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Table 3
Charpy V-Notch Impact Requirements
AWS Classification Limits for 3 out of 5 Specimens®
AS5.1 AS5.1M Average, Min. Single Value, Min.
E6010, E6011, E6018 E4310, E4311, E4318
E6027, E7015, E4327, E4915, 20 ft-Ibf at —-20°F 15 ftIbf at -20°F
E7016°, E7018°, E4916°, E4918P, [27 J at -30°C] [20J at -30°C]
E7027, E7048 E4027, E4948
E6019 E4319 20 ft-Ibf at O°F 15 ft-Ibf at 0°F
E7028 E4928 [27 Jat -20°C] [20 ] at -20°C]
E6012, E6OL3. E4312, E4313
E6020, E6022, E4320, E4322 Not Specified Not Specified

E7014, E7024° E4914, E4924°
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An American National Standard (DC) iy 3 sy 1V = O g

C-Demand Critical Welds

The term “Demand Critical welds™ 1s used to identify welds subject to extra requirements of this code. Demand Critical
welds are further defined in AISC Seismic Provisions. The requirements are intended to reduce the likelihood of frac-
ture. The requirements applicable to Demand Critical welds are identified in the text of this code. The Engineer is
required by 1.4.1(4) to identify Demand Critical welds in the Contract Documents.

AISC Seismic Provision Commentary describes “Demand Critical Welds™ as follows:

“Demand Critical Weld i1s a weld subjected to yield level or higher stress demand and located in a joint whose failure

would result in significant degradation in the strength or stiffness of the SFRS.”
AWS D1.8:seismic load resisting system (SLRS)
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@ As shown, the member connecting to the weak axis is not an SFRS member.

Motes:

1. D1.8-DC indicates welds commonly designated Demand Critical joints.

2. D1.8 indicates joints subject to the requirements of D1.8, but not commoenly designated Demand Critical welds.
3. D1.1 indicates joints subject to the requirements of D1.1 only.




Alireza Faroughi 12 =98 Lo, e

Assistant Professor of IAU. East Tehran Branch B oyt Aoy oSl S13T oSS 4bSliw!

(AISC 341 ;5 w2 s AWS D1.8 o o) ! Sl L3 sleeign 40 EOO g iUl e g 1 509>

Table 6.2
Mechanical Property Requirements for Demand Critical Welds

Classification Strength Levels

Property 70 ksi [490 MPa] 80 ksi [550 MPa| 90 ksi [620 MPal]
Yield Strength, ksi [MPa]?* 58 [400] min. 68 [470] min. 78 [540] min.
Tensile Strength, ksi [MPa] 70 [490] min. 80 [550] min. 90 [620] min.
Elongation (%) 22 min. 19 min. 17 min.

[C.‘VN Toughness. ft-1bf [J]>¢ 40 [54] min. @ +70°F [+20°C] 40 [54] min. @ +70°F [+20°C] 40 [54] min. @ +50°F |+10°C]]
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(AWS D1 8) 6.2 Heat Input Envelope

6.2.1 WPS Heat Input Envelope Testing Properties. Filler metals for Demand Critical welds shall provide the
mechanical properties in Table 6.2, based upon the WPS Heat Input Envelope Testing prescribed in Annex A, except the
following filler metals shall be exempted from the testing prescribed in Annex A when LAST is equal to or greater than
+50°F [+10°C]:

(1) SMAW electrodes classified as E7018 [E4918], E7018-X [E4918-X], in AWS AS5.1/A5.1M, and E7018-C3L
[E4918-C3L], E8018-C3 [ES518-C3] in AWS AS.5/A5.5M (see 6.3.1.3);

o) Sbod (p yeS axils

u.\.MJL’ 4> 4o ye cé)'éﬁ
o 3L E7018 o401

.é)‘du.; S
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SFA/AWS A5.17: SPECIFICATION FOR CARBON STEEL ELECTRODES AND FLUXES FOR SUBMERGED ARC WELDING

Example: OK Flux 1071 7 OK Autrod 12.22;
SEASAWS AR 17 FPAS-EMAZ2K

)°9 [.F. TA ?.][mﬂ_KHét Uv9> paw(d9,58l)

I | |
Indicatas a submargad arc Symbol for tensila Symbol for haat Symbol for impact Chamical composition of
walding fluox. propartias traatmant properties wire alactrodas
|
Tensile strength Yield strength | Elongation | (Tensile ield strength . . . Al . . - - iffusi
TSR N | Cengtry ominy S 4 S S Bl RS (g 00 i iz 8 | hoerage Diflbe Bydronen,

[psi] [psi] [%] (MPa])  [([MPa]) oaly> o0 g eS o et Slod (S 5 39de0 25 m
5 G0.000 - 20000 | 48000 2z {416 -860Y |(330) ]
7 70000 -95000 | G000 22 {480 -650Y |(400) —_— 421

A A3 wield ed Ghemical composition for solid electrodes - in % {extract of complete table)

P Egg“gef'ﬂ Qea‘ treated (PWHT), = Classification | G M Si S P Gu {including
| ) ) - . Cu-coating)
Pl oY 0 plillas 5,5 colanl O g s = EL1Z 004-014 0.26-060 |0.10 0030 0030 036

" o . . . Emiz2 O06-018 |080-126 |010 0.030 |0.030 035
Ll '[I;T:r;]peratme I[:I:thfa[;}]{ Yimpadt gnin) E'I'[tj{r:n]p;erature) I:C[:?;py Vimpad fin) Em12K 0O05-015 [080-125 |010-035 0030 | 0020 |035

EH1ZK 006 -015 [1.60-200 |0Z25-065 0025 (0025 |035

0 0 20 L-18) (27) EH14 A0 -020 [1.70-220 (010 0030 003 035
2 - 20 20 (-29) {27 )
4 - 40 20 [ - 407 (27 Chemical composition for composite alkectrode walkd metal - in %
g _ &M 20 [ - 46) (27 Classification |G b Si 5 P cu
5 - &) 20 {-61) [ 27 ) ECH 0.15 1.80 0,90 0035 |0.036 |0.35
a =N v 20 (- 627 [27) ECG Mot specified
z o reguirermeant s Single values are maximum.




Alireza Faroughi 16 =98 Lo, e

Assistant Professor of IAU. East Tehran Branch B oyt aolg oSl 8157 olEils b slw!

(FCAW) 5,09 55 05 5SII L gz sl 03,) Laslged

EXXT-X X-JXHX Optional Supplemental Designators®
—_1 AWS/ASME SFA DIN

UIS ol
Optional supplemental diffusible hydrogen designator (see Table 8). 5.20 8555 ©
The letter “D™ or “Q™ when present in this position indicates that the weld metal will meet AMA
supplemental mechanical property requirements with welding done using low heat input, E71 T1(MJ

200F

fast cooling rate procedures and using high heat input, slow cooling rate procedures as
prescribed in Section 17 (see Tables 9 and 10).

The letter “J” when present in this position designates that the electrode meets the require- E7Z1TAC
ments for improved toughness and will deposit weld metal with Charpy V-Notch proper-
ties of at least 20 ft-1bf at —40°F [27J at —40°C] when the welds are made in a manner

prescribed by this specification.

AWS A5.20/A5.20M:2005

Table 10
Mechanical Property Requirements for “D” and “Q” Optional Supplemental Designators

Optional Supplemental Designator Tensile Test Requirements Minimum Charpy V-Notch Requirements

) 58 ksi [400 MPa] min. yield strength . o
o shoes el w ‘ D 70 ksi [490 MPa] min. tensile strength 40 frIbf E‘S;?ﬁofegsfbgt +20°C]
) o ’ 22% min. % elongation in 2 in [50 mm)] :
5l s J Slsgas

58 to 80 ksi [400-550 MPa] yield strength

(MIX) ‘19917"" }lf for high heat input, slow cooling rate test
ol (M) 0o 5 oslizd o 00 ksi [620 MPa] max. yield strength 20 ft-Ibf at —20°F [27J at —30°C]
6‘)-3 J,;L, *53)3;” &9 for low heat input, fast cooling rate test (see Note d)

28,5 e D Lyl 22% min. % elongation in 2 in [SO mm]

(see Note ¢)
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ANSI/AISC 341-16
2.  Bolted Joints An American National Standard

The potential for full reversal of design load and the likelihood of inelastic deforma-
tions of members and/or connected parts necessitates that pretensioned bolts be used
in bolted joints in the SFRS. However, earthquake motions are such that slip cannot
and need not be prevented in all cases, even with slip-critical connections. Accord-
ingly, the Provisions call for bolted joints to be proportioned as pretensioned bearing
joints but with faying surfaces prepared as for Class A or better slip-critical connec-
tions. That is, bolted connections can be proportioned with available strengths for
bearing connections as long as the faying surfaces are still prepared to provide a mini-
mum slip coefficient, L = 0.30. The resulting nominal amount of slip resistance may
minimize damage in more moderate seismic events. This requirement is intended
for joints where the faying surface is primarily subjected to shear. Where the faying
surface is primarily subjected to tension or compression from seismic load effects, for
example, in a bolted end plate moment connection, the requirement for preparation of
the faying surfaces may be relaxed.
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_ Low Fracture Toughness of Weld Metal (s> #llas (ol (Ko ,5>)
Weldlng (6)11&9?) Poor Quality (.ol cuas)
Effect of Backing Bars and Weld Tabs ((o,l5565) 4l 5 oo coiy (9> 5D

Inadequate Participation of Beam Web Connection in

Connection Design (Jlas! ~,l) | Transferring Moment and Shear (s, s olr <5 Lis o)
Effect of Weld Access Hole (. cus #lgm w56)

_ Effect of Column Flange Bending (s Jb Lies ,56)

Materials (z/las) Actual yield stress of A36 beams often significantly higher than
minimum specified
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MEMBER STABILITY BRACING
q About the longitudinal axis of the beam, the required
flexural strength of the brace is:
My, =0.02M,
and, the required flexural stiffness of the brace is:
S Mbr  Br
B =L —
5]
6EI H BSGC_
ﬁb_r S where
. - . — | 24L ( M, )? 33E( 150,05 14b}
User Note: Torsional bracing can be provided as point bracing, such as cross- - . r e ~otw + stts
frames, moment-connected beams or vertical diaphragm elements, or as BT - ¢’ nEl C BS(.’C - h 12 12
continuous bracing, such as slabs or decks. veff b 7\ .
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MEMBER STABILITY BRACING

In the direction perpendicular to the longitudinal axis of the beam,
the required strength of end and intermediate point braces is

o Py = 0.02( M Cq )
(2ed 5 WL o o il ) - hy,
7 { and, the required stiffness of the brace is
\- By = l(%j (LRFD)
o\ Loho
o T Dy e Vg C; = 1.0, except in the following case:

= 2.0 for the brace closest to the inflection point in a beam subject to double
curvature bending

ANSI/AISC 341-16 » Cg=1.0

Ga ) Cia3 ks 4S pked G
a2 ol sk Pou (s yae
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8.5. BEAM FLANGE-TO-COLUMN FLANGE WELDS

Beam flange-to-column flange connections shall satisfy the following limitations:

(1) Beam flanges shall be connected to column flanges using complete-joint-
penetration (CJP) groove welds. Beam flange welds shall conform to the
requirements for demand critical welds in the AISC Seismic Provisions.

(2) Weld access hole geometry shall conform to the requirements of AWS D1.8/
D1.8M Section 6.11.1.2. Weld access hole quality requirements shall conform
to the requirements of AWS D1.8.

6.11 Weld Access Holes

Weld access holes for all Demand Critical welds shall conform to the following:
6.11.1 Shape

6.11.1.1 Standard AWS DL1I/DLIM Geometry. Unless otherwise specified in Contract Documents, all weld
access holes shall meet the dimensions and tolerances of AWS D1.1/D1.1M or AISC 360. At the option of the Contrac-
tor, the geometry of 6.11.1.2 may be substituted for the 6.11.1.1 geometry.

6.11.1.2 Alternate Geometry. When required by Contract Documents, the weld access hole dimensions and toler-
ances, and geometry shall comply with Figure 6.2.

. 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 [& mm]).

1
2
3
4. 3/8 in [10 mm] minimum radius (-0, +unlimited).
5. 3ty (+1/2 in [12 mm]).

6. See 6.11.2.1 for surface roughness requirements.

7. Tolerances shall not accumulate to the extent that the angle of the access hole cut to the flange surface excesds 25°.
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8. CONNECTIONS THROUGH VERTICAL TEE
STIFFENERS

Tests have shown that when the beam flange extends
the full width of the connecting plate, Figure 24, about
% of the flange force is carried by the central portion
of the plate. Each of the two outer edges carry about
34¢ of this force.

This corresponds well with
the idea that the flange of the column in this region is
similar to a two-span beam on three supports with a
uniform load; in this case the center reaction is % of
the total load, and the two outer supports each carry
3¢ of the load.

The report “Welded Interior Beam-To-Column
Connections”, AISC 1959, mentions that “from strain
gage readings it was calculated that the vertical plate
stiffeners in the elastic range each transmitted only
about 3 4ths of the forces coming from the beam
flanges and the web transmitted %ths.”
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Seismic Provisions
for Structural Steel Buildings

-
e S o - . L-; J - -b."
July 12, 2016 LQLQKJW P& ;‘““°9i’»"~: A9 L= )’*“j 2'9)
Supersedes the Seismic Provisions for Structural Steel Buildings ' - “"" & Duins J"‘.." 9" } 9’04 . ( ;k 95 ( ,"E'”' ) L.’

dated June 22, 2010, and all previous versions

Approved by the AISC Committee on Specifications

User Note: These continuity-plate requirements apply only to wide-
flange column sections. Detailed formulas for determining continuity plate
requirements for box-section columns have not been developed. It is noted
that the performance of moment connections is dependent on the column
flange stiffness in distributing the strain across the beam-to-column flange
weld. Designers should consider the relative stiffness of the box-section
column flange compared to those of tested assemblies in resisting the beam
flange force to determine the need for continuity plates.|
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Journal of Constructional Steel Research
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Experimental investigation of panel zone in rigid beam to box column
connection
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>Mp,, =sum of the projections of the expected flexural strengths of the

beams at the plastic hinge locations to the column centerline, Kip-in.
(N-mm). It is permitted to determine XM, as follows:

ZM;b =X (M, + o M,) (E3-3)

>1.0 (E3-1)

M,, =maximum probable moment at the location of the plastic hinge, as
determined in accordance with ANSI/AISC 358, or as otherwise
determined in a connection prequalification in accordance with Section
K1, or in a program of qualification testing in accordance with Section
K2, kip-in. (N-mm)

M, = additional moment due to shear amplification from the location of the
plastic hinge to the column centerline based on LRFD or ASD load
combinations, kip-in. (N-mm)

o,s = LRFD-ASD force level adjustment factor = 1.0 for LRFD and 1.5 for ASD.
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TABLE 2.1. T ey | _
. gn . abg: po yuss . s JLail gg5 o,
Prequalified Moment Connections , >
Connection Type Chapter Systems TP ) | sy g bgie ot clocks | RBS eais b ,-JLM:: Jlast \
"Reduced beam section (RBS) M 5 SMF, IMF ] B
Bolted unstiffened extended end plate (BUEEP) 6 SMF, IMF (FAVFXN ) | sy g lagie i clacti | BUEEP 277 )L&%*s’*’-‘s =t
H 3 3| ealasul
Bolted stiffened extended end plate (BSEEP) 6 SMF, IMF o SHds e
=i &b L
Bolted flange plate (BFP) 7 SMF, IMF (FIVPoT=1) | ay g bogie iai sl | BSEEP S m: )L&:: i:SLJ 1 .
Welded unreinforced flange-welded web (WUF-W) ) 8 SMF, IMF B RITEES :
b g o35 SaS 4 L
Kaiser bolted bracket (KBB) 9 SMF, IMF (FAYYN2) | oy bamgio tas clali | BFP it r = J ¢
ConXtech ConXL moment connection (ConXL) 10 SMF, IMF EIURI 5 S0
Wiy S & B9 L]
SidePlate moment connection (SidePlate) 11 SMF, IMF O-1¥--) ) lnsgia ios o wpp | SUSs S et »
Simpson Strong-Tie Strong Frame moment connection 12 SMF, IMF t CEes )
Double-tee moment connection 13 SMF, IMF FAYYN) | g g bawgie (ot ol | WUF-W (g 8ol gl it JLail | #
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Jlail 2 o Jales = Jol Condd

(RBS) aidly ialS abaiio b s guiciasns I puf JLail Y- 1F- Y'Y

2
R = Radius of cut = A€ & ANSI/AISC 358-16
-4 An American National Standard
?////////C
’, .
cT 5.8. DESIGN PROCEDURE
|
] b Step 1. Choose trial values for the beam sections, column sections and RBS dimen-
\/\ Reduced beam sions a, b and ¢ (Figure 5.1) subject to the limits:
section 0.5byr< a < 0.75by (5.8-1)
[ | AL TIIIIILIIIISLLIII
(;‘ 0.65d < b <0.85d (5.8-2)
0.1bpr< ¢ £0.25bp¢ (5.8-3)
o} — where
a =horizontal distance from face of column flange to start of an RBS cut,
o in. (mm)
. b =length of RBS cut, in. (mm)
" B by = width of beam flange, in. (mm)

/\[ ¢ =depth of cut at center of reduced beam section, in. (mm)

d = depth of beam, in. (mm)
Protected zone

Confirm that the beams and columns are adequate for all load combinations specified
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KAISER BOLTED BRACKET (KBB) CONXTECH CONXL MOMENT CONNECTION
MOMENT CONNECTION

Concrete fill

Collar flange assembly

Collar corner
assembly

Moment beams
on any or all faces
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Square steel HSS or built-up column
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SIDEPLATE MOMENT CONNECTION SIMPSON STRONG-TIE STRONG FRAME
MOMENT CONNECTION

Protected zone (top and bottom
Yield-Link and shear tab region)

l\; Buckling resistant plate bolt
Cover pl ate f Link to beam flange bolts

Horizontal . | Mg
N Vertical shear | A e L,
shear plate !
element ®.
o | > foreona s
Standh:: O""“'h Shear plate
Side plate N aw A4 2
& Yield-Link stem
Buckling restraint plate spacer
Buckling restraint plate,
/\/ typical top and bottom

Yield-Link to column flange bolts
Yield-Link flange

Column
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8t Edition”
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6.13.6.1.3b—Flange Splices
C6.13.6.1.3b

For a flange splice with inner and outer splice plates,
Py, at the strength limit state may be assumed divided
equally to the inner and outer plates and their connections
when the areas of the inner and outer plates do not differ
by more than ten percent.
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16.3 DESIGN RECOMMENDATIONS

16.3 Flange Splices

The flange splice can be designed conservatively by assuming that it transfers all
the moment at the section. The fasteners in each flange must resist the force in the
flange, taken as equal to approximately the moment at the cross-section divided by
the beam depth (M/d). A single shear splice plate on each tlange 1s often sufficient.
For large shapes and for heavy flanges, splice plates may be required on both sides
of the flanges in order to reduce the number of fasteners by providing a double
shear condition and to reduce the splice plate thickness. The fasteners can be
designed using the recommendations given in Chapter 5 for symmetric butt joints.
Depending on the required joint performance, either slip-resistant or bearing-type
joints can be used.
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(b) Out-of-Plane Buckling of Member
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Abolhassan Astaneh-Asl, Ph.D., P.E. +
Professor
Oeparinetf Ol Eremena Ernoorn (d) Welded-Welded

Yielding of the gross area of the angle legs (ductile)

Bearing yielding of the bolt holes 1n the angles and/or the beam web (ductile)
Fracture of the edge distance of the bolts (brittle)

Shear fracture of the net area of the angles (brittle)

Fracture of the bolts (brittle)

Fracture of the welds (brittle)
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4, Shear Failure of 5. Shear Fracture of 21 Net 6. Fracture of Welds
Bolts Arpas
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B = 04+ Ops+0ps = 0.024 ~ 0.034

Og = oo S5 L 5l 26 ol (0.004 rad) AISC 341-16,
Minimum Rot :
Ons= sl>,b 5l 56 oylyee (0.02 rad) 0.025 rad

Ops =B 435 51 &b ol,e0 (0.5X0.02 rad)= 0.01
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Demand Critical Welds

The following welds are demand critical welds and shall satisfy the requirements of
Sections A3.4b and 12.3:

(a) Groove welds at column splices
(b) Welds at column-to-base plate connections

Exception: Welds need not be considered demand critical when both of the fol-
lowing conditions are satisfied.

(1) Column hinging at, or near, the base plate is precluded by conditions of
restraint.

(2) There 1s no net tension under load combinations including the overstrength
seismic load.
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Basis of Design

SMF designed in accordance with these provisions are expected to provide signifi-
cant inelastic deformation capacity through flexural yielding of the SMF beams

and [limited yielding of column panel zones,] or, where equivalent performance of
the moment-frame system 1s demonstrated by substantiating analysis and testing,

through yielding of the connections of beams to columns. Except where otherwise
permitted in this section, columns shall be designed to be [stronger than the fully]
[yielded and strain—hardened]beams or girders. Flexural yielding of columns at the
base 1s permitted.
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