 155 | 17.7 | 198

035 | 1:08| 1.89| 327} 474] 646 833} 103§ 124 | 145 | 167 | 188
031 | 086 1.78| 293] 427 586 7.60] 9580 11.5 | 136 | 157 | 17.8
| o028 ] 086] 1.60| 265[ 3.87| 534 697 875 107 { 127 | 147 | 16.8
110 [ 026 | 078} 1.46) 242! 353 4.80] 642 810} 991) 118 | 138 ] 159
‘g | 12 | 022 | 066] 1.24| 206} 3.01| 4.19|. 551 7.01{ 8863 104 | 122 | 142

14 (019 { 057} 1.08| 1.78| 262| 3.66] 4.82| 615 7.61; 919 108 | 127
16 ) 017 | 051 0985| 157 232| 324] 427 547) 678 B8.23) - 9878|114
18 | 015 | 045{ 0.B5| t41} 207290 383 492y 6.11| 743} 2.85( 104
20 o4 | 041] 0777 127 1.88| 283 348| 447 535 676, 807 948
24 j 012 | 034) 065 107{ 1.58| 221, 283| 377 489; 572 685 8.06

o8 1 odo ] 0.29) 056 | 0821 1.36| 1.90 2.63| 3.25] 403 485 588 7.40
32 {009 | 0.26) 049| 080 1.i9| 167} 222 2.86{ 357 436 523 6.8
36 ] 008 | 0.23f 043 072) 106 “1.49; 198) 255 318; 3980 467 552

Chin.i 294 | B33[158 | 260 {387 | 542 | 722 [ 931 117 1143 1172|204

_ 045 x 8000

Mynax = ——55— X 3.14 X {26 X 2.54} = 829462 Kg.cm

oM, max
Tmax = B
Fl

(Manual Eq. 10-3)
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s el S0 55 el Yo bl | Ol Jlail Gy e plissl &S (5o sme )

6 X 829462

tmax 5200 % 302 3 cm - use {1 cm}

Shear Strength of Plate
From AISC Specification Section J4.2(a). the available shear yielding strength of the plate is determined as follows:

A

oy = It

Ay, =30 %1 =30cm?
R,=0.60F, Az (Spec. Eq. J4-3)
R, = 0.6 x 2400 x 30 = 43200 Kg

b =1.00

43200 Kg > 21750 Kg OK

From AISC Specification Section J4.2(b), the available shear rupture strength of the plate is determined using the net
area determined in accordance with AISC Specification Section B4.3b.

_Am- = |:J? — F.’((ih + e iIl.)]I

App ={30 —4(2+0.2)} x 1 = 21.2 cm?

R,=0.60F, A, (Spec. Eq. J4-4)
R, = 0.6 x 3700 x 21.2 = 47064 Kg
b=0.75
{0.75 x 47064 = 35298} Kg > 21750 Kg OK
O Jlail Gos sl (B S cwslie 28
Block Shear Rupture of Plate

From AISC Specification Section J4.3, the block shear rupture strength of the plate is determined as follows.

Ry =0.60F, Ay, + Uy Fyy Ay < 0.60F, Ay, + Uy, Fy Ay (Spec. Eq. J4-5)

Sk Caloden s
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where

Ay = (1 =1y )t
Agy ={30—w}x1=24cm2

Ay = Ag —(1—0.5)(dy, +Vis in.)1

Ay ={24—(4-05)x{2+0.2}} x 1 =163 cm?

Ay =3 i+1 in.—1.5(d), + Ve in.) |¢

Ay ={(7455)—1.5x (2 +0.2)}x1=9.2cm?

& 235 93 by o oy JU
"9‘:"&5‘ 4...9; ’h.’ ) Ubs=-/'0 L@i e a5 L‘Jlﬁdl’ (b)
Block Shear Rupture of Plate

From AISC Specification Section J4.3, the block shear rupture strength of the plate is determined as follows.

R, =0.60F, 4y, + Uy F, A,y < 0.60F, Ay, + U, Fy A, (Spec. Eq. J4-5)

R, =0.6 x3700 x 16.3 4+ 0.5 x 3700 x 9.2 = 53206 Kg
Ry max = 0.6 X 2400 X 24 + 0.5 X 3700 X 9.2 = 51580 Kg — controls

0 =0.75
{0.75 x 51580 = 38685} Kg > 21750 Kg OK
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Interaction of Shear Yielding and Flexural Yielding of Plate

From AISC Manual Part 10, the plate is checked for the interaction of shear yielding and yielding due to flexure as
follows:

FoN2 o N2

<1.0 (Manual Eq. 10-5)

b

v,

7

R,=0.60F,4,, (Spec. Eq. J4-4)
V. =R, =0.6 x3700 X 21.2 = 47064 Kg

From AISC Manual Part 10:

M. =M,
= bpFy Ly
M, =M,
=V,a

1 x 302
M. = 0.9 x 2400 X

= 486000 Kg.cm

(21750 )2 (21750 x 19.5

2
47064 486000 ) = 0975 <10K

Flexural Rupture of Plate

The net plastic section modulus of the plate, Z,.. 1s determined from AISC Manual Table 15-3:

From AISC Manual Equation 9-4:

M, =F,Zy (Manual Eq. 9-4)

Ssle Golods: e 148



Table 156-3

‘- Net plastic section modulus

Net Plastic Section Modulus, Z,et, in.?
" (Standard Holes)

Bl
F taken along this jine
One Plate a | /8
Vertical Depth, o, Bracket Plate Thickness, £, in.
fow, n In. . 1f¢ 31'3, 1=fz ifn afq 3:’5 13'1 En(a
' 6 1.59 2.39 a1l 3o08] azs| 225 | 300 375
3 9 3.70 5.55 7.40 92| 14 5.25 7.00 8,75
a 12 6.38 956 | 128 [ 159 | 191 9.00 | 120 150
-5 1b 101 151 ZD,Z 25.2 30.2 14.3 1890 238
6 18 14.3 21.5 287 359 | 430 | 203 27.0 33.8
7 21 19.5 29.5 393 491 1 589 27.8 370 46.3
8 24 25.5 3R.3 510 .638 | 7658 36.0 48.0 60.0
9. 7 324 48.6 64.5 81.0 ur.2 458 | G1.0 76.3
Zner = 9.56 X (2.54)3 =~ 157 cm?
f"'fri = 'F;J zZ net
M,, = 3700 x 157 = 580900 Kg.cm
by =0.75

M, = 21750 X 19.5 = 424125 Kg.cm

{0.75 x 580900 = 435675} > 424125 Kg.cm OK

e 3sl o
Ssbe Oslodw sl
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oS e Slgh s 4S ol sl Jlasl s S (golie Ol Jlasl Gy sl ¥ s oS S 3 eslizul ax 55 L

sl 4l aslie S ol 51 ol ($58 a5 Jesd Ul L

Va'
Vy =—
/
Vo= 21750 x 15 — 10875 K
s — 30 - g
il 5] (gl 0liS Gt (clgt] U O i Ol alsls A
S il ] (sl oisS Cn o6 alol5 ]
N,
Exp =Vus +—=
2
0
Fup = 10875 + 5 = 10875 Kg
fU sl ol Jlail G5 2 0 o Solgd o
Shear:
E{ -
2
10875
V, =— —=5438Kg
Moment:
E,w
Mu — =
4
S sla oS o S e W
10875 % 40
M, = —— —— = 108750 Kg.cm
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Ay = bt
Ay, =15 %x 1 =15 cm?
R,=0.60F, 4,
R, = 0.6 x 3700 x 15 = 33300 Kg
o =0.75

0.75 x 0.6 x 3700 x 15 = 24975 Kg > 5438 Kg OK

The available flexural strength of the stabilizer plate 1s determined as follows:

Mn:Eyzx
Z_bt2_1><152_5625 5
TTq g oem
M, = 2400 x 56.25 = 135000 Kg.cm
o =0.90

0.9 x 135000 = 121500 Kg.cm > 108750 Kg.cm OK

Lo

Face | _ __Toe of
of web ~ flange
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TABLE A3.1
Ry and R Values for Steel and
Steel Reinforcement Materials

Application Ry A
Hot-rolled structural shapes and bars:
= ASTM A36/A36M 1.5 1.2
+ ASTM A1043/1043M Gr. 36 (250) 1.3 1.1
= ASTM A572/572M Gr. 50 (345) or 55 (380), 1.1 1.1
ASTM A913/A913M Gr. 50 (345), 60 (415), or 65 {450),
ASTM As88/A588M, ASTM A992/A092M
+« ASTM A1043/A1043M Gr. 50 (345) 1.2 1.1
» ASTM A529 Gr. 50 (345) 1.2 1.2
» ASTM A529 Gr. 55 (380) 1.1 1.2
Haollow structural sections (HSS):
= ASTM A500/AS00M (Gr. B or C), ASTM AS01 1.4 1.3
Pipe:
+ ASTM AS3/AE3M 1.6 1.2
Plates, Strips and Sheets:
* ASTM A36/A36M 1.3 1.2
= ASTM A1043/1043M Gr. 36 (250) 1.3 1.1
+ A1011/A1011M HSLAS Gr. 55 (380) 1.1 1.1
= ASTM AB72/A572M Gr. 42 (290) 1.3 1.0
= ASTM A572/A572M Gr. 50 {345), Gr. 55 (380), ASTM A588/A588M 1.1 1.2
+ ASTM 1043/1043M Gr. 50 (345) 1.2 1.1
Steel Reinforcement:
+ ASTM Ag15, ASTM AT06 1.25 1.256
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teel Frame Design r

T | Current Design Section PG1 -
[ | Frame Type SMF
[ | Deflection Check Type Baoth
[ | DL Lirnit, L / 120,
[ | Super DL+LL Limit, L / 120.
[ | Live Load Limit, L / 3R0.
[ | Tatal Limit, L/ 240,
[ | Tatal-Camber Limit, L/ 240, -
[ | DL Limit, abs 0.0254
[ | Super DL+LL Limit, abs 0.0254
[ | Live Load Limit, abs 0.0254
[ | Tatal Limit, abs 0.0254
[ | Tatal-Camber Limit, abs 0.0254
[ | Specified Camber 0.
[ | Live Load Reduction Factor 0.5444 Cancel
[ | Met Area to Tatal Area Ratio 1.
[ | Unbraced Length B atio[Major) 1.
[ | Unbraced Length B atio [Minor) (1R3]
[ | Unbraced Length Ratio [LTE) 1.
[ | Effective Length Factar [E. Major) 1.
[ | Effective Length Factar [E Minor) 1.
[ | Effective Length Factar [E Major Braced) 1.
[ | Effective Length Factar (K. Minor Braced) 1.
[ | Effective Length Factaor [E. LTE) 1.
[ | Moment Coefficient [Crn Major) 1.
[ | Moment Coefficient [Crm Minor) 1.
[ | Bending Coetficient [Ch) 2894
[ | MonSway Marment Factor [B1 Major] 1.
[ | MonSway Marment Factor [B1 Minaor] 1.
[ | Sway Moment Factar [B2 Major) 1.
[ | Sway Moment Factor (B2 Minar) 1.
[ |*ield stress, Fy 24000000,
[ | HSS “Welding Type ERw
[ | Beduce HSS Thickness? Mo
[ | Overstrength factor, Ry 1.1 —_—
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Table 1-2. W-Shapes That Satisfy Seis

Requirements

kic Local Buckling

. : |
LIMITING meH-THrJ:KNESS RATIO

Flange Web

n Beam | 030 E/Fy 2l45 /E/FJH
7]

Column | 030E/F | 112,[e/F, (2.35—Pu /quPy)EIAQ E/F,

3 !

w | Brace | 030[E/F 112,[E/F, (2.3.; P, /¢bpy):_>1.49 EJF,
2 )

Column | 030,/E/F, 112,[E/F, (2.3-;-,0“ /¢be]21.49 E[F,
" Link 030 E/Fy | 1.12 E/Fy(Z.B-—Pu/q;be)alAQ E/F}T
w : :

Brace | 038,/E/F, | 3.76‘]3/% See note a.

Table 1-4. Rectangular and Square HSS That Satisfy
Seismic Local Buckling Requirements

LIMITING WIDTH-THICKNESS RATIO

Flange Web
n Brace | 0.64 E/Fy 0.64 E/ F,
] E
Column | 0.64 E/Fy 0.64 /Fy
L
@ | Brace | 1.12 E/Fy 2.42 E/Fy See note a
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Table 4-1 Limiting Width-Thickness Ratios of Compression Elements for Classification Sections

Width- Limiting Width-Thickness Ratios for
Thick- Compression Elements
Giv ness Highly Ductile Moderately Ductile
. e . IVen| Ratio, Members Members
Section | Description Graphical Case| | &) 1
Type | of Element Example No. ( (L) (Zni)
Flexural or f oy
- s 055 ETE, 0.64,/E/F, (braces)r’
compression b 4 b/t ' 1.12 \/E/E (beams)
of flanges 0.60@/}?‘ (columns in '
under major SMF) 1.12VE, / F, (columns)
axis bending o
Flexural iy, 0.64.[E/F (bt {
- - .64,/ . (braces
compression _,g‘r_ 0.55 E/ Fy /%, )
of \1I'ebs lullder h ; 4 hft 0.60\/5/}‘"‘ (columns in 1.12 JE/E (beams)
MINOr axis g g JE
:%c bending B B SMEF) LI1ZNVE / F, (columns)
If C,<0.125 If C, <0125
—
Webs 2.45 ;5(1—0.9300) 3.76 /£(1_3.75q)
in flexural F, \F,
compression IfC, >0.125 IfC, >0.125
or combined 6 hft “ i “ i
xural or E [E
flexural or 0.77\"':(2.93—(:;)2 1.12\,—(2.33—(:; )=
axial F F,
compression E E
1.49 /: 1.49 /:
VE \E
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Top Flange (+y)

w |

e
[
1
y | y
1S
z z
O
Bot Flange (-y)
Lcomp-top Bracing prevents lateral Lcomp-bot Bracing prevents lateral
movement of beam's top flange movement of beam's bottom flange
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M, = C,RFZ ®58)

M,, = 1.4 X 1.15 X 2400 X 2014 = 7782096 Kg.cm

The seismic shear is thus:

v, =2 (8.59)
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Syl Sio bl Spognl b Ailes Oy Sy Jrade LSS o Jlal 6 58 0l 5o

L, =800 —44 =756 cm

_ 2x7782096

Vp=——c—— = 20588 Kg

The gravity shear is determined from the appropriate load
combination:

wuLh
Vg =5

w,=1.2D + 0.5L

Thus the shear at left side of the beam (where the seismic shear is
aligned with gravity) is:

V.=V + Vg
¢ cuals (’?A‘)’: aib sl s s 5 gl
1.2 X {4 x (250 + 350)} + (0.5 x 4 x 200) = 3280 Kg

V, = 20588 + 3280 = 23788 Kg
and the shear at the right side of the beam is:

V,=V.-V,

V, = 23788 — 3280 = 20508 Kg
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Beam ¢

Column @

Beam
a2 1. & 1 inflection

7 3 Ve=Vex Y, point

l/ M [k-ft]

M,, = C,R/F,Z
Mf = MP’ + Vbsh
My* = My + Vi(d,/2)

Ficure 8.55 Projection of probable beam moment capacity to column centerline.
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These shears are used to calculate the beam moments at the column
face (for determining panel-zone shear) and at the column center-
line (for checking the strong-column/weak-beam requirement).
Figure 8.55 shows the projection of the probable moment to the
column face and to the column centerline.

For reference, the beams are given the following designations (see
Figure 8.56 below): Beam 1 is to the left of the column and Beam 2 is
to the right.

1!‘

‘r

Ficure 8.56 Beam identification convention.
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Ficure 8.57 Location of plastic hinge.

At the left face of the column (at Beam 1) the moment is:

Mfl = MFT + V., s,

(8.64)

where Sy is the distance from the face of the column to the center of

the plastic hinge as shown in Figure 8.57. For this connection, s, is
taken to be 0.

At the right face of the column (at Beam 2) the moment is:

M,=M, +V,s, (8.65)
Mgy = My, = My, = 7782096 Kg.cm

At the centerline of the column the moment due to Beam 1 framing in
from the left is:

M,"=M, + Vs, +%d,) (8.66)

44
My, = 7782096 + 23788 X (0 + 7) = 8305432 Kg.cm
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At the centerline of the column the moment due to Beam 2 framing in
from the right is:

M,,* =M, +V,(s,+%d) (8.67)

44
My, = 7782096 + 20508 X (0 + 7) = 8233272 Kg.cm

V,
e T
"
h
2
g
l~ilb&&i£hb£# P TN YT ETEEY T
Ve Ve
(at beam midspan) (at beam midspan) h
2
Ik
{7
Ve

Ficure 8.58 Free-body diagram of beam and column assembly.

The column shear corresponding to the probable beam strength
can be estimated by assuming an inflection point at the column mid-
height above the connection and again at the column midheight
below. Similarly, the beam inflection points are assumed to occur at
midspan. Figure 8.58 shows the free-body diagram of a beam and
column assembly from inflection point to inflection point.

To simplify the determination it is conservatively assumed that
the column shear is the same above and below the connection. Thus:

M;
= E._p_ 8.68
: H/2 (8.68)
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_ 8305432 4 8233272

Vv, = 200 = 55129 Kyg
2X =

Now that these forces have been determined, the beam shear,
strong-column/weak-beam, panel-zone, and continuity-plate require-
ments can be checked.

8.8.6.1 Beam Shear
The shear at the column face is compared with the beam shear strength:

¢V, =0 06RF A, (8.69)

Step 5. Check beam design shear strength:

The required shear strength, V,,, of the beam shall be taken equal to the larger of the
two values of V), computed at each end of the beam in Step 3.

{.V, = 0.75 x 0.6 x 1.2 X 2400 x (43 x 1) = 55728 Kg} > 55674 Kg OK
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QT ).345
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8.8.6.2 Strong-Column/Weak-Beam

A virtual beam moment is calculated by projecting the moment at the
column face to the column centerline. It is compared with a virtual
column capacity which is determined by projecting the true capacity
from the top flange level to the beam centerline.

A typical interior connection involves two beams (one to the left
and one to the right of the columns), whereas an exterior one involves
just one. At intermediate floors the continuous column is considered
to be two columns (i.e., to represent a capacity based on its strength
both above and below the connection).
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> M = Z[LP —i;—)z +V. = d]

(8.70)
R,=(12+0.2S,)D +05L+Q_E (8.55)
R,=(0.9 - 0.25,)D — Q_E (8.56)

P, = {(1.2 + 0.2 x 1.05) X 125859} + (0.5 x 27317) + (2 x 1341) = 193852 Kg

193852 55674 x 43
Z M; =2 {(2400 ~ 159 ) X 2840 + T} = 6946640 Kg.cm

z M, = 8305432 + 8233272 = 16538704 Kg.cm

6946640

2 Sl 4 O gte O Sty a5 e )13 5 (658 Ot ins S5 abils ple b e da>De a5 ghailea
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8.8.6.3 Panel-Zone Shear

The panel-zone shear demand is computed from the moments at the
column face and reduced by the estimated column shear. The moment
at the column face from one of the two connecting beams (Beam 2)
has already been converted into a flange force (R ,) for purposes of
checking the need for continuity plates. The flange force (R ;) at the
opposite column face is similarly calculated from the moment from
the other beam (Beam 1), and the resulting column panel-zone shear
is computed.

Because the distance s, is taken to be zero for this connection
and identical beam sizes are used on each side, the moments at the
opposite column faces are equal. Where s, is greater than zero the
gravity shear affects the projection of the moment to the column
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Column @

M_* = My + V(dy/2) Beam G
dp/2

M, = (F,— P,/AZ

Column inflection point

1—-
Vo= EM#/3(hi2)

face, increasing the moment on one side of the column and decreas-
ing it on the other.

Vu = Rul + Rﬂ— Vc (8.71)
R M, 8.72
u (db ey t!:ff) ( . )
M M
Vu = fl + fz - VC
(db =5 tb_,F) (db ™ tbf)
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Therefore, use AISC 360 Equation J10-11. Note that panel zone flexibility was accounted for in
the ETABS model.

35412}
#R, = $0.60F,d 1,,| 1+

b crcw

3 x 30 x 22

. = 0.9 X 0.6 X X xX1X _
@.R, =09 x0.6 x2400 x 44 x 1 <1+4_3><4-4><1

) = 164230 Kg » 319911 Kg NOT OK
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Doubler plates are required. The deficit in web strength will be
corrected by the addition of a doubler.

R, = ¢0.6F t, d (8.74)
OR = R,
R
td

>
P~ (0.6 F, d)

L 319911 — 164230
P 7 0.9 x 0.6 X 2400 X 43

~ 2.8 cm — use 2(15 mm) plate on each side of web

The thickness of doubler plates, if used, shall not be less than Y in. (6 mm).

——

..,\;So.ﬁjjiﬁ‘_)ﬁj :da:b "\iL’ LS:.MJ‘)':’. L;Lg:é)‘j Calses J’E‘J"'W

Panel-Zone Thickness

The individual thicknesses. f, of column web and doubler plates, if used, shall
conform to the following requirement:

t 2 (d; +w;)/90 (E3-7)

where
d; = d — 2ty of the deeper beam at the connection, in. (mm)
f =thickness of column web or individual doubler plate. in. (mm)
w- = width of panel zone between column flanges, in. (mm)

When plug welds are used to join the doubler to the column web, it is permitted

to use the total panel-zone thickness to satisfy Equation E3-7. Additionally, the
individual thicknesses of the column web and doubler plate shall satisfy Equa-
tion E3-7. where d; and w; are modified to be the distance between plug welds.

When plug welds are required, a minimum of four plug welds shall be provﬂéﬁ
and spaced in accordance with Equation E3-7.
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The minimum doubler thickness (without bracing) is:
> d +w,
fay =90
. dthf + dc_ztg,
- 90

(8.75)
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43 —2X15+44—-2x%x2
.

90 ~ 0.9 cm} <15cmOK
w@dl@));bidﬁw\é\d}fgAJL:.J:.<.3|}rSéL@iy&\j&\f}Q@L@.ﬁybl@deﬁ

43 —2%x15+44—-2x%x2
90
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User Note: When a beam perpendicular to the column web
connects to a doubler plate, the doubler plate should be sized based
on the shear from the beam end reaction in addition to the panel zone
shear. When welding continuity plates to extended doubler plates,
force transfer between the continuity plate and doubler plate must be
considered. See commentary for further discussion.

Web doubler plate(s) if
required by Section E3.6e.1
A Va Plug welds if required by

Section E3.6e.2
// .-"/
%
. 7
= ~
L ] L ]
]
\\
N L Welding as required

by Section E3.6e.3
(See also Figure C-E3.7)

Fig. C-E3.4. Connecting web doubler plates with plug welds.
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s5lot weld

.
Plug —_ Fillet weld
welds
| |

(d) Plug and slot welds

Steel Frame Design Preferences

Design Code AISC3IE0-05/BC2006 -
Frame Tupe ShF

Seizmic Design Categorny ]

Importance Factaor 1.

System Rho 1.

Syztem Sdz 1.05

System R 3.

Systern Omegall 2 -
System Cd Rl

Dezign Provigion LRFD

Dezign Analysiz Method Direct Analyzis

Second Order Method General 2nd Order
Stiffness Reduction Method Tau-b Fired

PhilBending) nA9

PhilCompreszion] nA9 Cancel |
PhilTenzion-vielding] na

PhilT engion-Fracture] 0.75

Phi[Shear] 09

Phi[Shear Rolled 1] 1.

PhilShear-T arzion] na

|ghore Seizmic Code’? Mo

|gnore Special Seigmic Load? Mo

|z Doubler Plate Plug 'Welded? Yes h‘—

H55 Welding Type ERw

Reduce HSS Thickness? Mo
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(a) Doubler plate extended (b) Doubler plate placed
bevond continuity plates between continuity plates

Fig. C-E3.8. Doubler plate used with continuity plates.

8.8.6.4 Continuity Plates

The need for continuity plates is checked considering the moment
at the column face to be delivered as a force couple to the column
flange:

R=—JS_ (8.76)
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7782096

Ru = m = 187520 Kg\/

Al i s ddaly el acule Hlde 5l e (3l 50 ol 4l

This demand need not exceed the maximum force that the flange
can deliver. Based on the continuity plate criterion Eq. (8.77) this
maximum is:

R,<1.8b,t, F,R, (8.77)

< 1.8 x 30 x 1.5 x 2400 = 233280 Kg

This demand is compared to the column web local yielding and
crippling limit states. Two additional checks are performed on the
column flange. Should any of these limit states be exceeded, continuity
plates are required. The designer may consider a larger column section,
smaller beam section, use of a doubler (or thicker doubler), or other
adjustments to the design as well.
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8.8.6.4.1 Column Web Local Yielding For this check the reinforced
web thickness including the doubler is considered. Thus the effective
web thickness is:

t =t +1,
Adloe Ol oS ielias Glgdss 5 O Obr Culbies ¢ pamms ) adaly 5o Ol sl
tw=1+3=4cm
OR < o(5k + fwf)Pytw

K=t,+ayqa=1+06=16cm
@.R, =1x(5x1.6+1.5)x 2400 x4 =91200Kg

0R, <R

u
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8.8.6.4.2 Column Web Crippling

LS| [EF, ¢
¢R_ = ¢0.80¢2 |:1+3[%) [i—‘;) J\lty—:f (8.79)

N=tfb

1.5 4\ 1> 2.05 X 106 X 2400 X 2
)x( ) X — 613880 Kg

_ 2 ) o (2
@.R, = 0.75 X 0.8 X 4 {1+3(44 > Z

@.R, > R,
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@.R, = 0.9 X 6.25 x 2400 x 22 = 54000 Kg

RuCP = Ru - ¢Rn
R,cp = 187520 — 54000 = 133520 Kg

Assuming the full beam flange width is effective, the required
plate thickness is determined:

R
tep =
GF,b,
133520

tep =0.9x2400x30z2cm—>useapair0f20mmplates
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8.8.8.2 Bracing Near the Plastic Hinge
A brace is ostensibly required near the plastic hinge by AISC 358.
However, in most building conditions this requirement is waived by

an exception that allows the torsional stabilizing effect of the composite
slab to substitute for this discrete brace.

0.06R ZF
p,= _hLF_

o

(8.86)
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Top Flange (+y)

[ w | L y |

O

Bot Flange (-y)

Lcomp-top Bracing prevents lateral Lcomp-bot Bracing prevents lateral
movement of beam's top flange movement of beam's bottom flange
L _\ d +

'O
|
le
y |
'O
i

\?1
L
A

R o ——

L-torque Bracing prevents beam
from twisting about its own axis
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Q0 O
e
|
O
A) The beam is braced for Lcomp-top Only B) The beam is braced for Lbyy Only
| ) 10
| |
|
e 0
e 0
I
e
C) The beam is braced for Lcomp-top and Lbyy D) The beam is braced for Lbyy,

Lcomp-top = Lbyy Leomp-top and Lcomp-bot

Lcomp-top = Lbyy
Lcomp-bot = Lbyy

S o oslinad 3 alaly 515 b s il slales b S o3Y (55,5 sl g

8.8.8.3 Bracing Along the Beam

0.02M.C
B,=—F—"*% (8.89)

o

Cq=1.0.

h, = distance between flange centroids, in. (mm)
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M, =RFZ

M, = 1.15 X 2400 x 2014 = 5558640 Kg.cm

o _ 0.02 X 5558640
br = 43 -15

= 2679Kg

fLas el ol Sl Glasles cpl e b e dlS Slee gk ST e

0.086r E
Ls— ¥ (8.91)
}'_y
| 0.086x 582050000 _
b= 2400 - resan

Sl el L S ke 5o Sl les SO il e A S db Sl w e S L

wwlﬁ)\@\.@bﬁ.ﬁl)}'@béujww\@)ylexgﬁl:jjgw@ﬁjhstguﬂj&\ﬂJ5|J>

-

«

Steel Frame Design Overwrtes for (AISC360-05/1BC2008)

[ | Current Design S ection PG -
[ | Frame Type SMF

[ | Deflection Check Type Baoth

[ | DL Lirit, L / 120.

[ | Super DL+LL Limit, L / 120.

[ |Live Load Limit, L / 3R0.

[ | Tatal Limit, L/ 240,

| | Tatal--Camber Limit, L/ 240, -
[ | DL Limit, abs 0.0254

[ | Super DL+LL Lirmit, abs 0.0254

[ | Live Load Limit, abs 00264

[ | Tatal Limit, abs 0.0254

[ | Tatal-Camber Limit, abs 1.0254

[ | Specified Camber 0.

[ | Live Load Reduction Factor 08444 Cancel

[ |Met Areata Tatal Area Ratio 1.

[ | Unbraced Length Fatio[Major) 1.

[v |Unbraced Length Ratio (Minor) 1. é_"\____

[ | Unbraced Length Fatio [LTE) 1.

[ |Effective Lenath Factor (K b aiorl 1.

Se Goloden t osde
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Section Name PG

Froperties
Crozs-zection [axial] area 116, Section modulus about 3 axis IW
Torzional constant 67.5804 Section moduluz about 2 axis IW
Moment of Inertia about 3 axis | 5024667 Plastic moduluz about 3 axis IT
Moment of Inertia about 2 axis Iw Plastic modulus about 2“;; 473,

Shear area in 2 direction 44. R adiuz of Gyration about 3 axis 18.4522
Shear area in 3 direction B2.5 Radiuz of Gyration about 2 axis 5.8053

‘V.:;So;Li:.JLSOXSOXS S i S OIL sl A sl s el Sles Jb e G &S S5 o

oS o e | ol goles e b Aisc Construction Manual s b 5 i sl Jsb w0 ax 5 L

L =4100%2 + 40?2 ~ 108 cm = 3.6 ft = 3 ft

-
5 Table 4-11 (continued)
o Available Strength in _
. | .. - Fy = 36 ksi
Axial Compression, Kips —
Concentrically Loaded Single Angles
T L2x2x
A i s e 7 L

it 470 3.92 319 244 165

oo |20 |_46s_| Bl 0cPe | Bl ] achh | BO. | 0cBs¥) BQ: | 4oPy |
g . . . RN |

o, | ASD: | LRFD { AS® | LRFD | 'ASD’ | LRFD | *ASD | LRFD | -ASD .| LRFD
795 | 444 {2507 | 376 | 203% | 306 | 1567 | 234 } GBS | 145
pec [ 422 [ 238 | 357 | 9035 | 291 | 148: | 222 ['923- 139
2600 362 1204 | 307 [UGET [ 250 {r2PS | 191 [ BO6 | 129
187 | 281 |158:) 238 [1297) 194 } 992} 149 | E43 | 066
134 ) 197 p 11 ) 167 | 905°f 136 (2688 | 105 | 468 | M4
852 ] 128 | G722 108 | "590| 887 {456 686 | 313 | 4TI

Crwetaic t

G99 | Boo ] se1| 753 ] 410 616} 17| 476 2A8 | 327

O RGN - O

¥

f gyration, r;
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L el e OF b (solas b b g i aaie Dlaasiie il g sdal s & sk a5 L
‘

@.P,. = 14.9 Kips = {14.9 x 455 = 6780 Kg} > P,. = 2679 Kg OK
PSS ghie SUONUIS o s Sl it s e S Sl e b b dnle B e eV S shailen
S bl mlb el S das pad g ) slade cpl s se gl axdl s se osleeal 55 L40X40X4 2

il SV b Gl OF b tigy el a8 Wled s 1y 0T b b s
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Notes:

Bevel as required for the WPS.

iyt or 1/2 in [12 mm], whichever is larger (plus 1/2 ty;, or minus 1/4 ty).
. The minimum dimension shall be 3/4 ty;, or 3/4 in [20 mm], whichever
is greater. The maximum dimension shall be ty (+1/4 in [6 mm]).

. 3/8 in [10 mm] minimum radius (-0, +unlimited).

3ty (£1/2 in [12 mm]).

See 6.10.2.1 for surface roughness requirements.

Tolerances shall not accumulate to the extent that the angle of the
access hole cut to the flange surface exceeds 25°,

Noohs~ wh=

Ficure 8.46 AWS D.18 Alternate Geometry for Beam-Flange Weld Access
Hole Detail—surface roughness requirements of 500 pin (13 pmm) per clause
6.10.2.1. (AWS D1.8/D1.8M:2009, Figure 6.2; Reproduced with permission
of the American Welding Society [AWS], Miami, Florida.)

Ol JLail &9 9 ow yiwd Elygw S5 ST W pg ) (owyp
Ll ASE Ol Jlasl Gos 5 oo tnd Flosm 50 @ ps) el e LIS
e Lo oV sl sle b aas po adlul 51 5 Y B el e o
S &S Sy 53 Lijls slizel 63V 5 gla osle a3 0t 5 a0 b Ollb 5l eslBT des dige v
o5 S Alad Ol Jlail G5 51 el a3 Al ok plnil SIS 53 led 15 4 Jladl oy
(Lzwn odde cpl 5
Sheslatal a8 wes ol ol 63V sba oile b s s anear WLl I OLLs, L e S v
Sy s s 03 20 el glasluilivd alul ol cVlasl | b &S | el ol 1 0l Jlasl G
Al Jlasl
el 5 3l e S mn S S s Ol Ll G5 e jy S35 o Sl sleblus 4 ST gy max Ol g 4
C‘_,_ll.@.'rjb.C,.w\oJ...fau.bui.ad.aalf)lsu’lja-@W\qr-ﬁﬂ:’Ob@d@‘d}j&ﬁt}jmw@lgjguiﬁ
()J,JJJ Cq-‘f (aLoJL’J‘;J el rb::—\ J—guﬂ_}fjj'-j"ﬁjﬁjﬂ{){c?wgi‘))"ﬁaﬁ%b‘f@

.L)‘J.@ijubc‘)yd;)lsb
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Because of the presence of the root weld between the flanges,
the web welds induce tension in the vertical plane (noted 1* on the
triaxial stress diagram in Figure 2.18a), but the weld-access hole can
effectively reduce these residual stresses.

L 0
1. Before welding the flanges
1—;.'::"-4'1

..‘\_-.n
N
2. Welding of the outside of
flanges cause tendancy to lifl

y
IR |
X"yt 4 I
S Gy
1. Tension due to tendency of flange to distort = e
3. By pulling action of the web,
1.* Tension due to high restraint against longitudinal the flange stays in place
shrinkage of web welds (may not be present if but tension residual stresses
cope holes large enough) are induced

2. Tension: Transverse welding restraint of flange

3. Compression due to longitudinal shrinkage
of flange welds

(a) (b)

Ficure 2.18 Qualitative illustration of: (a) triaxial state of stress at the point

of cracking initiation, and (b) effect of weld shrinkage on internal stresses.
(Bruneau and Mahin 1987.)
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where
M, = required moment strength
hy = distance from center of beam compression flange to center of outer
row of bolts on the tension side
/iy = distance from center of compression flange to center of inner row of
bolts
$=0.75

Equation 8.10 can be solved for the required bolt diameter.

d, = |— M 8.11)
ToF (g + )
— bp —
— g -
oo T
(CZZZ7 7ZZ2) rb!
( E >. Py
S
ho tbw
h,
\\—rp
® @
— |FFZ /Jb‘_ )
L] L )
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For a four-bolt unstiffened extended end plate, the yield-line mechanism
parameter is given in AISC Design Guide 4 as

b I 1 I 1 2
Y,=2| | —+—|+h| — |-=|+=[m(ps+s
» T [ 1(pﬁ J o(pﬁ] 2] g[h(pﬁ s)] (8.14)

where
1 .
5= Eq/bpg (if pp > 5. use ps =)

To ensure thick-plate behavior (no prying action), use 90% of the strength
given by Equation 8.13 to match the moment strength provided by the
bolts (@M, from Equation 8.12).

0.90¢, F,12Y, = oM,

__ [L1igy,
=
Op 1Y, (8.15)

foadls el S B s a5 d e s bl S hse s
Pfi :Pfo =d, =6cm
b, = bpr =30 cm
b, 30

=—_—=1

g 5 5 5cm
V30 x 15

S=T=10.6cm

Y

= 32—0{(41.5 —6) x (% + %) +(41.5 4+ 6) x (1) - %} + 12—5{(41.5 —6) x (6 +10.6)} = 367 cm

6
@XM, =0XZyXFE,=0.9x2014 X 2400 = 4350240 Kg.cm

= 2.46 cm — use 25mm End plate

o 1.11 X 4350240
P 10.9 x 2400 x 367
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Case 1 (ds<5)
bo

-9

l< >l de
] 1 pﬂ:l
- Pr
AR Panr

s tow
h,
\lrp
o o
| - T T LT TR
e o

b 1 1 11 2
Y, ==2|h| —+—=|+hy| —+—||[+=[ I (ps h (d
p 2[ 1(pﬁ+sJ+ O{pfo+28ﬂ+g[ 1(pf!+s)+ 0( e+pfo)]

Y—BO{(415 6)x (g+)+ (41546 x (2 + 50 )
P2 ' 6 6 ' 6 2x10.6

+ 12—5{(41.5 —6) X (6 + 10.6) + (41.5 + 6) X (6 + 6)} = 485 cm

_ 1.11 X 4350240 — 914
P~ [09x2400x485 <M

NGRS V-:'A‘j? 8.8 3.5) )‘ L;:LRL:{ J‘ oslaul Q)j*.a BE)

d = 2 X 4350240 54
b= 1314 x 0.75 x (0.75 x 8000) X {(41.5 — 6) + (41.5+6)]  ~ ™
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il Srw g (0isS Touw (ygaw) odiiidw )l gl)ls alaiie b slae! (Vi) col o5 p Caeglie

Syiier G p) Ak S p S s S ek o sl Ll GasS sl L)
V= /8 F;ALC, (V-F-Y-\+)

o] o &5

ol Vet s 2 -Fy

(tw) ol cwlhs o (d) gaiis IS Ges o Lols b ol ol a5 alais o> colas= Ay

S R

il 2y ol B e g ablie sliil @ ablis L Gl Gl (o

h k, E
;t—gm =

w ¥y

sl O-o

C=) (Y-F-Y-\ )

@.V,=1x0.6x2400 x (40 x 1) x 1 = 57600 Kg

Step 11. The bolt shear rupture strength of the connection is provided by the bolts at
one (compression) flange; thus

Vu < ¢r:.Rn = q)n(”b)anAb (6-8‘ 1 'l)

where
Ap =nominal gross area of bolt, in.2 (mm?)
Fyy =nominal shear strength of bolt from the AISC Specification, ksi (MPa)
V, = shear force at end of the beam, kips (IN), given by Equation 6.8-2
np =number of bolts at compression flange
=4 for 4E and 4ES connections
= 8 for 8ES connections

57600

2
0.75 X 0.45 X 8000 X (” X 24 )

4
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)L;J)wawwgﬂp\l@)\ ‘fbw\mbw&\f%b‘@du )b@lﬂf&%%é}jﬁ;“

mfs ~° eslazul
Wed Oladsi glsil 51w Ry polic \-Y-¥-3+ Jguo>
Ry Jyparms go
VYD R Ji;;uu,bgé 5 gl (:J:LP.Q
VY- G 5 o gl UK H S T alolie Jols sio g abilie L
ATATA LQ:‘LQ.HJ s Lﬁ\j)s ;\j)j )] PR “K-JQLLS

_ 2 X Mp'r + QHLh
- Ly 2

M,, = 1.4 X 1.15 X 2400 x 2014 = 7782096 Kg.cm
Sy el Jao bl Sponl by il Oty Szl Joats LSS Joes Jlal 755l )

L, =800 —44 =756 cm

2 x 7782096 (1.2 X {4 x (250 + 350)} + (0.5 X 4 x 200)
=T 756 +

) X 7.56 = 32985 Kg

2
32985 2.7 < 40K
n, = > = 4.
0.75 x 0.45 X 8000 X (#)
A
L}
b
o] CI= O Jld e 23sk e
/? s e S
//— by S ~ d,
A s S e a
|~ o
=1
d= oo cdiibon sl i
A
Y

(WUF-W) s s0dd Ca gl o 8 JLail H-1T—F—)e JSo

S o AR e el T bl 1 (O Sl dlo s doli)Saus Jsb 358 S0 ax 5 L
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LT SYLail g Ly pygiw Lo i Y-11-1-)-
5Tl ohs (1 Ra cadgans lee slacli (o Ll o¥lal 5 o do s ol (glacaaglis

g ans 5l 0 S sS ns sla bles 5T U slay S

o
it

s RyFyAg »lp 2tS glagonlim o 25mon 258 o) 0 a5 oo (I /
b e WNF Feefg 2l 5302 slago Lee

Sars 3 RiFyAg plp o2i8 Slogaalen Gop Spmie 22 o) 0 &5 b (@

...'.'H:JL:U,__@" .'IYJX III.'HIIf F.ﬂ-eAg J'.‘IJ'? éjué \_gL'b\EJ.L:;L“Q.Q

ol s as
Jsoz olie slhe o lew Y58 ks p5 Bl & il 5 se ool A5 S = Ry
A-Y-Y-y .
Lol Yt ol n = Fy
Gl s 5 alaie e - A
e Lot LY ik Lales sllee aoleS 5l 56 Uasl ope o lid i = Foe
ol oot oolin | RyFy 51 Fy (slow o

Determine the assumed force in the tension brace
Pr =RT%A£ (Provisions 13.4a(1a))

P, =R, X E, x A, = 1.25 x 2400 x 52 = 124800 Kg

Determine the assumed force in the compre#sfon brace

Sk Caloden s
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Section Name [206<2010

Properties
Crozs-zection [axial] area 5z, Section modulus about 3 axis 2104762
Torzional constant 'W Section modulus about 2 axis IW
Moment of Inertia about 3 axis | 14733333 Plastic modulus about 3 axris 254,
Moment of Inertia sbout 2 axis | 14733333 Plastic: moduluz about 2 axis 234,

Shear area in 2 direction 8. Radiuz of Gyration about 3 axiz 5.3223
Shear area in 3 direction 8. Radiuz of Gyration about 2 axiz 5.3223

Kl
Amax = — that 1, =532cm
min
1 x 500
- max=Wz94<2000K

Gl g5 2 L eadigan e gl o glid slan s KLD o 2Y oyl (@
oled 55l Ve e STl o As Ve 0002 w509

s Tremblay Ly o Sliies bl Sk s dusles 62 6l b o ol b s sl ol i s
5 SV LS S aSl Js ).ssd s S8 S Corge s e Ve Sl 2eS (g8 s e 0L O
Ol o 503 Sole a (ol o Jos & (5,8 s Al s () (S8 p S 5 (h a8 lgs ol J 1S

LS o o S Some SIS Syl a8 oS

RyFy

Fore = lO.658F—e] R, X E,

m*E  m? X 2.04 x 10°
A2 (94)2

F, = = 2276 Kg/cm?

1.15X2400

F,,. = |0.658" 2276 ] x (1.15 x 2400) = 1661 Kg/cm?

114 X Fpp X Ay = 1.14 X 1661 X 52 = 98464 Kg

0.3 X (114 X Fype X Ag) = 0.3 X 1.14 X 1661 x 52 = 29539 Kg
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Determine the unbalanced vertical load on the beam, Q,
The vertical components of P, and P, are

Therefore,
&=ty

3
Qp1 = < x (98464 — 124800 ) = —15802 Kg |

3
Qp2 = < %X (29539 — 124800 ) = —57157Kg |

Determine the axial force in the beam
The horizontal components of P, and P, are

Assuming that the unbalanced force is shared equally,

o _Buthy
u 2
4
Poxt = £ X 98464 = 78771 Kg —
4
Pexy = ¢ X 20539 = 23631 Kg —
4
Pi = 2 x 124800 = 99840 Kg —
99840 + 78771
Py = . = 89306 Kg
99840 + 23631
P, = . = 61736 Kg

Q)yywhﬂlgﬁaJﬂjﬂéh)L{;| La.x;{)l.@.ad.i..is(;)l.:é LgL,épljlwiU)SNLgujﬁjﬁUW

.;ﬁwﬁjﬁjsgb}m
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Jlail g oalizal LG 2 s Glo Sl s b3 slate o)l Calsies ol r 5 5 iyl Sl eslizal

NS B R PRGWERUL PR P

Emm = - [g *2]

E Ol eoal s G Al e 55k 5o o

D — Fu X twall
max = 0,707 x F,

C Bl ol el ) Bl Culbis &y s E-60 55 I 5St-37 (oY 5 gl 5 Jbs Ol g

_ 3700 x 1
max 0,707 x 4200

= 1.24 cm — use 4 X 10mm fillet weld
b ooyl Jlasl Y-1)-Y-)e
st e s 1 0 ST (e 41 5 L ol ol YL L5 3 90 amgli
g 48,5 S5 50 05 2t 4 sl il
..L..:.!La RYF}'Ag }.11).1 JE'.L‘:- J..IL'I LQL_-gn.Lu)LQ.o SYLlas! )L..w -J)j.o rf :MBLb.a
5 250 5 led Sasglie (‘v"/
SSLWVF FLAy Bl VY Blas b e gan e SVl LS 0,50 (g, L8 aaglis
Fee 2 G ot ol 5 BOO s Sl Sl eslinad (53 L a8 G Jsb pesle a5 o b

OR, = 0.75(0.707wF,,)

K
@.R, = 0.75 x 0.707 x 0.75 x 0.6 X 4200 =~ 1000 —£

cm?
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P, = R, X F, X Ay = 1.25 x 2400 x 52 = 124800 Kg v
114 X Fope X Ay = 114 X 1661 X 52 = 98464 Kg

el{,\,i.x,alfﬁﬁgﬁliwggxwwdwlg@-rﬂu;ﬁ@bd}u}wu@

124800

lyela = <1000 = 31.2 cm — {4 x 32} weld line

The minimum gusset plate thickness required to evelop the force delivered by
the welds is,

P!-l
6(0.6F,, J2

Lpin=
min
2

124800

bmin = 5075 x 0.6 x 3700 x 32 17 > use 12mmplate

bl a3l 5 Gl Gy g (6t Sl el 53 sl S 5 035 a3l 555 sl anll
Check shear lag of brace
Per Seismic Provisions Section 13.2b and Section 6.2,
OR.F,A, 2 R F,A,
R =12 (Table 1-6-1)

{A _ 124800
e’red = .75 x 1.2 X 3700

~ 38 cmz} < {Ag =52 cmz}

Since A, reg'd > Ag» Det section reinforcement is required. There are many ways
that the net section could be reinforced. These include, but are not limited to,

rods, bars, plates, rolled shapes, etc.

J&)L@JWJLAHM‘)J ‘MLAg)‘M)Lf b)jﬂAE)‘J.EA‘\.gL;‘)y‘)JOM a)Lﬂ éjﬁu:ﬂ)big)}h:l.@
.@2\5@\? s liS e 4 3L el B w
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Case Description of Element Shear Lag Factor, U Example
1 | All tension members where the tension
load is transmitted directly to each of the U=1.0
cross-sectional elements by fasteners or
welds (except as in Cases 4, 5 and 6).
2 | All tension members, except plates and *‘1_
HSS, where the tension load is transmitted _f*
to some but not all of the cross-sectional o
elements by fasteners or longitudinal _
welds or by longitudinal welds in U=1-x/
combination with transverse welds.
(Alternatively, for W, M. § and HP, Case 7 5
may be used. For angles, Case 8 may be < {:L T
used.)
3 | All tension members where the tension U=1.0
load is transmitted only by transverse and )
welds to some but not all of the A, = area of the directly
cross-sectional elements. connected elements
4 | Plates where the tension load is I=2w.. . U=1.0 by
transmitted by longitudinal welds only. 2w=1=15w...U=087 §1f+ —
lw=[lz=w. .. U=0.75 |
[ T=
5 | Round HSS with a single concentric I=13D...U=1.0 Il
gusset pla‘te D = .! = 1.3D. . U = 1 - .ﬁf ()
x=D/n
i |Rectangular HSS with a single con- I=H...U=1-l H
centric gusset plate , "
—_ B+ 2BH
== __ = sl
A T
Fig. 1. Slotted hollow stnsctural section (HSS) connection with a

gusset plate (shown for a specimen with no end weld),

(End weld, with no opening

for specimens with end

weld)
e e

o |Slot opening
v T Fillet weld
= il HSS
i Midthickness of HSS
; \Dis‘lancc between welds (w)
ala’
B
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__142+2><7><7_525
YT T4+ oem

U=1 5'25~084
- 32

AE = ﬂnU (Specification D3-1)
Ap = Ay — 2% {tg, + 0.3 cm} X tyay
A, =52—-2x{1.2+0.3}x1 =49 cm?
A, =49 x 0.84 = 41.16 cm?

¢F, = R.F A (Specification D2-2)

0.75x 1.2 x 3700 x 41.16 = 137063 Kg > (Ry X F, X Ay = 1.25 X 2400 x 52 = 124800 Kg) OK

UxA, 4116

y = =0.79

g
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Steel Frame Design Cwve

[~ | Curent Dezign Section 2020110 -
[ | Frame Type ShF

[T | Deflection Check Type Bath

[~ | DL Limit, L ¢ 120,

[~ | Super DL+LL Limit, L / 120.

[™ | Live Load Limit, L / 360,

[~ | Total Limit, L/ 240,

[ | Total-Camber Limit, Le 240, -
[~ | DL Limit, abs 0.0254

[T | Super DL+LL Limit, abs 0.0254

[™ | Live Load Limit, abs 00254

[~ | Total Limit, abs 0.0254

[T | Tatal-Camber Limit, abs 00254

[T | Specified Camber 0.

[T | Live Load Reduction Factor 1. Cancel |

v | Met dreato Total Area Batio 1]

[~ | Urbraced Length Fiatiofk sjor) 1.

[T | Unbraced Length Fiatio [Minor] 1.

[~ |Urbraced Length Fatio [LTE] 1.

[~ | Effective Length Factor [K Major] 1. lj X. A r\'

[ | Effective Length Factor (K. Minor] 1. S—
[~ | Effective Length Factor [K. Major Braced) 1.

[~ | Effective Length Factor [K Minor Braced) 1. A a

[ | Effective Length Factor (K. LTE] 1.

[T | Moment Coefficient [Cm M ajor] ng

[T | Moment Coefficient [Cm Minar] .85

[ | Bending Coefficient [Ch] 1.

[T | MonSway Moment Factor [B1 Major] 1.

[T | MonSway Moment Factor [B1 Minor] 1.
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Determine the forces at the gusset/beam interface

222
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P, = R, X F, x Ay = 1.25 x 2400 x 52 = 124800 Kg

114 X F,p X Ay, = 1.14 X 1661 X 52 = 98464 Kg

3
T = T x (—124800 + 98464 ) = —15802 Kg

4
V= < X (—124800 — 98464 ) = —223264 Kg «
r‘j.ﬁ CJL>-

P, = R, X E, x A, = 1.25 x 2400 x 52 = 124800 Kg

0.3 x (1.14 X F.p X Ay) = 1.14 X 1661 x 52 = 29539 Kg

3
T = T x (—124800 + 29539 ) = —57157 Kg |

4
V =2 x (~124800 — 29539 ) = ~154339 Kg «

L;a(:l;u‘wb‘w‘jbL}.vl:.ﬂg:,....ugé)jf‘jbjc.)yd‘ﬁd)‘dbbﬁ&u&mé‘,ﬁﬂhuﬂwuﬂ)‘

.V.;JAJ

3
T = T x (—124800 + 98464 ) = —15802 Kg

4
V= < X (—124800 — 98464 ) = —223264 Kg «

43
M = 223264 X (7) = 4800176 Kg.cm

S sloml )l Cu3S 0 3l o2 5 Gar el 831 5 i Ly e Sl 5 L B3 B

:;.u\_,;-ﬁjf.\l
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Design the weld at the gusset/beam fntérfacé

s el ey G Bl (5 L S Sl Jl e clS B B s bt SVl sl

223264 Kg

v = = [

159 cm?

T
fa=‘[-

15802 Kg

@7 159 " cm?

M
fb_S
w

_ 4800176 Kg

b™ 4214 _1139cm2

fpeak =va2+(fa +fb)2

K
Foear = /14042 + (99 + 1139)? = 1872%

Y Sbeslial 55 L5 0 Gl b Cnl8 Gy Jlall g 5L 5e B Bl B8 A5 Sl 4 x5 L

cLad dalgr ol S bt

1872
Dyela = m = 0.936 — use 10 mm fillet weld double side

. _________________________________________________________________________________________________|
Sk Caloden s

J
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Check compression buckling of gusset plate

I
r=—
Ji2
1.2

r=——=0.35cm

V12

With K = 1.2 and the average buckling ldngth

——

Kl
Amax = T_
min
1.2 X 43
- Amax = W ~ 147

Fy
F = [O.658Fe] x F,

T%E _ % x 2.04 x 10°

F. = =
¢ )2 (147)2

=930 Kg/cm?

2400
F, = [0.658W] X (2400) = 815 Kg/cm?
The Whitmore width is,
L =21 @n30+D
w w

L, =2%32x0577 + 14 ~ 51 cm

{F.r x A; = 815 x (51 x 1.2) = 49878 Kg} » 98464 Kg N.G
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r=——=0433cm

V12

Kl

Amax =
Tmin

1.2 x 43

_)Amax =m% 119

Fy
F, = [0.658Fe] x E,

v = m2E 3 T2 % 2.04 x 10°
e 2 (119)2

= 1422 Kg/cm?

2400
F.. = [0.658m] X (2400) = 1184 Kg/cm?
{F.r x A; = 1184 x (51 x 1.5) = 90590 Kg} = 98464 Kg OK
iy o cwl Gyg ) e VO Culius oles! Sl L

Check tension yielding of gusset
OR, =0F,A,
0.9 x 2400 x (51 X 1.5) = 165240 Kg > 124800 Kg OK

Check beam web local yielding

The maximum compressive load per unit length|of the gusset is,

Fe=Ty
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Kg
f;, = 1139 + 99 = 1238@

The maximum tensile load per unit length of the gusset is,

f=h=1,

1139 — 99 = 1040 K9
fo= = 1040

The length of gusset subjected to tensile stresses is,

f,
L= f:Tzfc (Ls)

1040
t = (

—) X 159 =73 cm
1040 + 1238

The resultant tensile force is,

R,=Y,Lf,

73 x 1040
R, = — = 37960 Kg

With the tensile force applied > d, from the beam end,

R = (Sk +N )  (Specification J10-2)

F t
wow

{0xR,=1x(5x(15+0.6)+73) x 2400 x 1 = 200400 Kg} > 37960 Kg OK
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Note that a quick check could have been made by comparing the gusset design
tensile strength per unit length with the peak tensile load per unit length,

OF t
W w
Kg Kg
0.9 x2400 x 1 =2160— > 1040— 0K
cm cm

A similar check for the compressive force shows that the design strength is
greater than the required strength.

Check beam web crippling
The resultant compressive force is,

R, =%(L3 _Lr)fc

159 — 73
R, = ( > ) x 1238 = 53234 Kg

N =159-73 =86cm

With the compressive force applied > d, /2 from |the beam end,

A5
ARR: EF 1t
,!fem=0.80£)rw2 1+3 {:i“] i. s {Specification J10-4)
1 .

1.5

86)( 1 )1'5} \]2.04 x 10° x 2400 x 1.5
43

{QXRn=0.75><O.8><12X{1+3<— 1 =219349I(g}>53234—1(g01(
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Check free-edge buckling of gusset pla
To prevent edge buckling of the gusset plate the maximum free-edge length is,

(Astaneh, 1998)

2.04 x 106
Lfg max = 0.75 x 1.5 x TOO =33 cm

Ly
L, =
79 ™ 0s 30°

~38cm * Lrgmax =33 cmN.G

boag S5 sl o oo g ¥ Juold o sloS a3l s ¥ (81 Sl alolé (rimen

b ailae jloxe jlie 5l i (lian Lol ol aalss (ialS sl ¥ 4 olj] Jsb ol oatiS e 5 ) odlizal &g

oS o 53 e oo Vo bl Ty (Sl anlS 319 b Sl > Juoli 3l 4 s
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