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Canopy-Fence Structure

o Epoxy adhesive anchors

» 7/8" diomeler '/ v-"’y-: s
> 4 anchors per frame o
= Anchored to outside {south) face of conerete parapet 3
1hrowgh flangs In column assembly
&0

= No specification for anchor materlal or adhesive system

bedment depth

» Sufficlent embedment to develop renston service load
of 4,000 lb. per anchor .

» Mo specification for hole di ter or

Visual Assessment — Anchor Holes

I I —
o Epoxy observations
» Ganerdlly bonded to substrate
concrete
» Frequent velds/alr packets,
especially In back 1.3” of hole
» Varled In color
m Qpagque dark gray
m Qpacgue light gray
B Translucent brewn

» Wet epory components extracted
at 3 locatliens
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C I . GEORGIA DEPARTMENT OF TRANSPORTATION
oncivsion Press Release
|
- For lmmediate Release: Contact: David Spear or Jill Golkdberg
. . Friday, Jasuary 20, 2012 (404} 6311525 or (404) 631-1528
o Primary causes of canopy failure related to epoxy anchor
Arlanra...
thes"vg: 17" Street Bridge Fence Canopy Failure Investigation Report Released
» Paor resistance to Iong-'lgfm creep ;;II\ ‘-r':'.\ I'I'.hu l’mlu: I;.:I e u:" ;;tmhl‘l-uu ofa u.lm.u_:i»hcl mmulm:_q_-;, onthe 17% &ukm
e above Inferstate Highways 75 and e wis am inevitnhle result of circumstances unknown ot
» Sustalned tensile loading WIE determined that the epoxy used to secure the canopy’s anchor bolts to the bridge wall lost adhesion
o Seconda Iy causes under sustained tension — a phenomenon known as “creep” — that was first discovered in 2006. (The
fence canopy was installed in 2004.) That creep allowed the anchor bolts to slowly, virtually
» Dispropertiencite mixing of adhesive companents imperceptibly, pull away from the wall until the structure fell. As it can be almost impossible to detect
» Incomplete mixing of adhesive companents creep dunng an mspection process, WIE concluded it simply was a matter of time before the canopy
failed. The firm also found that the failure was accelerated by “poor mixing. . poor proportioning (and)
# Incluslon of alr volds .. incomplete filling” of the epoxy by Georgia DOT s confractor,
» High tempsrature In service et st o e s o ey
akready have begun to implement changes ™
Among those champes are an ongoing priod Ilmd1|L\|r\1.l|u|lul'~l|ullu\'\ thas wsilize epuy 1o w0 srows
appurtenmmees aach s Fersce and wiliy conduit 1o bridg and un i
fltare epoxy wse for such anchors,
“This was a disnurbing fscident vhvivesty, * DGT Chiel Enpinver Gerald R said B i wies ar
smomaky 5o many reqects. Genngia™s roads and hridges are s and it £ fmponnnt thas oo ctieens
bnow tat.”
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« "Big Dig, Boston”

accident in 2006

« "Big Dig, Boston” accidentin 2006
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— ACI 318-11 Appendix D Anchoring to Concrete
— ICC-ES ESR-2322 report for Hilti HIT-RE 500-SD

« BE
— ACI 318-05 Appendix D Anchoring to Concrete
- RITER LaestREE RD iz ERRER L 4&18)
— ICC-ES ESR-2322 report for Hilti HIT-RE 500-SD
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Hooked Bar
- kureu Top Of

/_ Concrele

The stress cone checks rely upon the strength of plain h,
concrete for developing the anchor rods and typically apply
when columns are supported directly on spread footings,
concrete mats or s o sVl a ances the 1 ¥ Reinforeing steel 1o be
n\i\.&h.h mats or ]f’l‘ caps. However, in some ||15F.s|1. es the . - saed and deveioped
projected arca of the stress cones or overlapping stress /._‘:,;: for thus scommundssd

~— tenss capacity of the

il w rodds on bath
sins of tha potentisl
failure plane.

cones is extremely limited due o edge constraints, Conse
quently the tensile strength of the anchor rods cannot be
fully developed with plain concrete. This is ofien the case
with conerete piers, In these instances, steel reinloreement Fig. 9.1.4 The Use of Steel Reinforcement for Developing Anchor Rods
in the conerete is used W carry the foree from the anchor
ronds. This reinforcement often doubles as the reintorcement
required to accommaodate the tension and/or bending forces
in the pier, The reinforcement must be sized and developed

—shearkene
» Reinfordng Bor

for the reguired tensile capacity of the anchor rods on both A, A
sides of the potential failure plane described in Figure 9.1.4. =
The anchor rod embedment lengths are determined from ; ] 1
the required development lengths for this reinforcing steel. -j' ' —Rsintorcing B
Hooks or bends can be added to this reinforcement o min- N )
imize development length in the breakout cone. NN
Pl Faibrg

Fig. 9.2.3 Concrete Reinforcement to Improve Shear
Capencity Where Eobiper Disternce i Limiteed
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fk¥8Table D.5.5. 2R E T,

TABLE D.5.5.2 — MINIMUM CHARACTERISTIC
BOND STRESSES T

Moisture content
Installation |of concrete at time | Peak in-service
and service of anchor temperature of | tor, | Tuncrs
environment installation concrete, °F psi | psi
Outdoor  |Dry to fully saturated 175 200 | 650
Indoor Dry 110 300 | 1000

"Where anchor design includes sustained tension loading, multiply values of
Ter and Typer by 0.4

"Where anchor design includes earthquake loads for structures assigned to
Seismic Design Category C, D, E, or F, multiply values of T, by 0.8 and 1,
by 0.4.

SIKACI355 4 BRET,,

bond stresses. Because this effect is highly product
dependent, design of anchors (o be installed in core drilled
holes should adhere to the product-specific characteristic

bond stresses established through testing in accordance
with ACT 355.1.

Characteristic bond stresses associated with qualified
adhesive anchor systems for a specific set of installation and
use conditions may substantially exceed the minimum values
provided in Table D.5.5.2. For example, 1/2 in. to 3/4 in.
diameter anchors installed in impact-drilled holes in dry
concrete where use is limited to indoor conditions in uncracked
concrete as described above may exhibit characteristic bond
stresses, 7, in the range of 2000 to 2500 psi.

T

355.4-11: Qualification of Post-Installed Adhesive Anchors in
Concrete and Commentary

NARLabs BRRBUZRE 2 NARLabs BXRSURE 22
AT EACI355.4 7 BORE EHERIRERT ZER
PIFFEACI3554 Zal R E T, FHTEFZOR S =
REMPORCING BARS I 154 £3 GRELLES WTH A HAVAIER OREL ANE CARBEE BT
| I o
Bar size
DESIGN INFORMATION Units T T
#3 #4 #5 #6 #7 #8 #9 #10
psi 1,090 1.075 1.045 1,000 915 855 800 730

N Characteristic bond e
< strength and minimum (MPa) (7.5) (7.4) (7.2) (6.9) (6.3) (5.9) (5.5) (5.0)
&, | anchor embedment in in
& | cracked concrete Flat i ’ See Section 5.12
@ (mm)
% psi 2,265 2,235 2,145 2,065 2,000 1,845 1,900 1,860
b Characteristic bond Th e
g strength and minimum (MPa) (15.6) (15.4) (14.8) (14.3) (13.8) (13.4) (13.1) (12.8)
& | anchor embedment in ™

uncracked concrete ot min

(mm}

HILTI HIT-RE 500-SD ADHESIVE ANCHORS IN CONCRETE
Compliance with 2009 International Building Code® (2009 IBC)
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¢ = —_
EEEE (fe= 175~320 kg/cm?)
ET R RRE 2 M8 R E (MUHILTI RE5004361)
Bond Stress {i8 ESR-2333 TABLE 25 B L7 BEE f'c=175 kgf/cm2
#3 #4 #5 #6 #7 #8 #9 #10
Te(crack)psi 1090 1075 1046 1000 915 855 900 730
| ) . ) . . het(cm) SD280 11.6 16.0 204 25.2 322 39.7 424 59.8
Bond strength values comrespond to concrete compressive strength in the range 2,500 psi = f. = 4,500 psi. For the range 4 500 psi < f. =
6,500 psi, tabulated characteristic bond strengths may be increased by & percent. For the range 6,500 psi < f. < 8,000 psi, tabulated hef(cm) SD420 17.3 24.0 30.5 37.8 483 59.5 63.6 89.6
characteristic bond strengths may be increased by 10 percent.
“Cha istic bond th fi ined loads including dead and live loads. For load binati isting of short- loads onl
uch 08 wind G S6iic, bond SYongiS My bo NCIoased 40O, | o euos CONSISing of Sharktamn loads o Bond Stress {8 ACI 318-11 Table D5.2.2
* Temperature range A: Maximum short term temperature = 110°F {43°C), Maximum long term temperature = 80°F (26°C). #3 #4 #5 #6 #7 #8 #9 #10
T tu B: Maxi short t i at = 162°F (72°C), Maxi k tet P = 110°F {43°C). T
Sﬁ:?f:rnle' vated {:oncar::r:?:: P ; er_ma_:;nl?gseut:at oceur over bli>e1’ intervals, em;g a:: result of diurnal cycling. Long term concrete To(crack)psi indoor] 300 300 300 300 300 300 300 300
o sictures assigned to Seismic Design Categeries C. D, E o F, bond shength values must be mulipied by ay.m = 0.5 her(cm) SD280 420 572 710 84.0 91| 131 1272| 1454
het(cm) SD420 63.0 85.9 106.5 125.9 147.2 169.6 190.8 218.1
Bl MR R E T E R RREE BB AR 2EEER
2. 5r58 EAsFy
BRI HMORE - TR A#$=075
3HGENHERERRE - THZE$=0.75
3IRBRLHERE f'c=175 ~ 320 kgf/cm?
NAR BREBHRG 25 NAR BREBHRE 26
Vol :W
BEAEE (Fc=100, 1255150 kg/cm?)
Bond Stress #&# ESR-2333 TABLE 25 &5t + HiBRE f'c=150 kg/cm?
#3 #4 #5 #6 #7 #8 #9 #10
hef(cm) SD280 125 17.3 22.0 27.2 34.8 42.8 45.8 64.5 iy
heflcm) SD420 187| 259 33.0 40.8 52.1 64.3 68.7 96.8 *E Ej] }‘j’ﬂj |
Bond Stress 188 ESR-2333 TABLE 25 ;&5 11 B8 E f'c=125 kg/cm2
#3 #4 #5 #6 #7 #8 #9 #10
hef(cm) SD280 13.7 18.9 241 29.8 38.1 46.9 50.2 70.7
hef(cm) SD420 20.5 284 36.1 447 57.1 70.4 75.3 106.0
Bond Stress #&# ESR-2333 TABLE 25 &5t + B3R E f'c=100 kg/cm?
#3 #4 #5 #6 #7 #8 #9 #10
hef(cm) SD280 153 211 26.9 333 42.6 525 56.1 79.0
hef(cm) SD420 229 317 40.4 50.0 63.8 787 84.1 118.6
NAR BREBHRG 27 28
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the hole depth—\
v v 4
St ' < '
v v AV
e =~ =V <
B I

Z Incorrect




[0 E1EAS - B 2 &R RRE (Hilti 7&E)

Correct 7 Incorrect 7
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Extension tubing
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A A N
Mark located
at one-third Retaining cap
the hole depth
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The "X" cut in the cap allows the mixing nozzle and
insert to pass through, while containing the
adhesive in the hole.
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A piston plug is a device used to help uniformly _
fill overhead holes with adhesive from the

deepest part of the hole.
Jowers

Pg. 59, Para. 2
FASTENING INNOVATIONS

i U
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« ASTM E488 Standard Test Methods for Strength
of Anchors in Concrete Elements (ASTM, 2010)
o PR IEXECNSL13975 A3370ME SR 5 + 14+
gﬁfﬂﬂ%ﬁﬂ/i (CNS, 1997)

o HEBTAFSARE S EN o] ZalBREN
. KIE

— ASTM E488 Standard Test Methods for Strength of Anchors in
Concrete Elements

— PR RIEAECNS13975 A3370M BAER 5 L o Eal B
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- EHAIEERE
1 ZFFERBEZEMENEE CEETREREc>=175kgf/cm?)
EXHHRRAE 2 EHRIENZE (LIHILTI RES005TE)
Bond Stress fx88ESR-2333 TABLE25:E 5 + 11 B8 Ef'c=175kgf/cm?

2. FIBREE ZEHENRE (RRLNEBRERC <175kgf/cm?)
Bond Stress 1kxE8ESR-2333 TABLE25E 5 £ 71 B 38 Ef'c=150kgf/cm?

#3 #4 #5
h.¢(cm) SD280 125 173 220
hgi(cm) SD420 187 259 30

L
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4 IR BREEtEER OB E -
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M T RiEEFEEEEIETE(Manufacturer's Printed Installation
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#3 #4 #5
. Bond Stress xBBESR-2333 TABLE25SE 5 + i B 5@ E f'c=125kgf/cm?
Ter(crack) psi 1080 1075 1046
#3 W4 #5
h.¢(cm) SD280 116 160 204
h.¢(cm) SD280 137 189 241
h,¢(cm) SD420 ‘ 173 ‘ 2%0 l 305 ‘
hei(em) SD420 205 284 361
3 UEZEBARERIKTIZERRETE
1 E R ETENRREEREBEAREBBIUERF Bond Stress 1k88ESR-2333 TABLE25;8 5 + 11 B 5@ f'c=100kgf/cm?
2. 58578 Z AsFy #3 #4 #5
3UREB T AE R% 8¢ =0.75 h () SD280
. [ cm 153 211 269
4 FhiET IR IRERE TR % E 0 =075 ef
SRR mEREfc= 175r«_°,2"i)kgf/cm2 h.¢(cm) SD420 29 317 404
@ tenmunimse NARLabs BRESURE o @ rommencae NARLabs BRRBUZE o2
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{REBASTM E488 Standard Test Methods for Strength of Anchors in
Concrete Elementsai o Bl E R ECNS13975 A3370mME ER T EHRE
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