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(a) Friction welded head (b) Forged head

Figure 3 - Methods of head attachment to the end of a reinforcing bar.

Bearing on
Head Bearing on Deformations
Head / e =g ~ Bar Force
PAA A A A A XA XA S

—

RO

s

Figure 3-1:  Anchorage of a headed bar

(c) Threaded head
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215 42 23 16 1

215 46 20 18 2

2/5 50 29 20 3
3 55 33 22 4
3 60 37 25 5
3 65 41 28 6
3 70 47 30 7
3 75 49 32 8

3/5 85 516 36 9

3/5 91 58 40 10
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S(E)

—_— EFFECTIVE

7
i

3/4 in. [19 mm] MAX. !
SEE NOTES \__S(E) L | S(E) | ~ L /See NoTES 2 BESE
(1) AND (2) S(E) L A—I s(E) I \o L N\aAnDb €l =045
1— 1. BINGLE
D
l (A} FLARE-BEVEL-GROOVE WELD
SECTION A-A J SPACING OF BARS
DOUBLE-FLARE-BEVEL-GROOVE WELDS A (BEFORE WELDING)
(A) INDIRECT BUTT JOINT WITH A SPLICE PLATE F
=]

B X
/ ”J h\ 1 -
S(E) | ~ L /seenoOTES = :
‘/,/ s) |\ L \aAnDb 1. SINGLE :
IEl = 0.85 (E} = 0.6S
g (B} FLARE-V-GROOQVE WELD
SECTION B-B
DOUBLE-FLARE-BEVEL-GROOVE-WELD J
° AN
(B) INDIRECT BUTT JOINT WITH A SPLICE ANGLE
S(E) L
SEE MOTE a — 1 1
S(E) L 1 1
[ Rp— —_—— e =
© 4-l SPLICE BAR
n‘ n (DIAMETER D) 7 C 3
u |, ( J
SECTION C-C J SPLICE BAR
FLARE-V-GROOVE WELDS 4 c L rl
Bahman Sobhani.Phd,PE (E) SEE NOTE 6/12/2025 137 N/

S(E) L

(C) INDIRECT BUTT JOINT WITH TWO SPLICE BARS
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Minimum Preheat and Interpass Temperatures®® (see 5.2.1) oc o o
(]
SMAW with Low-Hydrogen Electrodes, 5, 5Ls e e
GMAW. or FCAW ' b 5 vF A
Minimum Temperature 3 ks el
SEA_S ¥
Carbon Equivalent (C.E.) Range, %! Size of Reinforcing Bar °F '© ) 8- v
Up 10 0.40 Up to 11 [36] inclusive none® none* 25 5l v
14 and 18 [43 and 57] 50 10 \. TELY. S RN
. \- Upto 11 [36] inclusive none® none® 9. o Lve
Over 0.40 to 0.45 inclusive 14 and 18 [43 and 57] 50 10 — —
Up to 6 [19] inclusive none* none* . v . s
Over 0.45 to .55 inclusive 71011 [22 1o 36] 50 10 4 YELY. SO -0
14 to 18 [43 to 57] 200 90 ‘o PNER 2
Up to 6 [19] inclusive 100 40 Vo veu _
Over 0.55 10 0.65 inclusive 7to 11 [22 to 36] 200 90 y s o IS
. . J_,L,, 8 Ly- J|
1410 18 [43 10 57] 300 150
Ys. &+ Lels g liYY 5l SV e
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' ' 7 to 18 [22 to 57] inclusive 400 200 25 plad il 5 oty 3 esmades 423 VA (glas )3 g Rsm Sl ) (5 yslo0ly
Over 075 Up to 6 [19] inclusive 300 150 P 5 S ol 20 e B s sl S0m sl S s Y 659100
e 710 18 [22 to 57] inclusive 500 260 2l e i 5 2T B 8
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SUPREME STRENGTH

1 Ve
L d

4
¢ 4 4

POWERFUL JOINING

Bahman Sobhani.Phd,PE

[PROCESS OF GAS PRE

AT FIRST HEATING, USE KANGEN-EN
(STRONG FLAME) AND ABOID
OXIDATION ON EACH JOIN SURFACE i

CUT REINFORCE BAR HEAT / PRESSURE

BY DAIA SAW
SURFACE SHOULD BE
RIGHT ANGLE.

CLEAN UP CROSS SECTION.
RUST, CEMENT,PAINT,SAND,ETC.
LIKE FOREIGN ARTICLE ON SURFACE
ARE STRICTLY PROHIBITED



O"ji &y solainld yg0 L;lb}lf Y
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GAS MIXTURE TUBE
WITH SUPER VALVE

@ @
TYPE |REBARSIZE|CHIPS| a | b | ¢ | d | £ | & | n | j WEEHT

MBD—22B | D19 -D22 | 14 | 117 | 63 | 70 | 12 | 175 ] 83 | 435] 2 | 037

MBD-29B | D25 -D29 | 14 | 127 | 732] 70 | 12 | 189 ] 89 | 50 | 2 | 0.0 s e
MBD-32C D32 16 | 132 78 | 70 | 12 | 189 | 89 | 50 | 2 | 0.42 . £ y
MBD-32B D32 20 | 132 78 | 70 | 12 | 196 | 91 | 50.7] 2 | 043 ”~ TWIN GAS HOSE "

MBD—35B | D32 -D35 | 20 | 138 | 87 | 69 | 12 | 205] 93 | 58 | 2 | 058
MBD-38BS| D35 -D38 | 26 | 147 | 94 | 87 | 12 | 222 | 99 |594] 2 | 058

MBD-38B | D35 - D38 | 26 | 161 | 94 | 87 | 12 | 230 | 115 | 594 2 | 058

MBD-41B | D38 D41 | 26 | 171 | 102 | 86 | 12 | 240 | 119 | 66 | 2 | 0.66

MBD-51B D51 32 | 188 | 120 | 95 | 12 | 265 | 128 | 70 | 2 | 0.77
MDB-38B / MDB-41B / MDB-51B ARE - e :

AIR-COOLED TYPE

VTR @

COUPLER

OXYGEN ACETYLENE
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' JIS Z 3881, 14th Edition, October 25, 2019: Standard qualification procedure for gas pressure welding technique of steel bars for
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JOINING BY HABAYAKI

( HEAT RIGHT AND LEFT SIDE
ABOUT 1D DISTANCE ) BY
CHUUSEI-EN ( MEDIUM FLAME )

)

COMPLETED JOIN
SWELL SIZE IS
ABOUT 1.4D TO
OUTER DIAMETER

AND 1.2D TO LENGTH
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Example WPS (Single-Process)
WELDING PROCEDURE SPECIFICATION {WPS)

Example POR {GMAW & FCAW — page 1)
PROCEDURE GUALIFICATION RECORD (PQR)

PQR

Red Ine. i) |
Caompany Name PR Mo,
Typa or RS
BASE METALS Specilicalion Grade Group MNa. Thickness Size (NP3) Schedule Diameler
Basa Malarial ASTM A1 & I 1m - - -
‘Weldad Ta ASTM A1 [ ] 1in - - -
Backing Malerial ASTM A3 & ] 154 n
Caher
JOINT DETAILS JOINT DETAILS [Shketch)
Groove Typa Singha ¥ Graava Bult Jaint
Groove Anglke 357 included
Fiol Qpening 104 in
Fiool Faca -
Eackgouging Mana
Melthod -
POSTWELD HEAT TREATMENT
Temperatuna -
Time at Tempergiure |-
Daher -
PROCEDURE
Weld Layer|s) = = E - =
Wield Passies) 1 2-0 811 12-15 16
Process FCAW FCAW FCAW FCAW FCAW
TyEe Earme- Eami- Gemi- Temi- Semi-
(Seyriabaman, MWectaried, i) autamatic | autornatic | automatic | Butomedic | Briometic
Pasilian [l 4G T 40 G
iartcal Progressaon = = = - =
Flller Metal :AW_E Spec.) ASED AS2D AS.20 £5.20 A5.20
ANE Classificalion EATAC E71TIC EV1T1C EANTAC | EFTAC
Diamatar GG | 0.045in | 0.045in | 0.045in | 0.045in
ManulaciurerTrade Mame — — — — -
Shiglding Gas Compeaition 100 GOy | 900% GOy | 100% GOy | 100% GOy | 1009 GOy
Flow Rale 4555 clh | 4555 cfh | 45-55 cfn | 4555 cfh [ 4555 clh
Mozzke Sure [T) #4 44 XY #d
Preheat Temparailure 75 min, | 75 min, [ 75" min. | 75 min. | 75 min.
Interpass Tempersiure T5%-550° | 753507 | 75°-350° | 75°-350% | ¥53~~350°
Ebstirical Characteristics — = _— — - = =
Current Type & Palarity DCER OCEPR CCER DGEP DGEP
Transler Mode (GMAW} - - - — -
Fower Source Typs lae o aic) - - - = -
Amps 18] 20 200 200 200
Valls 25 27 27 27 27
Wire Faed Spead (Amps) {Amps) {Amps] {Amps] [Amgs)
Travel Gpeed 3 lpm 10 1pm 11ipm Fom 1 ipm
Maxirmurn Heal Inpu - - - - -
Tachnique — — — — — — —
Slrinper or Weave Siringer | Siringer | Sirinper | Slringer | Slinger
Mulli or Single Pass {per aida) Mullipass | Mullipass | Mulipass | Multpass | Multipass
Capllabon (MechanzedAuiomalc) - - - — -
Mumber ol Elacirpdes 1 1 1 1 1
Conlact Tube to Work Dist. F-1m [ Bd4-1in [ 34-1in | 34-1in | 3M4-1in
Peening Mone Mone Mange Mang Mone
Interpass Cleaning ‘Wirg Brush |'Wire Brosh [ Wire Brish [ Wiee Brush [ Wi Brush
Criher

RED Inc. 2010
Company Mame WS M.
L Jones 120N E am Wi
fwtharized by Drate Supparting PORs] VN Report
Type or AW BASE METAL
BASE METALS Specilicabon Grade Graup No. THICKNESS As-Walded Wilh FWHT
Eiysie Material ASTM A1 Ay 1 CJP Groowr Wiokss Td-1-17210in -
‘Wilded Tor ASTHM A1 f ] CJP Gragur wiGWN - -
Backing Malerial ASTM AT A [] PJP Groows Welds = -
QOthar Fillat Weids - -
JOINT DETAILS JCHNT DETAILS (Shatch)
Groove Type Exgle ¥ Greave BOIEJain
Groave Angle 357 includad
Aool Cpening AN
Hool Face =
Backgouging Mo
bgthad -
FOSTWELD HEAT TREATMENT
Ternperaiuie Mone
Tirme a1 Termperaliane -
Ciher -
PROCEDURE
Wokd Layar(s) All
‘Wold Passles| All
Procoss FCAW
TYPE (S, Mecharied, etc | Semisuio
Posltion OH
Yertical Progressian -
Filler Metal [AWS Spec.) AE.20
AWE Clagsificalion ETITIG
Diarmgter 0,045 in
ManulaclurenTrads Name -
Shielding Gas (Compasdion) 1007 Gl
Fiow Hela 4555 ch
Mozzle Size [Z]
Freheat Temperaiure &0° min.
I pass Tertperaine [
Electrical Characteristics —_
Currer Type & Folariy DLEP
Transfar bada -
Prower Saurce Typa |oo, oy, eli] v
AMEE Ta0—220
Walts 25326
Ve Feed Speed JArps]
Travel Gpeed E-12 ipm
Miarurn Heal Ingut -
Technigue =
Strnger or Weave Siringer
BAulti or Singla Fass (per sce) hMulbpass
Oeciliaton (Mechanized, Aslnmaicl —
Murmiter af Elecirades 1
Contac] Tube to Work Chal. 172-1in
Pesgring Mari
Inlerpass Cleaning Wire Brish
Qther =
Form J-2 |See Fp:gasws ang'D forms)

Faren -1 {Franl)

(S hitpuigoamws.ang' iams)
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Base Plate b oygw &5 S¥lail

Compressire
Bearing
Pressure on
the Grout and

Concrete

COMmparessie
Axial Force in
the Anchor

Bearing Capacity
ot Grout and
Concrete in

CoMmpression

Axial Yield

Capacity of
Anchor Rod

Ford

a. Small Axial Force h. Large Axial Force C. Design Assumption

Bahman sobhaigune 2.2. Distribution of Pressure under an Axially Loaded Base Plate with 6/12/2025

Double Nuts on the Anchor Rods
(Ref: Astaneh-Asl 2008)
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ﬂ" ‘ 4'* Shear Key |-
Al Al |,
,-:I-:’N\ Bearing
Stresses

U B IO

Inspection/vent holes

1’ Grout
Shear lugs \fl
| TeR J/ t hsj ~ \
- '“‘ oS her _. = =
i ‘ ch s | E}J
£ : 4 4 —
Cs.i' Csr ‘
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Elevation Elevation

(a) Cast-in-place (b) Post-installed




rolled section single plate cross plate < plate
(wide flange)
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Vertical Stiffener Gusset
(Same Thickness as  Plate [j

Horizontal Rebars
Welded to Gusset Plate

the Gusset Plate i (and Column if needed) Gusset
E Column N Plate
: Shear Studs v Bracing
; Member
i Grade Beam
Floor Slab : Transverse L~ P
[ _9_\ ) Stirrups Rebars | i
.. } l’l.”
f \! 9 ; : \\\‘ ,",;.I,
: PG : Embedded 5 | £
Base Plate : ‘:(\‘
(| I | R
Anchar o . le-® e
=\ A
Bolts Ve
o/ ofl 61|
° HL..-._.-..._. ...... |
Grade Bear o e
" o _+ to Transfer Tl .

¥ ' Horiz. Shea (,.
N L o |

A
T V 4
\— Foundation

Copyright © 2008 by Abolhassan Astaneh-Asl All rights reserved. This detail cannot be included in any other
document. electronic or paper bazed without written permission of copvright holder Abolhassan Astaneh-As].
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CODE COMMENTARY

(a (b) ) (d)

{A) Cast-in anchors: {a) hex head bolt with washer;

r (b) L-bolt: (c) J-bolt: and (d) welded headed stud.

O (T e 39) SRS 5 ol FaSy

i ala b ()

T
LY
A
¥

.~

(@) (b) (c1) (c2) (d) (e)
(B) Post-installed anchors: (a) adhesive anchor; (b) undercut anchor;
(c) torque-controlled expansion anchors [(c1) sleeve-type and (c2) stud-type];
(d) drop-in type displacement-controlled expansion anchor; and (e) screw anchor.
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4.6.3 Anchor Rod Projection Too Long or Too Short

Anchor rod projections that are too short or too long must be investigated to
determine if the correct anchor rods were installed. If the anchor rod is too
short, the anchor rod may be projecting below the foundation. If the rod
projection is too long, the embedment may not be adequate to develop the
required tensile strength.AISC DESIGN GUIDE 1, 3rd EDITION / BASE
CONNECTION DESIGN / 61

Often, when the anchor rod is short, it may be possible to partially engage the
nut. A conservative estimate of the resulting nut strength can be made based
on the percentage of threads engaged, as long as at least half of the threads in
the nut are engaged. Additional information is available in Labelle (2016).
Welding the nut to the anchor rod is not a prequalified welded joint and is not
recommended. Additionally, ASTM F1554 only considers Grade 36 and
Grade 55 (if in compliance with Supplement S1) anchor rod material

to be weldable, and In these cases, It may be feasible to weld the
anchor rod to the plate washer.

Design Guide 1

Base Connection
Design for
St_eel Structures
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Table 5-3. Weldability of Structural Nuts

Minimum Relative
Alloy Tensile Weldability
ASTM Grade/ Carbon Control for P (%) 5 (%) Strength,? Heat (High =
Spec. Class (%) Weldability | Maximum Maximum ksi (MPa) | Treatment Poor)
0.40 Little 150
Al194 2H i control® 0.040 0.050 (140) Q&T 7
0.55 100°
A L None 0.12 0.23 (690°) Q&T 11
0.55 144 :
C e None 0.12 0.15 (094) Q&T option 11
Little 144 ;
C3-N No control ContalP 0.07-0.15 0.050 (994) Q&T option 8
C3-A 0.33-0.40 Good 0.040 0.050 [;33) Q&T option 5
C3-B 0.38-0.48 Good 0.06-0.12 0.050 [;33) Q&T option 6
A563 -
CsD |015025 | (Good 0.040 0. (oa) | Q&T option 4
C3-E | 020025 | (Good 0.040 0.040 % ‘Q&T option 3
C3-F | 020025 0.040 0.040 ‘Q&T option 3
0.55 Little 150 :
D = o 0.040 0.050 (1040) Q&T option 5
Litile 175
DH 0.20-0.55 Gordeol? 0.040 0.050 (1210) Q&T 7
Minimum 175
DH3 0.20-0.53 limits ool 0.046 0.050 (1210) Q&T 8

‘Welding on hardened washers should be avoided. Weld-

Note: This table is used to estimate weldability. The actual ASTM specification should be used if specific properties are needed.
# Proof load stress.

© The term “Little control” is intended to be applied only in terms of weldability; the suitability of the ASTM designation on the control of the composition of
the nut as used as a mechanical fastener is not being drawn into question.

“ For non-zinc coated nuts; 75 ksi (518 MPa) for zinc coated nuts.

% in. (18 mm)
A563 DH Nut

r

1in. (25 mm) ipia ;
Welded Connections—

A Primer for
E_qgineers

Smarter. Stranger. Steel.

A e o Said S
TN | wemmscon

- . - 4

% in. (18 mm) A563 DH nut welded
on 3 sides with %-in. (6 mm) fillets

(40 3 > 31 53 2l 31 ;8) S yilg

5.4.13 Washers

able washers can be cut from structural steel of known
weldability.



Base Connection ing stress. This will ensure that the grout is not the limiting

De5|gn for factor when the maximum available bearmg strength of the
: Smarter. e

Steel Structures g;;:r;ser concrete foundation is desired. The design thickness of the

the Cﬂlumn 18 set on a hmshed ﬂuor a 1 in. space may be
adequate but on the top of a footing or pier, normally the
space should be 1% to 2 in. Large base plates.
shear lugs base details with lar ge anchor rods. or applica-
tions with leveling nuts may require more space.

STY O IS

2.5 GROUT MATERIALS

Grout serves as the connection between the steel base plate
and the concrete foundation to transfer compression and
shear through friction. Grout also serves to assist with main-
taining the levelness of column base plates and plumbness
of columns during erection. Accordingly, it is important that
the grout be properly designed, and placed in a proper and
tlmely manner.

~design compressive strength at least
of e ﬁgﬁ@n c ."_: hi concrete con-

Design Guide 1 hnement 18 used n Lalculatmg the a‘uallable concrete bear-

ill depend on how fluid thﬂ grout is and how

6/12/2025
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3.3—Selection

3.3.1 General—Both cementitious and epoxy grouts
have limitations that must be considered when specifying a
grout for a specific project. Two considerations that must
be decided on are: 1) the type of load that will be applied
to the base plate; and 2) the operating temperature at which
the grout must perform. Generally speaking, epoxy grouts
can perform at temperatures below 130°F (55°C), whereas @;J T —
cementitious grout can operate at temperatures up to 400°F

(200°C). -
ijf&‘yMf@jw&u%bjbuébb&ﬁﬁ\jL}.’La.&ﬂgbjﬁjbfﬁdls)jja@
J‘J‘”SJL&L@J“}M‘W‘LS‘J‘JB“{.‘JJ&‘ﬁJJ"’j’“:@wjg‘)bjbfb'°5‘ﬁf&é‘f

sy@du&\mbwmﬁéjb&y—\
Slabes j3 Wilg oo oS ol sla Cle g ( IS 55k 4 ;;JS\J&-\Q\);.LLUjJSASLg)LSLﬂo;(Y

Report on Grouting between
Foundations and Bases for Support
of Equipment and Machinery

Reported by ACH Commities 351
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3.3.3 Dynamic loading—Dynamic systems relate to two
different types. Dynamic loads produced by electric motors
or other rotating machines (sinusoidal waveform) are gener-
ally less harsh than impacting load produced by recipro-
cating equipment. Cyclic dynamic loads produce horizontal,
vertical uplifting, and downward forces on the base plate
and grout pad. This can be addressed by either cementitious
or epoxy grouts, depending on the size of the load. When a
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5.4 Protective Coatings—The bolts shall not be hot dip,
mechanically. or electroplated with zinc or other metallic
coatings as such bolts are subject to hydrogen embrittlement
with subsequent stress corrosion cracking and delayed brittle
failure in service. See Appendix X1 for additional information
on hot dip zinc coatings.

4.3 Protective Coatings—The bolts shall not be coated by
hot-dip zinc coating, mechanical deposition, or electroplating
with zinc or other metallic coatings (Note 2).

Note 2—For more detail see the H. E. Townsend Report “Effects of
Zmnc Coatings on Stress Corrosion Cracking and Hydrogen Embrittlement
of Low Alloy Steel.” published in Metallurgical Transactions. Vol. 6, April
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Basic Thread Terms

Major

Pitch

Diameter 4/
Pitch

Diameter
Minor

Uiameter

BOLT

SCIENCE

ZRook 17 >
Pitchi2
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L & - >
SUDANAID Caounnd

L (Bolt Length)
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Pitch of Thread

EN 14399-3 EN 14399-4 ASME B18.2.6
HR HV ASTM

1.75 1.75 1.75 M12

2 2 2 M16

2.5 2.5 2.5 M20

2.5 2.5 2.5 M22

3 3 3 M24

3 3 3 M27

3.5 3.5 3.5 M30

4 4 4 M36
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EN 14399-3 EN 14399-4 ASME B18.2.6
HR HV ASTM

min max min max min max
11.3 12.7 11.3 12.7 11.3 12.7 | M2
15.3 16.7 15.3 16.7 15.3 16.7 | M1e
19.16 20.84 | 19.16 20.84 | 19.16 20.84 | m20
21.16 22.84 | 21.16 22.84 | 21.16 22.84 | M22
23.16 2484 | 23.16 2484 | 2316 24.84 | M24
26.16 27.84 | 26.16 2784 | 26.16 2/.84 | m27
29.16 30.84 | 29.16 30.84 | 29.16 30.84 | M30
35 37 35 37 35 37 M36
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EN 14399-3 EN 14399-4 ASME B18.2.6
HR HV ASTM
min max min max min max
21.16 22 21.16 22 20.16 21 | mM12
26.16 27 26.16 27 26.16 27 | Mile
31 32 31 32 33 34 | M20
35 36 35 36 35 36 | M22
40 41 40 41 40 41 | m24
45 46 45 46 45 46 | m27
49 50 49 50 49 50 | M30
58.8 60 58.8 60 58.8 60 | M36
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EN 14399-3 EN 14399-4 ASME B18.2.6
HR HV ASTM
23.91 23.91 22.78 M12
29.56 29.56 29.56 M16
35.03 35.03 37.29 M20
39.55 39.55 39.55 M22
45.2 45.2 45.2 M24
50.85 50.85 50.85 M27
pahman sobhant. Phd, PE 55.37 55.37 55.37 M30
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EN 14399-3 EN 14399-4 ASME B18.2.6
HR HV ASTM
1.2 1.2 0.6 M12
1.2 12 0.6 M16
1.5 15 0.8 M20
15 1.5 0.8 M22
15 1.5 1 M24
2 2 1.2 M27
2 2 152 M30
2 2 1.5 M36
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Thread Length (b)
EN 14399-3 EN 14399-4 ASME B18.2.6

HR HV ASTM

30 23 25 M12
a4 28 31 M16
52 33 36 M20
56 34 38 M22
60 39 41 M24
66 41 a4 M27
72 44 49 M30
84 52 56 M36
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23.91 23.91 22.78 M12
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35.03 35.03 37.29 M20
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31 32 31 32 33 34 | m20
35 36 35 36 35 36 | m22
40 41 40 41 40 41 | mM24
45 46 45 46 45 46 | m27
49 50 49 50 49 50 | M30

58.8 60 58.8 60 58.8 60 | M36
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INTERNATIONAL

Table 3 — Mechanical and physical properties of bolts, screws and studs ISO

STANDARD 898-1
Property class
46 | 48 | 56 | 58 | 6.8 8.8 9.8 10.9 ] it
No. Mechanical or physical property i : i ’ i j ' ] 12.9 2013:03-18
d= d = d=
16 mm? | 16 mmP | 16 mm
nom.© 400 500 600 800 900 |1000| 1200
1 |Tensile strength, R, MPa
min.| 400 | 420 | 500 | 520 | 600 | 800 830 900 | 1040 | 1220 Mechanical properties of fasteners made
Bl oM | — | B0 — | s _ _ _ _ _ of carbon steel and alloy steel
2 |Lower yield strength, R. 9, MPa : Part 1:
min.| 240 | — | 300 | — —_ - —_ — = = Bolts, screws and studs with specified
property classes — Coarse thread and
4 |Stress at 0,2 % non-proportional nom.6| — = il el e 640 640 720 | 900 | 1080 fine pitch thread
ElGI'!g ation, Ryo 2, MPa min.l — — 5 L T 640 660 720 Q40 1100 Caj:::téds{b‘ques .mécquues des éléments de fixation en acier au
Stress at 0,00484 non-proportional nom.tSl — 320 | — | 400 | 480 = = = = =t :an;:_r 1: :’i g?gfuniser fives ﬁgé:s de crassses & qﬁair'ré
4 | elongation for full-size fasteners, Ry, Sl i
MPa min.| — |340% | — |420% |480% | — —_— - —_ —
Stress under proof load, :;'],f_ MPa nom.| 225 | 310 | 280 | 380 | 440 | 580 600 650 830 970
5 Sp_mm-!"RaL,mIn or
Proof strength ratio  Sg nom/Rgo.2 min OF 0954 | 091 093|090 (092 | 091 0,91 0,90 | 0,88 0,88
Sp,nmJRpF,min
6 Perce.ntage e}nr!gation after fracture for min. | 22 _ 20 _ . 12 12 10 9 8
machined test pieces, 4, %
Percentage reduction of area after '
! fracture for machined test pieces, Z, % L o 2 4 43 44
Elongation after fracture for full-size
8 |fasteners, 4, min.|] — | 0,24 — | 0,22 | 0,20 — — — — —
Head soundness No fracture
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Table 3 (continued)

o

Property class

ISO
898-1

INTERNATIONAL
STANDARD

Fifth edition
2013-01-15

Mechanical properties of fasteners made
of carbon steel and alloy steel

Part 1:

Bolts, screws and studs with specified
property classes — Coarse thread and
fine pitch thread

Caracténistigues mécaniques des éléments de fixation en acier au
carbone et en acier allié

Partie 1: Vis, goujons et tiges filetées de classes de qualité
spécifiées — Filefages a pas gros et filetages & pas fin

12.9/
No. Mechanical or physical property A% | 45 | B8 6B | &R 83 48 193 12.9
d< d=> d=
16 mm@ | 16 mmP | 16 mm
Vickers hardness. HV min. | 120 | 130 | 155 | 160 | 190 | 250 255 290 320 385
10 :
Fz98N max. 2909 250 | 320 | 335 | 360 | 380 | 435
- Brinell ha;rdness, HBW min. | 114 | 124 | 147 | 152 | 181 | 245 250 286 316 380
F=300 max. 2099 238 | 316 | 331 | 355 | 375 | 429
min. 67 71 79 82 89 —
Rockwell hardness, HRB
max. 95,09 99,5 —_
12 —
min. — e 22 I 23 28 32 39
Rockwell hardness, HRC N
max. = >l 2 | 3 | 37 | 30 | 4
13 | Surface hardness, HV 0,3 max. — — 390 435
14 | Non-carburization, HV 0,3 max. —_ h h h
Eerigll;t of non-decarburized thread zone, s . Yy Hy 2y, | Yay
15
t?-IE:g::’ G:; o?‘m-lpaete decarburization in the - . 0.015
1 | Reduction of hardness after i . 20
retempering, HV
17 | Breaking torque, Mg, Nm min. — in accordance with 1ISO 898-7
18 |Impact strength, Ky 1, J min. 27 — 27 27 27 27 k
2 55 : | ISO
19 | Surface integrity in accordance with I1ISO 6157-1

6157-3
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35,33, 33 NM27-100 | NEGS M 88
33, 34, 33 NM27-90
30, 34, 31 NM27-80 NL M S8
34,32.33 M27-70
31, 33, 31 N22-90 b 8.8
35,34.35 A22-700 | NLGS M 8.8
31, 30, 31 M22-60 | NI. M 8.8
30. 31, 31 | »M20-80 | NL 8.8
33, 35,32 M20-70
NLGS M 88
34,31, 33 M20-60
32, 34, 33 N20-50 PSY 88
Bahman Sobhani.Phd,PE
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ISO
898-2

INTERNATIONAL
STANDARD

Third edition
2012-03-15

ravie4-  Proof Load — o yg0 olgs' 40
*
Thread Pitch Prootioed =N
Property class
b d 04 05 5 6 8 9 10 12

M5 0.8 5400 7100| 8250 9500| 12140| 13000 14800 | 16 300
M6 1 7640| 10000| 11700 13500| 17200 18400| 20900| 23100
M7 1 11000| 14500 16800| 19400| 24700| 26400| 30100 33200
M8 125 | 13900| 18300| 21600 24900| 31800| 34400| 38100 42500
M10 15 | 22000 290000| 34200 39400| s0500| 54500 60300| 67300
M12 175 | 32000| 42200| 51400| 50000 74200| so100| 88500 100300
M14 2 43700| 57500| 70200| 80500| 101200 109300| 120800| 4136900
M16 2 59700| 78500| 95800| 109900| 138200| 149200| 164900| 186800
M18 25 | 73000| 96000 121000| 138200| 176600 | 176600| 203500| 230400
M20 25 | 93100| 122500 154400 | 176400 | 225400 | 225400 259700| 294000
M22 25 | 115100| 151500 190900 | 218200 | 278800 | 278800 | 321200| 363600
M24 3 | 134100 | 176500 | 222400 254200 | 324800 | 324800 374200| 423600
M27 3 | 174400 229500| 289200| 330500 | 422300 | 422300 486500| 550800
M30 35 | 213200| 280500 | 353400 | 403900| 516100 516100| 594700| 673200
35 | 263700 | 347000 437200| 499700 | 638500 | 638500| 735600| 832800

4 | 310500| 408500 514700 | 588200| 751600 751600| 866000| 980400

4 | 370900/| 488000 614900| 702700 | 897 900 | 897 900 | 1035000 | 1 171 000

Mechanical properties of fasteners made
of carbon steel and alloy steel —

Part 2:
Nuts with specified property classes —
Coarse thread and fine pitch thread

Caractéristiques mécaniques des éléments de fixation en acier au
carbone et en acier allié —

Partie 2: Ecrous de classes de qualité spécifiées — Filetages & pas
gros et filetages a pas fin




& & o0 o 000
ST 99 6 g Eund (Y oo il

Third editen
201240315

Mechanical properties of fasteners made
of carbon steel and alloy steel —

Part 2:

Nuts with specified property classes —
Coarse thread and fine pitch thread
Caracténsfigues mecanigues Jes éléments de fxabion en acker au
Carbone ef e arfer allid —

Partie 2- Ecraus de classes de qualité spécifiées — Filstages a pas

9.1.6 Test results gros e fetages  pas i

The fact that nut fracture or thread stripping occurs shall be noted.

The fact that the nut has been removed only with the fingers or with the help of a wrench to one half turn
maximum shall be noted.

9.1.7 Requirements

The nut shall resist the proof load specified in Table 4 or Table 5 without fracture by thread stripping or nut fracture. ’

—

In case of dispute, the axial tensile test, in accordance with Figure 1, shall be the reference method for acceptance.




*
Table 6 — Hardness properties for nuts with coarse thread (-] ” "w

Property class

Thread 04 05 5 6 9 10 12
D Vickers ha
min. max. min. max. | min. max. min. max. max. | min. | max. min. max.
M5 <D <M16 130 150 295¢
188 | 302 | 272 | 353 302 302 302 | 272 | 353 353
M16 < D < M39 146 170 272
Brinell ha
min. max. min. max. min. max. min. max. max. min. max. min. max.
M5 <D <M16 124 143 280°
179 | 287 | 259 | 336 287 287 287 | 259 | 336 336
M16 < D < M39 139 162 259

Rockwell hafdness,

max. min. max. min. max.

29¢
30 26 36 36
26

min. max. min. max. min. max. min. max.

M5 <D <M16
M16 < D < M39
Surface integrity shall be in accordance with ISO 6157-2.

—_ 30 26 36 —_ 30 —_ 30

Vickers hardness test is the reference method for acceptance (see 9.2.4).
@  Minimum value for high nuts (style 2): 180 HV (171 HB).

b Maximum value for high nuts (style 2): 302 HV (287 HB; 30 HRC).

¢ Minimum value for high nuts (style 2): 272 HV (259 HB; 26 HRC).
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INTERNATIONAL ISO

_ o o

Table 3 — Mechanical and physical properties

Mechanical properties of fasteners
Property class 100HV 200HV 300HV 380HVa made of carbon steel and alloy steel —
art 3:
Vick fied v min. 100 200 300 380 Ell;:washers with specified property
ICKersS naraness, classes
max. 2 0 0 b 3 0 0 3 7 0 4 5 0 g:irelz.c;t;‘llz'éstfues mécaniques des fixations en acier au carbone et en
R k ll h d HRC m in. . _ 30 39 Partie 3: Rondelles de forme plane de classes de qualité spécifiées
ockwell hardness,
max. — — 39 45
Partial decarburization, HV 0,3 max. — — c 30d
Depth of the complete — - . . 2 % of teffor
decarburization, G ' 0,02 mme
Carburization, HV 0,3 max. — — c 30f
Reduction of hardness after retem-
; max. — — 20 20
pering, HV 10

Bahman Sobhani.Phd,PE 6/12/2025



‘ Ductility test for washers of property class 380HV \

Figure A.1 — Example of conical shape testing device for washers with concentric round inside
and outside diameters

For washer thickness t<4 mm, a = 120° and r = 4 mm; for washer thicknesstz4 mm, a= 160" and r= Bmm. 6/12/2025

Figure A.2 — Example of V-shape testing device for washers with other shapes




UDC 621.882.443 DEUTSCHE NORM October 1989

Round washers DIN
for high-strangth structural steel bolting 6916
Scheiben, rund, fir HV-Schrauben in Stahlkonstruktionen Supersedes March 1979
adition.
In keaping with current practice in standards published by the International Organization for Standardization (150),
a comma has been used throughout as the decimal marker.
Dimansions in mm
1 Scope and field of application
. The washers specified in this standard are intended for use in GV and SL structural steel bolting in accordance with
g DIN 18800 Part 1, together with DIN 8914 bolts and DIN 8915 hexagon nuts.
E 2 Dimensions
E & Symbol HV
55 {on bottom sida)
=5
N
2 AVE 7,
-
I’ Al
= [3
Qs
z
B
f %
é hl, Space for manufacturer’s symbol
52 (on bottom sida)
Ei
13
5E
% a8 Hale Extarnal
& diameter, d4 | diameter, d Thickness, h ¢ e Mass
35| | vom | For (785 kg/dm3),
2s inal thread | min= max == min, = in kg
;E sizel) size  |nominal |nominal INominal nominel per 1000 units
; : size max. size . size max. min. size max. i
38| 8 | wiz [ 75 [vaar| 2a (24| 5 |95 [ 27 [ 76 [ 15 [ 05 708
2% 17 M16 17 17.27 30 2948 4 43 3.7 1,6 1.8 1 146
g3 21 M20 | 21 |2133| a7 [3638| 4 | 43 | a7 | 2 25 | 1 196
z E 23 M22 23 2333 39 | 3838 4 43 37 2 25 1 243
-; 25 M24 25 2533 | 44 4338 4 4.3 a7 2 2.5 1 308
Bahi 3 28 M27_ | 28 |2852] 60 [49 5 | 56 | 44 | 25 | 3 1 50.2
sl [ = Ma0 | a1 |3162| 56 |548 | 5 | 66 | 44 | 26 | 3 | 1 632 6/12/2025
2 37 M36 a7 | 3762 | €6 | 848 B 6.6 54 3 35 15 115
1) Nominal size is equal to dy 4




DIN6916— iy sideus -

(™ J B WP PR RTLFLET LR W OLEE r LT IR TR

‘ Mechani Material Steel) quenched and
! anical tampered to a hardnass from 295 to 350 HV 10,
| properties
As gpeacified in : DIN 17 200

Limit deviations and Product grade ) 8

geomatrical tolarances As ified in DIN 522
l = Bright.
| Surface finish DIN 267 Part 10 shall apply with regard to hot dip

| galvanizing. :
Acceptance inspection | DIN 522 shall apply with regard to acceptance inspection.

jp—

| 1) At the manufacturer's discretion (e.g. C 45),

Bahman Sobhani.Phd,PE 6/12/2025
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Manual Wrench (1)
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Pivot Pin Beam Roller Pin Adjustment
and Bearing Spring

Reversible Handle Body Adjustment Locking
Ratchet Head Handle

Bahman Sobhani.Phd,PE




STORE AT STORE A1

SETTING LOWEST SETING
FOOT POUNDS NEWTON METEF

140 1899
120 157 1
100 :

80

50

40
B 20 |
| | ég‘
2 0 g¢




112 +8=120
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Spiral Tightening Sequence
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DTI gap measured

DTl gap measured
here here
> ASTM F436
DTI

washer
DTI

(a) DTI under bolt
head, nut turned

DTI gap measured
here DTI gap measured
here
ASTM F436
washer ASTM F436 DTI
DTI washer

(c) DTI under bolt head,
bolt head turned

(b) DTI under nut,
nut turned

(d) DTI under nut,
bolt head turned

Note: See Section 6 for general requirements
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Before installation During installation  After installation

Spline
Break-neck
Thread

HRD Nut
Washer
Outer socket
Inner socket
Grip

6
7
8

CONOWULTL B WN =
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unit:kgs and pounds

Diameter M16 M20 m22 M24 m27 M30

Length kg Ib kg Ib kg Ib kg Ib kg Ib kg b

as 185 | 408

40 191 | 421 70.1 Bolt Length unitmm

199 | 439 | 328 | 723 To determine
341 752 | 463 | 1021 Nominal required

215 | 474 | 354 | 784 | 478 | 1054 | 631 | 1391 add to grip

223 | 492 | 367 | 809 | 493 | 1087 | 649 | 145

16

231 | 50.9 838 | 508 | 112.0 | 66.7 | 1470
3.9 | 52.7 523 | 1153 | 68.5 | 1510

553 | 1219 | 721 | 159.0 | 971 | 2140 | 1269 | 279.7

38.0
247 | 545 | 406 53.8 | 186 | 703 | 155.0
6.2 | 419
432

263 | 580

§(§|8|R|B
z(als|g|e

271 | 597 | 445 58.3 | 1285 | 75.7 | 166.9 | 1016 | 2239 | 1325 | 292.0

R FERIEIEBE
:

86.6
89.5
952 | 568 | 1252 | 739 | 1629
98.1
101.0

279 | 615 | 458 598 | 1318 | 775 | 1709

100 287 | 633 | 471 | 1038 | 613 | 1351 | 79.3 | 174.8 | 106.1 | 233.8 | 138.0 | 304.2

105 295 | 650 | 484 | 1067 | 628 | 1385 | 811 | 178.8

110 49.7 | 109.7 | 64.3 | 1418 | 829 | 1828 | 1106 | 243.8 | 1436 | 3165 '

115 510 | 1124 | 658 | 145.1 | 84.7 | 186.7

120 523 | 1153 | 673 | 1484 | 865 | 190.7 | 115.1 | 253.7 | 149.1 | 3286 |

128 536 | 182 | 688 | 1517 | 883 | 1047
130 549 | 1210 | 703 | 155.0 | 90.1 | 198.6 | 1196 | 263.6 | 154.7 | 341.0

135 718 | 1583 | 919 | 2026

140 73.3 | 1616 | 93.7 | 206.6 | 124.1 | 2735 | 160.2 | 353.1

145 748 | 1649 | 955 | 2105

Lo 973 | 214.5 | 1286 | 2834 | 1658 | 3654 | -

155 99.1 | 2185 |

160 100.9 | 222.4 | 133.1 | 203.4 | 171.3 | 3775

165

170 1376 | 303.3 | 176.8 | 389.7

6/12/2025
175

180 1421 | 3132 | 1824 | 402.0

{SetBolt1, Nut1 Washer!)
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Prequalified
Connections

for Special and Intermediate
Steel Moment Frames for
Seismic Applications,
including Supplement No. 1

Bahman Sobhani.Phd,PE

BOLTS

Prequalification tests have been conducted with both pretensioned ASTM F3125
Grade A325 and A490 bolts. Bolt length should be such that at least two complete
threads are between the unthreaded portion of the shank and the face of the nut after
the bolt is pretensioned. Slip-critical connection provisions are not required for end-
plate moment connections.

T2 o 0 95 i

Jals 553, 90 JBlaa
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0.5. BOLTS

Prequalification tests have been conducted with both pretensioned ASTM F3125 Preq Bifioa
Grade A325 and A490 bolts. Bolt length should be such that at least two complete Connections
threads are between the unthreaded portion of the shank and the face of the nut after for Special and Intermediate

Steel Moment Frames for
Seismic Applications,

Seismic Provisions are not required for end-plate moment connections. including Supplement No. 1

the bolt 1s pretensioned. Faying surface requirements m Section D2.2(d) of the AISC

bz ok sd ek A soslid ol 5 b colagmy 5503 5 bxr i3 o3bor 5y ol
e e a5l mes JSTAITED Jlie ] 88 oS ) e a5 L3b ghjladles

| Silos (39 50

et o 1 e

| EN 14399-4 and EN 14399-8 nominally at least two full threadsl
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End Moment, a

ann"Mph

m=18

m=0.5

Zaone of Fully Restrained Connections

2 U w92 s0Y g8 sl 0 il 40 oolw b hade SY Ll £
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Note:
m=Keonn/(EIIL)

Zone of Partially Restrained Connections

Zone of (Simple) Shear Connections
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Column

/_ Beam
4

Shear End Plate Seat Angle Stiffened Seat
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Column

f Beam —\‘

Beam
Beam

¢ e

e iy |

(a) One-Sided Shear Tab Connections

Column
[ Beam

1 L 1
® y Il.
.:r s:.
1 1
= ) ,|'
=] o i T
l:.l —_ =

LR LY

Bahman Sobhani.Phd, PE (b) Double-Sided Shear Tab Connections 6/12/2025
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Concrete Support

Column
Beam Beam
A Long-Slotted Long-Slotted
) /_ Holes Holes
L I
D -
= Shear _IS_:hEar
py Tab < a
aD
; Centerline of Bolts
A
|
(a) Long-slotted Holes on Shear Tabs (b) Location of Point of Inflection for
Pesign
|
Narrow Band
A between the Long- | Strip of
Slotted Holes ~_ plate
~— which
/ 2, Is bending
Plastic Moment-{” As a beam
Stress
- Distribution
A : A
A |<_ \
o
(c) Bending of Long-slotted Hole Areas (d) Plastic Hinges Forming Within Bolt Spacing
6/12/2025 360

Bahman Sobhani.Phd, PE Figure 2.4. Shear Tabs with Long-Slotted Holes




i 38 T O3 g 315 58 o 29 399 b 0Ly b ko YLl

,' Floor Slab D Se—
/_ Crushed

=" T
f A
172

Fractured Shear Tab
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Figure 3.6. Gap around the Steel Column Prevents Damage to the Floor Slab
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Tension and
ompression
/ Comp i
/ in the Shear Tab
Compression o
Tension in in the Floor
the Steel ' Slab .
Deck “
] < | , Tensionin
- / Compressi
Compression —] the Shear & inplhe
in the Shear \ Tab : Flange
Tab
..... .. 1
3 Tension in
‘ the Shear
Ao Tab
A
A r \
2000
. \
1)
1000
Moment
(in-Kips) 0
) ) : —-1000
Figure 3.11. Forces Acting on Connection Elements
—2000
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Collector Beam

Shear Connection Subjected Collector Beam

to Shear and Axial Load

Shear Connection
Subjected to Shear and
Axial Load

XE— 1
X

XL
IPA-I

Figure 3.12. Shear Connectors of Collector Beams in Moment Frames and Braced Frames

Moment Frame
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6 inch 2 s = d/6 inches 6 inch 2 s = d/6 inches
Welds Welds
\ Plate on Top Flange If Needed
“«* [N (See Note 1 Below) / /— Bolts (See Note 2 Below)
N, .i N, -
P # Nz 'T
. F?O'BJ"HS‘Ia"dafd N < Bolts in Standard N
Vv . ound Holes d Round Holes d
o| = Bolts in Horizontal d Bolts in Horizontal
o| Short-Slotted Holes | ¥~ Short-Slotted Holes 4
L 41_

|: =d/15
“{ =d/15

Note1: The weld on the flange

plate can be replaced with Note 2: The bolts on the
bolts. flange plate can be replaced

with welds.

Bahman Sobhani. Pripfiire 3.22. Suggested Details for Shear Connections Subjected to Combinéd8iiéar and Large Axial Load
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Tension Bolts

~d/6

Stiff Tee on Top Flange for Axial Load

______ N
e | D — i
<«
d
v
v

LY N
\ Bolts in Standard
Round Holes

Bolts in Horiz. Short-
Slotted Holes

Flexible Tee on the Web for Shear

Bahman Sobhani.Phd,PE

Plate Shop-Welded to Column

Tee Shop-Welded to Beam
(See Note 1 below)

G
""" N

<~ |
: A\

V W

Bolts in Standard Roundf'
Holes
Bolts in Vertical Short-Slotted
Holes to Carry Axial Force Only

Bolts in Horizontal Short-Slotted
Holes to Carry Shear Only

Tee Shop-Welded to Column
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Column
f‘u r Beam

i @ |/~ Double

iof Angles

i@ -
X
|_|—

(a) Bolted-Welded

/- Girde:r_‘_ Beam

Double
Angles

(e) Bolted-Welded

Bahman Sobhani.Phd,PE

Column

r Beam

Double
Angles

e

(b) Welded-Bolted

/— Gird?r_{_ Beam

Double
Angles

-

(f) Welded-Bolted

S i Jig0 o0l Jlait

Double
Angles

Column
f '\ r Beam

(c) Bolted-Bolted

/- Girdn?r_{_ Beam

Double
Angles

(g) Bolted-Bolted

B
ki

(d) Welded-Welded

/— Girdr-‘zr_r Beam

Double
Angles

L

(h) Welded-Welded
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2w < Return < 4w

V4
v

Weld to beam web may
extend to end of beam

P
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GIRDER

(a) Tee to Girder Connection

Bahman Sobhani.Phd,PE

Tee

Field Bolts
Shop Weld

JSo T U gy b 03lw JLail

J_ BEAM COLUMN COLUMN
[ BEAM P ; BEAM
o
oy TEE | o "
o [+]
) o
+ ‘;\'
(b) One-sided Connection (c) T?otr?ngcc:’tli::‘)rr?n (d) E%ihoegﬁocl:émn
REINF. CONCRETE f HSS COLUMN
SUPPORT —
BEAM b Z BEAM
I ]
I I
vl el-TEE
- : J . -
1 ' .{;
P
g
(e) Tee to RC Wall (f) Tee to HSS Column
Connection Connection
Tee /— Tee Tee
Field Bolts % Field Weld Shop Weld
Shop or Field Bolts Shop Welds Field Bolts
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Weld size
or larger

Fig. 4-39. Welds on opposite sides of a common plane. Fig. 4-40. Termination of welds near edges.
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Direct heat flow
from welding

Direct heat ilow
from welding

Direct heat flow
| from welding
Bahman Sobh Preferred

Fig. 14-14. Embed detailing to avoid
anchorage damage due to heat from welding.
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Before welding After welding

Fig. 14-13. Embed detailing to limit concrete cracking.
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AWS D1.1
DESIRABLE ACCEPTABLE

g N ¥

|
- EXPOSED EDGE SCHEDULE C

SCHEDULE C APPLIES
APPLIES

y

SCHEDULE D

APPLIES APPLIES

UNACCEPTABLE
—C =EXCESSIVE

SCHEDULE C
APPLIES

C = EXCESSIVE

SCHEDULE D B SCHEDULE D

APPLIES

(F) FILLET WELD PROFILES FOR OUTSIDE CORNER JOINTS f—
AWS D1.3
i e
*
1 A
P
1
Welding Procass Thickness H = Root Opaning Posilons
Al 18 Ga. MIN., 11 Ga. MAX. 0 MIN.. 14 MAX, Al
: Soe Annes D for metric squ? ofU.S. Units. 6/12/2025
Figure 3.2A—Fillet Weld in Corner Joint (see 3.2.2) re—
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Table 3-3. Weld Load Considerations

Butt Joints Loading Level Normal to the Weld Axis Parallel to the Weld Axis
. Light PJP PJP
Tension
Heavy CJP PJP
Light PJP PJP
Compression PJP with bearing
Heavy considered, CJP R
Light — PJP
Shear
Heavy — CJP
Tee Joints Loading Level Normal to the Weld Axis Parallel to the Weld Axis
. Light Fillet Fillet
Tension = : -
Heavy Fillet, PJP, PJP/fillet, CJP Fillet
Light Fillet Fillet
Compression PJP with bearing ’
Fety considered, CJP Filt
Light — Fillet
Shear

Fillet, PJR, PJP/fillet, CJP

Tension

Fillet, PJP

Compression

CJP

PJP with bearing

considered. CJP
Light — PJP
Shear
Heavy - cJP
Corner Joints —Inside Loading Level Normal to the Weld Axis Parallel to the Weld Axis
. Light Fillet Fillet
Tension = : r
Heavy Fillet, PJP. PJP/fillet, CJP Fillet
Light Fillet Fillet
Compression PJP with bearing .
Heavy considered, CJP Fillet
Light — Fillet
Shear T :
Heavy — Fillet, PJP. PJP/fillet, CJP
Bahmbapeldints Phd,PE Loading Level Normal to the Weld Axis Parallel to the Weld Axis
Light — Fillet, plug/slot
Shear - =
Heavy - Fillet, plug/slot, fillet/plug/slot

Note: For all joint types, loading levels and loading conditions, discretion should be used to preclude rotation about the root of the weld.
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Parametric Limitations on Prequalification

Four-Bolt Unstiffened

Four-Bolt Stiffened

Eight-Bolt Stiffened

@3 o S lad] gelul gloies giima :T-V-Y-} Jaue

(4E) (4ES) (8ES)
paramtsr| Yo | Wik | Wi | M | Ui | Yot
b 3/4 (19) 3/8 (10) 3/4 (19) 3/8 (10) 1(25) 9/16 (14)
Ber 9-1/4 (235) 6 (152) 9 (229) 6(152) |12-174 (311)| 7-1/2 (190)
d @1@ 13_@34£> 24 (610) | 13-3/4 (349) @(914) @{4)
ta 2.1/4 (57) 142 (13) 1-1/2 (38) 12 (13) 2-1/2 (64) 3/4 (19)
be 10-3/4 (273) |  7(178) |10-3/4 (273)| 7 (178) 15 (381) 9 (229)
g 6 (152) 4(102) 6 (152) 3-1/4 (83) 6 (152) 5 (127)
pr pe | 4-12(114) | 1-12(38) | 5-1/2 (140) | 1-3/4 (44) 2 (51) 1-5/8 (41)
Po - - - _ 3314 (95) | 3-1/2 (89)
bsr = width of beam flange, in. (mm)

b, = width of end-plate, in. (mm)
d = depth of connecting beam, in. (mm)
g = horizontal distance between baolts, in. (mm)
Pe =
ps =
in. (mm)
P =
row, in. (mm)
ftr = thickness of beam flange, in. (mm)
fo = thickness of end-plate, in. (mm)
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Prequalified
Connections

vertical distance between the inner and outer row of bolts in an 8ES connection, in. (mm)

vertical distance from the inside of a beam tension flange to the nearest inside bolt row,

vertical distance from the outside of a beam tension flange to the nearest outside bolt

for Special and Intermediate

Steel Moment Frames for

Seismic Applications,
mcludlng Supplement No. 1
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0.83d = 0.33d (to plastic hinge) + 0.5d
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SLOTTEDWEB™ (SW) MOMENT CONNECTION

" )
d Slot length = /s Protected
flange zone |
Y —F
e B
T Length =1, i
A =
SALS LSS L
2 | 7
v ’
A )
L)
d ' Is (tolerance + 12")
%" Slot " Slot
Z 3
< y N o
i T+
[ i
|
-
| & . B v
S 8
= & Fig. 14.2 Protected zones.

6/12/2025

Bahman Sobhani.Phd,PE
Fig. 14.3. Slot widths and tolerances.




KAISER BOLTED BRACKET (KBB)
MOMENT CONNECTION
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Bolted connection
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Make sure to follow
shear-plate design
rules (e.g., max.
plate thickness)

Connection Similar to Shear plate

Rotational ductility provided
via bolt deformation
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(a)

Winisiora=b+2+/3 Ly (for welded member)

Wirnitmore = b + 2 V3 Ly (for bolted member)

Only this shaded
area is used in design.
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(2.1a)

(2.1b)
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