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WHEN THE CONNECTION DOESN'T MATCH
THE STRUCTURE: RETROFIT & MODIFICATION
WORKFLOWS

SEPTEMBER 2026



AGENDA

IDEA StatiCa intro

Connection design for project modifications
1. Load increase in steel beam to concrete column connection
2. Base plate repairs due to misalignment of anchors

3. Retrofits

Anchor reinforcement design per ACI
QA&A Session
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% Connection - Detail

Strut and tie
replacement for:
Transfer beams
Shear walls
Corbels

Walking columns

Design all steel
connections from
standard to

complex joints

Critical Beam and
column design

M/ Complete base plate

workflow including steel
| . and concrete
| reinforcement design to

/ avoid concrete breakout




RETROFIT AND CHANGES IN THE PROJECT

Challenges and solutions
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Add a seat angle Base plate modification Reinforcement & Connection
Anchor checks (embedded plate  Aqd and check post-installed replacement w/post-installed
and post-installed anchors) anchors anchors
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LEARNING OBJECTIVES

Strategies from real cases for retrofit and design revisions of steel to concrete
connections

Tools available in IDEA StatiCa to solve retrofit and changes

Analysis available

Post-processing results from the tools
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1. DESIGN REVISION: SHEAR FORCE INCREASE

Change: Shear load increase during a
design revision in the construction —
phase e

Proposed solution: Add a seat —I
connection using a stiffened steel "

bracket = /\
Anchor it using post installed anchors "

Verify the anchors, concrete breakout
and interaction with the existing
concrete reinforcement
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STEP BY STEP PROCESS

Watch the modeling video here
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1. Connection app 2. Connection app 3. Detail app
Embedded plate model  Reinforced connection Reinforced concrete design
Learn the capacity of the w/steel bracket Concrete and reinforcement checks
connection Learn the capacity of the combined Development length
Verify the old and new load connection

Verify the connection for new load
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https://youtu.be/0IWoUs6jgrI

JOINT DESIGN RESISTANCE

Vz=232 kips
Max cap= 232*1.60=371.2 kips

RPN MATERMS  DEVELOPER
LB R G m e =l e S W

Vz=232 kips
Max cap= 232*2.169=503.20 kips
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CONCRETE BREAKOUT FOR HEADED STUDS

el bracket m

StatiCa*®
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Labels
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Pictures
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Save

REPORT

Calculate Overall Strain

check check

o~

CBFEM

- 379 USS

DEVELOPER

e I~ B E#

Concrete RC check | Equivalent Plastic Stress in Stressin  Bolt  In In Mesh Deformed

¥

deform

check stress strain contacts concrete forces nodes elements Jeformation Z
FE analysis Advanced settings
- HEH DT A Analysis  Plates  Bolts Welds  Concrete block
k of anchors for extreme load effe
NF v Ncbg |§Npn | $Nsb | $Vcbg Vep Ut ut
Status | Item | Grade Loads #Nehg * pn |4 $Vebg | $Vep 4 & Detailing
kipl  (Tpl  |Odpd  |Ddpl | Dapl | Dkpl | [kipl | 1% %]
ondattecs | + © A5 ®3ATypeA-2 LE1 061 770 2450 3372 2898 9229 227.9979 2513730 859.6852
Stress, strain = © A7 oyaTypeA-2 LE1 095 757 2450 3373 2898 902 9229 227.9979|25721022| 228069464
a
LE Anchor tensile resistance (ACI 318-25 - 17.6.1) b
DN = ¢+ Ape N * futa 18.84 kip = Ny 095 kip
Where:
> ¢ =070 — resistance factor
Apn =04418in - tensile stress area
T 60.9 ksi - specified tensile strength of anchor steel:
= min(126 ksi, 1.9 - f,q, f.) , where
fun = 49.3 ksi — specified yield strength of anchor steel v
+ © A8 ®3ATypeA-2 LE1 754 B0 2450 3373 2898 9229  227.9979 2513730  859.6852 [ |
Design data Print a X
$Nsa | dVsa - + 4 |ofs | @) | (B Q .
Grade
[kipl | [kipl
®3/4Type A-2 1884 17.49

Concrete shear breakout check (ACI 318-25 - 17.7.2)

The check is performed for group of anchors that form common shear breakout cone: A7, A14, A21, A28

Vg =+ 1’-“— Yo - Pec, b Vo they cWhy Yoy - Vie = 802 kip < V,= 23200 kip
Where:
V, = 232.00 kip - sum of shear forces of anchors on common base plate
¢ =085 — resistance factor
Ay, = 576.3780in? - projected concrete failure area of an anchor or group of anchors

Ayg = 1152.0000 in® - projected concrete failure area of one anchor when not limited by corner influences,
member thickness.

Y = 1.00 ~ Strength modification factor ya for anchors in shear
1.00 ~ modification factor for anchor groups loaded eccentrically in shear:
o Py = —— , where
1

o €, = 0"in—shear load eccentricity

o €a = 14"in < max ($, ) - edge distance in dirsction of the load
= oy = 14" < max (f, S5, 2) — edge distance in direction of the load
. maz = B"in—larger of the two distances o the edges parallel to the direction of loa
. in — maximum spacing in direction 2 between fasteners within a group

< = = »
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EMBEDDED PLATE (HEADED STUDS)+POST-INSTALLED ANCHORS

Concrete breakout checks are not

Steel bracket m:

StatiCa NECTION

included when anchors in different | SEENEERT——

Members Plates LCS | New Gallery | Calculate Overall Strain Concrete RC check | Equivalent Plastic Stress in Stressin Bolt
¥ strain contacts concrete forces nodes elements

New Copy | Undo Share  Save | Pre
project setings check check check ¥ stress

Analysis

| a te S a n d t e S Ry EN FrTE Data Options Labels. Pictures CBFEM
y * v 100 ey -aee e o IR

0 < 5.000%
Plates V0,000 < 5000% ction cost - 758 US$
Balts v 32e

i ) ) % | 9
No solution available in codes e 7 ez
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|

Status |Item | Grade

 JEsggcas

In in

FE analysis
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Loads

= O |a1 |o34Tpea-2 LB

Mesh Deformed

Concrete block
v $Mpn
ki ki
612

10.00 3| Deformation X
Deformation ¥
Advanced settings
Nsb | Ut, U, Ut,
: " v s = Detailing
o 6l d .

2680 40423 349770 123973

Anchor groups at separate base plales inferact with each ofher in one concrete biock. Tis is oul of the scope of standard )

ancharage design. Concrete breakaut in fension and conerete pryout are not checked, Conerete edge failure is not checke

(CEB-FIB: Bulistin 58 - Design of anchorages in concrete (2011) - Chapter 1.2 Figure 1.2-8 and Figure 1.2-6)

Anchor tensile resistance (ACI 318-25

WNoa =6 A fua= 1884 kip 2 Ny= 076 kp
. -
+ AB ®3ATypeA-2 LEL 662 3373 2888 | 310712 378703 239958
gnd
Nsa | §vsa
Grade $ M
Dipl | lip)
@I TypeA-2 BB 1749
1 F1554 G 173
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WHAT CONNECTION DOES NOT CHECK

Post-installed anchors

Pull-out, mechanical anchors (17.6.3)
Bond strength, adhesive anchors (17.6.5)
Splitting during installation (ACI 355.2)

Fallowing checks of anchors loaded in tension are not provided and should be checked using information in relevant Technical

Product Specification (based on the 5 percent fractile of tests performed and evaluated according to ACI 355.2):

s Pull-out failure of fastener (for post-installed mechanical anchors) - ACI 318-25 - 17.6.3
s Bond strength of adhesive anchor (for post-installed bonded anchors) - ACI 318-25 - 17.6.5

« Concrete splitting failure during installation should be evaluated by ACI 355.2 requirements

Concrefe blow-out failure is provided only for anchors with washer plates and headed studs.

*Note in the anchors report when checking
Post-installed (adhesive) anchors

Combined anchors in different base
plates, one block

Concrete breakout in tension (17.6.2)
Concrete pryout (17.7.3)
Concrete breakout in shear (17.7.2)

Anchor groups at separate base plates interact with each other in one concrete block. This is out of the scope of standards for
anchorage design. Concrete breakout in tension and concrete pryout are not checked. Concrete edge failure is not checked.

(CEB-FIB: Bulletin 58 - Design of anchorages in concrete (2011) — Chapter 1.2: Figure 1.2-8 and Figure 1.2-9)

Detailed result for A4
The behaviour of anchor groups is predicated on the assumption that all anchors in the group exhibit roughly the same stiffness.
This is verified if the anchors are of the same type, diameter and embedment.

(CEB-FIB: Bulletin 58: Design of anchorages in concrete (2011) — Chapter 1.2)

*Note in the anchors report when adding anchors in different plates same
concrete block or different anchors in same concrete block
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TWO APPROACHES: CODE FORMULAS VS FEA

Connection Detail 3D

Empirical ACI 318 formulas — Chapter 17 Nonlinear FEA of the whole block
Plain concrete only Reinforced concrete
Anchor steel checks in tension and shear Concrete tensile strength neglected

Anchor tensile resistance (AC1 318-25 — 17.6.1)

ONaa = & AueN * futa 1884 kip 2 N, 0.00 ki .
N~ fur ip ' 3 Reinforcement
‘Where:

¢=070 ~ resistance factor

Stub for loading

A, =04418in° - tensie stress area

Base plate / Cast-in plate
Suto = 609 ksi — specified tensile strength of anchor stool: plate / P!

NCri
o fua = min(125 ksi, 1.9+ fua, fu) . where: /o crete
© fys = 49.3 ksi - specified yield strength of anchor steel

o fu = 60.9 ksi - specified ultimate strength of anchor stoel

Concrete element (3D)
= Anchorage spring
Concrete pullout resistance (ACI 318-25 - 17.6.3)
Ny =60, Yop-Ny= 373 kp 2 Ny= 000 kip

Where:
¢ =070

N e factor
¥, =100 - Strength modification factor wa for anchors in tension
Yop =100  -modification factor for concrete condition

Bond element

N, =48.19kp -~ basic concrete pulout strength for headed anchor:

Reinforcement
element (1D)

Anchorage types
Hooks & Bends

MPC element

Shear resistance (ACI 318-26 - 17.7.1)

Via = ¢ Ascy * fusa 1749 kip 2 V 669 kip

Whe

¢=0656 = ~resist tance factor

A, 0.4418 i’ tensil a

" futo = 609 ksi - specified tensile strength of anchor steel
Unreinforced
o fute = min(125 ksi, 1.9~ fya, f.) , where:
concrete block o fium 403 ki spacked yed sheeth of snchor sioe
o f, = 60.9 ksi - specified ulimate strength of anchor stoel
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EXPORT: CONNECTION TO DETAIL

ES t
RC check

-------

i
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AN
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TEL
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4

\

Unreinforced
concrete block

v" Plates, anchors, concrete block,
reactions on plates and anchors
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LONGITUDINAL REBAR MODELING
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MISSING CHECK TO DETAIL 3D RESULT

ACI failure mode Detail 3D result

Breakout, tension (17.6.2)
Pryout (17.7.3)

Breakout, shear (17.7.2)
Bond, adhesive (17.6.5)
Splitting

Pull-out, mechanical (17.6.3)

Strength, concrete + reinforcement
Strength, footing concrete
Strength, concrete + reinforcement
Anchorage, bond stress ratio
Strength, reinforcement + concrete

Not covered, use manufacturer data
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ANCHOR FAILURE MODES (ACI)

™ Connection
Steel

/' Yes, but using ACI formulas, and
concrete block is unreinforced

[ ot —

(i) Steel failure (ii) Pullout (iif) Concrete breakout

tn t v

N

(iv) Concrete splitting (v) Side-face blowout (vi) Bond failure

(a) Tensile loading

(i) Steel failure preceded (i) Concrete pryout for
by concrete spall anchors far from a
free edge

(iii) Concrete breakout

(b) Shear loading

V| Detail

Concrete

. "
) o T
o] %+ W

(i) Steel failure (ii) Pullout

(iii) Concrete breakout

N p . s
ojsi- of of T
' — 4 ‘

Single Group
(iv) Concrete splitting (v) Side-face blowout (vi) Bond failure

(a) Tensile loading

\'
—
\'
—
V @
—
\')
Ve Vg
w
(i) Steel failure preceded (i) Concrete pryout for
by concrete spall anchors far from a
free edge

(iii) Concrete breakout

(b) Shear loading
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START HERE: SUMMARY

Concrete column check.ideaDet
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CONCRETE BREAKOUT IN DETAIL
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REINFORCEMENT STRENGTH
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ANCHOR STRENGTH
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Detailed information for SF35
Tensile resistance of the anchor (ACI 318-19, sec. 17.6.1.2)

= o Aee - fua = 2018 Kip 2 = 1088 kp

Where.

og =075 — strangth reducion factor for anchors in tension acanding to section 17.5.3 (a)
A, = 04418in? — tensile stress area of he anchor

futa = BO.8 ksi ~ tensile strengih of anchor steel shall not be greater than 1.9 1, and 125.0 ksi)

Shear resistance of the anchor (ACI 318-19, sec 17.7.1.2a)

WVay = oy Ay fua= 1749 kp 2 V,,= 253 kip

Where:

P = 0B5 ~ strength reduction factor for anchors in shear according to section 17.5.3 (a)
Auev =04418in® - effective oross-sectional area of the anchor in shear

Futa = B0.8 ksi - tensile strength of anchor steel (shall not be greater than 1.9 " f,, and 125.0 ksi)

Interaction of tension and shear in steel (ACI 318-19, sec. 17.8)

b 057 5 120
Where:
1098 kip - factored tensile force
$N,, = 2018 kip - factored resistance of anchor in tension
—253kip - factored shear force
$Viu = 1749 Kip - factored resistance of anchor in shear
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ANCHORAGE: BOND FOR ADHESIVE ANCHORS

Concrete column

Tb=Bond stress
Ftot=Anchor area x fs
(stress in the bar)
Flim= Maximum force
that the anchor can
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SANITY CHECKS BEFORE TRUSTING RESULTS
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Auxiliary | Stress Reactions Injgoskg] Resultant fLocal Global | Ffx  Fy  Fz
flow and loads

Calculation Code-check results Wesults Reactions d a I I la g ( !d ( ! | ( ! I I I( ! I ItS
—— N e~ A
0~ - el
| Extreme Strength: LE1 (D100.0000%)
“~ Load increment D100.0000%, L100.0000%

<
Resultant
m [Soongth | Supports Fx [kip] Fy [kip] Fz [kip] Mx [kip.f)  My[kipftl | Mz [kip.ft)
e LE1 Summary of reactions 502 0.10 22574 012 9136 0.04
Sumimary of applied Icad 502 010 2574 012 9136 004
Check of equilibrium a0 00¢ 0 0
Results presented for combination: LE1 (D100.0000%)

Supports (Global) Fx [kip] Fy [kip] F2 (kip] Mx(Kipf My (Kip.ftl Mz (ipft) | o ————
ss1 3051 08 049 021 105.22 017
ss2 03 2525 009 13,86 01

Member | Min/max  Displacement (in] X [f] Y(ft] |Z(f)

-

A4

Auxiliary | Deformation

22525

22
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COMPLETE REPORT: STEEL CONNECTION+ CONCRETE REINFORCEMENT

e POLSINIL000.625 14672 Bkl w5 = v = 1
I -al i Ji— [eesssrssel® P il =:: =2 I oot
] o | B g ve0oescess 5801 0011004 57 G220y
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o pereeee [T M1, L1121 - Top Bange £
—
o | S s o o o
(L g 1 r_J
: L T p—— ooty
— | FABH0CH 001100 (4672 G0}
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COMPLETE REPO

Project:
Project no:
Author:

Strength - Summary

RS TARE

Summary of reactions and applied loads: LE1, Load increment: D100.0000%

Stress flow
z
Lex
Type
Summary of reactions

Summary of applied load
Check of equilibrium

FX FY F! MX

[kip] [kip] [ip] [kipft]
502 010 22574 0.12
-5.02 0.10 22574 -0.12
0.00 000 0.00 0.00

Detailed concrete strength results: LE1, Load increment: D100.0000%

Strength
X
Memb
i Q]
cB1 -0.584
cB1 -0.718
cB1 0.031

Y z feeq  fe¥feiim
U] U] ksi] &}
0.116 114 18 100.0000
-0.080 1416 12 100.0000
0026 0079 -09 100.0000

Detailed reinforcement strength results: LE1, Load increment: D100.0000%

Member
Closed stirrup
6#8
248
Ties
Materials

Concrete

4000 psi
Reinforcement

Grade 60

X Y z 1y
I W] ] [ksi]
-0.502 0919 1359 398
-0.094 0774 1337 219
0.927 0.875 1719 102
-0.979 0.898 2.359 88
fer
[ksi]
40
fy Eg
[ksi] [ksi]
60.0 29000.0

€5 = 1000.0 1e-4, £, = 1000.0 1e-4,

£c Epl
[1e-4] [1e-4]

9.2 24
-5.0 09
37 00
£ fslfy lim
[1e-4] %]

105 88.4000
65 48.5600
18 226500
11 19.5000
Ec
[ksi]

3605.0

Unit mass

o)
490

[[s]=7] StatiCa"

fs/fyim
™
100.0000

My ™,
[kipf] [ipf]
-91.36 -0.04
91.36 004
000 0.00

fe.eq/f'clim
(%]

70.7900 OK
48.8800 OK
37.2000 OK

£5/Es jim
(%]
10400 OK
06500 OK

0.1700 OK
0.1100 OK

v
(5]

Surface

Ribbed

Project: )
Project no: UEE StatiCa’
Author: Cakutr pemartnys oo

6Py =¢oc-A-F,= 1961 kip 2 N,, = 365 kip

Where:
Pac =090 - strength reduction factor for anchors in compression according to chapter E1
A, =0442in? — tensile stress area of the anchor

5
F,= 0.6587 - F, =49.3ksi —nominal stress in compression

F, =493ksi - yield strength of anchor steel
=E
F, = —— ==ksi
L:\* — elastic buckling stress
r
E = 30457 9 ksi — modulus of elasticity of anchor steel

- buckling length (it is assumed on a safe side that the bolt is fixed in the concrete and
able to freely rotate at the base plate)

- laterally unbraced length of the member considered as the summation of half of the
base plate thickness, gap, and half of the anchor diameter

L.=2-L=0000in

L =0.000in

- radius of gyration of the anchor

— moment of inertia of the anchor

— anchor diameter reduced by threads (if exist)

Tensile resistance of the anchor SF21, SF22, SF23, SF24, SF25, SF26, SF27, SF28, SF29, SF30, SF31, SF32, SF35, SF36,
SF37, SF38, SF42, SF43, SF44, SF45, SF46, SFA7, SF48
(ACI 318-19, sec. 17.6.1.2)

N,y = Gpp- Aex - fua= 2018 kip = Nyg= 1098 kip

Where:

Dy =075
A..v =0442in° - tensile stress area of the anchor

~ tensile strength of anchor steel (shall not be greater than 1.9 * f,,; and 125.0 ksi)

- strength reduction factor for anchors in tension according to section 17.5.3 (a)

Futa =60.9ksi

Shear resistance of the anchor SF21, SF22, SF23, SF24, SF25, SF26, SF27, SF28, SF29, SF30, SF31, SF32, SF33, SF34,
SF35, SF36, SF37, SF38, SF39, SF40, SF41, SF42, SF43, SF44, SF45, SF46, SFA7, SF48
(ACI 318-19, sec. 17.7.1.2a)

WVia = oy Asev  fua= 1749 kip 2 Vg = 852 kip

Where:

@y =065 — strength reduction factor for anchors in shear according to section 17.5.3 (a)
A v =0442 in? - effective cross-sectional area of the anchor in shear

Jfuta =609 ksi ~— tensile strength of anchor steel (shall not be greater than 1.9 * f,, and 125.0 ksi)

Interaction of tension and shear in steel SF35 (ACI 318-19, sec. 17.8)

Nua . Vo

-t = 072 = 120
N Vi

Where:
N,, =1098kip - factored tensile force

RT: STEEL CONNECTION+ CONCRETE REINFORCEMENT

CON2
Bill of material
ftems numbering
e
54
..
-
..
5
.
=
.-
D<)
<
><)
o
b
:: <
Brief reinforcement bar table
Iindex ®fin) Matenial Items. Length [in] Weight [ibm] Total length [ft]
1 s Grade 60 8 107000 2] 71333
2 # Grade 60 20 86574 3 144291
3 Ll Grade 60 20 36 882 1 61470
Detalled reinforcement bar tables.
Parameter Value Shape
Index 1
| "
Material Grade 60
Number of tems. 8
Length fin] 107.000
Weight [ibm] 24
Total lengtn (1] 71333
Parameter Value Shape
Index 2
@[n) )
Material Grade 60 20175
Number of tems. 20 20175
Length fin] 86574 20175
Weight o) s 20175
Totat lengtn [1] 144291
Parameter Value Shape
Index 3
@) #
Material Grade 60
19.750
Number of tems 20 ' 1125 4500 4500 1126 '
Length (in) 36,882
‘Weignt o] 1
‘Total length [ 61470
Overview table
©fin) = #
Total length of ® [n] 205761 71333
Weight per meter of @ [Ibavim] 1 9
Total weight of @ (] ” 191

Total weight of bars fibm]
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BILL OF MATERIALS

1 - ®#8 - 107.000 - 8 Pieces

CAD Details

2 - O#3 - 86.574 - 20 Pieces
20.175 1 3 D -

20.175 20175 ‘ 2

20.175

3 - O#3 - 36.882 - 20 Pieces

1.1251.125
4.500 4.500
19.750
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2. CASE: MISALIGNED ANCHORS

Change: Cast in place anchor position
misaligned on site.

Anchors positioned 3" offset from original
position

Proposed solution: Replace the existing

plate

Keep outer cast-in anchor, cut remaining
anchors & install additional post-installed Castnanchors-—__
anchors

Verify adhesive anchor bond strength,
interaction with existing concrete and
anchors.

Stresses and anchor forces in
Connection app

11.00"

I | 6.00"

Base plate design and forces in

Field pl
ield placement Detail 3D app

11.00"

12.00"

Q_ Bt

Post-installed anchor Stress flow in concrete,

Base plate repair reinforcement and anchors

//#/={=] StatiCa®



ORIGINAL DESIGN

0.
=

Analysis v 100.0% 5

Plates " 00 <50%

Loc. deformation " 0.0 < 3%

Anchars v 937 < 100%

Welds " 896 < 100%

Concrete block 7 19.8 < 100%
Buckling Mot calculated

5 | O O
Original base plate Base plate model in Base plate connection
design drawing Connection app design results
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https://youtu.be/Q8tP1FMCawE

RFI — MISALIGNED ANCHORS

'f 11.00 | ﬁﬂ'oo—]
| | i |
O | O O i Q O O o O
| | G SH-— 17
0 | o s _C_T O ® 6.00"
6.00" ®) o ______J
o | O G —"J o g
Q QO O O Q @] O O
Original base plate design Field placement base plate

Cast-in place 3" offset from original
position
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AISC DESIGN GUIDE 1 - BASE PLATE AND ANCHOR ROD

DESIGN

AISC Design guide 1, chapter 2.11
provides guidance on anchor rod
repairs

signed, and placed in a proper and timely manner.

Grout should have a design compressive strength at least
twice the strength of the foundation concrete. This will be
adequate to transfer the maximum steel bearing pressure to
the foundation. The design thickness of the grout space will

2.11.1 Anchor Rods in the Wrong Position

For anchor rods in the wrong position, the repair method
depends on the nature of the problem and when in the
construction process it is first noted. Is the repair required for

AISC DESIGN GUIDE 1, 2ND EDITION / BASE PLATE AND ANCHOR ROD DESIGN / 9

only one rod, or for the entire pattern of rods? How far out
of position is the rod or pattern, and what are the required
strengths of the rods?

If the error is discovered before the column base plate has
been fabricated, it might be possible to use a different pattern
or even a different base plate. If the rod positions interfere
with the column shaft, it may be necessary to modify the col-
umn shaft by cutting and reinforcing sections of the flange
or web.

If one or two rods in a pattern are misplaced after the col-
umn has been fabricated and shipped, the most common re-
pair 1s to slot the base plate, and use a plate washer to span
the slot. If the entire pattern is off uniformly, it might be
possible to cut the base plate off and offset the base plate to
accommodate the out of tolerance. It is necessary to check
the base plate design for this eccentricity. When removing
the base plate, it may be required to turn the plate over to
have a clean surface on which to weld the column shaft.

If the anchor rod or rods are more than a couple of inches
out of position, the best solution may be to cut off the exist-
ing rods and install new drilled-in epoxy-type anchor rods.
‘When using such rods, carefully follow the manufacturer’s
recommendations, and provide inspection as required in the
applicable building code. Locate the holes to avoid reinforc-
ing steel in the foundation. If any reinforcing steel is cut, a
check of the effect on foundation strength should be made.

removal. Anchor rod locations should be clearly flagged so
that they are visible to equipment operators working in the
area. The anchor rods shown in Figure 2.3 were damaged
because they were covered with snow and the crane operator
could not see them.

ASTM F1554 permits both cold and hot bending of an-
chor rods to form hooks: however, bending in the threaded
area can be a problem. It is recommended that only Grade
36 rods be bent in the field and the bend limited to 457 or
less. Rods up to about | in. in diameter can be cold bent.
Rods over 1 in. can be heated up to 1,200 °F to make bend-
ing easier. It is recommended that bending be done using a
rod bending device called a hickey. After bending, the rods
should be visually inspected for cracks. If there is concern
about the tensile strength of the anchor rod, the rod can be
load tested.

2.11.3 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.

Often, when the anchor rod is short, it may be possible
to partially engage the nut. A conservative estimate of the

//#/={=/ StatiCa®




POST-INSTALLED ANCHORS - PROPOSED SOLUTION

AAAAAAA

CAXCKK

Buckling

11.00" | }| ;

I
| !
O i O O i @
Cast-in anchors\ b ] —
Cut to surface 5 o
N 12.00"
© g
Q o] o} \ O

NPost-installed anchor

Proposed connection Proposed connection Proposed connection
design solution model in Connection app design results
Cut existing central anchors Cast-in place and post-installed Modified base plate verified
, anchors modeled . .
Add post-installed anchors Interaction of different anchor types
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https://youtu.be/OxZwttHD0OQ

POST-INSTALLED ANCHOR VERIFICATION - WHAT TO DO?
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TIE REBAR MODELING

Select reinforcement type

Model
misaligned anchor,
StatiCa® petaiL MATERIALS i i i
MATERIALS Rebar information: Diameter,
ElciagoC  AM L FEFS- W > O e tior ot v
MNew Copy | Undo Member Dimension Rebars Grid | New Gallery | Settings Calculate Propose Publish Manage | Model Load Combination Rebar COrIdItIOn Of rebar
names  lines entity case assembly
Project items Data Labels Draw Pictures Calculation Reinforcement Library Mew
GB3D3 [On more edges] + O
. ) Strength = -
On more edges On surface By two points By polyline Concrete LEY * Rebar properties -
Reinforcement LE1 Definition of diameter ASTM v
Anchar LET G Diameter #3 -
Anchorage  LET Material Grade 80 v+
. 0.0 i ““M i Anchorage type at the beginning — 1 ™2 ={ -
f =~ Members . ) -
st . |1 o1 Anchorage type at the end —HAT
| : T i
| o 1) -l 551 Master CB1 ~
= .
| [ | ~ Transfer devices Surface 6 -
730.00\.19343‘1.12 | 30,00 119 g - BP1 Surface cover [in] 250
263 Cast-in A1
Cast-in A2 ~ Shape definition
b oo Yy Post-installed AT Edges 1234
Post-installed A2 Edge cover type From Settings ~
~ Loads and Combinations First edge extension [in]
v load cases Last edge extension [in]
&.00
L Closed shape
2 4 - Strength refapt to sh
Adapt to shape
G0.007.E5 22463 2485 LET
2400 —— [1] 1 [3] 7 Mandrel diameter [x®] &
+ Reinforcements
~+ On more edges « Layer definition
Spacing definition Irregular v
N Distance of layers [in] 173 3%
v GE3D1
v GED2
4 = 3
24.63 4.6 2463 = 3 8 2 0=9 z, |6
3
L —Li9— 24.63 | . |
I l fei| = X 5 | %2 )
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BOND STRENGTH IN DETAIL 3D

« Export base plate with RC Check o e o -

~ Single Anchor

* Apply bond Strength to pOSt d@ N Installation process Post-installed

inStal |ed anChorS F Anchor type Threaded rod w
O - Diameter [in] 374 ~
I v Detaill ateria r. w
 Add reinforcement to concrete  Member Pt 6132 +
y ;:E;pnm Bond strength [ksi] 1.035 |

~ |nterconnection with a base plate

Active for axial forces transfer

Active for shear transfer o
~ Geometry
AN3 L1 - Projected length [in] 0.75
ANA L2 - Embedment depth [in] 10.00

Bond strength for anchors in Detail 3D
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https://www.ideastatica.com/support-center/support-center-knowledge-base/bond-strength-for-anchors-in-detail-3d

MANUFACTURER TECHNICAL GUIDE

m Products Solutions Engineering Center MNews Info and resources

Home /" Products / Fasteners / Chemical anchors

new HIT-HY 200-R V3 ADHESIVE ANCHOR

Configurator Technical Data Documents Features & Applications Related Products

Documents

Certificate Brochure Approval document Technical information HSE Information Documentation Material safety datasheet »

PDF Whitepaper Fire design of PIR applications, English [ 1.4 MB |

PDF Product Technical Guide Excerpt for HIT-HY 200 Hybrid Adhesive Anchoring System, English [ 2.9 MB ]

PDF Product Technical Guide Excerpt for HIT-HY 200 V3 Hybrid Adhesive Anchoring System in Masonry, English [1.9 MB ]

PDF Technical Bulletin_High Strength Concrete_HY 200 V3 [124.7 KB ]

PDF Technical Bulletin for Early Age Concrete Technical Data with Hilti HIT-RE 500 V3 and Hilti HIT-HY 200 V3 Adhesive Anchor Systems, English [ 186.7 KB ]

[«

[+

[

[«

[+
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PRODUCT APPROVALS TABLE

Approvals/Listings

ICC-ES (International Code Council)

ESR-4868 in concrete per ACI 318 Ch. 17 / ACI 355.4/ ICC-ES AC308
ESR-4878 in grout-filled CMU per ICC-ES AC58
ELC-4868 in concrete per CSA A23.3/ ACI 355.4

NSF/ANSI Std 61

Certification for use in potable water

European Technical Approval

ETA-11/0492, ETA-11/0493
ETA-12/0006, ETA-12/0028
ETA-12/0083, ETA-12/0084

City of Los Angeles

City of Los Angeles 2020 LABC Supplement (within ESR-4868 for Concrete)
Research Report No. 26077 for Masonry

Florida Building Code

2020 Florida Building Code Supplement (within ESR-4868)

U.S. Green Building Council

LEED® Credit 4.1-Low Emitting Materials

Department of Transportation

Contact Hilti for various states

=l

3.2.2 HIT-HY 200 A/R V3 ADHESIVE AMCHORING SYSTEM
PRODUCT DESCRIPTION
HIT-HY 200 A/R V'3 with HIT-Z rods, Threaded Rod, Rebar, and HIS-M/RN Inserts

and

- Two great preducts with equal
performandce data

Hiti HIT-HY 200-R %3 |« User can selact product gal tima
Cartridge suitahility based on lemperaiure of
the base material and jobsite ime
requirements

* Mo hole cleaning réquirement when
inatalled with SataSet™ hollow deill bit

Hilti HITHY 2004 w3 and vacuum teehnalagy

Cartridge

* No hole cleaning requirsment when
ingtalling HIT-Z anchor rads in dry oF wet
conditiong with harmmer-drilked holes

Hilti HIT-Z Anchao
Fio T |4 ICC-ES approved for cracked concrete

and seismic service

- May be installed in diamond cored holes

R MAS Thsicisd with HIT-Z anchar rod anly when addition

Fad cleaning steps ane emplayed

- ICC-ES approwed for grout-filled concrets
Rebar MAsonry
Hilti HIS-M/AM

A R ™

=4

N SAFE-ET ‘

—
Unerncked Grout-Tlad Batamic Dasign Dimmond conad holis Hodorw Drill B Profia Benchor design
JE—— ORI TGOy Catagors #.F fov Crackad and saftwis
Lncracked Cencrain
Approvais/Listings
ESA-486E in concrete per ACH 318 Gh, 17/ ACH388.4/ 10C-E5 ACH0R
ICC-ES {international Code Counil) ESR-287E in groun-flled CHL per ICC-ES ACSA
ELC- 4834 in concrete per CS5A A3/ AC1 3854
NSF/ANS| Std 61 Certilication for use in polabie watsr
Eurcpnan Technical Approval ETA-11,/482, ETA-11,0483
ETA-12/0008, ETA-12,0028
ETA-12,0083, ETA-12,0084
City of Los Angeles 2020 LABC Supplement (within ESR-4868 far Canomete)
Gity of Los Angales Pesearch Fspont No. 2607 7 for Masanry
Flarida Building Gode S Flarida Building Code Supplemernt (within ESR-8568
U.E. Gireen Building Counail LEED Credit 4.1-Law Emitting Materials
Department of Transportation Caontact Hili for vancus states
[ i |
sag@oss (NSE)
= e
34 Arzhor Fastanng Teohnacial Guda Bd3tion 22 | 1.0 ANCHORING SYETEME | 222 HILTI HIT-HY 200 AR V3

Hild, Inc. 1-B00-379-B000 | an espaicd 1-800-870-5000 | weww. hili.com | Hilti {Canadef Coporaton | sewhilica | 1-300-353-4458
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OBTAIN BOND STRENGTH OF ANCHOR

ESR-4868

Fractional Threaded Rod

ES

ICC
EVALUATION
SERVICE®

ESR-4868

Bond Strength

Services

News Meet ICC-ES m

TABLE 15—BOND STRENGTH DESIGN INFORMATION FOR FRACTIONAL THREADED ROD
IN HOLES DRILLED WITH A HAMMER DRILL AND CARBIDE BIT (OR HILTI HOLLOW CARBIDE DRILL BIT) OR CORE DRILLED WITH A
DIAMOND CORE BIT AND ROUGHENED WITH A HILTI ROUGHENING TOOL'

Reports Directorv

Nominal rod diameter (in.)
DESIGN INFORMATION Symbol| Units . ; . 3 . ;
Home = Reports Directory > ESR-4868 e f2 s s fs 1 1
Minimum Embedment Ragmin in. 2% 2, 3Y, 3y ol 4 3
{mm}) {60y (700 (Tay (B84 (B5) (102} (127}
Maximum Embedment Ratmas in. 7 0 12Y, 15 17% 20 25
{mm} (191} (254 (318} (381} (445) (508} (635)
@ ICharactaristic bond psi 1.045 1,135 1170 1.260 1,290 1,325 1,380
% [strength in eracked Ther
g‘; ,,nr?n,“ (MPa) (7.2) (7.8) (8.1 (8.7) (8.9) (a.1) [a.5)
Page 27 of 50 2 & [Characteristic bond psi 2,220 2,220 2,220 2,230 2,220 2,230 2,230
2" letrength in uncracked | T
= Tt uner MPa) | (15.3) {15.3) (15.3) (15.3) (15.3) (15.3) (15.3)
@ ICharacteristic bond pai 1.045 1,135 1.170 1,260 1,280 1,325 1,380
Y [strength in cracked Ther
| | g ‘;‘ ,,nr?,_‘m (MPa) 7.2) (7.8) 8.1 (8.7) (8.9) 9.1) [9.5)
E 5 [Characteristic bond psl 2220 2,220 2220 2,220 2,220 2220 2,220
3 T letrength in uncracked | Tk
= e " MPa) | (153 (15.3) (15.3) (15.3) (15.3) (15.3) (15.3)
L) [Characteristic bond psi 855 930 960 1,035 1,085 1,085 1,130
F| strength in cracked Boer
.0| |0‘ g ?j ,w:im (MPa) (5.9) (6.4) (6.6) (7.1} (7.3) (7.5) (7.8)
oV 2 & \Characteristic bond psi 1,820 1,820 1,820 1.820 1,820 1.820 1,820
@ = ferength in uncracked T aner . . . -
P [ oaia (MPa) (12.6) (12.6) (12.6) (12.6) (12.6) (12.6) (12.6)
Carbida Bit or Dry and Water Anchor
Hilti Hollow Carbide Bit or Saturated fcy Dry and watar Category !
Diamond Core Bit with Roughening Concrete = % § | salurated concrete
Tool E b
' 52 g I [ .'ﬂ Ef o, s 0.65
{
.‘ Q o=
1T el £ N sens - 0.88 0.99 0.99 1.0 1.0 0.95 0.99
k1] E='—‘
Fractional Threaded Rod Bond Strength Carbide Bit or Drya & c ’ :
Hilti Hollow Carbide Bit or Sa 53 Harmmer drilled
Diamond Core Bit with Roughening Ce "
Tool £ § Core drilled +
o
TAELE 15—BOND STRENGTH DESIGN INFORMATION FOR FRACTIONAL THREADED ROD § Frisos n Ty 0.68 0.96 0.06 1.0 0.82
IN HOLES DRILLED WITH A HAMMER DRILL AND CAREIDE BIT (OR HILTI HOLLOW CARBIDE DRILL BIT) OR COR & )
DIAMOND CORE BIT AND ROUGHENED WITH A HILTI ROL TooL' -1 -
i Nominal rod diameter (in.) roughening
DESIGN INFORMATION Symbol [ Units M m a ) o For 81 1 inch = 254 mm, 1 of = 4.448 N, 1 pei = 0.006887 MPa_
o 2 _' L = For pound-inch units: 1 mm = 003837 inches, 1 M= 0.2248 Ibf, 1 MPa = 145.0 psi
Minimum Embedment Hugmn .- 2y 2 3y 3L 3y ! Bond strength values correspond to concrete compressive strength £. = 2,500 psi (17.2 MPa) For concrete compressive strength, f. between 2.500 pasi
{mm) (60 (70) (791 (83} (89 | (172 MPa) and 8,000 psi {55.2 MPa), the tabulated characteristic bond strength may be increased by a factar of (f: / 2.500)™" [For 51 (f= £ 17.2)""]. See Section
Maximum Embadment e in. Ty 10 12, 15 7, 4.1.4 of this report for bond strength determination.
{mm) (181) (2541 (318} (381) 445 | | *Temperature rangs A Maximum short term temperature = 130°F (55°C), Maximum long term temperature = 110°F (43°C).
@ [Characteristic band psi 1,045 1,135 1,170 1,260 1,290 i Ternperature range B: Maxamum short term temperature = 176°F (30°C), Maximem long term temperature = 110°F [43°C).
2% phengthin cracked Ber (MPa) 7.2) 7.8 (8.1) (87) (2.9) Temperature range C: Maximum shor term temperature = 248°F (120°C), Maxdmum long term temperature = 162°F (T2°C).
I E. [oncrets . . - - . Short term elevated concreta temperatures are those that occur over brief intervals, e.g., as a resull of @urnal cycling. Long tesm concrete temperatures are rowghly
] Characne_ris[ic bond psi 2,220 2,220 2,220 2,220 2,220 H conatant over significant periods of time.
27 prengiinuneacked | e | vpa) | (153) (15.3) (15.3) (15.3) (15.3) (15.3) | AEE
p  [Charactsristic bond psi 1,045 1,435 1,170 1,260 1,200 1,325 1,380
@ plengihincracked B T B ) 7.8 811 @®7 2.9) {9.1) (@5
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Link to YouTube video

untitled

| StatiCa® cONNECTION

S ¢ () O [

PROJECT DESIGN ECH REPORT MATERIALS

e = |~k g e e

3

==t

New Copy | Undo Share Save | Project | Members Plates LCS | New Gallery Calculate Overall Strain Concrete RC check | Equivalent Plastic Stressin Stressin Bolt Mesh Deformed
project settings N check check check % stress  strain contacts concrete forces
Project items Data Options Labels Pictures CBFEM FE analysis
"2 -
‘Analysis o 1000% devouvygae e o
Plates v/ 00<50% -30.00 Production cost - 70 USS Check of anchors for extreme load effect
Loc. deformation 0.0 < 3% - n = N T
Anchors X % Status | Item | Grade Loads 2 it t U, Utv's Detailing
= [kip] |[kip] |[kip] |[%] [%] [%]
Welds v ~ =
Concrete block 186 < 100% - O am 3/4F1554Gr.55-1 LE1 011 251 191.70 06 257 6.6
Buckling Not calculated < 3 Al
Stress, strain The behaviour of anchor groups is predicated on the assumption that all anchors in the group exhibit roughly the :.
oD LE1 This is verified if the anchors are of the same type, diameter and embedment.
(CEB-FIB: Bulletin 58: Design of anchorages in concrete (2011) — Chapter 1.2)
>
Concrete splitting failure during installation should be evaluated by ACI 355.2 requirements.
% Anchor tensile resistance (ACI 318-25 - 17.6.1)
L AT 4 A & em o~ AT ~aa an »
e — - _____———+—__——___________=} »
+ ‘:3 A2 3/4F1554Gr.55 -1 LE1 872 249 191.70 497 25.5 313
© A3 3/4F15546Gr55-1 LE1 011 251 - 06 257 66
+ \‘::) A4 3/4F1554Gr.55-1 LE1 873 249 = 49.8 25.5 313 :
[ksi] F
Design data
45.00
Grade ¢Nsa ¢Ysa
40.0 [kip] | [kip]
350 3/4F1554 Gr.55-1 17.53 9.77

Design code: AISC 360-22 (LRFD) / ACI 318-25  Analysis: Stress, strain  Load effects: In equilibrium ~ Units: in


https://youtu.be/yNN0Hz-92V4

VERIFY ANCHOR STRENGTH FROM RESULTS

Ew

£
=]
[a1]
v
Load increment
Anchor
+ | Cast-in A2
+ | [ Post-installed A2
y + | | Cast-in A2
N —
+ | | Post-installed Al
+ | | Cast-in A1
=+ | Post-installed 41
=+ | | Cast-in Al
v
e
(i) Steel failure
-

(i) Steel failure preceded
by concrete spall

-———-———————-——-————--—”

D100.0%, L100.0%

Nf [kip] | V [kip]

8.13

8.13

2.65

2.55

1.99

2.45

2.37

Steel anchor tension and shear check

M [kip.ft] | Msa [kip] | $Vsa [kip] | dMsa [Kip.ft]

0.09

18.75

18.75

9.75

9.75

9.75

9.75

9.75

Utt [%] | Uts [%]
43.4 26.1
433 20,4

0.1 25.2

0.1 243

1.8 6.7

0.1 6.7

Uth [%2] | Utts [%] | Utth [22]

E
Q

- 57.9 -

'

()

o

I
'

- 21.1 -

- 20.3 -

Q00000

!

-l

=]
l

'

wn

e
'
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VERIFY BOND STRENGTH FROM RESULTS

0.7

0.6

0.5

0.4

03

03

0.2

0.1

0.0

1D

i)

(vi) Bond failure

-.-—-

Extreme Strength: LE1 (D100.0%)

Load increment b0 Bond stress Bond strength
Anchor X [ft] | Y [ft] *| b [ksi] & [in] Fa [kip] | F tot [kip] | F tot/F lim [%] ’(ip] &/& lim [%]
Post-installed A2 -0.46 -0 5{3’ -0.90- o 0.02 0.27 3? 0.74 68.5 0.3
Post-installed A2 -0.46 -0.0 -0.80 0.6 0" 0.02 212 ’.3 3.69 58.7 0.2
Post-installed Al 0.46 - “-l- - C-.C-T. 01 0 0.00 0.06 , 0.3 18.73 121 0.0
Post-installed Al 0.46 -0.50 - C-.BS. 0.0 0" 0.00 0.32 , 19 16.99 1.7 0.0
Post-installed Al 0.46 IC-.S“' - C'.QC'l 0.0 0" 0.00 0.00 , 0.5 0.74 0.6 0.0
Post-installed Al 0.46 l-C-.SC- -0 2:-. 0.0 0 0.00 0.3’ 18 1847 0.3 0.0
Cast-in A2 - C-I 0.50 -0.07 0.0 0" .00 £.13 433 18.75 0.0 0.0
Cast-in &1 .46 0.50 -0.07 0.0 0" 0.00, , 0.02 0.1 18.75 0.0 0.0
Cast-in A2 t’ 0.46 0.50 -0.09 0.0 C’ ﬁ.&& 813 433 18.73 0.0 0.0

» .
-
- o

//#/=/=] StatiCa*®



3. RETROFITS

Adapting a joint to a new layout

StatiCa®



CASE: POLE BASE PLATE RETROFIT

-35.00

EXISTING 2DEGREES MONOPOLE
TIER TE.

NUMBER OF CLAMPS MAY VARY
FOR OTHER POLE TYPES, REFER

TO DESIGN ENGINEER.

CLAMP DOWN BRACKETS
ALIGNED WITH EXISTING
MONOPOLE STIFFENERS

p— 5 x FABRICATED STEEL BASE
PLATE CLAMP BRACKETS FIXED
WTH NEW M30 HD BOLTS
DRILLED AND EFOXIED INTO
EXSTING FOUNDATION

ENSURE FULL BEARING

v
PLAN ON POLE BASE PLATE

SCALE 1:20

TYPE 1 OR 2

150

re— EXISTING TIER 1 MONOPOLE,

£X 32 mm BASE PLATE CLAMP
BETWEEN CLAMP BRACKET BRACKET.
AND EXISTING BASE
PLATE.
EPOXY DRYPACK MORTAR,
SKADUR UA OR APPROVED
EQUIVALENT, SCABBLE EXISTIHG
CONCRETE SURFACE BENEATH
1
BREAK BACK EXSTNG i
BREAC BACK EXSTI b 2-130x 550 LONG GRADE 88
BASE PLATE IN AREA OF ‘ HOLD DOWN BOLT (THREADED
! ROD).ORILL AND EPOXY INTO
NEW BRACKET 1
| EXISTING FOUNDATION, 400 MINIMUM
| ENBEDMENT,
REFER TO TENSIONING PROCEDURE
N NOTES.
SECTION A
SCALE 1:10

260

200
n ﬁm :
: G .
::é g
Tt Y P
(TVPICAL) . 2-3 . '
’ ¥
% ‘V
200
SIDE ELEVATION
BASE PLATE CLAMP BR
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CASE: POLE BASE PLATE RETROFIT

A
i

‘\\[“[ i

T

‘Iﬁilli‘i

G ll

1. Connection app

Base plate model

Learn the capacity of the
connection

Verify the old and new load

2. Connection app
Reinforced connection

w/stiffeners & anchors

Learn the capacity of the combined

connection

Verify the connection for the new

load

WAVAVA AN
A

3. Detail app

Reinforced concrete
design & post-installed
anchor verification
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RETROFIT CASE: LOAD INCREASE ON EXISTING STRUCTURE

AISC Design guide 15 Rehabilitation Similar approach for a bracket plate to
and Retrofit concrete column

‘ R} =75.0 kips R;, =50.0 kips

Analysis " 100.0% PN CRGIRRg i (2 w
Chemical composition and field testing finds that the existing ASTM A9 steel (F,= 33 ksi) is weldable. [See Ricker (1988) and Plates 0,269 < 5.000%
Design Guide 21, Section 4.4.3, for additional information about welding to historic steels.] For the new seated connection, use N

ASTM A36 steel and fillet welds with 70-ksi electrodes. Loc. deformation 0.0 < 3%

Anchors X 176263 > 100% '
Solution: Welds v TB2<100% <

From Table 5-3.1. the geometric properties of the historic structural steel beam are as follows: Concrete block 374 < 100% .
S20%85 Buckling Not calculated
v Stress, strain
d=20in f,,=0.653 in. 1=0.917 in. k=1.831in 51
From AISC Specification Section J1.9, existing rivets are permitted to be utilized for resisting loads present at the time of

alteration, and the welded seated connection need only provide the additional required strength. However, many designers have
expressed concerns about the deformation capability of a bolted/riveted connection acting in tandem with a seated connection.
Therefore, this example will conservatively design the stiffened seat to take the full required strength of:

LRFD ASD
R.=R R,=R,
u = R finat a = Ra,finat ad: 24,15
=165 kips =110 kips

[ksi]
f Existing column 45.00
400
A
Existing beam 35.0 b
%" S20x85 {7
| N
300 2o o
0”:‘ & 0’:‘\
AN, 250 ,.0.0’(\ G ESK
il o LSRR
H o | 200
e ~ i 150
H o — Existing double angle
o riveted connection 10.0
ui 50
T~ New stiffened 0.00
M seated connection

Fig. 6-38. Added seat for strengthening of existing connection.
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KEY TAKEAWAYS

Retrofit, revisions and Integrated Workflows Results &
changes Documentation
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ANCHORING WATCHLIST:

Articles

Retrofitting existing steel connections

Misaligned anchors and notches in base plates

On site interferences - Change assessment

Revising a bolted shear tab to a welded shear tab

Webinars

Solve design RFIs and Retrofit challenges
quicker than ever

Cast-in Plate Design in IDEA StatiCa

Office-to-residential conversions structural
engineering deep dive

Tutorial: Embedded plate with mixed anchors

Detail 3D — Theoretical background

Headed studs + Welded

- Plate in the corner
reinforcement

Today Webinar videos:

Embedded plate+bracket plate Base plate

Misaligned anchors Concrete pedestal
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https://www.ideastatica.com/support-center/blog/connection-design-rfis-retrofitting-existing-steel-connections
https://www.ideastatica.com/support-center/blog/connection-design-rfis-misaligned-anchors-and-notches-in-base-plates
https://www.ideastatica.com/support-center/blog/connection-design-rfis-on-site-interferences
https://www.ideastatica.com/support-center/blog/connection-design-rfis-on-site-interferences
https://www.ideastatica.com/support-center/blog/connection-design-rfis-on-site-interferences
https://www.ideastatica.com/support-center/blog/connection-design-rfis-revising-a-bolted-shear-tab-to-a-welded-shear-tab
https://www.ideastatica.com/support-center/blog/office-to-residential-conversions-structural-engineering-deep-dive
https://www.ideastatica.com/support-center/blog/office-to-residential-conversions-structural-engineering-deep-dive
https://www.ideastatica.com/support-center/blog/office-to-residential-conversions-structural-engineering-deep-dive
https://www.ideastatica.com/support-center/blog/office-to-residential-conversions-structural-engineering-deep-dive
https://www.ideastatica.com/support-center/blog/office-to-residential-conversions-structural-engineering-deep-dive
https://www.ideastatica.com/support-center/blog/office-to-residential-conversions-structural-engineering-deep-dive
https://www.ideastatica.com/support-center/support-center-tutorials/connection-to-detail-integration-cast-in-plate-with-mixed-anchors-en
https://www.ideastatica.com/support-center/theoretical-background/idea-statica-detail-structural-design-of-concrete-3d-discontinuities
https://www.ideastatica.com/support-center/theoretical-background/idea-statica-detail-structural-design-of-concrete-3d-discontinuities
https://www.ideastatica.com/support-center/theoretical-background/idea-statica-detail-structural-design-of-concrete-3d-discontinuities
https://www.ideastatica.com/support-center/webinars/solve-design-rfis-and-retrofit-challenges-quicker-than-ever
https://www.ideastatica.com/support-center/webinars/solve-design-rfis-and-retrofit-challenges-quicker-than-ever
https://www.ideastatica.com/support-center/webinars/connection-wednesdays-world-premiere-cast-in-plate-design-in-idea-statica
https://www.ideastatica.com/support-center/webinars/connection-wednesdays-world-premiere-cast-in-plate-design-in-idea-statica
https://www.ideastatica.com/support-center/webinars/connection-wednesdays-world-premiere-cast-in-plate-design-in-idea-statica
https://youtu.be/0IWoUs6jgrI
https://youtu.be/0IWoUs6jgrI
https://youtu.be/0IWoUs6jgrI
https://youtu.be/Q8tP1FMCawE
https://youtu.be/OxZwttHD0OQ
https://youtu.be/yNN0Hz-92V4
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ANCHOR DESIGN

Cast in place Post installed

Anchors with Embedded plate with Shear lug

washer plates welded reinforcement Gap Adhesive anchors

Hooked anchors Embedded plate Mortar joint/grout
w/headed studs and

welded rebar //#|=[=] StatiCa®



ANCHOR REINFORCEMENT FOR TENSION

ACI 318-19, commentary R17.5.2.1
Practical use is cast-in anchors

Stirrups, ties or hairpins as close to the
anchor as practicable

Bars within 0.5hef of the anchor
centerline may count as effective

I
£ 0.5hy—= Mchor reinforcement

Supporting research covered bars no S e L o
larger than No. 5

StatiCa®



ANCHOR REINFORCEMENT FOR SHEAR

Enclosing bars contact the anchor,
close to the surface

Bars larger than No. 6 are not

As small as possible

reCO m m e n d ed l » obsgrving cover
Pu.4 requnrementsﬁ'
Full fy development, both sides of the | = jaf T
brea kout Su rface T_—zas' \»Ancnor\’\ nnnnn _T :%5 '\A i reinforcement
'\‘ group reinforcement g:)(inor
Extra bars cannot shorten ) | .

Plan Section A-A

development length

Alternative: bars enclosing the edge
reinforcement

StatiCa®



CONFINING REINFORCEMENT AND PULLOUT

ACl 318, R17.6.3.2.2 COMMENTARY

R17.6.3.2.2 The pullout strength equations given in
17.6.3.2.2(a) and 17.6.3.2.2(b) are only applicable to cast-in

o Sp|rals th rough the head reg|on can ra|se headed and hooked anchors (Kuhn and Shailkh 1996; fib

2011); they are not applicable to post-installed expansion,
p u | |O ut St re N g t h screw, and undercut anchors that use various mechanisms
for end anchorage unless the validity of the pullout strength
equations is verified by tests.
The value calculated from Eq. (17.6.3.2.2a) corresponds

C a St - i n h ea d ed St u d S a n d h ea d ed to the force at which crushing of the concrete occurs due to

bearing of the anchor head (fib 2011; ACI CODE-349). It
1s not the force required to pull the anchor completely out

bO |tS O n |y of the concrete; therefore, the equation does not contain a
term relating to embedment depth. Local crushing of the
concrete greatly reduces the stiffness of the connection,
and generally will be the beginning of a pullout failure. The
pullout strength in tension of headed studs or headed bolts
can be increased by providing reinforcement, such as closely
spaced spirals, throughout the head region. This increase can
be demonstrated by tests, as required by the Licensed Design
Professional for the specific application.

Equation (17.6.3.2.2b) for hooked bolts was developed by
Lutz (1995) based on the results of Kuhn and Shaikh (1996).
Reliance is placed on the bearing component only, neglecting
any frictional component, because crushing inside the hook
will greatly reduce the stiffness of the connection and gener-
ally will be the beginning of a pullout failure. The limits on
esare based on the range of variables used in the three test

//#/=/=] StatiCa®



ACl 318 — CHAPTER 177 ANCHORING TO CONCRETE

ACI 318, Chapter 17 is the
governing code for
headed stud anchors
welded to embed plates

CHAP
CODE

17.1—Scope
17.1.1 This chapter shall apply to the design of anchors in

concrete used to transmit loads by means of tension, shear, or

a combination of tension and shear between: (a) connected
structural elements; or (b) safety.
structural elements. Safety levels specified are mtended for
in-service conditions rather than for short-term handling and
construction conditions,

elated attachments and

17.1.2 Provisions of this chapter shall apply to the
following anchor types (a) through (2)

(a) Headed studs and headed bolts having a geometry that
has been demonstrated to result in a pullout strength in
uncracked concrete equal to or exceeding 1.4, where N,
is given in Eq. (17.6.3.2.2a).

(b) Hooked bolis having a geometry that has been demon-
strated to result in a pullout strength without the benefit
of friction in uncracked concrete equal to or exceeding
1.4N,,, where N, is given in Eq. (17.6.3.2.2b)

(c) Post-installed expansion (torque-controlled and
displacement-controlled) anchors that meet the assess-
ment criteria of ACI CODE-355.2

(d) Post-installed undercut anchors that meet the assess-
ment criteria of ACI COD] .2

(e) Post-installed adhesive anchors that meet the assess-
ment eriteria of ACI CODE-355.4

(f) Post-installed screw anchors that meet the assessment
criteria of ACI CODE-355.2

(2) Attachments with shear lugs.

17.1.3 If post-installed deformed reinforcing bars qualified
in accordance with ACT CODE- 5 are used as tension or
compression reinforcement, development length shall be in
accordance with 25.4.2 and 25.4.9

R 17—ANCHORI

I'o CONCR
COMMENTARY

R17.1—Scope

R17.1.1 This chapter is restricted in scope to anchoring
devices used to transmit loads into concrete and whose use is
or life safet

rela

ed to strength, stability Two main types of
applications are envisioned. The first is connections between
structural elements where the failure of an anchor or anchor
group could result in loss of equilibrium or stability of any
portion of the structure. The second is where safety-related
attachments that are not part of the structure (such as sprinkler
systems, heavy suspended pipes, or barrier rails) are attached
to structural elements. The levels of safety defined by the
factored load combinations and ¢-factors are appropriate for
structural applications. Other standards may require more
gent safety levels during temporary handling

R17.1.2 Typical cast-in headed studs and headed bolts
with head geometries consistent with ASME B1.1, B18.2.1,
and B18.2.6 have been tested and proven to behave predict-
ably; therefore, calculated pullout strengths are acceptable.

Post-installed expansion, screw, and undercut anchors do
not have predictable pullout strengths, and therefore quali-
fication tests to establish the pullout strengths according to
ACI CODE-355.2 are required. For post-installed expan-
sion, screw, and undercut anchors to be used in conjunc-
tion with the requirements of this chapter, the results of the
ACT CODE-355.2 tests have to indicate that pullout failures
exhibit acceptable load-displacement characteristics or that
pullout failures are precluded by another failure mode

In accordance with ACI CODE-355.4, steel elements
for adhesive anchors may include threaded rods, deformed
reinforcing bars, or internally threaded steel sleeves with
external deformations. For adhesive anchors, the character-
istic bond stress and suita y T ctural appl ns are
established by testing in accordance with / 55.4
Adhesive anchors are particularly sensitive to a number
of factors including installation direction and load type. If
adhesive anchors are used to resist sustained tension, the
provisions include testing requirements for horizontal or
upwardly inclined installations in 17.2.3, design require-
ments in 17.5.2.2, certification requirements in 26.7, and
mspection requirements in 26.13. Adhesive anchors qualified
n accordance with ACI CODE-355.4 are tested in concrete
with compressive strengths w 2500 to 4000 psi
and 6500 to 8500 psi. Bond strength is, in general, not highly
sensitive to concrete compressive strength

in two ranges

R17.1.3 Post-installed deformed reinforcing bar systems
tested and assessed in accordance with ACI CODE-355.5 are
suitable for use m accordance with the provisions for str
deformed reinforcing bars in the Code. Refer to R25.4.1.6
Post-installed reinforcing bar dowels are designed using the
for adhesive anchors in Chapter 17. In this case,

tion of the adhesive is performed in accordance
with ACI CODE-355.4

American Concrete Institute — Copyrighted @ Material — www.concrete.org
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AISC 360-22 CHAPTER | — SECTION 18.3

used and 10 in. (250 mm) if lightweight concrete is used. The provisions of ACI
318, Chapter 17, are permitted to be used in lieu of these values.

I 8 S t I h t' t (d) Minimum center-to-center spacing of steel headed stud anchors shall be four
ee a n C O rS SeC IO n nO diameters in any direction. For composite beams that do not contain anchors

located within formed steel deck oriented perpendicular to the beam span, an

[ ]
a p pl iICa b I e fo r h ea d e d additional minimum spacing limit of six diameters along the longitudinal axis of

the beam shall apply.

Stu d S fo r e m b ed d ed p | ates (e) The maximum center-to-center spacing of steel anchors shall not exceed eight

times the total slab thickness or 36 in. (900 mm).
3. Steel Anchors in Composite Components
This section shall apply to the design of cast-in-place steel headed stud anchors and
steel channel anchors in composite components.

The provisions of the applicable building code or ACI 318, Chapter 17, are permitted
to be used in lieu of the provisions in this section.

User Note: The steel headed stud anchor strength provisions in this section are
applicable to anchors located primarily in the load transfer (connection) region
of composite columns and beam-columns, concrete-encased and filled composite
beams, composite coupling beams, and composite walls, where the steel and
concrete are working compositely within a member. They are not intended for
hybrid construction where the steel and concrete are not working compositely,
such as with embed plates.

Specification for Structural Steel Buildings, August 1, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION

16.1-116 STEEL ANCHORS [Sect. I8.
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