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SUMMARY AND CONCLUSIONS

The project is an approach to create a more pleasing roadway
environment for drivers as they pass through areas shielded by noise barrier walls by
installing shadow creating fins which produce changing shadow patterns on the wall
surface. The fin pattern is created by bolting individual fins on the panel surface. The
horizontal metal fins project 1 ft (0.3m) from the wall panel face and are positioned at
2 ft. (0.6m) intervals. The erection of panels into wall segments with differently
configured horizontal fins creates a limitless variety of wall patterns. Depending on
the sun’s angle and intensity the length and definition of the shadows change which
adds to the visual variety.

A prototype wall 18 ft. high by 45 ft. long (5.5m high by 13.7m long) was built
and erected and is available to planners, designer and contractors to look at in full
scale.

The front and back panel to post attachment system and the shadow creating fins
produce a varied and more pleasing roadway environment (Figs. 29-34, page 32-34)
which responds to complaints by the public about the aesthetics of current noise walls.

The shadow creating fins can be attached to any new concrete panel wall at an
estimated cost of $10/ft. of fin ($33/m of fin) installed.

The front and back panel to post attachment system using T bolts
(Fig. 9-10, page 22) is reliable, easy to install, provides for increased field post

placement tolerances, and eliminates the need to caulk H post joints. This system



and channels) can be installed for an estimated additional cost of $2/sq. ft.
($21.50/sqm) of wall over that of a conventional H post wall.

The prototype developed wall is viable and should be considered for use in
limited stretches for visual relief and to highlight special locations such as exits and rest
areas. When used this way the prototype developed wall system could significantly

improve aesthetics with little increase in the overall cost of a noise wall.

RECOMMENDATIONS

The prototype developed wall is viable and should be considered for use in
limited stretches for visual relief. This could significantly improve aesthetics with little
increase in the overall cost of a noise wall. It is recommended that 300m (1,000 ft.) of
a noise barrier wall be selected and built following the prototype wall design of front to
back panel to post attachment with stainless steel hardware and shadow creating fins.
This field test section would be used to evaluate aesthetics and public response, and
roadway erection costs and procedures.

The metal shadow creating fins can be attached to any new concrete panél wall
at an estimated cost of $10/ft. of fin ($33/m of fin). The cost could be reduced by the
use of plastic fins, but the cost and reliability of plastic and other lower cost materials
needs further study. Fins could also be attached to existing concrete panel noise

barrier walls but at a higher cost.



The front and back T bolt panel to post attachment system hardware
(channels, T bolts) costs are partially offset by panel erection cost savings. The
channels and T bolts used in the prototype, however, were galvanized steel and would
be subject to corrosion. Use of stainless steel channels and T bolts would eliminate the
corrosion problem but would add an estimated $2/sq. ft. ($21.50/sq.m) of wall to the
cost of the wall.

The exposed look of the bolt/washer/nut post to panel assembly on the surface
of the panel (Figs. 10, 32, page 22, 33) as installed may be viewed as objectionable. A
recessed slot cast in the panel to contain this assembly, which would be covered by a
plastic plug or cement mortar, as well as other less noticeable options need to be

considered.



INTRODUCTION

The purpose of the research conducted in the second year of the study was to
demonstrate the feasibility of building a full scale prototype noise barrier wall that
incorporated the aesthetic qualities developed in the design report Type II Noise Wall
Study by Bhavnani. That proposed barrier design was developed for NJDOT to
respond to complaints by the public about the aesthetics of barrier walls in current use.

The design incorporates the use of horizontally projecting shadow creating fins.
The fins project 1 ft. (0.3m) from the wall panel face and are positioned at 2 ft. (0.6m)
intervals with the first fin located 8 ft. (2.4m) from ground level. The lower 8 ft.
(2.4m) finless section of the wall can be protected by landscaping and other anti-graffiti
measures. The erection of panels into a wall segment with differently configured
horizontal fins creates a limitless variety of wall patterns. A dynamic shadowplay is
produced by sunlight casting the fin shadows on the wall plane surface. Depending on
the sun’s angle and intensity, the length and definition of the shadows change and adds
to the visual variety (Figs. 29-34, page 32-34). The one-third scale model wall built at
NJIT during the first year of the study used plastic fins to demonstrate the visual effect
of the shadowplay. However, further studies on the present structural reliability of
recycled plastics and the high cost of extruded virgin plastics required the use of metal
powder coated fins for the prototype.

In addition to aesthetic considerations the research conducted by NJIT also
focused on the attachment systems for panel to post connections. Currently used

concrete H post and panel systems require precise vertical and horizontal positioning of



posts which can lead to field erection tolerance problems. The goal was to develop a
system that was reliable, easy to install and which increased post placement tolerances
in the field.

STUDY PROCEDURE

The full scale prototype wall designed by NJIT consisted of 3 sections of wall
panels producing a wall which was 45 ft. long by 18 ft. high (5.5m high by 13.7m
long). This length of wall was chosen to demonstrate the aesthetic possibilities of
creating distinct visual shadow patterns and to gain an understanding of casting and
field erection requirements. The fin pattern selected for the prototype was a butterfly
shape (App. Dwg. 4, page 53). Numerous methods of creating the horizontal shadow
casting fin projections were considered. Casting the concrete fin as an integral part of
the concrete panel was one option. This option provided additional structural stiffness
to the concrete panel with the possibility of having longer panels with a wider post
spacing. Difficulties with concrete casting, shipping problems, and the need to cast
many different panels each with a different fin size and location on the panel worked
against this option. Another option was the use of extruded plastic fins which would be
attached to the surface of the panel at the field site. This allowed for the use of
standard concrete panels that would be used as a canvas on to which the fins would be
attached to create a predetermined design pattern. That option was pursued and used in
the 1/3 scale model built in 1997. The cost of using structurally reliable plastics,
however proved to be prohibitive. Recycled plastics were less expensive but were not

structurally reliable in the thin shapes needed for the fins. Ultimately a steel fin with a



baked powder coated finish was selected as the most reliable and cost effective method
of producing the desired shadow pattern on the surface of the wall. The fins were
bolted on the surface of the panel in the field to produce the designed fin pattern.

The panel to post attachment system developed by NJIT and used in the
1/3 scale model had the face planes of succeeding wall segments offset and attached to
the front or back of posts. The panels were lag bolted into a plastic nailer embedded in
the posts. In response to lessons learned from the model and input from the advisory
board additional panel to post attachment systems were evaluated. The use of a T bolt
system attaching to an embedded steel channel in the post was selected for use in the
full scale prototype. A metal angle bolted attachment system being used for the first
time on a NYSDOT noise barrier wall was also studied and evaluated during field
panel to post installation.

On June 12, 1998 the NJIT noise wall team visited the site of a NYSDOT noise
wall at exit 34 on the Northern State Parkway (NSP) on Long Island. The noise wall
contractor and general contractor was Yonkers Construction. The noise wall panels
and posts were supplied by Concrete Safety Systems (CSS). The concrete noise wall
being erected used a front and back panel system (same as the NJIT prototype) attached
to the posts by a newly developed bolted angle attachment system (Fig. 35A-D, page
35-38). The NSP wall had posts on 12 ft. (3.7m) centers with varying panel heights
ranging up to 8 ft. (2.4m) high and with a standard panel length of 14 ft. (4.3m).

Maximum wall heights was 16 ft. (4.9m) high..



The panels were lifted into position by a 35 ton hydraulic crane and attached by
placing the galvanized angle into a slot in the post. The two bolts in the angle were
then attached to two bolt anchors at the panel end (Fig. 39, page 40). Once both sides
of a panel were attached by this method the panel became fixed on the posts. The
sequence of erection for the NSP job is shown on the Figs. 36-47, (page 39-44). As
reported by the Yonkers project manager a crew of 6 men was typically used to install
the panels (1 crane operator, 1 labor foreman, 4 laborers). This crew after a break-in
period could place 7 bays per day (14 panels) of the maximum size panels used of 8 ft.
(2.4m) high. This produced a total of ,568 sq. ft. (146 sqm.) of panel erected per day
(7 hours). Both the prototype wall and NYSDOT metal angle bolted wall were studied

to determine erection procedures and costs.

RESULTS AND DISCUSSION

Prototype Design

The reinforced, air entrained, 5,000 psi (34.47M Pa) concrete panels were
designed to be S inches (12.7cm) thick, 17 ft. (5.2m) long and, 2 ft. (0.6m) or 4 ft.
(1.2m) high (App., Dwg. 2, page 51). A 6-3/4 inch (17.1cm) long tapered slot hole
was cast into the panels 1 ft. (0.3) from each panel end to accommodate the T bolt
during panel erection. This slotted hole provides for a 3 inch (7.6¢cm) horizontal
tolerance for misaligned posts.

The surface texture selected for the highway side (fin side) of the wall was a

bush hammer finish. A fuzzy rake finish was selected for the residential side of the
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wall. The 4 ft. (1.2m) high panel shown in App. Dwg. 3, page 52 is intended for
attachment to the post from the highway side and as such has a 2 ft. (0.6m) wide flat
buff finish on each end of the residential side surface to allow for flush placement
against the post. Not shown in the design drawings is the residential side attachment
panel which requires a 2 ft. wide flat buff finish on the highway side with a full 17 ft.
(5.2m) wide fuzzy rake finish on the residential side.

A horizontal row of 3/8 inch (1cm) diameter Fosroc plastic anchors with a
working load of 1,300 1bs (5,782N) per anchor was cast into the panel surface at 1 ft.
(0.3m) centers for fin attachment as shown in App., Dwg. 1 and 2, page 50 and 51
As designed it was envisioned that all highway side panels would have fin anchors
installed even though no fins would be attached on the bottom 8 ft. (2.4m) of the wall.

The reinforced, air entrained, 5,000 psi (34.47M Pa) concrete posts measuring
18 inch by 18 inch (46cm by 46cm) and 24 ft. (7.3m) long were designed to be placed
at 15 ft. (4.6m) centers to support the panels. The posts as built had a flat finish on all
four sides. The side surfaces of the posts which are exposed to highway view could be
manufactured with a textured surface to improve aesthetics. The top of post height was
set 4 inches (10cm) below the top of the panels (as shown in App. Dwg. 5, page 54) to
aliow for a *+4 inch (10cm) tolerance in post or panel height placement, before the top

of the post becomes visible above the top of the panels.



Post foundations consisted of concrete encased posts. Shims were placed on top of the
concrete post encasement to level out the bottom panel.

A 20 ft. (6.1m) long Halfen, 3817 HTA - HT 3100 anchor channel (App. page
59) was cast into the front and rear face of each post as shown in App. Dwg. 8, page
57. These channels provide the anchorage for the Halfen MI6 (5/8 inch (16mm)
diameter) T bolts which attach the panel to the post. The channel has an allowable
pullout capacity of 1,375 lbs. (6,116N) which is well above the maximum design wind
load of 40 1b/sf (1.92k Pa) which produces a 700 1bs. (3,113N) loading per bolt.

The panel to post attachment is made by installing the T bolt through the slotted
hole in the panel. The T bolt is then turned 90° which locks the T head in the channel.
Steel washers and nuts are then screwed on the T bolts to make the connection. The
possible need for an enlarged washer to more effectively transfer wind loads at the
bolt/washer/slot interface requires analysis and testing which was beyond the scope of
the project. For the prototype all Halfen channels and bolts were made of galvanized
steel. They are available in stainless steel.

The steel fins which attach to the plastic anchors in the panel face were made of
14 gauge steel with a powder coated tan color finish. The fins protrude 10-3/8 inches
(26¢cm) from the surface of the panel and are attached to the panel by 3/8 inch (1cm)
diameter stainless steel bolts. The fins were manufactured by Industrial Acoustics

Company (IAC) as shown on App. Dwg. 330083-1, page 58.



Panel and Post Casting

The concrete panels and posts for the prototype wall were cast at the Concrete
Safety Systems (CSS) plant in Pennsylvania. The CSS Company provided critical
support to the project with their design advice and by casting and erecting the prototype
wall free of charge.

The panels were cast in a horizontal position with standard bush hammer form
liner on the bottom surface of the forms and with an open fuzzy rake finish on the top.
Location of the plastic fin anchors on the bottom of the form was accomplished by
using anchor plugs attached to the bottom of the form set at 1 ft. (0.3m) centers. This
operation required little additional work during casting and went smoothly. There
were a total of eight 4 ft. by 17 ft. (1.2m by 5.2.m) and two 2 ft. by 17 ft.

(0.6m by 5.2m) highway side and four 4 ft. by 17 ft. (1.2m by 5.2m) and one
2 ft. x 17 ft. (0.6m by 5.2m) residential side panels cast to make up the prototype wall.

The posts were also cast in a horizontal position using modified standard H post
forms. There were four 24 ft. (7.3m) long posts cast for the prototype wall. All
panels and posts were cast at the CSS plant in April and May of 1999. Details of the
casting are shown in Fig. 1 thru 6, pages 18-20.

Post and Panel Erection

The posts were erected at the rear of the CSS site and positioned so that the
highway side of the wall faced east to catch the morning sun. Post erection followed
the same installation procedure as standard H post erection would require with;

excavation, post positioning, and casting the post in the excavated hole in concrete.
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Panels for the prototype wall were erected on June 3, 1999 by a crew of CSS
maintenance employees, using a 20 ton hydraulic crane with an 80 ft. boom. The crew
consisted of two men who attached the fins and who erected the panels and one crane
operator.

Panels were pre-positioned near the wall location within reach of the crane and
were lifted into position and T bolted in place on the posts. A typical 4 ft. by 17 ft.
(1.2m by 5.2m) panel which required the attachment of 2 fins and placement of 4
T bolts took 15 minutes to install from start to finish. This broke down to 10 minutes
to install the fins and 5 minutes to swing lift and install the panel.

A total of twelve 4 ft. (1.2m) panels and three 2 ft. (0.6m) panels ((a total of
918 sq. ft. (85.3sqm) of panel)) including the attachment of 136 lin. ft. (41.5m) of fins
took the 3 man crew 3-1/2 hours to complete. This was extremely fast especially
considering the fact that the system was new and untried and the fact that the CSS
maintenance crew does not normally do wall erection. One difficulty encountered was
that some of the plastic fin anchors had some grout in them. This required them to be
cleaned with a tap (Fig. 13, page 24). During actual production of this type of panel
the plastic anchor holes would all be cleaned with a tap prior to shipment to the site.
This cleaning requires 2 minutes for one man per 4 ft. (1.2m) panel. The sequence of
wall panel erection for the prototype wall is shown in Figs. 7 thru 26, pages 21-30).

A second problem which was observed during fin installation was fin edge
warping (Fig. 18, 20, page 26, 27). This was caused by panel surface unevenness

where the metal fin rear attachment edge sits on the concrete panel surface.
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However, the problem was not noticeable when viewing the wall from a driver’s
perspective (Fig. 31, page 33). The problem could be eliminated by placement of a
leveling gasket on the rear attachment edge of the fin.

Fin Aesthetics

Sound barrier walls combat noise pollution in adjacent neighborhoods, but also
obscures the landscape we all enjoy viewing while driving. Existing walls are often
perceived as having a monotonous unattractive appearance.

The fin wall design is based on a concept developed by architect Ashok
Bhavnani in 1994 for the NJIDOT. The design concept incorporates shadow creating
fins. The erection of panels into wall segments with differently configured horizontal
fins can create a limitless variety of wall patterns. A dynamic shadowplay is produced
by sunlight casting the fin shadows on the wall plane surface. Depending on the sun’s
angle and intensity, the length and definition of the shadow changes and adds to the
visual variety. The prototype wall butterfly fin design changing shadow pattern can be
seen in photographs taken at 8:30 am Figs. 30-32, (page 32, 33) at noon Figs. 33-34
(page 34) and at 1:30 pm Fig. 29 (page 32). The wall has an eastern exposure on the
fin side.

Horizontal and Vertical Alignment Changes

Horizontal alignment changes in the prototype design wall can be best
accomplished by casting special angled columns which would then maintain the 3 inch
(7.6cm) tolerance on horizontal post placement. This would produce full panel to post

contact on the post surface which would reduce any possibility of noise leakage at panel
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to post openings. An alternate method could employ plastic wedges with a slotted hole
placed between the post and panel and the use of wedged washers on the panel face as
shown in Fig. 48, page 45. The as built prototype was a straight section of wall and as
such design and construction details for horizontal alignment changes could not be
evaluated.

Vertical alignment changes would be accomplished at the top of the wall by
casting a slope at the top of a panel. Elevation changes of less than 9 inches (23cm)
would be via a 2 ft. (0.6m) form. Elevation changes of up to 2 ft. - 9 inches (84cm)
would be via a 4 ft. panel (1.2m) (Fig. 49, page 46).

Changes in vertical alignment at the bottom of the wall would be accomplished
by ft. (0.3m) or 2 ft. (0.6m) high panels (fig. 49, page 46).

Corrosion

Fins - The steel fins used in the prototype wall were manufactured with a baked
on powder coating finish which provides the currently available best corrosion paint
protection finish. Individual fins installed in the prototype wall experiencing corrosion
could be replaced. The use of non corroding fins (e.g., plastic) needs to be further
explored and developed. The fin anchors are plastic and do not corrode. The fins are
attached to the plastic anchors by 3/8 inch (1cm) diameter stainless steel bolts and
stainless steel washers and should not present a corrosion problem.

Panel to Post Attachment - The Halfan channels and Halfan T bolts used in the
prototype were both made of galvanized steel and will eventually corrode. Both
channels and T bolts are available in stainless steel but at a cost of four times the cost

of the galvanized steel.
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Noise Abatement

In conventional H post and panel construction, tolerances must be provided on
the H post slots so that the panels can be slipped in. This produces open noise paths
which reduces the noise abatement effectiveness of the system. Typically backer
material and caulk are used to seal these tolerance openings which add to the overall
construction cost of the H post system. With thermal movement over time the backer
material and caulk often come loose and need maintenance work.

The front and back bolted attachment system used in the NJIT prototype wall
provides a positive flush contact between panel and post and eliminates the need to seal

tolerance openings and by so doing eliminates caulking costs.
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Cost Analysis

It should be noted that due to the front and back attachment system used in the
prototype wall the sq ft. area of the panels was 18 ft. x 17 ft. (5.5m x 5.2m) x 3
918 sq ft. (85sqm), while the actual area of the wall was 18 ft. x 45 ft. (5.5m x 13.7m)
= 810 sq ft. (75sqm). In comparing costs of the prototype wall to other walls it is
important to know if $/sq. ft. of wall or $/sq. ft. of panel is being used in the
comparison. The NSP wall contractor reported being paid by NYSDOT on a $/sq. ft.
of panel basis.

The cost of the prototype system is examined in two separate categories Fin

Costs and Post to Panel Attachment Costs.

Fin Costs

For the butterfly pattern used in the prototype wall the additional cost of all
materials and construction site installation came out to be $1.91/sq. ft. ($20.55/sqm) of
wall or $11.35/lin ft. of fin ($37.23/m) (Fig. 50, page 47).

The fins can be attached to a conventional H post and panel system just as easily
as they were attached to the prototype wall panels. It is estimated that to attach fins to

any new concrete wall panel with reductions for mass production of fins, would cost

$10/lin ft. of fin ($33/m) installed.
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Panel Attachment Costs

The cost of panel to post attachment in the field for the prototype system is
difficult to estimate due to the wide variety of conditions encountered in the field
during installation.

The prototype wall erection work was done by a small, efficient crew on a short
section of straight wall on flat terrain. For these conditions it is estimated that
construction site erection costs for the panels would be $0.35/sq. ft. (83.77/sqm) of
wall (Fig. 51, page 48). More difficult site conditions with larger crew requirements
could raise the figure to $1/sq. ft. ($10.75/sqm) of wall. This cost does not include
post placement, nor panel unloading, storage or site movement. It is clear that the
prototype attachment system is simple and fast and could significantly reduce panel
erection costs by an estimated $1/sq. ft. ($10.75/sqm) of wall.

Additional cost savings for the prototype wall system would be gained due to
the increased post placement tolerances of the system with a reduction of post
misalignment problems and the elimination of the need to caulk the H post joints with
estimated savings of $1/sq. ft. ($10.75/sqm) of wall.

The prototype wall system does require additional expenditure for hardware
{channels and T bolts). The additional cost is $1/sq. ft. ($10.75/sqm) of wall
(Fig. 51, page 48). If stainless steel channels and bolts are used the cost is increased to
$4/sq. ft. ($43/sqm) of wall. Therefore, with estimated erection and no caulking cost
savings of $2/sq. ft. ($21.59/sqm) of wall and cost additions of $4/sq. ft. ($43/sqm)

using all stainless steel hardware the prototype system can be installed for an estimated
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total additional cost of $2/sq. ft. ($21.50 sqm) of wall. This cost is the added cost over
that of a conventional H post and panel noise barrier wall.

The NSP noise wall panel field erection cost was $1.74/sq. ft. of panel. This
figure does not include the cost of the 4 galvanized angles, 8 galvanized bolts and 8
bolt anchors needed per panel for that system. The cost of this hardware was not

available,
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Fig. 1 Bush hammer (highway side) form liner at bottom of horizontal form at CSS,

Fig. 2 Bush hammer (highway side) 4 ft. panel with smooth end treatments which rest
against the posts.
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Fig. 5. Fuzzy rake finish (residential side) of 4 ft. panel with smooth end treatments which
rest against the posts.

Fig. 6. Concrete post - 24 ft. long with channel for T bolts cast in. Note: Halfan Channel on left.
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Fig. 8 Panels stacked on rack ready for erection.
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Fig. 10 Detail of T bolt in Fig. 9. Note slot mark at end of bolt to show T is set in channel.
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Fig. 11 Residential side bolting of panel.

Fig. 12 Detail of Fig. 11, T bolt
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Fig. 14 Fin attachment to panels.
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Fig. 15 Four ft. panel with four 2 ft. fins.

Fig. 16 Panel Fig. 15 being bolted from the residential side with the bush hammer side to the post.
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Fig. 17 Detail Fig. 16.

Fig. 18 6 ft. fin above 4 ft. fin shows some edge waviness.
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Fig. 20 8ft. and 10 ft. fins being attached.
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Fig. 22 Fig. 20 panel being lifted into position.
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Fig. 23  Fig. 20 panel being lowered to posts.

Fig. 24 Fig. 20 panel T bolt detail.
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Fig. 25 12 fi. fin (6 ft. x 2) being attached.

Fig. 26 Fig. 25 - 2 ft. panel being bolted to post.
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Fig. 27 Detail of T bolts on residential side.

Fig. 28 Residential side completed.
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Fig. 29 Butterfly fin pattern on highway side
hazy sun at 1:30 P.M. - summer.

Fig. 30 Bright sun at 8:30 A.M. - summer
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Fig. 31 Bright sun at 8:30 A M. - summer
drivers perspective right lane.

Fig. 32 Detail Fig. 31
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Fig. 33 Bright sun at 12 noon - summer.

Fig. 34 Bright sun at 12 noon - summer
drivers perspective right lane
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Fig, 37 Detail of angle and bolt post to panel attachment.

-39-



Detail of Fig. 31

Fig. 38

Fig. 39 Detail of angle and bolt attachment
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Fig. 43 Panel bolt holes at lower right.
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Fig. 44 Anchor bolts for post base plate.

2

Fig. 45 Post base plate set on anchor bolts with grout below. Note anchor bolt and panel
angle interference.
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Fig. Detail of post tops sel below ]
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Design Drawings Pages 50 to 61

-49-



7 ™Ma Bpjog|1 "H'M g it e
/ ¢ 3d1£ HLriagIcad
.|__.4.:4w.w_|.u...ﬁu:ﬂ HN— _._w :
a 2 S —
T A — { :

0
I
™~

v

-.-5[}.-

s ﬁ.. al Z 1 & T
/ u/ _U

n._..¢r.._n\/r_|\
v m Ny
J.“uwm_._\\ \J\A‘J\J\J ..u::r:._\..
O =)

—
v




i, TR R

gL fpiﬂEb-.’l-LﬁE\N
(Cruzzy rAcE S

1Ly

-

PosT AmEoR
/

s %4
% 11 < S =B ]
o T F
(L :—\4/_
z |
i e _:_'——;-—-—-_._
2
T ] /
|'{ / F‘m P\M(H-c..l-'_
d
=gy /}
| ra { l %__’_’__,_/ 134,14
e a“rrﬁr - A
I\/Q/ =

(&)

uwa— S0«

i Find HNLHC!‘-
{l
o

5 ool st e
o2

cotcl. SAMPLe TO
TIAC- G.FiGALLD
Corop - LiGHT CRAY[TAN

Hol

CEN

11;.1.41- C_, p
nﬁ- Srigul

co =

= C L
o ES|

|s|ag

“LAL 2
34f4%

NJIT-5 ¢onc. PANEL

[ I{EGJ?E



409

-2G-

~

c—
) . ¢ R . ) ,
R o
HICHWAY  SiPE -
NODCT - L 76 - INT. TERTUCE _ -
SpND_BLAST FoRi k‘NEV-(Fuu. >'u¢\=r\¢e>
Q)’iﬂ‘wﬁwz
-
\ <
RES \OLSTIAL ! J —
f v
Nupol 62; -
~ -THYP
' '{=|N|§H
<SURFACE FiNiSH Rev 2 -3]4(98

NJILT - cehe. PANEL
WK, l!SOlQB PG 3




,&\&\___ A

t

foma gbloe])

AR

1nokw NI

e

ol

7l

I

pp T



_Vg_

T43Y

N

N |
A\

di

NI T - FIN wiei- st _13? y
LAouT - W.E s D 5

< ,
> ————
i al
1
T 5&:-\\ -
< ‘ SHIM - g ”)
C 4 ‘
é ‘.7_ ¢ '5' l}
G ; )
4 1t
v v
L‘\,‘_A_,! ’

/



]

i

1 “
e ¢ |

3" /6L0't Hole
'D’g\"’ //

;‘“‘

/

|
—_
‘“T \LiF.

—

8

wi=

|4 GhucE STEEL

POWIDCE- CORTLP FINISH - CONCRETE

TAN/GRAY

TwWo Feey

FoR PpPwe 4 FIN LANOLY
NeebD
i
2 ¥ 12
/
y IOI
2 * &
2. 7 '
2 X 41
q % 2
/
qQ8 L T
39, L. 45 by
lBG‘LHJ?\'

Loné  FiN

oepER-
2 w12
7_1;!0’
2 % 8
2% ¢
2;4i
TR Y2

/
[o", e Fv-

42 K 45 ewws
|44. LiN

NJIT- €W Pemaic
WK ll;o'qg PWE €
APP T




PAN LS

NEED -

Neebd

Need

NewpeD  Folk  NJIAT

"

-0 4

0

— s

FIN wWALL  SHewN oM PMG—4

PANELS  WITH Fiv PNCHoRS 2. RowWS
_ i“
\1--0
= o 2!
hd ! ¢ ¢ s v « € ¢ .« e

Nr““. S_

NST s‘“ cone . PANELS

Wi, 13|18 pwe 7
APP T

PANELS W TH BN  ANaCHeRs 4 Row
' "
-9
c 1
[ =4
A
4
<
N
é FAN LS UWhaHOLT P ANCHERS
-56-




=g’
e— q" 3"
2 CHAM
] | /=
3 T {
,E‘;___——_———h-um_r—'eyl ANCHER CHANNEL
26(7 HTA — T 3jc0-2¢'-HDE
6
CLALG - -
(et 1:[1
-1 -_\ [
N J'? | V. B ]
NN '
petpic €
CHO\N%.—-’Q
\J\Jr\.‘,’\h.f”H
| i
e A
' !
24
SC L ] o ) l }
l”:l W ll/ !'-LJ-A-kll F b
petAalC T
5,000 pst Conc
— A& ENTR AP . 4
Post comc . o 9 |
5‘000 ?S‘ »"
— le— L oV
] ——
q pPUiiow ——
| 3T o
e B o B1 —# 7 A
= 6 HK’H S 60 ¥si v - 2lsle
, i , if
sy #3@A2 RE Bar PLActHent
@0 €S
NIIT =FiN Wl Post
-57- W |3he Puwe- 8



—8S-

/—(E) 7716 x §* SLOT HONES (TYP.)

~— - DIN. *A* N
- 10 18° T (C) SPACES e 12° = “0° T 10 78" - ‘I

- o @ ' - -

i 45 35:/ 85° 0
10 18 | 7 o 10 3

| /

! N o 7 139" | _ _

OIM. *B° -l
e
(3 S10CS)
[MARK No.| QTY.[DIK." A" [DIM."B' [ C' [ "D ['F
A-1-1 |2 164 3747 1447 |12 [144" |13
a-1-2 [ 2 140 3747 120 [10 [120" |11
A-1-3 |2 [116 347 96" | 8 | 96" | 9
A-1-4 [ 2 [9234] 720 |6 | 2|7
15 12 Tes el o |2 | 4 |5 MATERIA: 14 GAUGE (RS
NN 7S R Rl e T
- 3|eas |
— DESCRIPTION —— | A J3owsg |  FOR FABRICAIION I | B e o Aeies
NJIT FINS FOR iF] o [ o QESCRIPTION (F ISSE ok | EST AR AR WA )

CONCRETE SAFETY [TNDUSTRIAL ACOUSTICS COMPANY, INC.|B7 L
SYSTEMS 1160 COMMERCE AVENUE GRONK, N.Y. 10462 33-0083

I 4dY

FILE g.INO 298




Loaags given in (s table apoty only to bort
positions snown in the Hiustrations below. For
other load cenfigurations, consult Haiten.

ANCHOR CHANNEL

11/2" (38 mm}

1

5/8" l

(17 mm)

2.12"3mm) —  +—

(18 mm)
FINISHES: HOT DIP GALVANIZED

ATAIRN A A s A s

LOAD DATA AND PART NUMBERS

Standard Short Pieces With 2 Anchors Allowable Load
i
I—1 ’
Channel / ’ /
Length |
Part Number (inches) | PullOut(lbs)t Shear (Ibs) f i PullOut(lbs) f Shear (Ibs) f
HT3506 6 i 1545 1930 x 1800 1930
HT3508 8 1545 1930 | 1700 1930 )
HT3110 0| 1545 1930 i 1600 1930 D=
HT3112 12 | 1375 1930 i 1500 1930 -
£
Standard Short Pieces With 3 Anchors Allowable Load ‘e
Minimum % r I]
Spacing
Channel
Between '—1— —1—"—
Length | Point Loads F F
Part Number (inches) (inches) Pull Out (Ibs) F Shear (ibs) F Puli Out (Ibs) F Shear (lbs) F
HT3510 10 4 3090 3750 3600 3750
HT3512 12 5 3090 3750 3400 3750
HT3518 18 8 3090 3750 3200 3750
HT3124 24 10 2750 3750 3000 3750
Long Lengths Up To 20 Feet.  Anchors at Either 5" Or 10"
‘ Maximum Point Loads: Uniformly Distributed Loads:
Per Linear Foot
. | _Part Number
—~——— [ H13100
BOLTS AND LOCKING PLATES
Stanoard grade HALFEN Tee-head bolttype  are available for use with regular Hex tensile Tee-head bolts are used.
M12(1/2")is recommended for use with this  head bolts and threaded rods — Allowable longitudinal load available
channei. Other diameters are available to 1/4", 5/16", 3/8", 1/2". (3:1 Safety Factor)is:
special order. The following locking plates it longitudinal loads are required, it is 1700 lbs.

recommended that type M16 (5/8”) high

Please refer to pages T-13 & T-14 for full boit details.

HALFEN ANCHORING SYSTEMS 2/88 -59- 7-5
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General

Halfen Tee-head boits are the
econmomical alternative 10 a stud nut.
The? offer high secunty because
theylare manufactured in one piece

Fig. 1 Hammer Head Bott

Bolt length |

ang are quickly installed througn any
part cf the channel opening. Tre tine

on the visible end of the boit (Fig. 3)
corresponds with the position of the
head of the bolt in the channet. This
ailows an easy check to ensure that
the head of the bolt is correctly

locked behind the channel lips. This

feature is impossible to achieve ona

conventional locking plate or cran-
netnut, and so it is always difficuit to

Fig. 2 Hook Head Bolt

. Y\

[E%\\!!‘Q!\\\\\!\\\\

Sizes, Finishes, and P/Ns

Twoltypes of Tee-head bolts are sup-
ied, the hammer head bolt (Fig. 1)
for channels 2815 & 3817, and the
hook head bolt (Fig. 2) for channels
4022, 4930, 5030, 5234, and 7248.
Both types are available in HALFEN
Standard and High Tensile grades.
In aif cases the length of the bolt is
figured from the head, so projection
length from the concrete face canbe
calgulated by subtracting the thick-
ness of the channel lips.

ensure that the nut s properly
turned in the cnanne! or has an ade-
guate number of threaas engaged
with its bolt. For these reasens the
Tee-head bolt I1s the preferred
means of ancnoring 1o a Halfen
channel. The Tee-nead boits are
available only with metric threads
and are aiways supplied with a
matching nut. Extra nuts are readily

avallable if neegeq.

Fig.3

Electroplated and stainless steel finishes are readily available. Galvanized
finishes are provided to order. For ordering, please use the base part num-
ber given in the following tables. Add a 1, 2, 3, or 4 to the end of the base part
number depending on the finish required. Other boit sizes can be supplied.

Please consult HALFEN for detaiis.

Electroptated to ASTM B-633 —
Hot dip galvanized to ASTM A-153
Stainless steel to AIS! 304 —
Stainless steel to AISI 316 —

Standard Grade Tee-Head Bolts

(Nutis supplied Extra : "
Preferred Bolt Length & Base P/N with boft) Nuts Special Bolt Sizes
Bolt
Base | Diameters
Chﬁnnel Thread| %" 3" 1" 1" 1" 2" 2% 23" 3" 4" Part No. | to Specal
Ref. Size 15mm | 20mm | 25mm | 30mm | 40mm | 50mm | 55mm | 70mm | 75mm | 100mm | Each Order
) ) . BL231 BP231 | HN101 | M6 &Mé<} upto6”
3817HTA| M12 | | BC341 | BD341 | BF341 | BH341 BL241 | BM341 | BP341 | HN121 | M10l&a M16 { upto 7"
Mi12 | | BB44 BD441 | BF441 | BH441 BL441 BP441 | HN121
4022HTA ‘ — — - M10 upto8”
M16 | \ | BD451 | BF451 | BH451 BL451 | BM451 | BP451 | HN161
4930HTA| M16 | i l BDS51 | BF551 | BHS51 BL551 BP551
5030HTA ’ 1 ‘ ‘ ‘ HN161 | M1 & M12 | upto 12
- maria| M20 | | | | BIS61 BMS61 | BPS61 | HN201
|7248HTA| M24 ‘ ; \ | BH771 BM771 | BP771 | HN241 | M20M27 |upto 10"
| \ 1 ‘ [ | & M30

I ‘
All sizes with Base P/N available electroplated [—_—] Available electropiated & S/S AISI 304 & 316
MmN Ma..2 0 Ohhcnmnul]l amada

t 2

Allowable Loads in Lbs. on Stanqi y:.Grade Bolts in Pullout & Shear

Avaniable electropiated & S/S AISI 316

Recommendea | 2 B 11 g 44 ; 88 | 147 | 220 | 295
Toraue (ft.-ibs.)
HAI FEN ANCHORING SYSTFMS 2/RQ -60- H PQ. T-13

2

-
N

SAUOSSAD



High Tensile Grade
Tee-Head Bolts

HALFEN high tensile grade boits
have greater strength than the stan-
dard grade range of bolts. They may
be used for the channel sizes indi-
cated below. but care should be

taken to ensure the load applied
does not exceed the capacity of the
channel.

Slip Loads

Itis recommended that if high slip
loads are required (the load being
applied longitudinal to the channel)

that HALFEN channel 4122 HZA is
used with toothea HALFEN boilts.
Alternatively high tensiie Tee-head
boits can be used inany of the
HALFEN channels and hign torques
applied to acheive anincreased slip
load. Details of loads and torques
are given below.

nirec Aliowable
. : | efor Allowable g Pullout &
Channel l Ihread | 13/8” | 11/2" | 13/4" l 2" 125/16"| 23/4" 3" Base SlipLoads Siploag [ShearlLoad
Dot Simn a8 e lian mmmiliae i iz n — a0 mm 170 M) 178 M1, DN EA  the ha | 1 an
R BF232 : i . HB102 35 as0 | 3340
3817HTA | M16 | BJ352 i BL352 - _HB162 140 ©700 + 9260
4022HTA | M16 BF452 | BJ452 | . _HB162 140 ‘700 | 9260
* ' |
4930HTA | M1 | Buss2 | | HB162 140 1700 | 9260
| 5030HTA
1 .
| 4122HZA | M12* | BE942 | | BH942 | HB122 | 55 o 00 4886
[ 4122HZA | M16 | BH952 ) HB 162 55 260
"Avallaple In Slanaara Grage AiSI 304 & 316 | Preferrea Finish Galvanized

i Preferred Finish Electroplatea

Before applying very high torques. ensure the face of the channel is level with the surface of the concrete, and that a substantiat plate washer is used under
the nut to resist crushing the component. See page T-2.

Using Tee-head Bolts

The stud of the Tee-head boits and
their matching nuts have metric
dimensions. The table gives recom-
mended clearance hole sizesin
components to be anchored, and
appropriate wrench sizes for tighten-
ing nuts. Although it is good practice
to use a torgue wrench for tightening
nuts it is not essential, unless the
load is being applied longitudinally to
the channel. Tightening with a
wrenchin a ‘normal’ manner is
usually all that is required. If a metric

wrench is not available an adjustable wrench may be used for the
smaller bolts. Metric wrenches are available from HALFEN on request.

Bolt Thread Ret. M6 | M8 [ M10 | M12 | M16 | M20 | M24 | M27 | M30
Bolt Diameter

in Mitllimeters 6 8 10 12 16 20 24 27 30

Equivalent

Diameter ininches | 0-236 | 0.315 | 0.394 | 0.472 | 0.630 | 0.787 | 0.945 | 1.063 | 1.181
Recommenaed |min. y

thru Hole Size . |(ns) 1/4 111/32(13/32| 1/2 |21/32|13/16| 1 |13/32|11/4
in Component max

to be Anchored (ins) 9/32 | 3/8 | 7/16 | 9/16 | 3/4 |15/16| 11/8 |13/16(17/16
Metric Wrench Size 10 13 17 19 24 30 36 41 46

(mm)

HALFEN
WASHERS

General

HALFEN washers are available in

Sizes, Finishes, and P/Ns

Electroplated and stainless steel finishes are readily available. Galvanized
finishes are provided to order. For ordering, please use the base number
given below. Add a 1,2,3, or 4 to the end of the base part number depending
on the finish required as described in the Tee-head bolt section (Pg. T-13).

' l

e _ | ForBoltSize Washer Base P/M 8] | d T |
metric sizes to suit the range of Tee- | MB HWOBT 7/8 '/ 5/6
head bolts. Washers are supplied to M8 ~ HWOB1 . iga |
order. M1D | HW101 3/16 332 /32

USE e TR 13, S8 5/32
"""} | 7 M16_~ HW181 ~ 2 1/%6 1/8
. R 2 5/8 13/16 3/16
D 1d M24 HW241 1_3/4 1 5/32
M27 HW271 2 1.3/32 5/32
X M30 HW301 2 3/16 1.7/32 5/32 |

i ; llable electropiat

Mooty ) frnesecrpaiea ] Avmae sectonates
T-14

-61-
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