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Project Goal

Overall - Increase the erection speed of residential and commercial
structural steel shear connections.
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Project Goal

Specifically — Develop design guidance for drop-in top flange
connections (not extended).
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Table 10-E
. b
Drop-In Connetions | | - L

Flange Bending Available Strength, kips

Angles Available Strength, kips

Angle Vertical Leg

Shape

b,in t,in

W30X99

W30X90

W27X94
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W27X84

W24X94

W24X84

W24X76

W24X68

W24X62




1. Concept Development

Benchmark Office Building:

* Connection = Girder-to-column P e R
* Span = 30 ft o N R \
Girder Design: I
* W24x68 (composite) I A || I
* Reaction = 78 kips i :4 | :
N e
N~
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1. Concept Development

Office Building Connections
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2. Full-Scale Testing Program

Concept
Hydraulic Ram
Spreader |
| Different Connection Design JL I];f:;n ' | —L
! Per side U ! .
s e (@] O e
Loading Frame & Additional Lateral g
Support at Mid-Span (Not Shown) g .
— S _— S
I
Anchor Bolt to \ / Stub Column
/ Strong Floor Lateral Supports \ |
i ld i i ml i lm
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2. Full-Scale Testing Program

Shear Connection Test
Metrics:

1. Shear Strength[ 2 V]
2. Stiffness [ < 2EI/L]

3. Rotational Ductility
> 0.03 rad]

4. Torsional Stiffness
[Sufficient Girder
LTB Capacity]
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2. Full-Scale Testing Program

Instrumentation

Load Cell

W
»
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2. Full-Scale Testing Program
Digital Image Correlation (DIC)
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2. Full-Scale Testing Program
Test Matrix

H
Con. Girder Angles/Tab Bearing  Welds TI

- W24)f68 L8x4x3/4 Lateral bracing set back
S T e




Shear (kips)

150

—
-
o

1
o

Test 1 — Initial Evaluation

First Round Testing
- (Test-1.1)

Second Round Testing
 (Test-1.2)

0.01

0.02 0.03

Rotation (Radians)
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Test 1 — Initial Evaluation

400 |

Negative Moment < Moment Required
for 2El/L Rotational Stiffness

0 50 100 150 20(
Distance from East End (Inches)
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Test 1 — Initial Evaluation
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2. Full-Scale Testing Program

Test Matrix
v
Con. Girder Angles/Tab Bearing  Welds TI

L8x4x3/4 5" . Lateral bracing set back
L8x4x3/4 5” ~1/2”
L8x4x3/4 3” V [2H (5/16”)

L6X4X5/16 5 V[ H (5/16”) Weld controls




150

100

Shear (kips)

o)
-

Test 2D — Reduced Angles and Weld

First Round Testing
(Test-2.1)

0.01 0.02
Rotation (Radians)

0.03

Weld capacity 46% higher
than theoretical nominal
strength
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Test 2C — Reduced Bearing Length

Connection C....

| DIDN'T HEAR NO BELL

Bt
i

¥anLCo uHE M
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Test 2C — Reduced Bearing Length




2. Full-Scale Testing Program

Test Matrix
-
Girder  Angles/Tab  Bearing  Welds TI

L8x4x3/4 Max Lateral bracing set back
T o

s e

5
L6X4X5/16 V[ H (5/16”) Weld controls
L8x4x1/2 V[ 2H (5/16”)




Test 3: Comparison with Shear Tab

First Round Testing
(Test-3.1)

Second Round Testing
/ (Test-3.2)

0 0.01 0.02

0.03

Rotation (Radians)
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0.04

— o o e e o o sl e e o o o o —

First Round Testing
(Test-3.1)

Second Round Testing
(Test-3.2)

V.

0.01 0.02 0.03 0.04
Rotation (Radians)



Test 3: Comparison with Shear Tab

Connection F (Shear Tab)

Connection E (Drop-In)

g

~.
e
e —
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Test 3: Drop-In Flange Transverse Strains

()
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Test Matrix

|

W

|

2. Full-Scale Testing Program

)

Angles/Tab

Bearing

Welds

A W24x68 L8x4x3/4 > Lateral bracing set back
sy %) L8x4x3/4 5” ve ~1/2”

cVf L8x4x3/4 3” V[ 2H (5/16”)

D L6X4X5/16 5” V[ H (5/16”) Weld controls

E \/' L8x4x1/2 5" V[ 2H (5/16”)

Faf 3/8X5x12.5 N/A 5/16” Shear tab

G W16x36 L6X4X5/16 3” V[ 2H (5/16”)

H (14’) L4x3x1/2 3” 2V [ 2H (5/16”) Angles flipped




Test 4G — Reduced Girder Size

Connection G....




Test 4G — Reduced Girder Size

00
o
[

==

First Round Testing
(Test-4.1)

(@)
o

Shear (kips)
AN
o

Second Round Testing
(Test-4.2)

/

0 001 002 003 004 005 0.06
Rotation (Radians) 27




2. Full-Scale Testing Program

Test Matrix NAFCO
H
Con. Girder Angles/Tab Bearing  Welds ' I
A W24x68 L8x4x3/4 5" Lateral bracing set back
1 5 (18) Max ’
B \/ L8x4x3/4 5” ~1[2
cVf L8x4x3/4 3” V[ 2H (5/16”)
2 —
D L6X4X5/16 5” V[ H (5/16”) Weld controls
i E \/' L8x4x1/2 5" V [2H (5/16”)
3 —
FN 3/8x5x12.5 N/A 5/16” Shear tab
i G V" W16x36 L6X4x5/16 3” V [2H (5/16”)
4 - ’
H (14) L4Xx3x1/2 3” 2V [ 2H (5/16”) Angles flipped
i | L6X4X5/16 5”
5 2V&2H (5/16) Unbracec1i_, tl‘;en Braced
J W24x68 L4x3x1/2 3” ests




Test 5 - Unbraced

700 I I
M,
1) e B o B e A Baiai s R L S S S T R e .
M,
500 —
£ + +
4001 7_ T
: | |E =
o) (1 |
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S 300 Con.| Con.EJ,_‘___] |
B AL L
o
=
200 — -
Connectionl| Connection)
100 -
0 | | b
-0.015 -0.01 -0.005 0 0.005 0.01 0.015

Rotation (Radians)
Drop-In Top Flange Connection
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Test 51 — Undersized Angl

Von Mises Strain

>3500

2800

=2100

—1400

700
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Test Matrix

|

W

|

|

2. Full-Scale Testing Program

H
Con. Girder Angles/Tab Bearing  Welds ' I
A W24x68 L8x4x3/4 5” Lateral bracing set back
(18’) Max ””
B \/ L8x4x3/4 5” ~1[2
cVf L8x4x3/4 3” V[ 2H (5/16”)
D L6X4X5/16 5” V[ H (5/16”) Weld controls
E V' L8x4x1/2 5" V[ 2H (5/16”)
F V 3/8X5x12.5 N/A 5/16” Shear tab
G v’ W16x36 L6x4x5/16 3” V[2H (5/16”)
H (14) L4x3x1/2 3” 2V [ 2H (5/16”) Angles flipped
| V L6X4x5/16 5” Unbraced, then Braced
2V&2H (5/16)
J W24x68 L4x3x1/2 3” Tests
K (18) L6X4X5/16 5”
2V&2H (5/16) Beam to Column Web
L L4x3x1/2 5”
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Test 6K - Beam-to-Column Web

E ‘I'.‘Il;qa:.u,“,_,_“ B
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3. Finite Element Analysis

Model Validation P —

ToU

125 L

100 L

g

g 75

| .

©

(4]

c

n
50 L
25 |

| | |
0 0.005 0.01 0.015
Rotation (radians)
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3. Finite Element Analysis

Model Validation

Mises Stress

(psi)
65000
59583
54167
48750
43333
B 37917
+ 32500
27083
+ 21667
16250
10833
5417
0

Vinax = 149 kip 34
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3. Finite Element Analysis

Parametric
Stud 15
y tr = |707¢0-585,1
1.40 T T T 7 l.—l—.| ’.—l—.|
1.20 ; (omyf—”) | “\\//’ e
b \ Jy
1.00 r -
g, (0.03,R,)
2080 L Beam Reaches M, |
©
o M,
g 0.60 r (0 02,R NT) Beam Undergoes 5
L] Beam Yields Strain Hardening ty — [E; 1] L, - [5,8]
0.40 i | =
\ d, - [4,7,10]
0.20 t - 5
Beam is Elastic E — |0 —
000 /e | | | | ki — [100%, 50%)] n 16
0 0.02 0.04 0.06 0.08 0.1
End Rotation (rad) 192 models

Astaneh et al. (1989). “Design of single plate shear connections.” Engineering Journal, 26(1), 21-32.
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4. Design Guidance - Dimensional Limitations

Drop-In Top Flange Connection

¢

€

Supported
Bolt Beam
i k, of Supported Beam)!
Min. Flange Edge > Fillet I
Distance (l,p) ; !
. I
I ! |
| ! |
| I | < kangle >
| ! I
I i [
| . |
| : |
I ' I
I
- I
Ml?. Angle Edge > E&T >
Distance (l.4) . Clear. (C3)
I
Variable AISC Reference
k, of Beam & k of Angle Table 1-1

Min. Flange & Angle Edge Tables J3.4 & 3.5

Distances
Entering & Tightening Table 7-15
Clearance
Fillet Encroachment (E,) Figure 10-3
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4. Design Guidance - Design Checks

Main Connection Failure Modes

Flange Bending

Angle Shear

Drop-In Top Flange Connection 37



Design Check — Welds (Eccentrically Loaded)

* AISC Spec ]2
e AISC Manual Part 8

v Column

Fillet
Weld /

(typ) —

Drop-In Top Flange Connection

Drop-In
Connection

Angle (typ)

Flange
(Or EmV
Plate)

7

7

38



oD
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=
0
0
v
o0
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Le
LL.
|
v
J
=
1Y)
=
=
U
=
.20
"2
v
-
<

Ign expression

Yield line analysis =» Des
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4. Design Guidance - Flange Bending

a |
Flange Bending Yield Lines < \ %

Manufactured Fillet
(Conservative for
Drop-In Connection
Design)

Theoretical Fillet
(as Specified in the
AISC Manual Table 1-1)

Drop-In Top Flange Connection 40
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a = 075k1 — ETL




4. Design Guidance - Flange Bending

Flange Bending Girder/Beam Flange

Yield Line (typ)

/ Support Angle (typ)

: A 7y A

i l,

: B b

N — uota

AN 0.25b;

| v \ Testing/FEA determined:
..... Y b — lb + 0.25bf
3

?
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4. Design Guidance - Flange Bending

Yield line analysis =» Design expression

a
<

Flange Bending
Yield Line (typ)

s
/

v

\

a, *

Top View - Top Flange “Plate”

Drop-In Top Flange Connection




4. Design Guidance - Angle Shear

* AISC Spec G3
A
b
t—>
Y

Drop-In Top Flange Connection

N\

Column
Flange

(or Embed
Plate)

Drop-In
Connection

Angle (typ)

Ruav = 2(0.6E,btC,;)

43



4. Design Guidance - Other Considerations

e Beam shear
e Bolt tension
* Sidesway buckling

* Column web or flange bending
* Structural integrity
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4. Design Guidance - Possible AISC Manual Table

b |
Table 10-E C
N . b
Drop-In Connetions | *
Flange Bending Available Strength, kips
— — W16X67 F 1166 | 1738 | 1862 | 279.
b = b = W 1348 | 202.6 | 2284 | 342.8
Shape  RSDW LRrD [WASDI] LRFD 16X57 :
W16X50 L 1125 | 169.0 | 1905 | 2863
W27xed | 739 | 1111 [ 1194 | 1795
W16X45 | 903 | 1358 | 153.4 | 2301
W24xs4 | 1080 | 1548 | 1689 | 2538 T — ETCER TR
W24X76 | 80:2 | 1206 | 1316 | 197.8 wiexis T e e T80 T 650 T 1212
W24X68 | 99.8 | 892 | 973 | 1463 Wiaxs2 | 179.2 | 2694 | 289.1 | 4345
W24x62 | 9.8 | 113.2 [ 127.6 | 191.9 W14X74 L4504 | 2271 | 243.7 | 3663
W24X55 | 586 | 880 | 993 | 1492
W14X68 | 1266 | 190.3 | 2045 | 307.4
W21x73 L 1518 | 2281 | 2517 | 3783 s IR TR o3
W21x68 | 1299 | 1952 | 2155 | 323.9 : : : :
W14x4s | 849 | 1276 | 1414 | 2126
W21x62 | 1126 | 169.3 | 186.9 | 281.0 T RGER— . REE
W21x55 | 814 | 121.8 | 1346 | 202.3 : : : :
Wi2X87 L 1732 | 2603 | 2718 | 2085
W21x48 | 548 | 824 | 912 | 137.0
W12x79 L 1426 | 2143 | 2238 | 3363
W1sxX76 | 1173 | 176.3 | 1868 | 2807 : : : :
W12X65 11023 | 153.7 | 160.7 | 2416
W18x71 | 1769 | 2659 | 2966 | 4458 Wioxes MR o N 553
W18X65 | 1513 | 2275 | 2540 | 3818 L =
W18X60 | 139.8 | 2101 | 2347 | 352.8 : : : :
W12X50 | 1050 | 157.8 | 1748 | 262.7
W1sX55 | 1147 | 1724 | 1927 | 289.7 TR RLEE BOE
W18x50 | 938 | 141.0 | 1576 | 236.9 : : : :
W12X40 | 726 | 1092 [ 1210 | 1819
W16X89 | 189.9 | 2854 | 3049 | 4583
W16X77 L1427 | 2145 | 2295 | 344.9 Beam acl LRFD
_ a2 Bt : : F., =50 ks Q=167]9=090




Summary of Findings — Drop-In Connections

Capable of meeting shear connection criteria:

* Shear Strength [ > Vu]

» Stiffness [ < 2EI/L]

* Rotational Ductility [ > 0.03 rad]

* Torsional Stiffness [Sufficient Girder LTB Capacity]

Primary design considerations:

* Satisfy geometry
* Meet limit states (weld, flange bending, angle shear, etc.)

Drop-In Top Flange Connection 46



Summary of Findings — Drop-In Connections

Advantages Disadvantages

Erection
Faster Requires Vertical Placement

Improved Stability [ Safer




NASCC 2025

Take the Bull by the Horns with Drop-In Shear
Connections

* Thursday 4:15 - 5:15pm ET
* Marriott: Ballroom 5
(and NASCC Online)
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