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REPRESENTATIVE) TO MODERN CONTINENTAL COMPANY DATED
JANUARY 7, 2000 REGARDING THE CONTRACTOR’S ANCHOR ADEQUACY
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NMODERN CONTINENTAL CONSTRUCTION Phone: (617) 695.2277

Fav: (017) 695-2272

O Nevco Court - Boston, MA-02210

L]

Structural Calculations for Adhesive Anchors

INDEX STAMP

Contract No. 99119-C0982 Paragraph 1.04 K

Epem“catlon Section igpec3aq-ﬁev)

723.480-014 C

CENTRAL ARTERY { TUNNEL

Pemmission To Proceed Does Not Constitute Acceptance Or Approval

Of Design Details, Calculations, Analysis, Test Methods, Or Materials
Developed Or Selected By The Contractor / Supplier And Does Not Relisve
The Contractor / Supplier From Full Compliance With Contract Requirements.

. Work May Proceed

. Work May Proceed Subjaect To The Changes Indicate
Resubmittal Not Required
ork May Not Proceed On Indicated Parts

Resubmittal Required. Work May Proceed on Other Parts.
3. Ravise and Resubmﬂ. Work May Not Proceed.
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Section 1

Manufacturer’s Response to Comments from Previous Submittal



OowWwers.

FASTENERS

Monday, December 20, 1999 Powsrs Fsateners, Inc,
2 Powere Square

Newman, Renner, Colony New Rochelis, NY

18 South Maple Street USA 10809

Bsllingham, MA 02019
Tslephane: 1-{014) 238-8300

Aln: Mt Gaw Wilcox Fax; 1-{014) §76-8483

Ph: (508) 9664455

Fax: (S08) 966-5255

Wab Bite! www. powsrs.com
E.-Mall: williamson(mpowers.com

Re: Modemn Continantal - CO982 Tunnel Finishes - Epoxy Anchor
Dear Mr. Wilcox:

Pursuant to your request, the attachments forwarded under your fax cover sheets dated
December 6 and 15, 1999 have been reviewsd. The foliowing comments are in response to hand
written inquiries in order of their appsarance;

Documant Title: CO882 Structural Calculations {ref. Submittal 723.480-014C)

Page Number 1

Section B: "Allowable Loads", Adhesive allowables

a. Adhesive Tension Allowable = 6,350 Ibs.

Powers Fasteners’ comment: Agree — Adhesive Tenaion Allowable v 8,350 lbs.

SeCﬁDn C: "_____\Intaraction Facm.__rs" {(T-ciual , Tnl.lavuh!n) + (Vaaunl / Vanéwabts)} < 1
Powers Fastensrs’' comment; Ths veralons of thia equation that appear in current ICBO
Acceptance Critsrla for Adhasive Anchors In Conerefe and Masonry Elements AC58 are }%1
attached. When fInal issuance of ICBO ES, Inc. Evaluation Report No. 4514 which Includes
P, = Service tenslon load ' (j,/ 4

Powaer-Fast becomes avallable, the squation that will appear In the report will be V u/%
V, = Applled sarvice shear load

V, = Sarvice shear load | éél}y&°

{(P,IP)+{V,IV)<1 where: P, = Applled service tension joad

A draft copy of ICBO ES, Inc. Evaluation Report No. 4614 is attached.

Page Number 2

Section C: *Interaction Factors”, 2. Two bolt connection loading condition (F.S. = 2.0)

I} Powers Fasteners’' comments: Please refer to page 143 of Powers’ Fastening Systems
Design Manual, Second Edition, Section 51.3 Performance Data. 1tis stated: "...(adhesive
load) capacities liated in thls manual are publlshed in two ways. The ultimate or fallure
load for the adhesivs I8 published firet. Then ths allowable bond strength for the adheslive
based on a xafety factor of four is tabulated along with the atiowabls load capacities for
various threaded steel anchor rods or reinforcing bare. The designer may wish to use
higher safety factors than the minlmum safety factor of four. ... As in all applicaticns, the
actual safsty factors used and allowable load capacities should be reviewed and verifled
by a design professional familiar with the actual product Inataliation.”




it Is agreed that the factor of aafety only applies to the adhsstve. The lowest factar of
safety that Powers Fasteners would ever recommend, howevaer, is four. The allowable
bond strengths in tension and/or shear are then compared to the respective aliowable
steel strengths, using the lesser of the two valuss as the allowable load capacity of the
anchor. Ultimately, It would have to bs the declsion of the design professional to reduce
the factor of safety down to two. What excerpt from the manufacturer's catalog doss the
hand written comment refer to?

1) T atow-an 8hould ba equal to 6,350 Ibs., \l,,,‘,.,_,,,h should be equal to 4,415 tbe. 1t Is agreed
that T, yones Ehould be corrected to squal 7,560 Ibs. V,,,...: hould be equal to 3,915 lbs.

Seciion C: "Interaction Factors”, Four bolt connection loading condition (F.S. = 4.0)
Powsrs Fasteners' comment: Agres — T,,...... = 8,350 Ibs.

Document Title (C09B2) ~ Adhasive Anchars for Ceiling Supporis {Ref. Submittal 723.480-008D)
Page Number 5 — Market Copy of First Page of Conam inspection, Inc.'s Heat Testing Report
dated Novemnber 11, 1593

1) Did test malch required embadmant depth of 5" minimum?

2} Wsre any displacements ocbserved while the anchor was under load and with fire applied?
Powers Fasteners’ comments: A copy of the entire test report is attached, This test waa
performed for a simlar ceiling panel project, No emhadment depths ars reflected in ths
report. However, a proof load of €,250 ibe. was targeted. The concrete test blocks had a
compressive strength of 4,752 pel. Based on anslysis of Powers’ published performance
data current at that time (copy sttachsd), the minimum embedment depth that would have
been needed to achieve an allowable tenslle Ioad of 6,250 Ibs. would have heen between 4-
7/8" and 5".

Ref. Specification 723.480, page 7 of 13, Section 2.08, “Adhesive Type Ceiling Anchorage
Systam”, Paragraph B

Powsrs Fasteners’ comments: Please find attached a Product Proflle describing a similar
application where Power-Fast Epoxy Injection Ge! was used successfully.

Should you have any questions or require further informatien, please feel free to confact me at
(314) 235-6300,

Very truly yours,

Ray Wiliamson )
Engineering Manager-

cc: Williarn H. Alderman, P.E. - Powars Fasieners, Inc.
Jack Armour — Powers Fastenars, New England



Powers Fasteners, Inc.
"2 Paviers Square
i m Rochefie, New Yori 10831
5 Stephen A_Rice

[g Field Engineering Manager
it . ©14-2356300
o Fa 914-2358774
H E-mail: rice@powers. com

[
E‘Wednesday October 20, 1999

pras:s

4l'dlr Neil Joyce

!!MDdem Conlinental Construction
%6 Neco Cour

[ Boston MA 02210

W 2 A AT

Re Powers Data Interpelation (Contract COSB2 |-63 Tunnel Finishes)

e

Dear Mr. Joyce:

ln response to your fax memo io Mr. Gary Wilcox dated 10/19/99 regarding interpolation and per my discussion
ith Jack Armour of Powers Fasteners Boston, | have the foliowing response.

F

lease reference the attached page no.68 from the Second Edition Powers Rawl Faslening System Design
anual. In the last paragraph of seclion no. 22.8.3 Depth of Embedment, it slates, "For applications requiring
statiation a{ embedment depths belween those published, linear interpofation is permitted.”

or further information, please contact me at (914) 235-8300. Thank you for your attention.

Sowers Fasteners

ttachment (p.68 Fastening System Design Manual Zed.)

Woestwood Systems, Inc., Gary Wilcox,
Powers Fasteners, Inc., William Alderman.
Powsrs Fasteners Boston, Jack Armour.

Powers Fachening, ine. (USA}
New Rochells, New YorX
Sruehar, New York

Powers industdes Lid. [Cansds)
Missirsauiagya, Onlavic
Austramsis, Pry.

Viclorie. Australe

Rawl New Zosiand, Lid
AtreRind, New Ineland

Powers Hetal Marnstactiring Sompdty
Hudsan, Michigen

Irtarrasonal Pin
Pk Foreal Winais
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??EZ Combined Loading

The combination of loads for anchors loaded in both
% tension and shear should be proportional as follows
# Based upon the Uniform Building Code:

_"% )5/3+ (%)%'351

Where: Ts = Applied Service Tension Load
Ta = Allowable Tension Load
Vs = Applied Service Shaar Load
Va = Allowable Shear Load

1.2 Daoth OF Embedment

Fhe depth of embedment published for each anchor in
{ the load capacity charts is critical to achieving th
| ‘Bxpected Joad capacities. This depth is measured fro
i} the surface of the base material to the bottom of the
# ‘anchor. For mechanical expansion anchors, this w
i ibe the depth measured to the bottom of the agichor
* Hrior to actuation. For each anchor type, a minkmum

mbedment depth is specified. This depth is typ

he minimum required for proper anchor instaflati

nd reliable functioning. Attempting to install an \

nchor at less than the minimum required may over-
ress the base material causing it to fail when the
nchor is expanded. In some masonry materials, the
inimum depth may be decreased depending upan
a2 anchor style as noted in the load tables.

il :as noted in Section 2.8, the load capacity of seme anchor
1 ctypes will increase with deeper embedments. For anchors
hich exhibit this behavior, multiple embedment dapths
nd the carresponding load capacity are listed. As the
mbedment depth is increased, the Joad capacity will
ncrease up to a transition point. This point is usually the
aximum embedment dapth listed. At this point, machan-
al anchors may experience material fallure or localized
ure of the base material around the expansion mecha-
ism. Adhesive type anchors may reach the capacdity of
the bond, the anchor rod material, or the capadity of the
ase material. The following diagram shows the fypical
erformance of a mechanical anchor installed in concrete.

4

Ho Sigeificant
Load increase

Tension Load

@ »— Rinimuam Embedment

)

Embedment Depth

At the minimum embedment depth, the mede of fail- ()
ure at the ultimate load capacity is typically a conarete
shear cone. As the anchor is installed at a deeper
embedment depth, the size of the theoretical concrete
shear cone increases, resulting in an increased load
capacity. As the embedment depth is increased towards
point 2, the mode of failure changes from a concrete
shear cone to localized failure around the expansian
mechanism. Beyond this point, marginal load capacity
increzses can be expected until the capacity of the
expansion mechanism or anchor material is reached at
ernbedment depths corresponding to point 3. The load
capacity will not increase significantly for anchors

i bedment depths beyond this point. This
fisted in the
anchor load capacity T :
mended. Applications which require an embedment
deeper than those published should be tested to verify
proper anchor performance.

Fer applications requiring installation at embedment

depths between those published, linear interpolation is
permitted,

22.6.4 Base Material Strength

materials in which anchd : aries wide-

fy and is a key factor in the perfermance of an anchor.
Powers Rawf publishes the average uliimate load capac- - [
ities for anchors installed in concrete and masonry units é& :
along with other appropriate base materials depending ¥ 5| §
upen the product.

For installations in concrete, the load capecity of an
anchar usually increases as the compressive strength
increases. The load capacities for anchors installed in
concrete are published for compressive strengths of
2000, 4000, and 6000 psi. Linear interpolation of the
data for intermediate compressive strengths is permis-
sible.

For masonry unit base materials, the published load
capadties should be used as a guide since the consisten-
cy of these materiaks varies widely. Job site tests ara rec-
ommended for critical applications in thesa materials.

22.6.5 Base Material Thickness

The minimum recormnmendad thickness of solid concrete
or masonry base material, BMT, when using a mechani-
cal or adhesive anchor is 125% of the embedment to be
used. For example, when installing an anchor to a
depth of 47, the base material should be at least 5*
thick. Conversely, the maximurn embedmert should be
80% of the base material thickness. if a congete stab is
10~ thick, an 8" dapth would be the maximum recom-
mended anchor embedment. This does not apply to
products designed for installation in hollow base mate-
rials as noted in the individual anchor sections.
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Structural Calculations



Structural Calculations

Froiect Central Artery Seismic Code: Mass Bidg Code Filg tunnelceilingreva -
{780 CMR)

Customer Modern Continental Seismic Zone: I Date:Dwc. 17, 1598

Construction Co.

Equipment: Tunnei finishes Caics by: JV Chkd by: JT

A. Design Service Loads (Per project spec. section 723.480 2.085) " 29¢ 192

Per secli -1, 'an load! it

a. Vertical tension force on adhasive = 4000 Ibs (FS=4)
Vertical tension force on steel rod = 2800 Ins

b. Vertical tension force on adhesive = 6000 Ibs (F.& = 2)
Vertical tension force on stesl rod = 3800 lbs

Per section 2.08-E-2. Four bolt connection loading condltion
a. Verticsl tension force on adhesive = 3310 Ibg (F.S = 4)
Vertical tengion force on stesl rod = 2150 bs
Horizontal shear force applied o adhesive and stee! rod = 1000 Ibs

T EEAEIRGEERS SRR AN S AT e P Tl 0 b R d A dh &

B. Allowable Loads (Per Powsr Rawl 2nd edition section 52 pages 143, 144, 160 & 161)

The sliowsbles flowlng min. requi s;

Stee/ rod to be 315 S8

Drill diameter = 3/4"

Cancrele strength = 4000 psi

Minimum anchor embedded length = 5*

Minimum anchor spacing (Tension or Shear Load ) = Bd = 9 x 0.625" = 5"
Minimum edge distance (Tension Load) = 6d = 6 x 0.62%5" = 3.75"
Minimum edge distance (Shear Load) = 12d = 12 x 0.625 = 7.5" Govemns

/A\ Adhasive allownbles (PowerFast Epaxy Injection Gel} 318 Stainess steel rod llowsbies
a. Adhesive Tension Allowable = 8350 tbs c. Sieel Rod Tension Aliowabie = 7380 jbe
b. Adhesive Shear Allowsble = 4415 |bs d. Stee! Rod Shear Allowable = 3915 bs

AT EANEF TR R AR S RSN TR LA

C. Interaction factors {(Tsctual / Tallowable) + (Vactual / Vallowable)} <1.0

A.r nection loading condition (lo 08.5.1

Tadh =4000 VYadh -0 Tallow_adh =6350 Vallow_ach -4415
Tred =2600 Vrod =0 Tallow_rod = 7560 vallow_rod -3915
Tadh Vadh
IFadh 1 1ow adh ~ Vailow_adh IFadh =063 ¥ <10 OK
4 . Trod Vrod
IFrod * rolow Tod ~ Vallow_rod IFrod - 0344 <10 OK

10



Structural Calculations

Page 2 of 2
ﬁ} £. Two bolt connection lpading condition (loads per section 2.08-E-1b)
Tadh =6000 Vadh 0 Tallow_adh = 6350 Vallow_Adh -4415
Trod =3900 Yrod =0 Tallow_ged =7560 Vallow_rod - 3915
__Tadh _ Vadn
TFadh = Flow_adh ~ Vallow_Adh Fadh=0945 ~ <10 0K v
S —
Frog « . Trod Vrod
Tod ° Tallow rod ~ Vallow_rod IFrod = 0.516 <10 OK
A ur o jott loading condi r ssction 2.08-E-28
Tadh - 3310 vadh =1000 Tallow_adh -= 6350 Vallow_adh =4415
Trod =2150 Vrod ‘= 1000 Taltow_rod = 7560 Vallow_rod - 3915
_f Tadh Vadh
LFadh 'imw_ndﬁl T [.Vlllow_aﬂl?,} IFadh = 0.748 - 10 OK
! Trod ' Vrd
Frod = -.ﬁns@;rai) ~ | Vallow 7ea! TFrod =0.54 <10 0K

NOTE

SIGMA Engineefting Lincoln, RI 02665

11



Section 3

Edge Distance Confirmation

12



. Contract COSB2 -I-90 Seaport Access Tunnel Finishes

Reference Submittal No. 723.480- 014 C
Structural Calculations for Adhesive Anchors

Per the Manufacturer’s recommended minimum edge distance, and in accordance with Contract Drawing
$-387, Section A, the attached drawing clarifies the as-built condition of the adhesive anchors installed in
the existing tunnel constructed under Contract C04A2. The minimum edge distance (distance from
constmction joint to center line of adjacent anchor bolts) is confirmed at eight (8) inches (0.67 feet).

13






Section 4

Draft Copy of Engineering Report

Power’s Concrete Anchors
Report No ER-4514
October 1, 1999

15



ER-4514

SUBJECT:

COMPANY:
ADDRESS:

1.0

2.0

POWERS CONCRETE ANCHORS REPORT NO. ER~4514
POWERS FASTENERS, INC. - DATE:
TWO POWERS SQUARE Reissued October 1, 1939

NEW ROCHELLE, NEW YORX 10801

SUBJECT: DR AF T

Power-Fast Epoxy and Chem-Stud Capsule Adhesive Anchor Systems
DESCRIPTION:

21 Power-Fast:

2.1.1 | General:

The Power-Fast Adhesive Anchor System consists of a two-component structural
epoxy thatis used to bond threaded rods, fully threaded bolts, or reinforcing steel into
predrilled holes in normal-weight, stone aggregate concrete.

2.1.2 Materials;

2.1.2.1 Adhesive: Power-Fast adhesive is a two-component structural epoxy
that iz packaged in equal volume side-by-side plastic cariridges or pumps, The
components include a bese resin and hardener that are mixed in a one-to one 1atio
as they are dispensed through & disposable static mixing nozzle or manually in a
pump cartridge. Fast Set and Standard Set versions are availgble, The minimum
shelf tife of the cartridges is two years when stored at temperatures between 40° F
to 90°F (4.4°Ct0 32.2°C). |

2.1.2.2 Anchor Rods: Threaded rods range in diameter from 3/8 to 1-1/4 inches
(5.5 to 31.8mm) and are manufactured from carbon steel in compliance with the

mechanical properties of ASTM A 36, ASTM A 307, or ASTM A 193 Grade B7.

16
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ER-4514

u DRAF
Stainless steel threaded rod is manufactured from AISI Types 304 or 316 material. T
Fully threaded bolts (Chem-Bolf) range in diameter from 3/8 to 3/4 inches (9.5t0
19.1mm) and are manufactured from carbon steel in compliance with the
mechanical properties of SAE Grade 2 or Grade 5. Fully threaded stainless steel
bolts are manufactured from AISI Type 304 material. Specification and
instdlaﬁon requirements for threaded rod ere listed in Teble 1.
2.1.2.3 Reinforcing Bars: Deformed reinforcing bars range in size ﬁ'qm No.3
to No. 10. The bars are manufactured from steel conforming to ASTM A 615, A
616, A 617, or A 706. Specification and installation requirements for reinforcing
bars are listed in Table 8.
2.1.2.4 Concrete: Anchors are installed in normal-weight, stone pggregate
concrete having vgricus compressive strcqgths as listed in Tables 4, 5, 6, 7, 10,
and 11.
2.2  Chem-Stud
2.2.1 General:
The Chem-Stud Anchor System consists of a two-part resin capsule that is used to
bond chisel pointed threaded rods into predrilled holes in normal-weight, stone
aggregftc concrete,
2.22 Materials:
2.2.2.1 Adbesive; The Chem-Stud capsule contains pre-measured amounts of
iesin and hardener in two sealed glasg tubes. The outer glass tube is filled with
vinyl ester resin and quartz aggregate. A smaller sealed glass tube is suspended in

the resin and is filled with a hardening catalyst. The adhesive components are

17



ER-4514
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mixed by spinning a chisel pointed ancher rod into the capsule vsing a rotary
hammer, A specific capsule size i provided for each diamster of anchor rod. The
minimum shelf life of the capsules is fwo to four years when stored at
temper.ahucs under 71°F (21.1° C).

2.2.2.2 Anchor Rods: Chem-Stud threaded anchor rods have a chise} point for
proper mi:;ing of the adhesive. Threaded rods range in diemeter from 3/8 io 1-1/4
inches (9.5 to 31.8mm) and are manufactured from carbon steel in compliance
with the mechanical propértics of ASTM A 36, ASTM A 307, or ASTM A 193
Grade B7. Steinless steel threaded rod is manufactured from AISI Types 304 or

316 material, Specification and installation requirements for threaded rod are

' listed in Table 12.

2.2.2.3 Concrete: Anchors are installed in normal-weight, stone aggrepats
concrete with various compressive strengths as listed in Tables 15 and 16,

2.3  Design
Allownble static loads for anchors installed in accordance with this report are
listed in Tables 4, 5, 6,7, 10, 11, 15, end 16. The allowable tension loeds for the
adhesives must be adjusted for elevated temperatures in accordence with Figures
1and 2, Allowable loads for anchors subjected to combined shear and tension
_ v
forces are determined by the following aquation:

(PP + (Vo) < 1
where:

Py = Applied service tension load

Py = Service tension load

18
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_ Dp

Vy = Applied service sheer load : AFT
V¢ = Service shear load

Use of thess anchors in resisting vibratory or shock loeds, such es those present in
supports for reciprocating engines or crane loads, is beyond the scope of this
report,

2.4  Installation:

24.1 General: Anchors shall be installed according to the manufacturer's
published installetion instructions and the requirements of th15 report. Anchor
holes must be pre-drilled in normal weight concrete with a bit meeting the
dimensions listed in ANSI Standard B 212.15-1994. Anchor holes §hould be
drilled to the specified size and eﬁbcdmcnt depth and cleaned using compressed
air a;nd a nylon brush. Hoic diameter, embedment, spacing, edge distance, and
concrete requirerents are shown in Tables 3, 9, and 14.

2.42 Power-Fast: The Power-Fast epoxy is injected into the hole, starting at
the bottom until the hole is approximately one-half full, The threaded rod, fully
threaded bolt, or reinforcing ber is then inserted, while rotating, until fully
embedded in the anchor hole. The Power-Fast epoxy must be allowed to cure in
accortiancc with Table 2 prior to the epplication of the design load.

2.4.3 Chem-Stud: The adhesive capsule is inserted completely into the anchor
hole. Using a rotary hammer, the chisel-pointed threaded rod is spun into the
adhesive capsule until fully embedded in the anchor hole. The Chem-Stud
adhesive must be allowed to cure in accordance with Table 13 prior to the

application of the design load.

19



ER-4514

4.0

- OR ARy

2.4.4 Special Considerations: The anchors may be used within fire-resistive
construction, provided the anchors only resist wind and/or seismic forces. The
anchors cannot be used to resist tension loads in ceiling or wall installations
unless special consideration is given to fire-exposure conditions.

2.5  Special Inspection: |

Adhesive anchor installations rcqﬁe special inspection in accordance with
Section 1701 of the code. The special inspector must record the product
description including sdhesive .cxpiraﬁon date, concrete type and strength, drill bit
dimensions in compliance with this report, hole depth and cleanliness, anchor rod
diameter and length, steel grade, end verify that the anchor installation is in
accordance with the menufacturer’s published installation instructions.

2.6  Identification:

The anchors are ideatified in the field by the packaging that indicates the
manufacturer's nams (Powers Fasteners), product name, material type, batch
pumber, and evaluation r;port number (ICBO ES ER-4514).

EVIDENCE SUBMITTED:

Data complying with the ICBO ES Acceptance Criteria for Adhesives Anchors in
Concrstc and Masonry Elements (ACS58), dated Jenuary 1999.

FINDINGS:

That the Powers concrete anchors deseribed in this report comply with the 1997

Uniform Building Code™, subject to the following conditions:

20
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I DR
4.1  The Power Fast Epoxy System, Standard Set is permitted to be used for A FT
long-term live load, dead load, and short-term loads such as those resulting from
wind or earthquake forces. The Power Fast Epoxy System, Fast Set is permitted
to be used for short-term loads such as those resulting from wind or earthquake
forces.
4.2  Theallowable loads may be increased by 33-1/3 percent for short term
loading due to seismic or wind forces s m@ in Tables 4, 5§, 6, 7, 10, 11, 15, and
16.
4.3  The anchors are installed in accordance with the mmufachﬁ*cr's
instructions and this report.
44  Anchors are installed in holes pre-drilled using a carbide tipped drill
manufactured within the range of maximum and minimum drill tip dimensions
according to ANSI ﬁ212.15-1994.
4.5  Calculations justifying that the applied loads comply with this rcp;:rt are
submitted to the building official for approval.
4.6  Speciel inspection i3 provided ns set forth in Section 2.5 of this report.
4.7  Dueto the lack of an sccepted test method anﬁ procedure for the
evaluation of anchors in cracked concrete, anchors are limited to installation in
uncracked concrete, which is concrete subjected to tensile stresses not exceeding
170 psi (1.2 MPa) as induced by external loads or deformations.
48  Due to the lack of an accepted test method and procedure for evaluating
data to determine the performance of adhesive of anchors subjected to fatigue

and/or shock loading, vse of these anchors to resist vibratory or shock loads, such

21
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as those present in supports for reciprocating engines or crane lords, is beyond the
scope of this report,

4.9  Use of these anchors with unprotected carbon steel is limited to dry,
interior exposure. Installations exposed to severe, moderate, or negligible
weathering conditions, as defined by Figure 21-1-1 of UBC Standard 2]-1, are
permitted where stainless steel anchor rods are used.

4.10 Anchors are manufactured by tha Powers Fasteners, Inc., Two Powers
Stunare, New Rochells, N.Y. with quality control inspections by CEL Consulting
(AA-639).

This report is subject to re-examination in one year.

22 “
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TABLE 1 - SFECIFICATIONS AND DETAILE FOR INSTALLATION OF THREADED ROD IN CONCRETE USING
FOWER-FAST FFOXY ADHESIVE

DRar

; ROD DIAMETER [Inchax
PROFERTY ] [T;] Y] . Jﬁ 1 A
Ap [Nomlnal sren of red (In2)] 01108 1563 93058 0AATA 65013 07854 127 | .
Bﬁ]ﬂnmnl bit dismerar (In.), 716 i 4 fZ.] 1 14 TR
B [Minimum sncher embadment [in,)] 112 F) 113 3 312 i 5
T {Mwamwe dghtening trqos (AbL)) 26 48 58 T€D 750 300 600

Por BI: 1 Inch = 25,4 mm, | 1quere Inah ~ 64516 mm?, 1 fL-1bL = 1.35 N-m

TABLE 2 - MANUFACTURER'S RECOMMENDED CURE TIME FOR POWER-FAST EPOXY ADHESIVE

BASE MATERIAL MAXIMUM GEL TIMEF | MINIMUM CURING TIMET | in TI
TEMFERATURE 1 _{mlinules) {hours) (hours)
{*7} Fan Bzt Btd, £t Pt S S, Sat s Dok id 5ok
10 30 &0 — 3 16 36 ' I
] 20 43 1 7 24 L
75 8 13 1 ) 6 14 FI3
%0 1] A0 117 [ 18 3

Far BI: 1*C = SA({'F - 32)

"This la the emparamre 29 maarured 1o the bese mateeiud.

*Ths gel thme & the maxintum time durlng which the epoxy can be dlspensad before jt beging to 1ot
IAncher sbould not bo dlrturbed during tha mintrum swring Bma. When the minimum core time 19 achicved,
the anshers can sustein a dasign load end the fixture can be poahtioned.
*The full curdng tima Is the minlmum time required for the tpexy to schlave Ity vitimets load capacirles.

TABLE 3 - REDUCTIONS FOR SPACING AND EDGE DISTANCES FOR THREADED ROD OR FULLY
THREADED BOLTS INSTALLED IN CONCRETE WITH POWER-FAST EFOXY ADHESIVE

DISTANCE FOR FULL |  MINIMUM REDUCTION
DIMENSION/LOAD TYFE ANCHOR CAPACITY ! | DISTANCE3 FACTOR3
HPACINTG (3) BETWEIEN ANCHORS ~ TENSION AND SHEAR LOADS fey = 15D = 10 _ Fy=Fy=08.71
. &er = 10D w 4D Py= 058
=110 Fy = 031

EDGE DIYTANCE () —TENSION LOADS
EDGE =

CE (c} — BHEAR LOADS

TThe Tlstod values are the minlmum disiancey requircd to obtain the load

for - w 4D
valuca llated In Teble Nos. 4, 5, 6, sad 7, D « Anchor Dismeler,

When sd)scent enchor arn differont vizes or embedments, vsc largest value for D.

*The llsted valucy ere the minSmum dlstancss at which the anshor can be sct, when Joad values are edjusted sppropristely.

Load valuey In the tablcy ars multiplied by the reduction factor when anchors aro Installed a; the minlmum cpocing [latcd. Use linear
latcrpoladon for spacing betwsen critical and minimum distsnces, Multple reductlon factors for more than one spaciag or edgoe divtance
un celeulatnd separarely and smultiplled,
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TARLE 4 ~ ALLOWABLE TENSION LOADS FOR THREADED RODS INSTALLED IN NORMAL-WEIGHT
CONCRETE WITH FOWER-FAST EPOXY ADHESIVE 1, 2 3.4, 5, 6

ANCHOR BIT SPACING,| 2DGE, | MINIMUM ALLOWABLE TENSION LOAD BASED ON ALLDW;;.:_;: gamm (pﬂﬂ?:;f EB ON
DIAMETER | DIAMETER ¥ c EMEED, BOND OR CONCRETE CAPACITY (poumas)
nche) | (nchem) | (oches) | Grohe) | dnchan ASTM | ASTM | ABTM | 3047316
T =200 psi |T=3000 pal] Pc=4000 pal | =5000 pal| A 36 AT | A3 BT 52
V12 841 T3 1o 1,300
118 1,170 1,3 1077 1,666
14 1473 1,851 1,44 3,012
FE N[ 1,042 2301 FXiY 3
(] 2083 404 | 3970 1764
in N4 [ 134 Y] 2,390 2760 | - 2,5 1,120 L118 1,108 4,558 3,630
‘ EFE 612 1968 kNF13 1388
ST 7934 | dai P17 XTY)
[XT;] 1,058 LKL 348 1598
a7 amn 188 167 3758
(31 1500 1IN ERTY] 31510
1 1,200 1,518 2,708 1619
Fy1/) | 5% FA ] 1107 i1
3 1018 ~ L8 1309 4345
1\ 2,427 1,764 M 7o
1 1.8 73 EYK] 073
n ¥16 ] ] 412 1348 3,200 47135 5440 1,755 kE 1) b8 6470
[] 1840 [ 1052 (%3]
1A [ E] FIFET ] AT a4
[4 430 1217 [XTF] 451
6172 4,800 el 6,231 [%]]]
T 228 5,093 X1 7,128
iz 1,743 20710 1310 2.625
LAY 1341 2.7 1010 3315
KRS 1,969 3408 3750 4,033
[T 159 4,144 4450 4,737
. [] 3,217 4,361 R[] ]
si A4 lo 6 1/4 FET ] 1338 73560 5430 E145 580 6,075 12,555 10,120
’ B 14 1.40% 6,050 £51k 830 .
(¥} 5,003 £iia FAY 7118
Tin [ XT3] 7,01¢ 7A54 §.200
(7] 7.13) 7.430 1522 (W13
[ 7,761 tola LRI B350
3 1,400 3030 170 4350
3aM 131 FNIL] ryrry Téa |
(3171 4256 L 1972 (177}
ERYLS 310 4181 Tz 1205
8 Gl 7,308 1230 9438 .
1| s 12 71 (Y 7,540 137 §3%0 6770 | 8438 5758 15 | 140
712 7,620 L§71 (1]} 11,108
i [T (Kl 16,108 1).442
g 5,780 18,178 10,504 11,778
Lg%} 7,300 10,718 1A 15114
w fo1d 3,540 11,290 11.520 12,458
ERY;] 7,730 1330 185 1453 i
LI 3000 50 1134 5%
54 4,905 000 6,553 1,243
[31/] 5.9 7.081 7882 2667
T 7.082 BITE 3211 15,071 .
m ! e 134 Tk CNEL) 9,500 19,540 11,475 1,510 11,9058 24,405 16,450
534 B8 16,752 11,754 12,30
[§77] TRET] Ti504 12,045 14,185
1012 11,133 13,088 14,302 15,3544
¥ 12,196 14,200 15,354 VEA5E
1214 13,090 13,360 16410 14,250
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TABLE 4 ~-ALLOWABLE TENSION LOADS FOR THREADED RODS INSTALLED IN NORMAL-WEIGET
CONCRETE WITH POWER-FAST EPOXY ADHESIVE (Continued) 1,2, 3, 4, 5, 6

ANCHOR | BIT  |SPACING| EDGE, | MINIMUM | ALLOWABLE TENSION LOAD BASEDON | L0 i#.:’z'f_rmmgm‘:fmm ED O
DIAMETER | DIAMETLR ' c EZmBED, | BOND OR CONCRETE CAFACITY (pounds}
{Inche) {lach=) Onthes} | (incha) {Inchar) ASTM | ASTM ASTM | J04/316
. T 1000 pal [£=3000 pal| Frmd000 pai[F=5000 pmi| A IS AT | A153B7 5E
d EXL T 4015 4,695 5300
[§ 4,606 5,694 6,593 T.488
] 6.087 [ELT) BA5L ~ 95672 |
] FAT) [X]¥} 183185 V1,850
) (X513 10,521 12287 T,004
1 1-13 1§ 10 ] 5,8 12,118 14,188 10230 15,025 15,550 21,400 71,020

e 10,857 13,142 15,070 17,003
1 11,854 14,154 1557 11,780
11 12,811 14,188 16264 8,558
13 13,750 16178 | 11057 | 15,336
14 14,738 17,158 ([ ¥ 70,108
] 4300 5020 1690 5695

614 6248 1155 10348 12,861

71A XI5 16,352 11,608 15,507

Yik [JET ) 12,420 14,664 19,013
0 11 A8 14,364 18322 21119

-1 17 ! 1212 T 13278 16,100 20,798 15,238 11408 24398 J0518 AW

Yz i2 EREL 1853 22548 17,043

133 17.086 20,944 FYIIT AT |
13 19,004 13,568 15084 30,676

16 174 20,942 FERI] ] 192 17453

17 17 F N §]] 27310 30510 34310

Far S 1 lech =258 mm, [ pul = 6.89 kPa, | Ibf=4.dF N

'Allowable lopd muat ba the [asser of the bond or rtzef strength. When uaing the Past Set version, the boad strength must be reduced by 2536 The atee!

strength vatues Nstzd wrs In sccordencs with Sectlon 2,1.2.2.

Alfowsblc loads may be incrersed by 33-1/3% for short~tarn JosdIng due to eazthquakes or wind,

Tha tabulsed values kro for anchors Installed with cdge distance (¢) and spacing (5) In accordente with Tablc 3, The mdn:tiun factors listad in this
teblp shall be applied to the values lisled In the bond or contrzto strongth column.

*Tho tzbulated shear and 1ension velues are for anchart Installed In normal-welght concrete that has resched tha designated u!dmm compredslye
strength at the time of Ingalladon, Lincer Intcrpolation may he used for eancrete tirengths between thess Nsted,

‘Allowsble [onds besad on band strength are caleulsted based on a safely fector of 4.

¥The mInimum member or slab thlokness must be groator then 1.5 fimas the anchor embadment depth,

TAMLE 5 - ALLOWABLE SHEAR LOADS FOR THREADED RODS INSTALLED IN NORMAL-WEIGHT
CONCRETE WITH POWER-FAST EFOXY ADHESIVE 1, 2: 3,4, 5,6

ALLOWABLE SHEAR LOAD ALLOWABLE SHEAR LOAD BASED ON STELEL
Dﬁ‘ggsn o u:gua SPMEING EDCE, P'gmg“ BASED ON BOND OR CONCRRTE STRENGTH [povnds)
(incher) {inchrs) {nchey) | (incha) {lochur) CAPACITY (pounds) ASTM ASTM | ASTM | 3047316
£ #1000 pyl Minlntn AM AX? A 192 B7 85

17 1A50
1778 1320

v mne 6 $12 : :'::: ’S:: 1090 1,125 23,145 1070
v 3 . 1430
) 1,500
2 1,700
i 2,000
] 1,100

11 AT ] 6 - T8 1,540 2,080 4110 130 E

4 1,500
Y7 1300
214 2,400
] 3,060
334 3720

LY n 10 711 e ¥, 3,028 A1 .529 510
[ 3,040
$5n 1700
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TABLE 5~ ALLOWABLE SHEAR LOADS FOR THREADED RODS INSTALLED IN NORMAL-WEIGHT
CONCRETE WITH POWER-FAST EPOXY ADHESIVE (Conttaued) 1 2,3, 4, 5,6

; HEAR LOAD BASED ON STEEL,
ANCHOR BT |sPACING.| EDGE, | MINmMUM | ALTOMARE A ot A AL st unds)
DIAMETER | DIAMETER ' o EMREDL CAPACITY {peunds) AT | ASTM | AETM | 047316
(inchm) (Incher) {inchex) finchea) [Tnches) F =500 paf Wiinirmum A6 AT A 193 87 )

3 3,600
Y4 160
412 4,710

L1 n i y L i 425y 4,509 8350 6390
5 T840
5§34 5AD0
YiR 100
3 1540

" 1 14 012 § 14 4,780 5930 5131 e | 660
§A 6920
7 1560
77 5.200
1 4,500
3 6,150
3 7760

1 1 1% 12 > o 7,745 2,010 16,650 1M
i 10520
s 12,680
s 5500
514 §.000
A 10,500

114 138 2 13 s o 12,108 12,514 26,075 17,120
10 1,500
T 4 3,060

For5I: 1 lnoh =25.4 mna, 1 pal= 689 kPx, [ Ibi = 4.4 N.
‘Allowabla lond must be the fesser of the bond of steel streagth. The steel srength values Jisted arc In agcordance with Scetion 2.1.2.2.
*For shost-term loeding dus 1 carthquekes or wind allowabls shear loada for A 36 & A 307 mey be Incrensed by 33-173%. A 36 & A 307 values munt
ba vged insrend of Natcd valueg for Mgher strength ateely for these losding conditions.
*The aabulard valuor wra for anchors Installcd with 2dge disanca {c) and spaclag () in Accordenca with Tabla 3. The raductisn factass Ilsted tn chip
1abla ahul] to eppiled 1o tha yeluce 1sizd In the bond ar aoacrete grength columa,
“Tho tabulnred Ioad valuca are for knchors Installcd In normal-welght concrete that hea reached the deslgnetad ultimete compreasive strength et the tima
of lnstalisdon. Linear Intcrpoladon may be uged for conceote strengihe botween thoss Jlsted.
fAllowablo londs bared on band stength wo calculatad basad on & saftty facme of 4.

Tbe minlmum mambar or slab thickness must ba geester then 1.5 times the anchor embedment depth,

26

)



ER-4514 N DR A F;

TABLE § — ALLOWARBLE TENSION LOADS FOR FULLY TEREADED BOLTS INSTALLED IN
NORMAL-WEIGHT CONCRETE WITH POWER-FAST EPOXY ADHESIVE 1,2,%4,5467

ANCHOR BIT SPACING.| EDGE, | MINIMUM ALLOWARBLE TENSION LOAD BASED DN ALLO ﬁﬁm&%ﬂﬁr
DIAMETIR | DIAMITER 3 e EMBED, EOND OR CONCRITE CAPACITY (peundy) IR
{inche) {tnches) | (Inches) | {Incha) | (Inchos) a0 | 3000 pal =000 [ g=5080 ol GRADE! | GRADK 2| GRADEX | " g
TR [13] [17] LIt 1,100
171 1,178 1338 TAT? 1,554
1i4 1478 1551 1,04 2031
] LI 350 ] At FELT]
] 2088 2404 157k pRI1 )
i Wik s I 331 1356 1768 1543 3,130 nm 1688 4358 1630
3 2811 5H ERFI] 1186
an 203 1211 1309 FYTY]
112 1,058 143 FEY1] 115k
E¥] 1178 1564 E¥ I 3,734
S 3300 T.A90 XY 1716
) 1.200 O 2708 . 3,51¥
i1 1,509 ¥ 1,157 1,580
] .67 | Li 1309 1343
Iz 2,427 L1654 KT 1,710
4 18 1011 3313 5,013
12 (L | ] s [ 43 1,345 YADD rkiki T bR 1T 4788 7768 6.470
3 1,642 1519 3054 5777 )
L§Y;] 5,034 i LT 5L 1%
§ 1,430 ToT7 X £5) AST
iz 180 5558 E131 W |
Fi 7220 £055 6510 7118
37 1,725 2070 3350 1618
1F 2,347 2,768 KLY 3339
133 2968 3,86 3,738 1033
LELS 3,00 FRY) T30 FEEY]
§ 421 {843 150 5441
i k1] 16 614 LR, ] BT 33 5050 5143 6,080 7,495 12,058 10,130
g1 1,405 £.030 [X]T] £835
¥/ LK §] 2940 7.198 7511
71A 6357 7,056 7854 1300
A ERKT (X7 [XFF] (X114
3/ 7,708 LX) (A1 3370
3 2,400 1030 1710 4200
T ERF]] NI %17 1641
P17} 4,236 $in EE3] ] 5.9
R 5,084 6242 1112 [V
) [ 8.3 13006 8,248 ]
n i 11 1 i 5548 2370 Ty ERED) 8,750 10,795 17,500 17 408
—714 7620 (W3 [T 11,108
V4 3300 g4 {0,398 11443
[] [ %] 7 18,178 LK 1778
EY 9,350 10,778 N4l 12,174

ForSI: 1 inch =254 mm, 1 pri= 6.80 kPe, | 1bf= {48 N.
‘J.'dlewablc loed must b tha lesser of the bond or rize} strength, When using the Past St version, the bond sirength most be reduced by 25%, The neel
sirength values ilsied are In wccordance with Sectlon 2.12.2.

lallownsble londs may be Increased by 33-1/3% for short-icrm Joading dus to caurthquakes ar wind,

¥The tabulamd velves aro for anchors installed with edgs distence (o) and spacing {3) In sceardence with Table 3. The raduction factors Nered tn this
Eubl: shell be applled to the velues listed In the bond or concrets etrength columa.

The tabulntad shear u:_nd tenslon values ere for anchort Inptalled in normal-welght concrete thet hes reached the deslgnated ulimate compressive
:mgtﬁ ot the tims of installstlon. Linear intzrpotetlon may ba uscd for conerets cirengiha between thase listed,

Alloweb!a Joads based on bond smengeh are calculated based on a safcty factor of 4.

:ch minimum member or slab thicknesy must be greeter than 1.5 times the anchor embedment depth.

requl‘:erﬂg L;b a::l-?" Grede 2 requiremens for 3/8° to 3/4" dismeters apply only 1o bolts 6* end shorter. For bolts longey tian 6%, Grade | sinel
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TABLE 7 - ALLOWARLE SHEAR LOADS FOR FULLY THREADED BOLTS INSTALLED IN
NORMAL-WEIGHT CONCRETE WITH POWER-FAST EPOXY ADHESIVE L 2,3, 4,5, 6,7

; WANLES LOAD BASED ON STEX
ANCHOR BT |seacing, | mooe, | mINmumM [ e AR AR L0 A A RENT T {porende)
D“”;m“ DIAMETER ' N ‘Whm CAPACITY (prunds) oraner | Graozs | craDEs | I
{inchew} (lncher) (inche) {inchas) {Incher) £ o=1006 pat MTaTmram 8
117 1,150
T 1220
Py 1,290
n M6 $ Far T 5% 1.120 1.3ps 2,245 1.478
3 1420
334 1,500
P 1,000
TR 2,080
3 2300
7 w6 . ! 15 % 1309 244 1,050 3300
3 1500
4172 300
217 2400 ]
Tin 3,060 )
134 31,720
L] 34 10 117 eV EIT) — 1130 160 é,260 2210
] 3040 S
EETi 5,708
. 3 3.500
IV 2,160
Vi 4,720
m m 1 ? e i 4558 1,560 4,013 5350
& 3840
63 5,400 |
For5l: 1 inch =254 mm, | psl = §.89 kPa, | (bf=4.48 N.

'Allowabie Toad mun ba the [esaer of the bond or stoc) strength. The atsel strength values iluted arc In accordencs with Seedon 2.1.2.2.

*For sheri-term losding dus to carthquakes or wind allowabis shoer loads for Grade 1 of Geade 2 mey ba Increased by 33-1/3%. Grade | or Greda 2
values must be used lngtead of Jisred veluss for higher strength stecla for (heas loeding conditions,

*The {=bulated values arc for enchors instaljed with edge diitance (z) end spacing (s) In accordunce with Table 3. The reductlon factors Hstzd In thly.
tabla shell b applied to the valuas lited in the bond or conzretz aoength column.

*The mbulated losd values ars for anchors Installed fa normal-weight congrets that has reached the designated ultimate compressive sizength Bt the Ums
of Installation, Lincar (nterpolation may be wad for concrete strengths berween those fisted.

fAllowahla londs bated on bond strength sre calculated barad on n safaty Pactor of 4.

*The minlmum member or sieb thickness must ba greasar than 1.5 thmes the enchor embedment depth,

TAzcording to SAR, Orade 2 requirements for /8° to 3/4* dismeters apply only to bolts 6* end shoricr, For bolu longer than 6%, Grade | nee!
requirements apply.
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TABLE 8 — SPECIFICATIONS AND DETAILS FOR INSTALLATION OF REINFORCING BAR IN CONCRETE

USING POWER-FAST RPOXY ADHESIVE

REINFORCING BAR S1ZE
FROPERTY Mo, ¥ No d Ho. 8 | No.d N7 No. # Nc. 9 Ns. 10
 [Nominal araa of rebar (in.2)) 0178 0.208 0310 0.440 0500 0750 1.300 1270
BD [Nomifsal bt diametar {in] [J73 in 20 A 1 i 138 1172
E [Minimum tncher embedment (in.)] 331 [ 153 614 7 g 101/ 1

Fot 5I: 1 Inch = 25.4 mm, 1 squara inch = 645.16 mo?

TABLE 9 - REDUCTIONS FOR SPACING AND EDGE DISTANCES FOR REINFORCING BARS INSTALLED IN
CONCRETE WITH POWER-FAST EPOXY ADHESIVE

DISTANCE FOR FULL MINIMUM »E0UCYION

SPACING () BETWEEN ANCHORS - TENGION AND SHEAR LOADS iy~ 10D iglp = 5D Fy =y~ 850
[EDGE nmﬁcx' e}~ TANSION LOADS = 13D L) FIL- (X}
EDGE DISTANCE (c) — SHEAR LOADS ag = 16D jn= 40 P07

"The Ttrted values are the mindmum distances required o obtsin the loed velues lllred In Takle Noz. 10 end 11. D = Anchor Diamerar =
Relnforcing Bar In inshes. When adjucent enchars ers different sizas or smbedments, use largeat valos for 1.

*Tha lisced valves ars the minimum distences at which the anchor var be 522, when 1oad valucd ne edjusted appropasicly.
’Load values In the tabize ars multiplled by the reduction factor when anchors are instatied at the minjmum spasing Jined Use linoar
intarpolntlon for spacing between critical end minimum distances. Muldple ssducton factors for more than one specing or adge digtancs

tre calculatad seperataly and muldpiled.

TABLE 10 - ALLOWAELE TENSION LOADS FOR REINFORCING BARS INSTALLED IN
NORMAL-WEIGHT CONCRETE WITH POWER-FAST EFOXY ADRESIVE 1,2, 3, 4,5, 6

W, E LOAD [ALLOWABCE TENSION LOAD BASED

REDFORCING | BIT | SPACING, | EDGE, | MINIMUM A o o ON STEEL STRENGTH (povnd)

SIZE (tnchas) (Im;:]:l) (h::u!) ?ﬂ‘iig‘ CONCRETE CAPACITY (poumds) | oongsn | cRADESS

Fe=2008 pol Minimom

Ne.3 12 534 412 EEY] 2,705 2200 1540

Na. 4 £ ] & rgv;) 3510 4,000 400

Nz 4 £V 3 N TR T3 3630 200 7440

Na. & k7 ] 13142 ] FET] £,500 1400 10,460

Mo, T I 1534 1§77 EE KT ] 33,008 14368 |

No. B 1 19 12 ] 12,085 15,000 18,960

Ma.9 T34 PRI 1311 10K 13.530 19,500 23,740

Ne. 10 T2 2214 13 YA TEI¥] TEASE 29,450

ForSI: 1 Inch =254 mm, | paim 6,83 kP, | Ib{= 4 48 N,

TAllowsbls lond muat be the fesscr of the bond or sieel strength. When using the Fast Set versfon, the bond strength must bs raduced by 25%. The steel
arsngth yeluca lirted ars in necordance with Seotlon 2.1.2.3,

1Aliowsbie loads may be Incrceyed by 33-1/3% fhr shert-tenm loading due 1o carthquakes or wind.
3The tabulatad values e for anchors Installcd with cdge distance (c) and sprelag (1) In accordance with Table 9. The reduction fectora Nyted in this
tbla shall be applisd to tho values listed In the band or concrete strength column,
*Tha tabulated thear snd tonslon vafues are for anchors Installed In normal-welght concreta that hes resched the dasignated uldmats compresslye
strength atihe me of Intallstion, Lincar inrerpalerdon may be usced for concrcte strengths barween those [lsied.
’Allownbla loads based on bond sttngth are caleulatsd based on a safery factor of 4.

tmes the enchor cbedment depth.

“The minimum member or slab thicknces must bs greatar than 1,5
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TABLE {1 - ALLOWABLE SHEAR LOADS FOR REINFORCING BARS INSTALLED IN MINTMUM
2000 PSI NORMAL-WEIGHT CONCRETE WITH POWER.FAST EPOXY ADHESIVE 1,2, 3,4, 5,6

D‘MF

REINFODRCING RIT EPACING, EDGE, MINIMUM A%’,E ;ﬁi‘mgﬁﬁ)‘n

BAR DIAMETER ’ e EMREED.

SIZE (lnches) (inches) {incher} finches) GRADE 40 GRADY 60
No.3 12 [ £ EEL] 1.580 ) 588
Ne. 4 5l ] ] 4172 3060 3,060
Ma. 3 Vi A 10 553 — 1,080 4340
Na. & 7] 13172 12 §3/4 6,730 £,730
No. 7 1 XET] 4 7] (AT T) 9,180
No. B 11/8 1] e ] 12,058 12,053
No. 9 13/8 2014 12 1018 £3,150 15,150
No. 10 1342 FERT; 20 i 18,770 10,770

Por 85 | inch = 25.4 mm, [ pyi =~ 6.89 kPu, 1 [bf= 448 N.

' Allowabls load must be the lesser of the bond or stexl seength, The sesl strengrh valusy lsted ere in accordance with
Bactlon 2.1.2.3,

*Allownble lords mey be Increesed by 33-1/3% for short-term loeding duw 19 carthguakes or wind.

*Tha tabulated yalucs are for anchors Instalfed with edge dlstanca (c) and spacing {s) In azcordence with Table 4. The
reduction factors Tisted In this meble shall be epplicd w the vafuce llsted In the bond or sonerets soengrh cofumn

*The mbuleted losd velues ere for anchors Instafled In normal-welghe coacrere that hap resched the devignatzd ultdmare
eompregsive tirength ot the thme ef Installation, Linear interpalstion muay bt used for concreie strengthr botween those Neted,
I Allowabis loade based on bond srength are calcuisted based on 1 aafely factor of 4.

*Tha minimim member or sleh thicknass must ba groajer then 1.5 timea the enchor smbedment depth.

TABLE 11 - SPECIFICATIONS AND DETAILS FOR INSTALLATION OF THREADED ROD IN CONCRETE

USING CHEM-STUD ADHESIVE
ROD DM.METER (inchen
PROFERTY 1 172 o % 1 118
Ap [Namimal srea of rod (o4)] 0.71a% 5,1543 0 3DLK 0. 4( u 0.6013 0.7454 12772
ominsl bit dizmesor (I, /16 9/fp 1JAE 7/R | 118 1312
imum anchay ambedment (In.}] 3172 4 IK 5 [$1] 7 B 174 18 1A
T 1mum o phinain g mrque (fu-lb1.)] 0 L 160 200 G 300

For 511 ) Inch 254 mm, 1 square inch = 645.16.nm", ) h.-lbf =}.35N-m

TABLE 13 - MANUFACTURER'S RECOMMENDED CURE TIME FOR CHEM-STUD ADHESIVE

BASE MATERIAL
TEMPIRATURK FULL CURE TiMED
A}
Gipd 24 hours
R BE] 19 houn
1é m23 10 heurs
23 g 32 5 houry
311050 1 hour
50 12 60 30 minutes
&8 1nd shve 20 minutes
For 81: ¢*C = S/3(1°F = 12)
*This is the temperaturo 18 messursd in the base meterat, .
“Tha full curing time f1 the minfmum tme required for the edhesive to achieve s widmare foxd

cepaciticy,

TABLE, 14 - REDUCTIONS FOR SPACING AND EDGE DISTANCES FOR THREADED ROD INSTALLED IN
CONCRETE WITH CHEM-STUD ADHESIYE

DISTANCE FOR FULL MINIMUM REDUCTION
DIMINSION/LOADTVFE ANCHOR CAPACITY! | DISTANCE3 FACTOR?
| SPACING 3] BETWEEN ANCHDRS < TENGION ANG SREAR LOADS =150 i =D T Fyw 050
FDCE DLITANCE (o) —TENSTONTOADS Ze; =~ 10D ey e F= 02
EDGE DISTANCE (-)—EHEAR LOADS 2or=13D :,.,. Y F,=003

“Fihe listed valucs ar¢ the minimum disiancee réquired to obtaln the lopd velues Iis12d In Tabie Nos. 14 and 15. D = Anchor Diamcter.
When adjscent snchory are differeat alzey or embedmenty, usc largest value for D.
*The iisted valury arc the minimum distanced at which the anchor can be set, when foad valuca are adjusiad sppropriscely.
*Load values In tha tablas are multiplied by the reducilon factor when enchors sre instslled ot the minimum spacing llned. Uss Nosar
ictepolation for specing between critical and minimum distances, Muldple reduction factors for mbre than one tpaclng or tdps dismnca
wre calculatad separetcly and multiplicd.
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TABLE 15 - ALLOWABLE TENSION LOADS FOR THREADED ROD INSTALLED IN
NORMAL-WEIGET CONCRETE WITH CHEM-STUD ADHESIVE 1,2, 3,4,5. 6

ANCHOR | BIT  [sPAcING,| EDGE, | MINIMUM | ALLOWADLE TENSIONLOAD BASEDON | ALEOVARLE %ﬁ;ﬁ:ﬁm on
DIAMETER |DIAMETER| ¢ EMBED. | BOND OR CONCRETE CAPACTTY (pounds) [~ oo b ot
{inchm) (nchea} | (inche) | (inches) |  (inches) (F =100 pil |1 =308 pai | € =4000 pal| =000 pai| A 26 AT |ABIET| 88
i i 3 334 11z 1,975 1,08 2,150 2,805 115 185 4,558 150
i s/i8 ] L] 414 7510 2540 1300 4373 1,755 FEIT) 4,099 SA4TO
B g 10 EA 3 346D 4,080 4638 Ti% 3,00 073 12,565 | 16,130
I A 12 717 £ 5,573 6355 7,138 8458 £, £750 838 [ 1340
i3 1 T4 [ 7 5,970 7,005 3,140 it410 5o t1,908 24,005 16, X80

1 ¥, 18 10 T | 5050 5,805 11,675 13 260 15,035 | 15550 | 33400 | 14,00
TUF 114 10 } 1012 14,333 16,325 17150 20,360 | 234885 | 34398 | IGENN [ 34430

PorSi:1inch w254 mm, | psl wS.B5 kPa, L I6F =~ 448 N,

'Allowable load mugt ba the leaser of the bond or $tec) strength. The ptee] strength values Hstod are in accordence with Section 22.2.2,

*Allowabls Jouds may be Increased by 33-1/3% for shor-term loading dua to eanhquekes or wind.

*The tabulmed values we for anchors insmiled with edgs distence (c) and spacing (1) In eccordence with Teble 14, The reduction fectars Jisted in thix
teble shall ha applled o the valnes listed In the bond or concrzic strongth column,

“The tabulated losd velues are tor anchors insulfled In normal-welght concrem that hes mached tha desipnated nitimete compresslve frength st the tms
of instaliarion. Linear Intzrpoletion mey be nsed for concrets atengtha berwean thoys Hated.

I Allawahls Sonds bussd on bond strength ere calculated based on a sefety focior of 4,

*The minlmum member or tiab thickness muat bs greater thin .5 times the ancher embedment depth.

TABLE 16 - ALLOWABLE SHEAR LOADS FOR THREADED ROD INSTALLED IN
2000 PSI NORMAL-WEIGHT CONCRETE WITH CHEM-STUD ADHESIVE 1: 2,3, 4, 5,6

ANCHOR BIT  |SPACING, EDBGE, |mMINTMUM *Lw;;it‘ﬁ;i‘h;“m“g;‘i’ff oN-
DIAMETER | DIAMRTER| ¢ EMBED. — T e th T 20T
finches) | QOnches) | fncher) | Ginchen | fnches | O00C AT | A153BT| &S

7 e 3 3 1A 1450 T3 | 2343 1470
12 916 i & | 4R T.5i0 12,000 4170 11310
P WiE 1o T1A 3 1028 1,036 | 6538 | 341D
7 7] 12 5 7] 2358 azos [ 930 1,350
7 [ T WA 3 3530 5.3 | 1,08 | .60

T T T3 7 v 7341 00 | 16650 | 11348
Tik §77) %0 s WA | LI | LN | 5 | 17730

For STz 1 Inch = 15.4 mov, [ psl=~ 8.8% £Pe, 116~ 4,48 N.

‘Allgwable Toad must be the fesser of the bond or sioe! strengthe The sicel strength valuet Vsted e In
sccordance with Section 2.2.2.2. ’

¥Por shorttemm loading due to earthquekes or wind allowably sheer londs for A 36 & A 307 may ba Inceented
by 33-1/3%. A 36 & A 307 valuzp muzt be used ineresd of fared values for higher strength steals for dhese
loading conditlons.

TThe eabuletad yeluer are for anchor installcd with cdge distance (c) and specing (3} In sceordancs with Tabls
14. The reductlon factors Mated in this table shall be epplled to the valycy Jistcd in the bend or cancrete
strength column, ‘

*The tsbulated Joed valucs ars for anchers Instslled in normal-welght conerae the hey reeched the deslgnated
witimats compressive strength 4t the dme of installation. Lincar Interpoleden may be used for concrats
strengthr between thosa Hated.

*Alloweblo loeds bascd on bond strength are caleulniod beased on x asfory Inetor of 4.

*The minlmuct member or sTeb thickness must be gresicr than 1.5 timey the enchor embedment depth,
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I\‘IGUBE I - ALLOWABLE TENSION LOAD BOND STRENGTH REDUCTION BASED ON IN-SERYICE
TEMPERATURE FOR THE POWER-FAST EPOXYADHESIVE
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" FIGURE 2 - ALLOWABLE TENSION LOAD BOND STRENGTH REDUCTION BASED ON IN-SERVICE
y TEMFPERATURE FOR THE CHEM-STUD ADHESIVE
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Product Profile

Power-Fast™ System Provides Quick, Easy, Reliable Anchorage
in New Suspended Ceiling for Boston's Callahan Tunnel

To secure the anchors for the ceiling
hangers supporting & naw suapandad
caliing in Boglon's Callahan Tunnel, the
Power-Faat™ Epoxy injectlon Gel
Anchorlng System was sslected
tacause It was Isss costly than the
sncapsulated alternative; was odor
free, an Importent advantage in the
enciosed work ares; and did not require
any special training of the work force,

Originally, the ceiling of the approx|-
mately ona-mile long tunnel — a major
outbound artery from downtown Boston
— was a 6" thick relnforced concrets

thet had aged conalderably in lts

aar sorvice {ife. Ceramic tilas on
the face of tha cailing wara faliing off
onlo the roadway and repressnied a
potential hazard 1o passing moftorists.
in addition, the time and manpower
neaded o remove the debris from tha
road was costly. Replacement of the
fallen tiles was not feasible bacause
proper edheslon of tlle to concrats
could not be mssured. Numercus altar-
natlves to ramedy this hazard ware

For additioral Information, contact your lacal Fowart branchor

Powsrs Fastoners, inc,

1 Powers Bquare, Naw Rochblle, NY 10801

{814} 232800 » www.powsrs.com

thoroughly investigated, including the

possiblity of patehing identifiad areas of |

deteriorated concrate throughout the
entire length of tunpel.

The operating agency of the tunnel, the
Massachuestis Turnpike Authority,

datarmined that the most effective way

to reaolys the lssus was to ramove and
replacs tha celling.

The design eelected was a suspanded
calling comprised of 2" thick porcelaln
anameled stas! face sheets that were
bondad {0 & fire reslstant material. The
panels woere mountad onto structural
stesl siringers suspendad from hangers
that were secured by anchors inatallad
into the overhead sactlons of the con-
crate facing of the struciurat steel tun-
nel fining.

"We specifled an adhesive anchoring
system rathar than mechanical
snchors,” stated a apokesperson for
HNTB, Boaten, the design firm for the
ceaillng project. "The concreta In the
tinnel is more than g quanser century
old and s aubject to constant exposure
to molsture. The varlations that exiat In
the conerate due to its age and its
molsture content hava a direct bearing
on the abliity of 8 mechanical anchor to
produce a propar hold in evsry
instance * he axplainad.

"Also,” ha added, "we know that if an
anchor did not hold, special maasuras
would hava 10 ba taken to comrast the
problem. [F this occurred repealadly,
which wa expected, it would cause serl-
ous time delays that were tolally unac-
caplable becguea of this projact's rgid
completion schedule of one ysor.
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Product; :
Power-Fast™ Bpoxy Irjection Gel

tion;
Secure anchors for celling
lhangers

Locatlon:
Callahan Tunne!
Bostorn, Mass.

"Baged on previous axperience with
adheslve anchors In tha adjoining
Sumnsr Tubnel, we xnew that a mols-
ture and vibration resiatant adhesivs
anchor would be beatler sulted for this
mpplication," he continusd. “it would ba
lass dependent upon the condition of
the concrate or the degree of moisturs
absorption to produce and maintain B
sultable fastening. Similarly, vibration
penaratsd by the traffic below would
not affect the intepgrity of the connec-
tlon. Also, adheslye anchors can be
inatalled quickly and easlly, good char-
aclerislics for jobs with tight tims con.
streinte.”

Tha subcontractor on the projact, Web-
ster Enginesring, Dorchestar, MA,
selected the Power-Fast Epoxy
Injection Gel System. This high
strength, comprehensive systam frem
Powers Fasteners, Inc., consists of
Sikadur* Injection Gel, a two-compo-
nent atructural epoxy thet is dispensed
from sither manually or pheumatically
operated tools for accurate mixdng.

(continued on other side)

Adapted from Rappsr newslstter: 8pring 1902

©Powers Fastenars, Inc.
Na PF-003



The gel i5 an amina-based material that | concrste failsd long pefore the adhe- :

has a very high bond strength. In addl-
fion to providing a hlgh etrengih gnchor-

slve showed any loss of holding power.

only one day to acclimate themsslves
with its oparation,” commanied Paul
Wilkins, General Suparintandant of

age, it produces no foul order and
offsrs excakant resistance to molsture
and chemicals, The adhesive maets (he
requirements of ASTM C-B881,

"Although this 1s the first ime wa have
worksd whh spoxy on such a large
scale project, thls eystem was so easy
i to use that our work crewe reguired

Websier. “Boston Carridge Too! was
extremnely hslpful In providing the
instruction our crews nasded 1o quickly
and efficiently use tha system.

Prior to its selection, the Powar-Fast
system was subjected to a series of
puliout tests. The Powets distributor,
Boston Cartridge Tool Co., et up thesa
tests which wers withessed by an
inspector from the Massachusetts
Tumplke Authorlty. Based on a design
lvad of 4,000 pounds par anchor, ths
tests were run ot four imes the dasign
load. Actual pullout valuss averaged
six times the design load, which ware
r=ibuted to the strength of the adhes-

Tha failura rating of the adhesive
w s never detsermined because the
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"For sxampls,” he added, "for the ceil
ing hangers, we had to install over
3,000 3/4" dlameter stainless sies!
anchors, spaced every five feat acfoss
the width of the tunnel. In addition, we
had o Install over 4,800 1/2" diamatar

' misinlesa &ies) anchors, twob every five

fest, to secure the utility tray. For the
374" diameter anchor, 8 two-man crew
installed about 150 units B day. The
same slze work force Instalied the 1/2°
diarmeter anchors at a rate of 200 per
day, thereby keeping ug within our far-
get complstion dats," ha concluded.



