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NCBC Free ACI Anchor Resources

National Concrote Bridge Council

ACl has assembled an extensive collection of over 1000 pages that include full documents as well as
anchor —related chapters and excerpts.
A few examples:

ACI 318-25 : Building Code for Structural Concrete (chapters 2, 17, 25, 26)
ACI 355.4: Post-Installed Adhesive Anchors in Concrete (complete document)
MNL-17 (21): ACI Reinforced Concrete Design Handbook (anchor design examples)

If you did not request access during the May webinar — you can request complimentary access to this
collection of resources that address anchorage to concrete - please click the question icon during the
webinar and type “ACI Docs”

www.nationalconcretebridge.org
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AASHTO 10t Edition Article
5.13 — Attachments with
Shear Lugs

Bahram M. Shahrooz, PhD, PE, FACI, FASCE
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Background
AASHTO LRFD BDS 10th Edition

« Article 5.13—ANCHORS in the 10th Ed. AASHTO LRFD Bridge
Design Specifications has been revised
* The primary changes in ACI 318-19 are the addition of:
- Screw anchors (Webinar 1)
- Attachments with shear lugs
* Qualification documents were updated.

- ACI CODE 355.2-19: Post-Installed Mechanical Anchors in Concrete
— Qualification Requirements and Commentary

- ACI CODE 355.4-19: Post-Installed Adhesive Anchors in Concrete —
Qualification Requirements and Commentary

0715128
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https://punchlistzero.com/shear-lug
https://punchlistzero.com/shear-lug
https://punchlistzero.com/shear-lug

Learning Objectives

« Discuss what shear lugs are and cover key detailing
requirements.

* Explain relevant failure modes and basic resistance
mechanism of shear lugs.

» Go over shear lug design equations.

« lllustrate potential design issues for shear lugs through an
example that also reviews key concepts from Webinar 1.

7/14/26
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Examples of Attachments with Shear Lugs
Cast-in-Place or Post-Installed

Inspection / vent holes — Source:
Plan View Plan View Grout  Cullen, T. (2025), *Design of Attachments

Shear lugs to Concrete with Shear Lugs — A Primer”,
)

PCI, Aspire - Fall 2025, pp. 42-43.
Elevation View

Elevation View

)
07115126 Webinar2 14
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Examples of Attachments with Shear Lugs
Post-Installed Source:

Carrao, P.J. (2009), Use of
Shear Lugs for Anchorage
to Concrete, Proceedings

| of the ASME 2009
International Conference
on Nuclear Engineering,
ICONE17-7175

Field Photos by Bahram Shahrooz

0715128 Webinar2 15
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Benefits of Shear Lugs

« High shear forces can be resisted.
- Anchor bolts can resist “small” to “moderate” shear forces.
» Without a shear lug the number of anchors becomes (a)

too many and uneconomical and/or (b) must use large-
diameter anchors.

7/14/26
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Orientation of Shear Lugs

« Shear lugs are orientated perpendicular to V,,.

« For biaxial shear loading, use a “cruciform” (a cross
shape) or square shape.

Source (modified):

for Vx
Cullen, T. (2025), “Design of Attachments Lv

to Concrete with Shear Lugs — A Primer”, v, iepectontent hoe
PCl, Aspire - Fall 2025, pp. 42-43.

for Vy

07115128
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What Is Not Covered by Article 5.13

* Attachments without base plates and
anchors

* Embedded members

* Design of shear lugs (shear and
bending strength), base plate, and
base plate-shear lug weld design

- Steel design defers to AISC or Base Connection
1 gn r
AASHTO LRFD BDS Section 6 Stool Btrimtures ®

18



Anchor Requirements

* A minimum of four anchors
« Anchors must satisfy all tension failure modes @
+ Shear failure mode exceptions @

« For anchors welded to base plates, tension-shear
interaction must be checked

- Methodology will be discussed shortly

7/14/26
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Anchor Failure Modes — Tension

tw

tv tn tw
= b F Y
Preclude splitting “
+ supplementary reinforcement . P l
steel failure puflout concrete breakout
OR
. ' tn tv I I
+ minimum anchor spacing/ X Y & x

N

edge distance and minimum t ’i‘ t w & B

member thickness / [} y.// -
concrete side-face single roup
splitting blowout bond failure

U Source: ACI 318-19 (modified)

07115128
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Anchor Failure Modes — Shear

steel failure
preceded by
concrete

from a free
edge concrete breal

U Source: ACI 318-19 (modified)

21



Failure Modes of Shear Lugs

« Concrete bearing failure
« Concrete breakout failure

22

Concrete bearing failure

Concrete breakout failure

Trajectory of Concrete Breakout Failure
~35°

23

Concrete Capacity Design (CCD)
method for anchors

N

| ~35
r< degrees

v |
P — -

-Anchor

Edge of concrete

Plan Source: ACI 318-19

2

Base plate

Requireme

nts

L
o/

\“Inspection/vent holes—/
Plan %

each side

et

o L,
TFTC ﬂj, [ L

holes, 1 per quadrant

Hmm, where're the
1 il inspection holes?
.
K cu| o [
Elevation Elevation f/
(a) Cast-in-place (b) Post-installed
Source: ACI 318-19 (modified)
o7nsize Webinar 2

« Base plate holes are needed to verify
flow of grout/concrete consolidation.

- Minimum 1-in. diameter inspection
holes

- Single shear lug: Min. 2 holes, 1

- Cruciform-shaped shear lug: Min. 4

7/14/26



Shear force (1)
« Bearing against lug (V;;)

if it is below concrete surface

Note: Vg, >V,

Anchors (C/T) resist

« Moment (M, ) and axial force
()

« Forces due to horizontal
eccentricity of Vy; and V,,,, (if
present): e1 and e2

« Bearing against plate edge (V,,,) &

Load Resistance Mechanism

2
u

Free-body diagram of attachment
with shear lug and anchors
Source: Adapted from ACI MNL-17(21)

7/14/26
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Small portion of I, on anchors -

from (ACIR17.11.1.1.3):
~ 2d2

Load Resistance Mechanism

Only for anchors welded to base
plate/shear lug assembly

€1

1

Vuar = Vo <Aef,sl + n(Zd‘zl)/
Acy .51 = effective bearing area of
shear lug

d, = outside diameter of anchors
n = number of anchors

Consider for N & V interaction of

07115128

Free-body diagram of attachment

steel failure for anchors welded - with shear lug and anchors
to the base plate - Source: Adapted from ACI MNL-17(21)

26

Without Stiffeners

Acp = by x(2tg)

Effective Bearing Area (4.f,)

Anchors and inspection holes
are not shown for clarity

Below surface of
- |b, }
base plate or % &
surface of concrete ?

Plan

wzzz3 Agrs)

\V)

— - S t
Elevation parallel to load Elevation perpendicular
to load

27



Anchor-Shear Lug Spacing Requirements

4 A

* Both of the following requirements must be
met for anchors that are in tension.

- hef/hg = 2.5 Could be challenging if
_ ef/cﬂ >25 hey cannot be increased

* These requirements are intended to

7/14/26

Elovation
(a) Castin-place

Elevation
(b) Postinstalled

Source: ACI 318-19 (modified)

Inspection/vent holes—/
" P"‘C’"osest :0 o : conservatively preclude interaction between
e " '—H -eou  concrete failure surfaces of anchors and
_ \_~ Ses i —/ shear lug(s).
L H ~ i {»-,' w!l ‘ L+ Not applicable if anchors are in compression
L L TL - Anchors do not carry compression except
M Cut for (a) welded studs and (b) attachments

with leveling nuts (bottom nuts)

Webinar2 2
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Potential Challenges of Satisfying:
hef/hsl > 2.5 and hef/csl 2 2.5

* hep/hg = 2.5 can be satisfied by increasing
hey if possible

« Commercially available mechanical

°J

anchors have a limited range of h, ¢
* hes/cq = 2.5 could be a challenge
¢ Reduce anchor spacing

h.

\ /
\“inspection/vent holes

Plan

Could lower anchor breakout
strength

May not satisfy minimum anchor
spacing needed to prevent splitting
failure

Source: ACI 318-19 \
Ghalign Ny

(a) Castin-place (b) Postinstatied

29

Bearing Strength in Shear

Fracture strength of concrete in front of shear
lug
Bearing failure occurs at small displacements
After bearing failure
Strength drops significantly
Attachment undergoes large lateral
displacement
Eventual anchor failure at steel shear
strength (or weld fracture if the anchors
are welded to the base plate)

5126 Webinar2

Y
£ Fracture progression
just prior to bearing failure

(a) Just prior to bearing failure

(b) Just prior to anchor steel failure
Source: ACI 318-19
0

30
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Bearing Strength (¢Vg,51)

GVprgst 2 Vo ¢ =065

Vyrg.st = Nominal bearing strength

Vorgst = L7f Aes siWbrg.st

A.s s = Effective bearing area (see slide 27)
f¢ = Compressive strength in psi

Urg,st = Bearing modification factor accounts for the effects of axial force on
bearing strength

7/14/26
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Bearing Strength (¢pVy,g s1)

« No applied axial force
'~|Jbrg,:l =1
« Tensile applied axial force
R,
Wprgst =1+ ms 1.0
P, = Factored axial force is negative for tension
n = Number of anchors in tension
N, =Anchor nominal tensile steel strength
« Compressive applied axial force
Uprgst =1+ 4A::"fE, <20
P, = Factored axial force is positive for compression
Ay, =Area of base plate in contact with concrete or grout

32

Bearing Strength (¢pVy,g,51)

L5

Attachments with multiple shear lugs perpendicular to the | - T

May add bearing strength of the individual shear lugs
to determine the bearing strength of the attachment if | X =
W/ (xbs) < 0.2f;. -

Bearing strength of gach individual lug

Use effective area of each shear lug: A,/ = b (2ty;)

Elevatié)n‘

direction of applied shear < by V . 19

33
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Concrete Breakout Strength (q)Vcb sl)
Shear L to Edge =

Vs 2V, [§=065
Breakout strength where shear is perpendicular
to the edge is similar to the method used for

anchors:
V. =V, = ¢4y /A v,
¢ cb,st 4) cb ¢( Vc/ VCO) ll’ed,V lIJC,V q’h,‘/ b Note: FOr anChOTS, the Sma”er

Ayeo = 45(car)? value from the following equations
Y.qv = edge effect factor, ., = cracking is selected:
factor, s, = thickness factor £.\02
e 7 y
Following exceptions: V= [7 (d_a) \/ a:] }‘a\/f’c (ca)*®
V= 97\a\/7:(5a1)1'5 v, = 9}\3\/?(%1)1.5

7/14/26

« Calculation of 4y,

Concrete Breakout Strength of Shear Lugs
AVC
Ay, = Projected area of the failure surface on the A
side of the concrete member (similar to anchors) 1 L
« Project horizontally 1.5¢,, from the edge of " .
shear lug Plan  Source: ACI 318-19
« Project vertically 1.5¢,; from the edge of the 15601 by 156 —py, G v
effective depth of the shear lug, he/, : - ==
ore1
* hes,q1 = distance from the concrete surface to Av;f b Hirsen
the bottom of the effective bearing area, Ay, e ot
« Do notinclude the effective area of the shear . Check if 1.5¢ca1 > edge distance
lug + Check if (hetst+1.5¢cat) > member
thickness
s Webinar2

Ay, For Cases With No Stiffeners

b Source: ACI 318-19 (modified) L ‘V L
(Pst 3 —_— 7
T =] cﬂr il e
TGZ2% r .
1z J—jms' Plan
7 I— J 15C, by 156,
P N—Aersr i e |
I R = —
. ES

Elevation perpendicular to load
- r
Acg st = hep siXbg = 2t Xby Elevation Section

Aye = (3Cas + b)) (hept +1.5Ca1) = Aep
Aye = (3Cqy + by) (2t + 1.5C,;) — 2ty Xbg

36
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Concrete Breakout Strength (V. ¢1)
Shear || to Edge

V, |l to Edge: ¢V, 5 = 20V, for V;, L to Edge

Calculate breakout strength
based on the

direction of shear, which is
perpendicular to the edge.

Double this value to
calculate breakout strength
for the actual direction of
shear.

Actual direction of shear

0715128 Webinar2

7/14/26
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Concrete Breakout Strength ($pVp, 51)

Corners
« V,is L to Edge 1 and || to Edge 2
- Edge 1: Calculate breakout strength directly
- Edge 2: Calculate breakout strength for the assumed direction of v, and double it

« Controlling value is the smaller value
Edge 2 Edge 2

|Edge 1 Edge 1

Actual direction Assumed direction

07115128 Webinar2
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Attachments with Multiple Shear Lugs:
Concrete Breakout Strength (¢pV,y, 5;)

Evaluate various potential breakout surfaces, similar to the following cases for
multiple anchors.

Source: ACI 318-19

0715128 Webinar2

39
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Attachments with Multiple Shear Lugs:
Breakout Surfaces

CTE B
Caset .~ 7 * 4.

7/14/26
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Example Nua = 15,000 Ibs

f'e = 5,000 psi NWC (post-installed anchors: 8,000  Mua = 10,000 Ib-ft
psi v cast-in-place anchors: 10,000 psi v) Via = 29,000 Ibs

R s -

24"

&

&

1

« Compare anchor strength vs. applied forces

« Design a shear lug if anchors are inadequate

ELEVATION

07115128 Webinar2 a
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Example (cont.)

From complete solution:
« The base does not crack under service-level forces
« The base has also adequate to resist the design forces.

« Tensile force due to direction tension and overturning
moment = 7,047 Ibs (using a conservative method)

« Minimum edge distance, anchor spacing, and thickness |~—18.20"—~|
are met

- Concrete splitting is a nonissue

0715128 Webinar2 a2

42
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Example (cont.)
Tensile Strength

« Steel failure

Nyo _ 7047 _
T Togor = 024 OK

* Concrete breakout

Nua _ 7047 _
m =075 0.69 OK
* Pullout

Product evaluation report: Pullout failure does not control for uncracked
concrete and is not checked.

7/14/26
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Example (cont.)
Shear Strength
« Steel failure
29000, ok
Toal ¢V, 40416
* Pryout
o 29000 _ 55 ok
o, 7633%
* Breakout
05V _0.5x29000 oo o
@V, 14018

Yo 29000 1.23 FAILS
opg 23563

Case 1:

Case 1:

Source: ACI 318-19

07115128 Webinar2
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Example (cont.)

~~—Shear lugs
Shear Lug et ““‘
- hat
Use a shear lug to resist 100% of . - ﬂ & |
o hep/hy 225> hy < 1.688in. -
Small embedment |G|
o hep/cq =255 cy < 1688in. Source: ACI 318-19 (modified)
Note: This i i
Anchor spacing < 2x1.688 in.= 3.376 in. = 3 Z—in. ﬁgu?e us';;'soﬁﬁfgem
Min. spacing to avoid splitting failure illustrate various terms.

0.6h,; = 0.6x4.22in.= 2.53 in.
6d, = 6x3/4 in.= 4.5 in. (controls)

. . . 3. . .
Required maximum anchor spacing ~ 3 & in. does not meet min. spacing

45

15



Example (cont.)
Shear Lug -
i hy
How about post-installed adhesive anchors? ﬂ -~ M
Cy =24in/2 =12in.
hes/Cy 2 2.5 = hoy 230in.
Source: ACI 318-19 (modified)

Two problems: - R
1. Base thickness = 24 in. This issue can be solved zg’f.?ér.gﬁﬁ,ﬁﬁfge"c
by making the base thicker. illustrate various terms.
2. Per ACI 318-19, length of adhesive length is
limited to 20d,,.
20d, = 20x 3/4 in.= 15in. <30 in. NG

- Shearhuge

4
4

()

7/14/26
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Generated by Claude

47

Example (cont.) wll
Shear Lug — Now What? il

Use cast-in-place anchors
Still need to increase the member depth to satisfy h.,/cgy = 2.5

cover
Source: ACI 318-19 (modified)

e =30in.
To allow for at least 3 in. of cover under the anchor assembly, make the base 36"
thick.

Use four %-inch diameter ASTM F1554 Gr. 55 threaded rods each 38 in. long
Adequate to resist Mua= 10,000 Ib-ft and Nua= 15,000 Ibs (see solution)

48
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Example (cont.)

Shear Lug — Dimensions

Design a shear lug to resist 100% of 1, =
29,000 Ibs

Shear lug: 2.5-in. thick x 8-in. deep x 5-in.

wide with a 1-inch grout pad

hg, = 8in.—1in. (grout pad) = 7 in.
hey =30in.

hey/hy =30in./ 7in.= 429 > 2.5V
hes/cy =30in./12in.= 2.5V

7/14/26
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Example (cont.)

Vorg.st = 1'7f;',Aef,sll1’brg,sl
P
Wprgst =1 +7ﬁ5 1.0
P, = —7,047 per anchor (see solution)

N;q = 34,900 Ibs (see solution)
n = 1 (calculations are per anchor)

Wprgs = 0.798
Virg,st = 169,575 Ibs
¢ =0.65

PVorgsr = 110,224 1bs > Vg (29,000 Ibs) OK

Shear Lug — Concrete Bearing Failure
Agp st = (hops1)bst = (2tg)bg = (2X2.5)x5 = 25 in.?

hefsl

=5

50

Example (cont.)

SVevst = Ve = P(Ave/Aveo)Wea v Wey Wnv Vo
Ayeo = 45(car)? = 45(16.75)%= 1,263 in2
Aes 1 = 25in.2 (see previous slide)
Ay = (36x30.125) 457 = 1060 in>2
Aye <Aygo Y
From solution:
V, = 46,626 Ibs, ,q = 0.885
Yoy =14, Yy =1, ¢ = 065
Veps = 45,365 Ibs
PVps1 = 29,487 Ibs > ¥, (29,000 1bs) OK

0715128 Webinar2

Shear Lug — Concrete Breakout Failure

.(c=2

155 —

shear lug

=1675"

=156, =

Dot ="

0125125

51
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Summary

» An overview of shear lugs was presented

- Detailing requirements

- Load resistance mechanism

- Design equations for bearing and breakout strength
» Example problem

- Reviewed key concepts from Webinar 1

- lllustrated design of shear lugs

7/14/26
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Summary

* Satisfying ACI requirements (hes/hg = 2.5 and her/cq >
2.5) for shear lugs could become challenging (if not
impossible) for post-installed anchors.

« Shear lugs are more common in cases with cast-in-place
anchors.

53

Thank you.

You now have the basic concepts and equations for design
of shear lugs and, equally important, know potential issues
that need to be addressed.

54
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Webinar Documents

https://www.pci.org/AnchoringToConcretelmp
7 2026 Anchoring Imp Series Webinar 2 with Dr Shahrooz July 15 2026

7/14/26
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Questions
Key Takeaways

Thank you!

Please sign up for future NCBC webinars

www.nationalconcretebridge.org

www.nationalconcretebridge.org

57
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Extra Slides

7/14/26
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Effective Bearing Area (A 1)

Acr .51 is below the concrete surface, perpendicular to the applied shear according
to the following criteria:

« Bearing area of shear lugs located within 2t (thickness of shear lug) of the
bottom surface of the base plate if the top or bottom surface of the base plate is
flush with the surface of the concrete

« Bearing area of shear lugs located within 2t,; of the surface of the concrete if
the base plate is ve th f: f th ncrets

« For cases with stiffeners

« Bearing area of shear lugs located within 2t,; of the interface with stiffeners

« Bearing area on the leading edge of stiffeners below the surface of the
concrete

Webinar2 5o
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Effective Bearing Area (4.f s1)
Without Stiffeners

Anchors and inspection holes

Direction of shear force ' e€ edge are not shown for clarity
4 b
‘ — ( Sl
B / Cai
I 2ty
bsl I < .
I -
i 4 ‘ ‘ 4 | Aer,si
I ‘ ‘ 1o
i ) Elevation perpendicular to load
U Elevation parallel to load
Plan Source: ACI 318-19 (modified)

Webinar2 60

60
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Effective Bearing Area (4.f s;)
With Stiffeners

Direction of shear force Free edge b Stiffener
sl
— — Grout Grout
/‘ / ——
- -
- 1 T C N
1y ] ) T Aetar
—— t Stifeners 2y 2ty
S | Elevation perpendicular to load
U Elevation parallel to load . i
Plan Anchors and inspection holes

Note the minimum stiffener dimension > 0.5h, are not shown for clarity

Acps1 = tg(2bg + 5hy — 10tg) Source: ACI 318-19 (modified)

7/14/26
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Ay For Cases With No Stiffeners

Free edge

Dirgction of shear force Source: ACI 318-19 (modified)

. Stiffener
s
— Grout Grout
= = /
| '\H ’ T vy Foty
8 A
I C W L
7 I - ) L I Acter
Lt Stiffeners 2ty 2ty
1 2080y | T Elevation perpendicular to load

Elevation parallel to load

Ay = (3Cu1 + bsl)(hef,:l + 1-56111) - Aef,sl = (3Cu1 + bsl)(Ztsl + 1'56111) - Aef,sl

Aef,sl = tg(2bs; + Shg — 10ty;)

07115128 Webinar2
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Example

Tensile Strength (Concrete Breakout)

SN, = ¢(ANc/ANca)ll’ed,Nll’c,N‘lJcp,NNn 0 240
Ayco = 9h%; = 9x4.22% = 160.3 in2 -

Ayc = (6+6.33)2 =152in?

Ay <nAye, =1V

From solution: N, = 14,712 lbs, Y4y = 0.984, Y,y = 1,
Yepy = 0933, ¢ = 0.75

GN,, = 10,223 Ibs

Nyo 7,047

IN, " T0223 - »O90K

0715128 Webinar2 &
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Example

4
5

Shear Strength (Concrete Breakout)

&

24 "

R, Two cases: 1
Front anchors resist 0.5V, 24"
Back anchors resist 1,

&
T

Source: ACI 318-19

7/14/26
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Example
Shear Strength (Concrete Breakout) — Case 1
}——24“—-
SVep = ¢(AVc/Av:a)ll’ed,v‘lJc,V\l’h,VVb B |
65
Example
Ayeo and Ay,
Ay, = Projected concrete failure area of a single anchor for
shear strength calculation, if not limited by corner influences,
spacing, or member thickness
Ay. = Projected concrete failure area of a single anchor or group
of anchors for shear strength calculation
66
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Example [P
Ay, and Ay, A S
"] 15c,; =1.5%6in.=9in.
| he =24in.>15¢,

| Caz =6in.

b Caz < 1.5¢q;

\15¢c,
Source: ACI 318-19 j1-5ﬂs1 =9"

Ayco = 4.5¢2; = 4.5%6? = 162 in.?
Ayc = 1.5¢,41(1.5631 + Ca2)

Ay = (1.5%6)(1.5%6 + 6) = 135in.2

0715128 Webinar2

7/14/26
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Example
Shear Strength (Concrete Breakout) — Case 1
OV = ¢(AVc/AVca)ll’ed,v‘lJc,V\l’h,VVb L i—_% [ I
Ayeo = 162in2 O
Ay, =135 in? :
Ayc <Ay, (n=1) v (failure planes do not overlap)
From solution: V, = 8,900 Ibs, .4y = 0.9, Y., = 1.4,
Yny =1,$=075

Total V., = 2x7,009 Ibs = 14,018 Ibs (failure planes do A -
not overlap)

0.5V, /Total gV, = (0.5x29,000)/14,018 = 1.03 FAILS
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Example
Shear Strength (Concrete Breakout) — Case 2
¢Vcbg = ¢(AVc/AvCu)'~|Jec,Vll’ed,v\l’c,vll’h,vvb

J "N physical value of 6q |- |
g o -

< ea= 6"
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Example

Shear Strength (Concrete Breakout)F—_ansﬂ

¢chg = ¢(AVc/AVco)'~|Jec,Vll’ea,v‘l’c,v‘l»’h,vvb
Physical value of ¢,; = 30in.

h,(=24in.) < 1.5¢,; AND c,, (=61in.) < 1.5¢,,
Cq1 is limited to the greater value of

* Cup /15=6/15=4in.

* 5/3=24/3=8in. “NJL physical value of ¢
* hg /15=24/15=16in, < use thisas c, 7 T — -
Ayeo = 45¢2, = 45x162 = 1,152 in.2 —
Ay = (1.5641)%(6 + 24 + 6) = (1.5%16)36 = 864 in.?

ve = (@:5€a)X( ) (, ) 1.5¢q1 = hg, s0 the entire
Ay <nAye, =2x1,152 = 2,304in2 v value of 1.5¢,, can be used.
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Example
Shear Strength (Concrete Breakout) — Case 2
¢Vcbg = ¢(AVc/AvCa)'~|Jec,vll’ed,v\llc,vlllh,vvb
From solution: V, = 38,756 Ibs, Y.y = 1, Yeqy = 0.775, Yy = 1.4,
Ypy =1, $=0.75
GVopg = 23,563 Ibs
Via/SVepg = 29,000/23,563 = 1.23 FAILS
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