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FOREWORD 

This state of the practice report includes a description of the various types 
of portable concrete barrier connectors being used by highway agencies, an 
analytical analysis of connector strength, review of previous crash tests and 
recommendations for additional testing. This report should be of interest to 
design and safety engineers responsible for the design and installation of 
portable concrete barrier systems. 

Research, development and technology transfer for improving construction zone 
safety are included in the National Coordinated Program of Research, 
Development and Technology in Program Area Al "Traffic Control for Safety" 

Additional copies of this report can be obtained from the National Technical 
Information Service, Springfield, Virginia 22161. 

Stanley R. Byington 
Director, Office of Implementation 

NOTICE 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States 
Government assumes no liability for its contents or use thereof. 

The contents of this report reflect the views of the author who is responsible 
for the facts and the accuracy of the data presented herein. The contents do 
not necessarily reflect the policy of the Department of Transportation. 

This report does not constitute a standard, specification, or regulation. 
The United States Government does not endorse products or manufacturers. 
Trade or manufacturers' names appear herein only because they are considered 
essential to the objective of this document. 
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I. Introduction 

The Traffic Control Devices Handbook states that there are four 
primary functions of barriers: 

* Keep traffic from entering work areas, such as excavations or 
material storage sites. 

* Protect workers. 

* Separate two-way traffic. 

* Protect construction, such as falsework for bridges, and other 
exposed objects. (1) 

Barrier use has become increasingly popular in 
protecting highway workers and for containing and 
vehicles. 

recent years for 
redirecting errant 

Are these barriers affording all the protection for which they were 
designed? Are they performing as intended? 

The barriers are usually concrete precast in lengths from 8 to 30 ft. 
Barrier segments are connected to form a continuous barrier system. The 
barrier connector is normally regarded as the weakest part of the barrier 
system. The types of connectors used to hold together barrier segments 
vary widely. 

Recently a number of chronic problems have been observed in the use of 
portable concrete barriers (PCB). Most of these problems are related to 
the strength, application, and maintenance of the PCB connector. 

A. History of the Portable Concrete Barrier 

The development of portable precast concrete barriers was a response 
to the need for an effective means to protect highway work zones. 
Construction of or maintenance work on highways requires traffic control in 
order to separate the work activity from traffic moving through the work 
zone. 

An early barrier, called the timber barricade, consisted of a large 
(10- in by 10-in) timber base and horizontal railings at 22 in and 34 in 
above the base. Evaluating the performance of timber barricades used on 1-
495 near Washington D.C. in the late 70's, the Virginia Highway and 
Transportation Research Council found that 45.3 percent of the vehicles 
that came into contact with the barriers penetrated the work area.1(2) The 
horizontal railings also were hazardous to the vehicles striking the 
barriers. Concrete barriers eventually replaced the ineffective and unsafe 
timber barricade. 

The design of the portable concrete barrier was based on that of the 
concrete median barrier. Use of a concrete median barrier in Louisiana in 
1942 and in California In 1946 provided initial insight into the barrier's 
performance ,capabilities.(3) New Jersey officials used the Louisiana and 



California experience to design a barrier that would red.irect a vehicle 
after it strikes the barrier system. The earliest design used barriers 
that were 18 in high, but because vehicles climbed to the top of the 
barrier the height had to be increased. 

The barrier convnonly used today (figure I), referred to as the New 
Jersey barrier, is 32 in high and has a 24-ln base width and a 6-in top 
width. It incorporates a 55 degree batter-curb face and an upper portion 
that is at 84 degrees from the horizontal. Another design, called the 
General Hotors, or GH, shape, is also used in both a permanent and 
temporary capacity. Research has shown, however, that the GH shape 
produces excessive roll In impacting vehicles. (3) GH-shape barriers are 
generally being retired from use. A more recent design, the F shape, is 
considered the most efficient barrier design In terms of redirection and 
preventing rollover. A modified F shape is being used in the field in at 
least one State at this time. 

The theory on which the New Jersey barrier performs is relatively 
simple. Referring to figure I, when a vehicle strikes the barrier at an 
angle less than 15 degrees, the initial contact Is between the 3-in 
vertical curb and the vehicle tire. This contact deforms the tire, tending 
to slow the vehicle. The front wheel then climbs up the 55 degree batter­
curb face causing the vehicle to be lifted from the roadway. The lifting 
of the vehicle dissipates some of its kinetic energy of motion and places 
it in a position such that the redirecting forces perpendicular to the 
barrier can be applied to the vehicle~ suspension system. At a low angle 
of impact (less than 15 degrees) there Is usually no contact between the 
side of the car and the barrier. 

If the vehicle's impact speed is high (for example 60 mi/li)and its 
impact angle is more than a few degrees, the vehicle may climb up the 55-
degree angled face to where the angle changes to 84 degrees (the upper 
portion of the barrier). As the front portion of the vehicle wheel 
contacts the upper (near vertical) portion of the barrier, the wheel is 
turned parallel to the barrier's longitudinal axis and the vehicle is 
redirected. Depending on the impact speed and angle, the vehicle may 
continue to climb the near vertical portion of the barrier before returning 
to the roadway. 

Permanent concrete barriers were used in medians to separate traffic 
or to replace older, less effective designs. In some phases of highway 
construction, the barrier also was used In work zone traffic control. 
Although most of the concrete median barrier was cast in place, some 
precast barrier was also used. This precast concrete barrier led to the 
development of a barrier that could be moved from one location to another 
and could be placed in a position temporarily while work was completed. 

In its early history the segments of the PCB were sometimes simply 
butted end-to-end. It soon became evident, however, that the segments 
needed to be connected in order to be effective. While the use of PCB 
spread rapidly in the 1970s, various agencies developed a number of 
different methods for connecting the barrier segments. Two statements from 
different reports illustrate the variety In connector design. One report 
stated that "there are at least as many variations in PCB design as there 
are states in which it is used". (4) The second report stated, "Although 
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New Jersey Barrier 

Pin and Loop Tongue and Groove Plate Insert 

Channel Splice Double Dowell I-Beam 

Figure 1. New Jersey barrier and typical connectors 
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the PCB is used from coast to coast, Its design features vary from State to 
State.... It Is in the method of joining these segnents that the widest 
design variation takes place". (5) 

For the PCB system to perform properly and redirect vehicles it must 
be capable of withstanding the kinetic energy exerted by a vehicle striking 
it. The weakest point in the PCB system Is its connectors, which include 
the physical connection and mating faces of adjoining barriers. 

Figure I also shows a number of methods of connecting barrier 
segments. Although the strength of these connectors varies widely, 
published research has shown that barriers with the tongue and groove 
connector, one of the weakest, had 49 vehicle contacts for every reported 
accident In which the barrier was Involved. (2) 

B. Present Use of Portable Concrete Barrier Connectors 

The wide variety of connector types is reflected in the results (table 
I} of a survey of PCB use. In a 1985 telephone survey, the Federal Highway 
Administration (FHWA) asked the States what type of connectors they were 
using. The results of this earlier survey were sent to the principal 
construction engineer of each State highway agency, Including Puerto Rico 
and the District of Columbia with a letter asking each engineer to verify 
the type of connector used in his/her State, send copies of the State's 
standard plan(s) on portable concrete barriers, and designate a contact 
person in the event that Interviews would be sought. 

Forty-eight of the fifty-two agencies responded to the survey and 
confirmed the type of PCB connector used. For each State, the primary 
connector type and approved alternates are listed in the table. Some 
States specified a number of acceptable connectors with no preference. For 
these States all the connectors are listed under Primary Connector. Other 
States allowed more than one type of connector but preferred one or more 
t Y Pe s . In these States the preferred types ( s) are 1 i sted under Pr I mary 
Connector and the others are listed under Alternate Connector. The length 
of the barrier segments used in each State Is also given. 

The most convnonly used connector is the pin and loop connector. It 
consists of steel loops cast in each end of the barrier segment. The 
barriers are connected by inserting a pin through the loops of two adjacent 
barrier segments. (Detailed descriptions of each connector type are given 
In chapter II.) Forty-six of the agencies use some variation of the pin 
and loop connector. 

The pin and loop connector category can be subdivided by the types of 
material used to form the loops. Loops are c011V110nly formed from 
reinforcing steel bars (rebar), wire rope, eye bolts, or steel plates. 
Twenty-seven agencies specify the pin and rebar connections, fourteen 
agencies specify the pin and wire rope, two agencies specify the eye bolt, 
and one agency specifies the pin and plate connector. (Two agencies using 
pin and loop connectors did not respond to the survey and, therefore, could 
not be categorized.) 

4 



Table I 
Usa9e Survey Results 

Barrier Conf i med 
State Priaary Connector Alternate Connector Se91ent h_ength ~~ t[Jg i neer:_ 

Alabaaa Pin l Rebar IO ft ! I /2 in Yes 
Alaska Pin l Rebar 10 ft Yes 
Arizona Pin l llire Rope 12 ft 6 in, and 

20 ft Yes 
Arkansas Pin l Wire Rope 10 ft Yes 
California Pin l Rebar 19 ft 10 in Yes 
Colorado Pin l Rebar 10 ft Yes 
Connecticut Pin l Rebar 20 ft Yes 
Oelavare Plate Insert 12 ft Yes 
Dist. of Colu1bia Pin l Rebar Plate Insert 12 ft Yes 
Florida flaring Tongue & Groove, 

Straight Tongue & Groove, 
Pin I Wire Rope, Pin & Rebar Side Plate 12 ft ■ in Yes 

Georgia Pin I Rebar 10 ft Yes 
Hawal I Pin I Rebar 19ft91/• in Yes 
Idaho Pin I Iii re Rope Unkno1m No 
111 inols Pin I Wire Rope 10 ft Yes 
Indiana Pin I Rebar 10 ft Yes 
Iowa Pin I Wire Rope 10 ft Yes 
Kansas Straight Tongue I Groove Straight Tongue l Groove 

vith Steel Dowels vlth Side Plates 10 ft Yes 
Kentucky Straight Tongue & Groove 

With Side Plates, 20 ft :t 1/2 in Yes 
Pin I Rebar 10 ft ±. 1/2 in 
Slotted Triple Oo11el 20 ft, 30 ft 

Louisiana Pin I Wire Rope IS ft Yes 
"aine Pin I Rebar 10 ft Yes 
"aryland Plate Insert Unknown Ho 
"assachusetts Pin and Loop Unknown No 
Nichigan Pin I Eye Bolt Double Dovel 10 ft Yes 
"innesota Pin I Wire Rope 10 ft Yes 
Nisslssippi Pin I Rebar 10 ft ! 1/2 in Yes 
Nlssourl Straight Tongue & Groove 

with Continuous Cable 10 ft Yes 
Kontana Pin l Wire Rope 10 ft Yes 
Nebraska Pin I Rebar 10 ft Yes 
Nevada Pin l Rebar 19 ft 10 in Yes 
New Ha1pshire Pin I Rebar 10 ft Yes 
New Jersey Straight Tongue & Groove, 

Straight Tongue & Groove llelsbach 20 ft Yes 
with Side Plate 

New Nexico Pin I Rebar Straight Tongue & Groove 10 ft Yes 
New York Vertical I-Bea■ 8 ft, 10 ft, 12 ft, 

1• ft, 16 ft, 
18 ft, 20 ft Yes 

North Caro I i na Pin I Rebar 10 ft Yes 
North Dakota Pin I Wire Rope 10 ft Yes 
Ohio Pin, Rebar Straight Tongue & Groove 

f larlng Tongue & Groove IO ft, 12 ft Yes 
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Table I (concluded) 
Barrier Confir■ed 

Sli1.t fr.l.lID Cooo·ector Alternate Connector ~ un9!h Rt Engineer 

Oklahoaa Pin I Rebar 10 ft Yes 
Oregon Pin I lllre Rope 12 ft 6 in Yes 
Pennsylvania Plate Insert 

Flaring Tongue I Groove 30 ft llilX Yes 
Puerto Rico Pin and Loop Unkno11n No 
Rhode Island Pin I Rebar 10 ft Yes 
South Caro II na Pin I Rebar 12 ft Yes 
South Dakota Pin I Twin Double Rebar 10 ft Yes 
Tennessee Pin I Triple Rebar 8 ft to 12 ft Yes 
Texas Channel Spl Ice 14 ft II in to 25 ft Yes 

Grid Slot, Lapped Joint & Bolt 
flaring Tongue & Groove 
Steel Dowel 30 ft ±. 4 in 

Utah Pin & Plate Pin & llire Rope 10 ft, 12 ft, Yes 
12 ft 6 in, 20 ft 

Veraont Pin I Rebar 10 ft Yes 
Virginia Flaring Tongue & Groove Plate Insert 12 ft Yes 
Washington Pin I lllre Rope 10 ft and 12 ft 6 in Yes 
llest Virginia flaring Tongue I Groove Pin & Eye Bolt 12 ft and 10 ft Yes 

10 ft 
Wisconsin Pin I Rebar with llire Rope 10 ft Yes 
lly011ing Pin & Rebar 10 ft Yes 

Pin & llire Rope 

Total: Unspecified Pin and Loop 2 agencies 

Pin and Rebar 27 agencies 

Pin and lllre Rope 14 agencies 

Pin and Eye Bolt 2 agencies 

Pin and Plate I agency 

Tongue and Groove 8 agencies 

Plate Insert 5 agencies 

Channel Splice I agency 

Side Plates I agency 

I-Bea■ I agency 

Continuous Cable I agency 

Do11el Rods 2 agencies 

Grid Slot I agency 
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After the pin and loop category, the next most commonly used connector 
is the tongue and groove connector. It consists of a vertical protrusion, 
or tongue, cast into the end of a barrier segment that is inserted into the 
groove of an adjacent segment. Eight agencies specify the tongue and 
groove connector as their primary or alternate connector. 

The plate insert connector consists of a steel plate inserted 
vertical slot located in the lower center of each barrier end. 
connector Is specified by five agencies. 

in a 
This 

Eight agencies specify connectors other than the three types 
mentioned. The channel splice, I-beam, grid slot, side plates, top T lock, 
Welsbach, lapped joint and bolt and continuous cable connectors are each 
specified by one agency. The dowel connector Is specified by two agencies. 
(See chapter II for descriptions of these connectors.) 

The review of each State's standard plans for portable concrete 
barriers reveals even greater variability in connector types than the 
survey results shown in tablet. Even though twenty-seven agencies use the 
pin and rebar connector, their specifications for pin diameter, loop 
diameter, depth of loop embedment In the barrier end, and gap width between 
barrier segments differ. Virtually no two States have identical 
specifications for PCB connectors. 

C. Problems Observed In FHWA Field Reviews 

A 1985 memorandum (6) covering portable concrete barrier connectors 
was sent to FHWA Regional Administrators from the Directors of the Offices 
of Highway Operations and Traffic Operations. This memorandum stated that 
in field reviews by FHWA headquarters personnel, recurring problems 
Involving PCB connectors had been observed. These problems were serious 
enough to make the barriers ineffective in protecting both workers and 
motorists, 

Some of the most serious recurring problems observed were as follows: 

" 

" 

.. 

" 

In pin and loop connections. contractors often failed to Install 
the vertical steel pin. The pin also was prone to removal by 
vandals, The loops were structurally inadequate because of design 
deficiencies or previous damage. 

Tongue 
times 
other. 

and groove systems were not adequately interlocked. 
the barrier sections were not butted flush against 

The tongue or groove was damaged to the point of 
ineffective. 

At 
each 

being 

Some systems, such as the plate insert connector, might not have 
enough connection slack to be installed on sharp curves or flares. 

A number of systems were difficult to realign if they shifted as a 
result of a vehicular impact. 
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D. 

Some of the systems being used have not been properly tested using 
accepted crash test criteria. 

Improper placement or position of the barrier constituted at times 
a hazard to motorists. 

Project Objectives 

The objectives of this contract were to develop: 

* 

A report on the state-of-the-art of portable concrete barrier 
connectors. 

Recommendations for additional work to fill gaps in the 
technology. 

The work in the contract involved (a) a literature review of research 
that has been done on PCB, (b) contacts with and visits to highway agencies 
to discuss PCB use, and (c) analytical determination of connector 
strengths. The key task of the project was to compare the research that 
has been done on PCB with the present application of PCB in actual work 
zones. 

E. Report Organization 

This final report describes the state-of-the-art in PCB connector 
design and presents an evaluation of the PCB design capabilities with 
present application in actual work zone situations. 

After this introductory chapter, Chapter II details the various 
connector designs used in the United States. Chapter Ill discusses the 
forces involved when a barrier is hit, a method for measuring the strength 
of a connector system, and the results of an analytical determination of 
the strengths of State connector systems. Chapter IV sunvnarizes the crash 
tests that have been conducted on portable concrete barriers and compares 
the crash test results and current field applications. Chapter V presents 
information gathered in the State visits. Advantages and disadvantages of 
PCB systems, performance of the barrier during accidents, anchoring 
methods, and connections to other barriers also are discussed. Chapters VI 
and VII present the conclusions and recommendations developed from the 
literature review, analytical determination of connector strengths, and the 
field visits. Finally, Chapter VIII presents the recommendations of the 
study that address additional crash tests needed and other research that 
should be performed. There are three appendixes. Appendix A presents 
connector design details, appendix B gives individual crash test 
descriptions and appendix C describes information gathered in each State 
visit. 
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II. ~ of Portable Concrete Barrier Connectors 

A variety of types of portable concrete barrier (PCB) connectors are 
in use in the United States. This chapter describes these connectors, 
lists the States or agencies that use the connectors, gives specifications 
important to the performance of the subject connector, and discusses the 
structural advantages and disadvantages of the subject design. Next is a 
brief description of how the connector is applied and replaced in the 
field. Last, if applicable, are crash test performances of the connector 
and any special features a particular type may have which sets it apart 
from other connectors in its category. 

The connectors are described by category, such as pin and loop or 
tongue and groove, and divided into types, such as pin and rebar or flaring 
tongue and groove connector. The categories are discussed in the order of 
most to least used connectors. Some of the latter categories are 
experimental connectors used only in crash tests. The last category of 
connectors is hybrid connectors. They incorpcrate features of more than 
one connector type (usually the tongue and groove in combination with 
another connector). Although experimental connector types are included, 
connectors that have been determined to be obsolete are not included. A 
total of 24 types of connectors are described. 

Specifications on the various PCB connector types described in this 
chapter are given in appendix A. This appendix is an extensive table that 
lists dimensions of the connectors and their respective PCB segments, the 
States or agencies using these connectors, and notes on crash tests 
performed on given connectors. The connector types and their dimension 
symbols used in the table are keyed to those used in the figures that will 
be presented in this chapter illustrating the various types of connectors. 
Details of the crash tests noted in the appendix table are given in chapter 
IV. 

All specifications given in appendix A for State connector designs 
were taken directly from State specification sheets acquired through a mail 
survey of the States. Non-State connector specifications were taken from 
various publications written by the testing agency. The information on the 
States or agencies which use the specific types of connectors also was 
taken from State specification sheets, or in the case of agencies, from 
various publications. 

In this category of connector the joint is constructed by casting 
either rebar, wire rope, eye bolt, or plate into each end of the barrier 
segments. Loops are then positioned such that they overlap and a steel pin 
is inserted in the loops. Forty-six States and agencies now use this 
connector variety. There are several varieties of the pin and loop 
connector, and they differ according to gap width, pin diameter, loop 
embedment length, and material used to form the loops. While all these 
factors are important, the most important is the gap width. The gap width 
directly determines the amount of rotational slack that can be expected in 
a given connection. Rotational slack is the angle through which two 
connected barriers can rotate freely relative to each other before their 
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connector begins resisting rotation. Excessive rotational slack is 
undesirable in a barrier, since it usually results in excessive lateral 
displacement of the barrier when impacted, Presently, only 15 States 
directly specify a gap width for this connector and some of those are 
excessive (greater than 3 in). Other States indirectly imply a nominal gap 
width as a result of other dimensions, but do not specify gap width as 
such. Generally speaking, this joint can develop moderate strength in 
tension, shear, and torsion. Barriers with these connectors are generally 
easy to install. The one exception is when anchoring nuts are required on 
the connecting pins, since access to the threaded portion of the pin is 
difficult for barriers with a small gap width. 

I. Pin and Rebar 

The pin and rebar connector (see figure 2) is a variety of the pin and 
loop connector which uses steel rebar to form four loops (two loops in each 
barrier end). Twenty-five States use this connector at this time. Gap 
width varies anywhere from I in to 3 In; however, most users do not specify 
the gap width. One State, Georgia, has a rotational slack of 18 degrees, 
due to an excessively large gap width. Pin diameters vary from 7/8 in to 1 
1/4 in. Rebar diameters vary from 5/8 in to I in. Segment lengths vary 
from 10 ft to 19 ft 10 in, with intermediate sizes specified. Wisconsin 
specifies a pin and loop type connector which uses wire rope loops that are 
spliced onto rebars which are cast in the barrier. This splice gives the 
connector characteristics of both the pin and rebar, and pin and wire rope 
connectors. To date, four crash tests have been conducted on pin and rebar 
connectors. In one test, the unanchored pin was bent out of the loops and 
allowed a barrier segment to overturn. In another test, unanchored pins 
were bent out of the loops, and the barrier broke in two because of impact 
with the vehicle. This illustrates the importance of the pin in the 
performance of this connector. Permanent deflection for the remaining two 
tests was relatively low, measuring 0.46 and 0.52 ft. 

2. Pin and Triple Rebar 

The pin and triple rebar connector (see figure 3), a variety of the 
pin and loop connector, has three rebar loops cast into each barrier end 
rather than the usual two. However, all these loops are cast in the bottom 
half of the barrier, putting them very close together. At this time only 
Tennessee uses this connector. This loop configuration promotes an 
increase in torsional rotation slack due to lack of adequate anchoring near 
the top of the barrier. Since torsional rotation promotes the ramping of 
vehicles upon impact, this connector could be considered inferior to other 
pin and loop varieties in this respect. It has a gap width of 2 in, a 
segment length from 8 ft to 12 ft, a I-in-diameter pin, and a 1/2-in­
diameter rebar used for the connectors. To date no crash tests have been 
performed on,this connector. 
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3. Pin and Twin Double Rebar 

The pin and twin double rebar connector (see figure 4), a variety of 
the pin and loop connector, has four rebar loops cast into each barrier end 
rather than the usual two. Only South Dakota uses this connector at this 
time. The advantage of this configuration is the decreased probability of 
connector failure due to loop rupture or rebar loops coming out of the 
barrier ends. It has a segment length of 10 ft, a rebar diameter of 5/8 
in, a pin diameter of I 3/8 In, and no specification of gap width. To 
date, no crash tests have been performed on this connector. 

4. Pin and Wire Rope 

The piQ and wire rope connector (see figure 5), a variety of the pin 
and loop connector, uses wire ropes to form the loops. Fourteen States now 
use the pin and wire rope connector. Differences in pin diameters vary 
from 7/8 in to 1 1/4 in. Differences in gap width are anywhere from 1/4 in 
to 3 1/2 in; however, most users do not specify the gap width for this 
connector. Also, segment lengths vary from 10 ft to 25 ft, with several 
intermediate lengths between. There is little difference, however, in 
wire rope diameters, the dimensions being either 1/2 in or 5/8 in. To 
date, no crash tests have been performed on the pin and wire rope 
connector. 

5. Pin and Eye Bolt 

The pin and eye bolt connector (see figure 6), a variety of the pin 
and loop connector, consists of two eye bolts cast into each barrier end to 
form the loops. West Virginia and Michigan use this connector at this 
time, although Michigan is in the process of changing their connector 
design to the pin and wire rope connector. A major reason for Michigan 
changing from the pin and eye bolt connector is that the eye-bolt would 
break off in shear during handling of the barriers. Another State, 
Minnesota, in the past had the experience of eye-bolts pulling out of 
barrier ends on impact, and therefore changed their coonector design. West 
Virginia specifies a segment length of 10 ft, a pin diameter of 7/8 in, and 
a 3/4-in-eye bolt, but does not specify a gap width. To date, no crash 
tests have been performed on this connector. 

6. Pin and Plate 

The pin and plate connector (see figure 7), a variety of the pin and 
loop connector, uses steel tongues cast longitudinally into the barrier 
ends to form the loops. Holes are cut into the tongues to form the loops 
through which the pin goes. Utah is the only State which uses this 
connector at this time. The connector has the same basic performance 
characteristics as the pin and rebar connector. It has segment lengths of 
10 ft, 12 1/2 ft, and 20 ft; a pin diameter of I in; and a plate thickness 
of 1/2 in. No gap width ls specified. To date, no crash tests have been 
performed on this connector. 
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B. Tongue and Groove 

In this category of connector, the connector is formed by casting male 
tongues and/or female grooves In portable concrete barrier end. The 
tongues are then fitted in the grooves to form a connection. This 
connector has two basic shapes (as viewed from the barrier end): straight 
and flaring. At this time, eight States use some type of tongue and groove 
connector. The Important factor for this connector is the cross-sectional 
area of the tongue because that area determines the shear and torsion 
strength of the connector. The connector has no capacity to transfer 
tension or moment from one segment to the next. 

1. Flaring Tongue and Groove 

The flaring tongue and groove connector (see figure 8) consists of a 
trapezoid-shaped tongue or groove cast in the end of a barrier segment. 
The tongue is inserted into a like-shaped groove cast Into an adjacent 
barrier segment. Six States now use the flaring tongue and groove. This 
connector generally has no capacity to transfer tension or moment from one 
segment to the next, and can transfer only small torsion and shear loads 
between segments. 

This barrier connector Is easy to install initially, and replacement 
of a segment requires simply that a double female end segment be lifted 
out of the system; there is no disruption to other segments of the system. 
One crash test has been performed on this connector by ENSCO, Inc. For a 
4240 lb vehicle impacting at 58 mi/hand 25 degrees, the connector failed 
since one barrier segment overturned. 

2. Straight Tongue and Groove 

The straight tongue and groove connector (see figure 9) Is the same as 
the flaring tongue and groove except that it Is approximately as wide at 
the top as it is at the bottom. Four States specify this connector at this 
time. Like the flaring tongue and groove, this connector has no ability to 
transfer tension or moment between segments, and can transfer only small 
torsion and shear loads. It differs in design from the flaring tongue and 
groove in that It's tongue and groove runs the full height of the barrier 
face. A segment can be lifted and lowered into place within the barrier 
system without the adjacent barriers on either end being moved. To date, no 
crash tests had been performed on this connector. 

C. Plate Insert/Grid Slot 

In this category of connector, the connector consists of either a 
rectangular, steel plate (plate insert), or a welded rebar grid (grid slot) 
Inserted into vertical slots in each barrier end. Five States specify the 
plate insert, and one State (Texas) specifies the grid slot. The most 
important factors for this category are either plate thickness or rebar 
diameter, since these dimensions determine the moment, torsion, and shear 
capacities. 
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1. Plate Insert 

The plate insert connector (see figure 10) consists of a rectangular 
steel plate inserted in vertical slots in each barrier end. This connector 
is pcpular in the eastern mid-Atlantic States. Important dimensions for 
this connector are plate width, height, thickness, and slot width. This 
connector has no tensile capacity, and low moment, shear, and torsion 
capacities. Structural performance is also hindered by the fact that the 
vertical slots cast in the barrier end reduce barrier cross section. This 
creates a tendency for the plates to "break out" of the barrier upon impact 
before they actually fail. Replacement of segments involves lifting the 
desired segment out of the barrier system and lowering a new segment back 
into the system. To date, no crash tests have been performed on this 
connector. 

2. Grid Slot 

The grid slot connector (see figure 11) involves placing a rectangular 
grid of welded rebar into vertical slots cast into each barrier end. To 
date, only Texas specifies the grid slot connector. Important dimensions 
for this connector are overall grid width and length, rebar diameter, 
welding requirements, and slot widths. This connector has no tensile 
capacity, and low torsion, shear, and moment capacities. The sttuctural 
capacity of the connector is hindered by the fact that vertical slots at 
each barrier end reduce the barrier cross section by approximately one 
half, thereby causing the grid to break out of the barrier upon impact 
before actually failing itself. Since the vertical slots extend to the top 
of the barrier, application and maintenance of this system are rather 
simple, requiring no more than aligning the barrier segments and dropping 
the grid slot into position. To date, no crash tests have been performed 
on this connector. 

D. Steel Dowel ---~· .. -- ----
The steel dowel connector (see figure 12) uses either two or three 

steel dowels set longitudinally between barrier ends. Only three States, 
Texas, Kentucky, and Michigan now use this connector. Important factors 
for this connector are the number of dowels used, dowel diameter, dowel 
length, whether the gap is grouted or not, gap width, segment length, and 
the vertical spacing between the dowels (the dowels should be spread out 
vertically to inhibit torsional rotation slack). Michigan uses two dowels, 
and Texas and Kentucky use three dowels. Texas and Kentucky specify 1/2 
in gap width; use anywhere from 20 ft to 30 ft segments; have good, even 
vertical distributions of the connectors in the barriers, leading to 
moderate torsional capacity; and have similar dowel diameters. 

The only major difference between the three connectors is the way in 
which they are applied. Since Texas and Michigan have holes in the barrier 
ends to accommodate the dowels, replacement of a segment requires that the 
barrier system on either side of this segment be spread out and 
subsequently moved back in once the replacement has been made. Kentucky 
has the dowels cast in one end of a barrier, and the other barrier end has 
vertical slots into which the dowels are placed and subsequently grouted 
in. This enables Kentucky to simply lower segments into place within the 
barrier system. 
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This connector type has no tensile capacity, very low moment capacity, 
and moderate torsion and shear capacity. Only one crash test has been 
performed on this connector, and it performed satisfactorily with a 4,540-
lb vehicle Impacting at 60 ml/hand 25 degrees, giving a maximum permanent 
displacement of I.I ft. 

E. Channel Splice/Side Plates 

In this category of connector, the connector consists of either a 
steel channel or a steel plate bolted longitudinally, at the base, between 
two barriers. At this time, only Texas specifies the channel splice, and 
only Florida specifies the side plates. The most important factor for this 
connector is the type of splice used, either channel or plate. Channel 
splices give greater shearing, torsional, and moment capacity. 

1. Channel Splice 

Barrier segments utilizing the channel splice (see figure 13) are cast 
with two bolt holes at each end passing through the base of the barrier. 
Channel splices are then bolted to the sides of each adjoining segment. 
Only one State, Texas, uses this connector at this time. Important 
factors for this connector are the type of channel used, channel length, 
number of bolts used, bolt diameter, bolt hole diameter, spacing between 
bolt holes, and segment length. Using a CS by 9 by 42 in long channel 5 in 
wide by 1.885 in high and anywhere from a 15 ft to 25 ft segment length, 
this connector generates moderately high tensile, moment, and shear 
strength and does not allow significant joint deflection before the moment 
resistance is generated. Texas has no gap width specifications for this 
connector, but gap width is not considered critical to this design. 

Only one crash test, Texas Transportation Institute's (TT!) 2262-2, 
has been performed on this connector. The connector successfully tested 
with a full-sized sedan impacting at approximately 60 mi/hand 25 degrees 
giving a maximum permanent displacement of 1.33 ft. Application and 
maintenance of this barrier are relatively easy, requ1r1ng only that 
barrier segments be set in place, channels aligned, and bolts inserted and 
tightened. 

2. Side Plates 

Barrier segments utilizing the side plate connector (see figure 14) 
are cast with either two or four bolt holes at each end passing through the 
base of the barrier. Rectangular side plates are then bolted to the sides 
of each adjoining segment. Only one State, Florida, uses this connector at 
this time. Also, TT! has crash-tested a connector of this design. 
Important factors for this connector are plate length, plate width, plate 
thickness, number of bolts used, bolt diameter, bolt hole diameter, spacing 
between bolt holes, and segment length. While the TT! and Florida 
connector both specifiy 1/2-ln-thick plate, the TT! plate connector is 
wider, is longer, uses four bolts rather than two, and uses a wider bolt, 
making it a stronger connector than the Florida connector. The side plate 
connector is comparable to the channel splice connector in design, but it 
ls generally weaker, the difference being the cross-sectional difference 
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between a channel and plate. Installation and maintenance on this 
connector are relatively easy, requiring no more than aligning the barrier 
into position, aligning the plates with the barrier holes, and fastening 
and tightening the bolts. To date, only one crash test has been performed 
on the TTI connector: TTl's 2262-1. This connector successfully tested 
with a 4500-lb vehicle impacting at 60 mi/hand 15 degrees, giving a 
maximum permanent displacement of 0.9 ft. 

F. Vertical I-Beam 

For the vertical I-beam connector (see figure 15), barrier segments 
are constructed with slotted steel tubes cast into each end of the barrier. 
The segments are then linked by passing a steel I-beam down adjoining 
slotted tubes. New York is the only State which now specifies this 
connector. Important factors for this connector are I-beam length, I-beam 
cross-sectional area, tubing thickness, gap width, and anchoring of the 
tubing in the barrier ends. This connector can develop relatively high 
tensile, moment, shear, and torsion capacities. To date, four crash tests 
have been conducted on New York's current version of this connector. The 
barrier system successfully crash tested with either a 2,175-lb or a 4,500-
lb vehicle impacting at 60 ml/hand either 15 degrees or 25 degrees, with 
maximum permanent displacements ranging from 0.23 ft to 1.4 ft. Interesting 
to note was that in one crash test rotational slack was reduced by grouting 
the connection, thereby reducing permanent barrier deflection. 

G. Top T-Lock 

The top T-lock connector (see figure 16) consists of vertical steel 
tubes welded to the ends of an upright steel T. Barrier segments are cast 
with vertical holes at the top, near the ends, which mate with the vertical 
tubes of the upright T. The connection Is accomplished by placing the 
barriers into position and lowering the Tonto the barrier, placing the 
tubes into the holes. Only Texas now uses this connector. Important 
factors for this connector are welding requirements and cross-sectional 
areas of the members which form the T. The Texas connector uses channel 
and structural tubing to form the T, thereby giving it relatively high 
tensile, moment, shear, and torsion strength. Installation of this 
connector is relatively simple, requiring no more than aligning the barrier 
segments and dropping the T connector into place. To date, no crash tests 
have been performed on this connector. 

H. New Jersey Welsbach Interlock 

The New Jersey Welsbach connector (see figure 17) consists of two I­
beam segments protruding from one barrier end and Interlocking into steel­
lined slots cast into the other barrier end. New Jersey Is the only State 
which specifies this connector, and only as an alternate to preferred 
designs. Important factors for this connector are I-beam cross-sectional 
area, and slot specification. This connector has very high tension, shear, 
moment, and torsion capacities, comparable with those of a permanent 
barrier connector. Replacement of a segment is complicated by the fact 
that barrier segments on either end of the replacement must be spread out 
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and subsequently moved back once the replacement has been made. To date, 
two crash tests have been performed on this connector. The connector 
performed well in both tests, the most severe being a 2,250-lb. vehicle 
impacting at 60 mi/hand 15 degrees. There was no permanent deflection of 
the barrier for either test. 

I. Bottom T-Lock 

The bottom T-lock connector (see figure 18) consists of vertical steel 
tube welded to the ends of an inverted steel T. Barrier segments are cast 
with vertical holes at the bottom near the ends, which mate with the 
vertical tubes of the inverted T. The connection is accomplished by 
placing the inverted Tinto position and lowering the barrier over the 
vertical steel tubes. Important factors of this connector are welding 
requirements, and cross-sectional area of members forming the T. This 
connector is not specified by any State highway agency; however, it has 
been tested by TT!. TTI's specification for channel, structural tubing, 
and large diameter steel tubes gives this connector very high tensile, 
moment, shear, and torsion strength. To date, TTI has conducted eight 
crash tests on this connector. All tests were conducted with atypical 
vehicles (ex. trucks, 4-w drives, etc.), one being a 2-1/2-ton truck 
weighing 18,240 lb. In all tests at speeds of 60 mi/hand angles anywhere 
from 7 degrees to 22 degrees, the connector performed satisfactorily, with 
maximum permanent displacement ranging from Oft to 0.08 ft. 

J. Lapped Joint and Bolt 

In the lapped joint and bolt connector the ends of the lapped Joint 
barrier segments (see figure 19) are fabricated such that they overlap in a 
vertical plane. The joint is then secured with a single steel bolt that 
passes through the overlapping segments. To date, only Texas specifies 
this connector, and only as an alternate. Important factors for this 
connector are bolt diameter, overlapping area between barrier segments and 
cross-sectional area of the lapped portion. This connector provides 
moderate moment and tensile capacity, with relatively low shear and torsion 
strengths. Application and replacement of this connector are relatively 
simple, requiring only that barrier segments be aligned and the bolt 
subsequently fastened. To date, no crash tests have been performed on this 
connector. 

K. Hinge Plate 

The hinge plate connector (See figure 20) consists of two steel plates 
anchored by bolts on each barrier end. The plates are positioned so that 
they overlap, and a steel pin is inserted through holes in the plates. 
Important factors for this connector are gap width, plate thickness, and 
pin diameter. This connector is similar to pin and loop connectors, 
however, there are some differences. First, overlapping plates are flush 
with one another, rather than having a gap between them. Second, the 
segment length, being only 39 Inches, is very short. Third, the barrier 
has a cross-sectional shape quite different from the New Jersey shape. 
Thirteen crash tests have been performed on this connector, all by the 
proprietor, Barrier Systems Incorporated (BSI). No agencies specify this 
connector at this time. 
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L. Hybrid Connectors 

Hybrid connectors incorporate two or more different connector types 
into one connection system. Some examples of hybrid connectors are 
straight tongue and groove with steel dowels, and flaring tongue and groove 
with side plates. The advantage of a hybrid connector is that it 
incorporates the best features of each connector type. Furthermore, 
application and maintenance of this system is usually no more difficult 
than application and maintenance of one of the component connectors. To 
date, four States use one variety or another of a hybrid connector. 

t. Straight Tongue and Groove With Side Plates 

This connector consists of a concrete vertical tongue or groove cast 
into the barrier end, along with side plates bolted longitudinally to the 
barrier base (see figure 21). Three States now use this connector. 
Important factors for this connector are plate length, plate width, plate 
thickness, bolt diameter, number of bolts, bolt hole diameter, bolt hole 
spacing, tongue cross-sectional area, and tongue protrusion length. The 
structural capacities of this connector are superior to either a simple 
straight tongue and groove or a side plate connector, since the structural 
capacities of the respective component connectors are simply added to 
achieve the structural capacities of the hybrid connector. This gives this 
connector relatively moderate tensile, shear, moment, and torsion 
capacities. Plate thickness for this connector ranges from 1/4 in to 1/2 
In, plate length ranges from 12 in to 126 In, and tongue height ranges from 
32 in to 38 in. The number of bolts used is usually two, and plate width 
ranges only from 3 in to 4 in. Segment lengths are specified as either 10 
ft or 20 ft. 

To date, two crash tests have been performed on this hybrid connector, 
by the Southwest Research Institute. In these tests, a 4500-lb vehicle 
impacted the barrier at approximately 62 mi/hand 25 degrees, causing 
barrier failure In both tests. It should be noted here that the plate 
thickness for the connectors used In these tests was only 1/4 In, the 
bottom of the range. It is difficult to assess what the performance of a 
connector using thicker plate would be under similar Impact conditions. 

2. Flaring Tongue and Groove With Side Plates 

This connector consists of a trapezoid-shaped tongue or groove cast 
into the barrier end and the addition of side plates bolted longitudinally 
at the barrier base (see figure 22}. Only TT! has tested this connector. 
Important factors for this connector are plate length, plate width, plate 
thickness, bolt diameter, number of bolts, bolt hole diameter, spacing 
between holes, tongue area, and tongue protrusion length. Sensitivity 
analysis reveals that plate thickness is the most important consideration 
in this connector. Therefore, structural capacities range from relatively 
moderate to relatively high, depending upon the plate thickness used. 
However, this configuration is superior in structural capacity to either of 
its component connectors, having the capacities of the component connectors 
added to give the capacities of the new connector. 
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To date, four crash tests have been conducted on this connector. All 
four tests used approximately 4500-lb vehicles impacting at approximately 
60 mi/hand at an angle of 25 degrees. The only major difference in all 
these tests was in the plate thickness used, which ranged from 1/8 In to 
1/2 in, increasing in 1/8-in-increments. Only In the test using the 1/4-ln­
plate did the connector fall upon Impact. In all other tests with thicker 
plate, the connectors were successful, with maximum permanent displacement 
ranging from 1.6 ft to 1.8 ft. No agencies specify this connector at this 
time. 

3. Straight Tongue and Groove With Steel Dowel 

The straight tongue and groove with steel dowel connector has the same 
configuration as the straight tongue and groove connector, with the 
addition of one steel dowel placed across each barrier segment interface, 
aligned normal to the barrier end (See figure 23), Only one State, Kansas, 
now uses this connector. Important factors for this connector are dowel 
length, dowel diameter, tongue cross-sectional area, and protrusion length 
of tongue. This connector has the structural characteristics of the 
straight tongue and groove, plus the additional strength characteristics of 
the dowel, which gives the connector a moment capacity. However, this 
connector still has no tensile capacity, and relatively low moment, shear, 
and torsion capacities. While Initially easy to apply, replacement of 
segments in a barrier system Is complicated by the fact that the segments 
on either side of a replacement segment must be spread out in order to 
accommodate the placing of the steel dowels. To circumvent this, Kansas 
uses a different type of connector (the side plate which is easier to 
replace) for replacement of segments rather than go through the replacement 
procedures associated with the steel dowel. To date, no crash tests have 
been performed on this connector. 

4. Straight Tongue and Groove with Continuous Cable 

The straight tongue and groove with continuous cable connector 
involves mating tongue and groove segments and then threading a cable 
throughout the entire barrier system via longitudinal holes cast in each 
barrier segment (See figure 24). The cables are subsequently pulled in 
tension and locked into position once the threading has been accomplished. 
Only one State, Missouri, now uses this connector. Important factors for 
this connector are cable diameter, cable tension, and tongue cross­
sectional area. This system has low torsion, tensile, shear, and moment 
capacities. Maintenance of this system Is made difficult by the fact that 
damage to the cable requires that it be repaired and retensioned. To date, 
no crash tests have been performed on this hybrid connector. 
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5. Flaring Tongue and Groove with 
Channel Splice and Double Dowels 

This connector is a composite of the dowel, flaring tongue and groove, 
and channel splice connectors. It consists of a trapezoid-shaped tongue or 
groove in the barrier end, two dowels across the barrier Interface, and a 
steel channel mounted longitudinally at the barrier base (see figure 25). 
Only one agency, TT!, has tested this connector. Structurally, ft has the 
characteristics of the three composite connectors summed together, giving 
it relatively high tensile, shear, moment, and torsion capacities. 
Important factors for this connector are number of dowels, dowel diameter, 
dowel length, tongue area, tongue protrusion length, channel cross­
sectional area, channel length, number of bolts used, bolt hole diameter, 
spacing of holes, and bolt diameter. Replacement of a segment In a barrier 
system is complicated by the fact that the segments on either side of the 
segment to be replaced must be spread and subsequently moved back to 
accommodate the replacement of a segment. To date, one crash test has been 
performed on this hybrid connector. For an impact of a 20,000-lb bus at 60 
mi/h and 15 degrees, the connector was successful, having a maximum 
permanent displacement of 1.8 ft. 
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Ill. Determination of Connector Strength 

This section examines the characteristics of pin and loop and tongue 
and groove connectors and analyzes how these characteristics determine the 
structural capacity of the connectors. Pin and loop connectors and tongue 
and groove connectors were singled out for analysis because of their 
widespread use in the field; 43 States presently specify some type of the 
pin and loop connector and 8 States specify some type of the tongue and 
groove connector for temporary concrete barriers. Analysis of these 
connectors is important since the connector is usually the weakest part of 
the portable concrete barrier (PCB) system. 

This chapter is divided into three sections. The first section 
describes the reference coordinate system for the barrier and. with 
respect to these coordinates, defines the type of forces that must be 
resisted in a connector. The capacity of a connector to withstand these 
forces is measured In terms of tensile strength, moment strength, shear 
strength, and torsion strength. The second section lists the strengths for 
various connectors that have been published in past reports. Connector 
strengths are given in terms of tensile, moment, shear, and torsion 
strengths. In the third section, a sample analysis of a pin and wire rope 
connector, a pin and rebar connector, and a flaring tongue and groove 
connector are given. Two tables list all the strengths of the connectors 
analyzed by GME. The values in the table for pin and loop connectors were 
determined using a GME in-house BASIC program modeled after the sample 
analysis mentioned above. 

A. Forces Involved 

Figure 26 shows the 
tensile, moment, shear, and 
The X-axis in the system 

right-hand coordinate system used to define the 
torsion load capacities of a barrier connector. 
is coincident with the longitudinal barrier 

X 

Figure 26. Coordinate system for portable concrete barrier 
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centroidal axis. The Y-axis is vertical and forms a right angle with the 
X-axis. The Z-axis is orthogonal to the X and Y axes, and is in a right­
hand sense. 

The four loading conditions analyzed are the ultimate tensile strength 
(Fl, the ultimate moment (Ml, the ultimate shear strength (V), and the 
ultimate torsion (T). For this analysis, pin and loop, and tongue and 
groove connectors will be considered. In general, barrier systems will 
usually be subjected to moment or torsion dynamic loading due to an impact. 
For this reason, moment and torsion capacities are the most important gauge 
of connector strength. Tensile capacity Is also important, however, since 
it directly determines the moment capacity. Homent capacity is the 
distance between the barrier center of gravity and extreme fibers of the 
barrier crossed into the tensile capacity of the connector. 

Shear capacity is the least important loading condition, since 
barriers are usually not loaded in shear, and since the shear capacity does 
not necessarily determine the torsion capacity of the connector. However, 
shear capacity has been included in the analysis since it does give some 
gauge of connector strength. Torsion capacity, T, is the vertical distance 
between the loops on one barrier end crossed into the failure force for 
torsion loading conditions. 

In general, a pin and loop connector under tensile loading conditions 
will fail due to any one of the following reasons: 

* 

* 

* 

Pin fails due to transverse loading. If the pin is not anchored on 
both top and bottom, then failure is due to yielding, since 
yielding would allow the pin to bend and slip out of the loops. 
While the pin may not actually come out of the loops when it 
begins to yield, it is certainly in danger of doing so. If the 
pin is anchored, however, then pin failure is due to rupture. 

Loops fail in tension. 

Loops pull out of barrier (only if top and bottom loops are not 
physically connected. 

Concrete shears due to force on loops. 

The tensile capacity of the connector is then the minimum force 
required to cause failure for any one of the above-stated reasons. 

Second, a pin and loop connector under moment loading will fail for 
the same reason that it does for tensile loading. Moment capacity then is 
the distance between the pin center and the extreme fibers of the barrier 
crossed into the tensile capacity of the connector. 

Third, a pin and loop connector under shear loading conditions will 
fail due to any one of the following reasons: 

* 

* 

Pin fails due to transverse loading. 

Loops fail in tension. 
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* 

* 

Loops pull out of barrier (this occurs for wire rope loops only). 

Concrete shears laterally due to forces on loops (this occurs for 
rebar loops only). 

For wire rope, concrete shears longitudinally (if top and bottom 
loops are physically connected) due to forces on loops. This is 
because forces on wire rope always resolves into tensile forces. 

The shear capacity of a pin and loop connector is then the minimum 
force required to cause failure for any one of the above-stated reasons. 

Fourth, a pin and loop connector under torsion loading conditions has 
the same possible modes of failure as does a pin and loop connector under 
shear loading conditions. The only difference is that the pin analysis 
will change due to the change in loading conditions on the pin itself. The 
torsion capacity of the connector is then the vertical distance between the 
loops in one barrier end crossed into the minimum force required to cause 
failure for any of the above-stated reasons. 

B. Strengths Cited in Published Reports 

Given below are three tables (2 to 4) submitted in published 
which list the strengths of various PCB connectors. The three 
taken from different publications, are referenced accordingly. 

reports, 
tables, 

As can be seen, some of the same connectors have different structural 
capacities listed in the different tables. For example, one report (7) 
gives the tensile capacity of the Idaho pin and rebar as 61 kips, whereas 
another study (4)· gives this same capacity as 23 kips. Even within the 
same study, results do not appear consistent. For example, table 4 has the 
capacity of side plates and side channels as being exactly equal, which is 
not true. It was impossible to tell why these discrepancies occurred, since 
only one report, (7) actually showed the computations which yielded the 
capacities. 

C. Analytical Determination of Connector Strengths 

An analysis of the Arkansas pin and wire rope, the California pin and 
and the Virginia tongue and groove connectors is given in this 
The following assumptions were used for the analysis: 

rebar, 
section. 

* 

fl 

* 

Connector strengths are analyzed using the mechancial properties 
of the actual materials in the connector. Mechanical properties 
are assumed only when actual properties are unknown (Steel was 
assumed to be ASTM-A36 and concrete was assumed to be 3000 psi}. 

Concrete is an integral part of the connector system, and is 
therefore taken into account in the failure analysis. 

The ultimate shear strength Cvc) of concrete is governed by the 

equation 

strength of the concrete, 
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Table 2. Strengths cited in "Barriers in Construction Zones" (7) 

Tensile Shear Moment Torsion 
Capacity capacity Capacity Capacity 

Connection (k) (k) (ft-k) (ft-k) 

Welsbach Interlock (NJ) 208 156 139 94 

I-Lock (NY) 92 208 61 87 

Pin and Rebar (CA) 85 85 57 60 

Corrugation and 
Cable (CA) 41 23 27 19 

Lapped Joint and 
Bolt (TX) 27 47 22 24 

Pin and Eye Bolt (MN) 20 12 13 9 

Pin and Wire Rope (ID) 61 61 41 41 

Pin and Rebar (GA) 46 46 31 31 

Dowel (TX) 0 60 0 37 

Tongue and Groove (OR) 0 27 0 9 

Tongue and Groove (VA) 0 32 0 7 

Hook and Rebar (CO) 7 5 5 0 

Channel Sp I i ce 96 67 80 21 

T-Lock (Base) 46 588 97 375 

T-Lock (Top) 16 193 11 56 

Grid-Slot (TX) 0 60 0 30 

47 



Table 3. Strengths cited in TRR 769 (4). 

Tensile Shear Moment 
Force P Force V M Torsion T 

Connection (kips) (kips) (kip-ft) (kip-ft) 

Welsbach 270 160 135 95 

New York I-Lock 115 180 96 75 

California pin and 
rebar(b) 44 44 37 19 

Cal ifornla cable 
posttension 36 20 20 10 

Texas lapped with bolt 31 22 21 11 

Minnesota pin and eye bolt 23 23 20 15 

Idaho pin and rebar 23 23 19 17 

Georgia pin and rebar 15 15 12 11 

Texas dowel 
Calculated 0 51 0 22 

As tested 60 51 50 

Oregon tongue and groove 0 41 0 12 

Virginia tongue and groove 0 54 0 12 

Colorado latch 8 6 7 0 

48 



Table 4. Strengths cited in TRR 1024 (S) 

Connection 

Side plates (3ft 6 in x 5 in x 1/2 
in, stee I } 

Side channels (C5 x 9 x 3 ft 6 in, 
stee I} 

Partial tongue and groove and side 
plates (3 ft O in x 4 in x 1/2 in 
steel) 

Partial tongue and groove and side 
plates (3 ft 0 in x 4 in x 3/8 in 
steel} 

Partial tongue and groove and side 
plates (3 ft O in x 4 in x 1/4 in 
steel} 

Partial tongue and groove and side 
plates (3 ft 0 in x 4 in x 1/8 in 
steel} 

Side channels (C5 x 9 x 3 ft 6 in 
steel} plus three no. 
8 x 18 in steel rebar dowels 

Three grouted dowels (no. 8 x 18 
in) 

Vertical steel pin (7/8 in 
diameter.x 26 in) 

Vertical steel pin (I in 
diameter x 25 in) 
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Shear 
(kips) 

90 

90 

76 

57 

38 

19 

135 

60 

46 

46 

Connection Capacity 
Moment Torsion 

(kip ft) (kip-ft} 

117 53 

11 7 53 

103 67 

77 52 

52 37 

26 22 

117 73 

50 37 

31 35 

31 35 



Table 4. Strengths cited In TRR 1024 (S) (concluded) 

Connection 

Tongue and groove and side 
plates (12 In x 3 In x 1/2 In 
steel) 

Tongue and groove and side 
plates (12 in x 3 in x 1/4 In 
steel) 

Vertical I-beam (3 1/4 In x 2 
in) 

Vertical I-beam (3 1/4 In x 2 
in) (grouted Joints) 
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Connection Capacity (concluded) 
Shear Moment Torsion 
(kips) (kip-ft) (kip-ft) 

27 9 16 

27 9 16 

208 61 87 

208 61 87 



" 

The development length {Lct) for rebar in the concrete is governed 
0.04Abfy 

by the equation Ld = {7[_ where Ab is the area of the rebar, 

and fy is the yield strength of the rebar. 

Barriers are pulled tight at the connectors for pin and loop 
connectors. 

* All structural hardware is the same material unless otherwise 
specified. 

" 

All structural steels are considered ductile. 

Connectors are to be evaluated for catastrophic failure. 

The masses of the various components of the connector will be 
disregarded. 

Forces on anchor nuts that are induced by transverse loading on 
the pin are assumed to be of insufficent magnitude to cau· 
failure in the threaded portion of the pin. 

I. Arkansas Pin and Wire Rope 

The Arkansas pin and wire rope is shown in figure 27. 
diameter of 1.25 in and a wire rope diameter of 5/8 in. 

---
&===-.. t====~ ,f'v 

// ~ 
\\ .. _. II II •:,. 

\\ // 
~ ~ ~~-==-= ,====-::? 

Figure 27. Arkansas pin and wire rope connector 

a. Tensile Capacity 

It has a pin 

The poss i b 1 e modes of fa i 1 ure of this connecto,- in tGns on 2n-e: ( ! l 
pin fails in transverse loading, (2) loops fai 1 in tension, 3) lo,n:, pu11 
out of the barrier, or { 4) concrete shears due to forces o,, ! GGP ': o 
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(I) Tensile Capacity of Connector for Pin Failure 

The pin is under the loading condition shown in figure 28: 

Po A _l 
d2 

pl 

T Po,P1: maximum 
allowable forces 

2c dl 2c = 1¼ in. 

1 d 1 = 14½ in. 
dz = 1 in. 

P1 C 

D 
Po 

d2 
,T 

Figure 28. Free body diagram (FBD) 
of pin of Arkansas connector (tensile) 

Letting F = P1 + P0 (Eq.l) and summing forces in the X direction yields: 

L F X = P-1 + p O - p 1 - p O = 0 

Now summing moments about D yields: 
L MD= 0 = d2P1 - (d2 + d1) P1 + (d 1 + 2a 2) p

0 

P1 = (d1 + 2d2) P0 = 1.138 P
0 

d1 

Analysis of shear and bending moment diagrams reveals that the critical 
points on the pin are points Band c. where the maximum shearing force is 

P
0

/A and the maximum moment is ct 2 x P
0 

Since the pin is anchored at both ends, it must be ruptured in order 
to break the connection. A conservative method to find the force (F) 
required to rupture the pin is simply to calculate the shearing force 
required to rupture the pin. Solving for p

0 

P0 = (of)(A) = (60 ksi)IT(l.25)2 

4 

P0 = 73.6 kips 

Now solving for the tensile capacity of the connector for pin failure: 

f = P0 + P1 = 73.6 kips+ (1.133)(73.6 kips) 

E' = 157.4 kips 

The tensile capacity of the connector for pin failure is 157.4 kips. 
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(2) Tensile Capacity of Connector for Loop Failure 

For loop failure to occur, those loops loaded with P
0 

must fail before the 

connection will fail. Each loop of the barrier system loaded by p
0 

is 

shown in figure 29: 

P0 /2 P0 /2 

Figure 29. FBD of loop of Arkansas connector (tensile) 

Arkansas specifies a 5/8-in-diameter wire rope with a minimum breaking 
strength of 17.9 tons= 35,800 lb. 

Therefore, for P/2 = 35,800 lb: 

P0 = (2)(35,800 lb)= 71.6 kips 

F = 71.6 + (1.138)(71.6 kips) 

F = 153.1 kips 

(3) Tensile Capacity of Connector for Loop Pullout 

Since the top and bottom loops fn each barrier section are comprised 
of one continuous length of wire rope, loop pullout is not an issue for the 
analysis of this connector. 
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{4) Tensile Capacity of Connector for Concrete Shear 

The concrete is in the loading condition shown in figure 30: 

F ... 

Figure 30. FBD of concrete of Arkansas connector {tensile) 

Therefore, for the tensile loading condition shown, the concrete 
shear, with a shear area of 2Ac {for both sides of the cable). 
concrete compressive strength of 2,500 psi, the shear strength 
concrete is determined by 

V C = 2 ...[i"{, 

is in 
For a 
of the 

where vc is the shear strength of the concrete and 2,500 psi is the 
compressive strength of the concrete. 

Therefore, 

v c = 2 ✓2soo = l00psi 

For Ac= 466.35 in 2 , 2Ac = 932.7 in2 

Solving for F: 

F = (100 psi)(932.7 in2) 

F = 93.3 kips 

Therefore, the concrete is the failure mechanism for the connector. 

Therefore, the tension capacity of the Arkansas pin and wire rope connector 
is 93.3 kips and is determined by the capacity of the concrete in shear. 

54 



b. Moment Capacity 

The moment capacity, M, of the Arkansas pin and wire rope connector is 
the distance (r) between the pin center and the extreme fibers of the 
barrier crossed into the tension capacity of the connector. Therefore, 

M = r x F 

M = (1ft) x (93.3 kips) 

ti .:: 93. 3 k i.12 ::. ft 

The moment capacity of the connector is 93.3 kip-ft 

c. Shear Capacity 

The possible modes of failure of this connector in shear are: (I) pin 
fails in transverse loading, (2) loops fail in tension (3) loops pull out 
of the barrier, or (4) concrete shears due to forces on loops. Since these 
modes of failure capacity are the same as those for tensile capacity, the 
shear capacity (V) is equal to the tensile capacity (F). Therefore, the 
shear capacity of the Arkansas pin and wire rope connector is 93.3 kips. 

d. Torsion Capacity 

The failure modes for the connector in torsion are the same as the 
failure modes for the connector in shear. However, the pin analysis 
changes since the loading on the pin changes. For the torsion mode, the 
pin is under the loading condition shown in figure 31: 

p A _L 
B d2 

p T P: maximum 
allowable force 

2c dl 2c = 1¼ in. 
dl = 14½ in. 

D _j_ d2 = 1 in. 
p 

C d2 
p T 

Figure 31. FBD of pin of Arkansas connector (torsion) 
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Equilibrium of moments and forces dictates that F = 2P. 

Solving for P yields: 

P = (af)(A) = (60 ksi)ll.(1.25)2 = 73.6 kips 
4 

Now solving for F: 

F = (2)(73.6 kip) 

Since this value of V (=147.2 kips) ls greater than the force V associated 
with concrete failure, then concrete failure is still the failure mechanism 
for this connector in torsion. Therefore, the torsion capacity of this 
connector is given by 

where r 2 is the vertical distance between loops on one barrier end. 

Therefore, 

T = (1.3 ft) X (93.3 kips) 

I .:: 12 I • 3 .tiE ft 

The torsion capacity, T, of this connector is 121.3 kip ft. 

2. California Pin and Rebar 

The California pin and rebar is shown in figure 32. This 
has a pin diameter of 1.25 in, and a rebar diameter of 3/4 in. 
unanchored in this connection. 

-r,=,:: .. --=----------= I:=======" II II II II 
.> II II .> 

II II II II II 
\~=======-= t========-1,/ 

Figure 32. California pin and rebar connector 
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a. Tensile Capacity 

The possible modes of failure of this connector in tension are: (I) 
pin fails in transverse loading, (2) loops fail in tension, (3) loops pull 
out of concrete barrier, or (4) concrete shears due to forces on loops. 

(I) Tensile Capacity of Connector for Pin Failure 

The pin is under the loading condition shown in figure 33: 

p A _j_ 
B d2 

p T P: maximum 
allowable force 

p D 

2c dl 2c = 1¼ in. 
d 1 = 17 in. 

C J_ d2 = 1½ in. p 
d2 

T 
Figure 33. FBD of pin of California connector (tensile) 

The critical points in this member are Band C. This configuration 
is the same as for the pin of the Arkansas pin and wire rope in torsion 
loading mode except the distances d1 and d2 are different. Therefore, 
solving for the stresses ox produced by bending and 'xz produced by 
pure shear: 

Ox = Mc = 4ct 2P = 4(1.S)P 7.823P 

I Dc3 IT(0.625) 3 

'xz = P = p = p =0.815P 

A Tic2 TI(.625) 2 

Now using the values of ox and 'xz to solve for the principal stresses 

01 02 and 03 yields: 

OX ~ (o2x)2 + <•xz)
2 = 7.8~3P + (7.8~3P)2 

+ (0.815P)
2 

= 
01 = + 2-

02 = 0 

7.908F 

~ 
2 7.8~3P _ (7.8~3P) 2 

+ (0.815P)
2 = -0.085P 

Ox (o; )2 + <•x7,) 
03 = 2 
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The Von Mises (Distortion Engergy) Theory (9) will be used to evaluate 
for the strength of the pin, since this theory best agrees with 
experimental results. This theory states that failure is predicted to 
occur if: 

( 01 - 02) 2 + ( 02 - 03) 2 + ( 03 - 01 ) 2 

Solving for P: 

(7.908P) 2 + (0.08SP) 2 + (7.993P) 2 = 2crt 

Because the pin is not anchored on both ends, failure occurs at yielding. 
Therefore, for of = 36,000 psi, P = 4.5 kips. Letting F = 2P: 

F = (2)(4.5 kips) 

F = 9.0 kips 

The tensile capacity of the connector for pin failure is 9.0 kips. 

(2) Tensile Capacity of Connector for Loop Failure 

Each loop in the barrier system is loaded as shown in figure 34: 

P/2 P/2 

Figure 34. FBD of loop of California connector (tensile) 

California specifies a 3/4-ln-diameter rebar with an ultimate strength of 
60,000 psi. 

Solving for P yields: 

P/2 = (60 ksi)TI(O. 75) 2 ~ p = 53,0 kips 
4 

Now solving for F: 

F = 2P = 2(53.0 kips)= 106.0 kips 

Since this value of Fis higher than the F for pin failure (= 9.0 
kips), loop failure is not the failure mechanism for this connector. 
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(3) Tensile Capacity of Connector for Loop Pullout 

The force which pulls the loops out of the barrier end must be 
sufficiently large to break the adhesive bond between the steel and the 
concrete and bend the rebar around the curved portion of the slot in which 
it ls cast. The rebar ls loaded as shown in figure 35: 

Figure 35. FBD of rebar of California connector (tensile) 

To analyze the anchoring of the loop, we need to determine the 
development length required to prevent loop pullout. This ls governed by 
the equation: 

where Ab is the rebar cross-sectional area, Lct is the development 
length of the straight portion of the bar, and fy is the failure stress 
of the bar. 

Ld = (0.04)(0.44)(36,000) 

3000 
12 in 

Hence, the length of rebar required to prevent pullout is 12 inches. Since 
the straight portion of the California rebar is approximately 24 in, the 
rebar will not pull out of the barrier for any load (it would fail in 
tension before doing so). 
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(4) Tensile Capacity of Connector for Concrete Shear 

The concrete is loaded as shown in figure 36: 

,----- • p 
p .. I I 

I 

Figure 36. FBD of concrete of California connector (tensile) 

The shear strength of the concrete ve is equal to 2i,/'f[. 

ve = 21.[iooo i:;;;i = 109.5 psi 

Solving for P: 

P = (4)(109.5 psi)(204 in 2 ) = 89.4 kips 
F = (2)P = (2)(89.4) = 178.8 

Therefore, 

Since this value of Fis well above the 9.0 kips associated with pin 
failure, concrete shear is not the failure mechanism. 

The tensile capacity of the California pin and rebar connector is 9.0 
kips, and is governed by the capacity of the pin in transverse loading. 

b. Moment Capacity 

The moment 
distance ( r ) 
barriers crossed 

M = r x F 

capacity, M, of the California pin and rebar is the 
between the pin center and the extreme fibers of the 

into the tensile capacity of the connector. Therefore, 

H = (1ft) X (9.0 kips) 

.M E. .9.....0 kip ft 
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c. Shear Capacity 

The possible modes of failure of this connector In shear are: (I) pin 
falls In transverse loading, (2) loops fall In transverse loading, or (3) 
concrete shears laterally due to rebar rotation inside the concrete. Mode 
(I) for shear failure is the same as for tensile failure. Therefore, we 
will examine only modes (2) and (3) and compare them with failure mode (1). 

(I) Shear Capacity of Connector for Loop Failure 

The loops are loaded as shown In figure 37: 

------ p 

Figure 37. FBD of loop of California connector (shear) 

This Is a statically indeterminate component. However, 
will fail In tension, then the shear capacity for loop 
tensile capacity for loop failure. 

assuming the loop 
failure equals the 

Since the 106.0 kips for loop failure ls greater than the V associated 
with failure of the pin, loop failure is not the failure mechanism for this 
connector In shear. 

(2) Shear Capacity of Concrete 

The concrete In shear Is loaded as shown In figure 38: 

Figure 38. FBD of concrete of California connector (shear) 
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Since the force V required to shear the concrete in a shearing mode Is 
roughly on the same order of magnitude as the F required to shear the 
concrete In a tension mode (F = 178,8 kips), concrete shear Is not the 
failure mechanism for this connector In shear. 

The shear capacity (V) of the California pin and rebar connector Is 
9.0 kips, and Is governed by the capacity of the pin in transverse loading. 

d. Torsion Capacity 

The failure modes for the connector in torsion are the same as the 
failure modes for the connector in shear. However, the pin analysis 
changes since the loading on the pin changes. For the torsion mode, the 
pin Is under the loading condition shown in figure 39: 

Po A j_ 
d2 

P1 

T Po,P1: maximum 
allowable forces 

2c d1 2c = 1¼ in. 

1 d1 = 17 in. 
d2 = 1½ in. 

P1 C 

D p 
d2 

0 T 
Figure 39, FBD of pin of California connector (torsion) 

Letting V = po + P1 , summing forces In the X-dlrectlon, and 

moments about D yields the following relations: 

LFx =po+ P1 - Po- pl= 0 

I:Mn = d2P1 - (d2 + d1)P1 + (d1 + 2d2)Po = 0 

P1 = (dl :
1

2ct 2)p0 = l.176P0 

The principal stresses 01 o2 and a
3 

are 

01 = 7.908P0 

02 = 0 
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Solving for P
0 

(7.908P0 ) 2 + (0,085P0 ) 2 + (7.993P0 ) 2 2.6 x 109 

P0 = 4.5 kips 

V = P
0 

+ P1 = 4,5 kips+ (1.176)(4.5 kips) 

V = 9.8 kips 

Since this value of V Is the limiting force for torsion loading, the 
torsion capacity of the connector in given by: 

T = r2 x V, where r2 Is the minimum vertical distance between looPs on one 
barrier end. 

Therefore, 

T z (1.42 ft) x (9.8 kips) 

The torsion capacity, T, of this connector Is 14.0 kip ft 

3. Virginia Tongue and Groove 

The Virginia tongue and groove connector Is shown in figure 40. It 
has a 2.5 In (top) x 7.5 In (bottom) x 21.25 In (high) tongue. Tongue and 
groove connectors In general have no tensile or moment capacities because 
they have no mechanism for resisting tensile forces. 

Figure 40. Virginia flaring tongue and groove connector 
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a. Shear Capacity 

The shear capacity of this connector Is the product of the cross­
section area of the tongue and the shear strength of the concrete. 

Solving for V, the shear capacity Is 

V = (A)(2-{i[_) 

V ( 106 ,3) ( 2-y 4000) 

V = 13.5 kips 

The shear capacity of the connector Is 13.5 kips. 

b. Torsion Capacity 

The torsion capacity of the connector Is the product of the distance 
between the resultant forces acting on the tongue and the resultant forces, 
as shown In figure 41: 

.126 

T 
12.6 in 

+ 8.65 in 

_1_ L-J-"-e....__J 

Figure 41. FBD of tongue for Virginia connector (torsion) 

Solving for the torsion capacity, T: 

T = r2 X R 

T = 1.13 ft x 3.0 kips 

T = 3.4 kip-ft 

The torsion capacity of the connector Is 3.4 kip ft. 

4. Sunmary of Analytical Determination of Connector Strengths 

The results of the complete structural analysis are shown below in 
tables 5 and 6. Table 5 contains the structural capacities of the pin and 
rebar, pin and wire rope, and pin and eye-bolt connectors. The structural 
capacities for these connectors we calculated using the GHE In-house 
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Table 5. Structural capacities of pin and loop connectors 

Tensile Shear Homent Torsion Fal 1 Ing Pin 
Connector Type (kips) (kips) (kip-ft) (kip-ft) Component Anchored? 
State 

ein.a~ 

Alabama 3.9 3.9 3.9 5.2 pin N 
Alaska 81.8 81 .8 81.8 122.7 loop y 
Cal lfornla 9. I 9.1 9. I 14.0 pin N 
Colorado 2.6 2.6 2.6 3.5 pin N 
Dist. of Colinbla 106.0 106.0 106.0 163.5 loop y 

Florida 7.6 7.6 7.6 IO. I pin N 
Georgia 6.6 6.6 8.2 8.5 pin N 
Hawal I 76.6 76.6 76.6 113.5 loop y 
Indiana 2.9 2.9 2.9 3, 1 pin N 
Kentucky 88.4 88.4 88.4 132.5 loop y 
Haine 2.6 2.6 2.6 3.5 pin N 
Hlsslsslppl 106.0 106.0 106.0 159.0 loop y 
Nebraska 3.5 3.5 3,5 5.2 pin N 
Nevada 8.8 8,8 8,8 13.6 pin N 
New Hampshire 3.5 3.5 3.5 5.2 pin N 
New Hexlco 2.6 2.6 2.6 3.5 pin N 
N. Carolina 3,9 3.9 3.9 5,2 pin N 
Ohio 6.7 6.7 6.7 8.4 pin N 
Oklahoma 3.9 3.9 3.9 5.2 pin N 
Rhode Island 3.9 3.9 3.9 6.0 pin N 
South Carolina 13.4 13.4 13.4 19.0 pin N 
Vermont 3.9 3.9 3.9 4.6 pin N 
Wisconsin 3.9 3.9 3.9 5.2 pin N 
Wyoming 2.6 2.6 2.6 3.5 pin N 

Pin and Wire Rope 

Arizona 3.9 3.9 3.9 4.9 pin N 
Arkansas 93.3 93.3 93.3 121. 3 concrete y 
Florida 7.6 7.6 7.6 I 0. 1 pin N 
Illinois 2.6 2.6 2.6 3.5 pin N 
Iowa 6.5 6.5 6.5 9.2 pin N 
Louisiana 4.5 4.5 4.5 7.0 pin N 
Hlnnesota 7.7 7.7 7.7 9,0 pin N 
Hontana 5.2 5.2 5.2 4.5 pin N 
N. Dakota 7.7 7.7 7.7 9,0 pin N 
Oregon 4.7 4.7 4.7 6,5 pin N 
utah 3.4 3.4 3.4 3.0 pin N 
Washington 4.5 4.5 4.5 7.0 pin N 
Wyoming 2.6 2.6 2.6 3.5 pin N 

Pin and Eye Bolt 

West Virginia 2.6 2.6 2.6 3. I pin N 
tllchlgan 1. 7 I. 7 2.0 I. 9 pin N 
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Table 6. 

Connector Type 

State 

Flaring Tongue 
and Groove 

Florida 
Ohio 
Pennsylvania 
Texas 
Virginia 
West Virginia 

Straight Tongue 
and Groove 

Florida 
New Jersey 
New Mexico 
Oregon 

Structural capacities of 

Tens I le 
(kips) 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

Shear 
(kips) 

l l. 6 
13.5 
11.6 
10.9 
13.5 
11.2 

10.6 
10.4 
6,7 
9.5 

66 

tongue and groove connectors 

Homent 
(kip-ft) 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

Torsion 
(kip-ft) 

2.9 
3.4 
2.9 
2.7 
3.4 
2.8 

6.3 
6.2 
4. I 
5.7 



program PINLOOP,. which is modeled after the analysis just performed. Table 
6 contains the structural capacities of the flaring tongue and groove and 
straight tongue and groove connectors. Capacities for these last two 
connectors were calculated by hand. 

The most interesting result of the analysis of pin and loop connectors 
is the large differences in the capacities of connectors with anchored pins 
versus the capacities of connectors with unanchored pins. In general, the 
capacities of anchored pin connectors are an order of magnitude greater 
than the capacities of unanchored pin connectors. For example, the tensile 
capacities of unanchored pin connectors range from 3 kips to 9 kips, 
whereas the tensile capacities of anchored pin connectors ranged from 77 
kips to 106 kips. This discrepancy is because the mode of failure changes 
from yielding to rupture when going from unanchored to anchored pins. To 
date, only six States specify anchoring for their pins. 

Invariably, the pin is the critical component of unanchored pin 
connectors, since the pin needs only to be pulled and bent out of the loops 
to destroy the integrity of the connection. This makes the structural 
capacity of the pin an order of magnitude Jess than other structural 
components of the connector. One critical factor which determines bending 
on the pin is the distance between the two top loops or the two bottom 
loops of the connector. The greater the distance between these loops, the 
greater the moment arm on the pin, and hence the lower the capacity of the 
pin to resist bending. The structural capacity of the pin is also very 
sensitive to the pin diameter since the pin diameter gets squared or cubed 
in strength calculations. For example, doubling the pin diameter will 
increase the strength of the pin by a factor of 4. 

On the other hand, the structural capacity of the components of 
anchored pin connectors are in the same general range, being somewhere 
between 77 kips to 160 kips. This is because the anchored pin must now be 
ruptured to destroy the integrity of the connection, which raises the pin's 
structural capacity an order of magnitude. While unanchored pin capacities 
range from 3 kips to 13 kips, anchored pin capacities range from 94 kips up 
to 160 kips. 

One last interesting feature of pin and loop connectors is the loop 
configuration when barriers are connected. In general, the loop configur­
ation of the California connector is preferable to the loop configuration 
of the Arkansas connector. This is because the former configuration will 
prevent barriers from vertically displacing relative to one another, 
whereas the latter configuration will not. 

The shear capacities of flaring tongue and groove connectors are 
generally higher than the shear capacities of straight tongue and groove 
connectors. This is because the shear areas for flaring tongue and groove 
connectors are larger than the shear areas for straight tongue and groove 
connectors. Shear areas for flaring tongue and groove connectors range 
from 99 sq in to 107 sq in, whereas shear areas for straight tongue and 
groove connectors range from 62 sq in to 96 sq in. 
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On the other hand the torsion capacities of flaring tongue and groove 
connectors are smaller than the torsion capacities of straight tongue and 
groove connectors. This is because the torsion moment arm for straight 
tongue and groove connectors is greater than the torsion moment arm for 
flaring tongue and groove connectors. Torsion capacities for flaring 
tongue and groove connectors range from 2.7 kips to 3.4 kips, whereas 
torsion capacities for straight tongue and groove connectors range from 4.1 
kips to 6.3 kips. 

Of all the connectors analyzed, the pin and loop connectors with 
anchored pins are by far the most structurally sound connectors. 
Generally, pin and loop connectors with unanchored pins and tongue and 
groove connectors have about equal shear and torsion capacities. However, 
the pin and loop connectors with unanchored pins are superior to tongue and 
groove connectors because of the latters Inability to generate any tensile 
or moment capacity. 

As stated earlier, only one report, TTl's "Barriers In Construction 
Zones," Cl) actually showed the computations which yielded the structural 
capacities~for the connectors that they analyzed. Comparing GHE's results 
to TTI's results shows that for several connectors, GHE's calculated 
strengths are lower than TTI's calculated strengths. The main reason for 
these differences is that TT! generally used higher material constants than 
GHE did for analysis. For example, TT! used 60 ksi for steel yield 
strength in some calculations, whereas GME used 36 ksi for several 
calculations. Other differences Included different specifications used, 
different analytical techniques, and round-off errors. 

68 



IV. Crash Test Results 

To date, 45 valid crash tests are known to have been performed on 
portable concrete barriers (PCB) and their connectors. Details concerning 
individual tests are given in appendix B. While more than 45 crash tests 
have been performed on portable concrete barriers, not all of these tests 
are a true test of the connector. For example, Southwest Research 
Institute (SWRI) performed crash tests on concrete barriers that had back­
up structures attached to prevent barrier displacement on impact. The 
reason for this was that SWRI was testing the barrier shape and vehicle 
reaction, not the connector design. However, by adding this back-up 
structure to the barrier system, the barrier connectors were effectively 
under a non-loaded condition at impact. Therefore, it was impossible to 
tell how the connector would have reacted in a field situation. For this 
reason, crash tests of this nature are not included In this report. 

The crash testing of portable concrete barriers and their connectors 
is the best way to estimate connector performance in the field. This is 
because crash testing is the closest simulation of the actual conditions to 
which a connector is exposed. 

Perhaps the most Important result crash tests give is the lateral 
displacement of a barrier system on impact. Lateral displacement of a 
barrier system is dependent on, among other things, the stiffness of the 
connection. The stiffer the connection, the less the barrier system will 
displace. Connectors which allow large lateral displacement (say, 3 ft) 
are a danger to personnel working behind the barrier and a hazard to 
equipment behind the barrier. Crash testing is useful in determining 
whether a connector will sufficiently prevent a barrier from laterally 
displacing or not. 

Crash testing also reveals connector characteristics that do not show 
up in static analysis. For example, unanchored pins in pin and loop 
connectors have a tendency to "jump out" of loops during vehicle impact, 
thereby destroying the integrity of the connection. 

Crash tests were performed by the following six agencies or 
proprietors: California Department of Transportation {CALTRANS), Texas 
Transportation Institute {TT!), Southwest Research Institute (SWRI), New 
York State Department of Transportation (NYDOT), Barrier Systems Inc. {BS!) 
and ENSCO, Inc. Caltrans performed four tests between 1972 and 1974. All 
four tests were performed on the pin and rebar connector with unanchored 
pin. The first two tests were run using 7/8-in-diameter pins, and the 
second two tests were run using I-in-diameter pins. In three of the four 
tests the pins were severely bent. In two of these tests (one with a 7/8-
in-pin and one with a I-in-pin), the pins actually came out of the loops, 
the 7/8 in-pin being pulled out and the I-in-pin Jumping out due to 
impact. The I-in-pin jumping out caused a barrier segment to roll over. 
In the two tests that had pins come out of the loops, the lateral 
displacement was not an issue since the integrity of the connection was 
destroyed and the vehicles penetrated the barrier system. In the two tests 
where the pin did not come out of the loops {one with a 7/8-in-pin and the 
other with a I-in-pin), the maximum permanent lateral displacement was 0.52 
ft. 
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The Texas Transportation Institute performed sixteen crash tests 
between 1980 and 1984. Connectors tested were the steel dowel (one test), 
flaring tongue and groove with side plates (four tests), flaring tongue and 
groove with channel splice and steel dowels (one test), the bottom T-lock 
(eight tests) side plates (one test), and channel splice (one test). All 
the connectors performed adequately for these tests except one test of the 
flaring tongue and groove with side plates. In this test, (number 3825-9), 
at an impact speed and angle of 63.4 ml/hand 25 degrees, respectively, and 
with a vehicle weight of 4510 lb, several side plates were broken and the 
barrier was displaced 6.5 ft. 

Southwest Research Institute performed five crash tests between 1974 
and 1975 and include test numbers CHB-1, CHB-8, CHB-9, CHB-18, and CHB-24. 
Although the purpose of these tests was to test barrier shape and vehicle 
reaction to impact with a barrier, these tests yielded information 
pertinent to connector performance. The connectors tested In these five 
tests were dowels with top plate (one test), the New Jersey Welsbach (two 
tests), and the straight tongue and groove with side plates (two tests). 
The dowels with top plate connector and the New Jersey Welsbach connector 
sustained the impacts without damage. The straight tongue and groove with 
side plates connector, however, was tested twice and failed both times. 
The cracking of female joints on the impact side was the mode of connector 
failure. For both tests, nominal impact speed and impact angle were 60 
mi/h, 25 degrees, respectively, and vehicle weight was 4500 lb. 

The New York State Department of Transportation performed six crash 
tests on the I-beam connector. The I-beam connector used in the last four 
tests had some slight modifications from the I-beam connectors used in the 
first two tests. In all six tests, the connectors performed well, and had 
a maximum permanent displacement of 1.4 ft among the six tests. 

Barrier Systems Incorporated performed thirteen crash tests, all on 
the hinge plate connector. Vehicle mass, impact speed, and impact angle 
were varied over these tests to determine the limitations of the connector. 
In one of these tests (number 031986-1) the connector failed. This test 
used a vehicle weight of 4850 lb, and had an Impact speed and angle of 50 
mi/hand 25 degrees, respectively. Three tests (numbers 031486-1, 032586-
1, and 032686-1) had excessive lateral displacements ranging from 3.125 ft 
to 5.0 ft. The vehicle weights for these three tests ranged from 4020 lb 
to 5100 lb, impact speeds ranged from 45 mi/h to 60 mi/h, and impact angles 
ranged from 15 degrees to 25 degrees. 

ENSCO, Inc. performed one test of the flaring tongue and groove 
connector in 1978. For a vehicle impact of 58 mi/hand 25 degrees, and a 
vehicle weight of 4240 lb, the connector failed due to one of the barrier 
segments being overturned. 

In general, those connectors that have been tested are not being used 
in the field, and those connectors that are in the field have not been 
tested. For example, no crash tests have been performed on the pin and 
wire rope connector with anchored pin. Also, while several connector types 
performed well in crash tests, not all of these tests were severe. For 
example, the New Jersey Welsbach connector was tested with a maximum impact 
angle of 15 degrees, while other connectors were tested with impact angles 
as high as 40 degrees. 
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V. Application and Maintenance of Portable Concrete Barriers 

Although most of the portable concrete barrier (PCB) connectors in use 
in the United States have not been crash tested, they have been used 
extensively in countless work zones over the last 10 to 15 years. 
Performance of the various PCB connector systems has been observed in a 
number of ways. State highway engineers and other work zone personnel have 
observed the effectiveness and efficiency of different PCB connectors in 
use. Accident reports also are a valuable source of information. This 
performance record has pointed out the advantages and disadvantages of 
various connectors, thereby completing the picture of the state of the PCB 
connector technology. 

This chapter documents visits made to highway agencies to determine 
the field performance of PCB connectors. Problems in the application of 
various connectors and in their field performance are summarized. 
Information about anchoring portable concrete barriers is also presented 
as are methods of connecting portable concrete barriers to other barrier 
systems. 

A. State Visits 

Thirteen State agencies were visited between December 1986 and Hay 
1987 to determine the field performance of their PCB connector systems. 
Seven of the agencies visited included office visits and visits to field 
sites. The remaining six agencies visited included office visits only. 
Table 7 lists the State agencies visited, the connector types used by the 
respective agencies visited, and the type and date of visits. 

Some States were chosen based on information received in the connector 
use survey. Since the pin and loop category of connector was used by more 
agencies than any other type, States that use this category of connector 
are over-represented. Other States were selected based on the number of 
different connectors they used. When information was sought on a 
connector little used. the one or two States that used it also were 
selected. Because some of the northern States were visited in January or 
February, work zones with portable concrete barriers were not yet set up 
and, therefore, were not visited. 

A questionnaire was developed for the State visits. This question­
naire consisted of basic questions to ask about connectors used in the 
State and included areas to check during field visits. The interviews 
varied widely based on the type of connector used and on the number and 
experience of the people interviewed. A brief description of each State 
visit and the information learned are given in appendix C. 

71 



Agency 

I. Colorado 

2. District of 
Columbia 

3. Illinois 

4. Iowa 

5. Kansas 

6. Maine 

7. Michigan 

8. Minnesota 

9. Missouri 

JO. Ohio 

II. Texas 
(Houston Area) 

12. Virginia 

13. Wisconsin 

Table 7. Agencies visited 

Connector~ 

Pin and Rebar 

Tongue and Groove, 
Plate Insert, 
Pin and Rebar 

Pin and Wire Rope 

Pin and Wire Rope 

Tongue and Groove 
w/Dowels, Tongue 
and Groove w/Side 
Plates 

Pin and Rebar 

Pin and Eye Bolt and 
Dowel 

Pin and Wire Rope 

Tongue and Groove 
w/Continuous Cable 

Pin and Rebar, Tongue 
and Groove 

Triple Dowel, lapped 
Joint, Channel Splice, 
Top-T 

Tongue and Groove, 
Plate Insert 

Pin and Wire Rope 
w/Rebar 
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Office 1/21/87 

Office and 1 Site 5/07/87 

Office and 2 Sites 2/10/87 

Office 1/22/87 

Office and I Site 5/28/87 

Office 1/16/87 

Office 2/11/87 

Office 3/13/87 

Office and 2 Sites 2/9 and 5/27/87 

Office and I Site 2/12/87 

Office and 3 Sites 12/30 and 31/86 

Office and 4 Sites 5/05/87 

Office 2/02/87 



B. Problems l..!J Application of PCB Connectors 

Even the strongest connector is not effective if it has not been 
fabricated or installed as designed. The following problems in field 
application are summarized from the State visits discussed in appendix C. 

* 

* 

* 

* 

* 

* 

* 

Inspectors do not have specific criteria against which to reject a 
barrier segment being installed, or on when to require that a 
barrier segment be replaced. Illinois does specify that the 
offset between segments be not greater than I in. 

Pin and loop connectors that are too close-fitting do not allow 
for installation on curves or at angles. As a result, smaller 
pins are being used or pins are being left out of connectors. 

It is not possible to replace a 
run with doweled connectors, 
connectors, or tongue and 
connections. 

segment in the middle of barrier 
male-female tongue and groove 

groove with continuous cable 

Tongue and groove and doweled connectors are difficult to inspect 
once they are installed. 

Segments that are 30 ft in length are too long, too heavy, and too 
cumbersome for most agencies to handle with currently available 
equipment. 

Rebars used for loops sometimes crack during fabrication or 
moving. 

Channel splice and plate insert connectors are not easy to curve 
or angle, Some part of the connector is more likely to be left 
off where ft may be most needed. 

* Barriers are sometimes not connected where the barrier has to be 
moved for access to the work area. 

* 

* 

* 

* 

Barriers can be hard to align vertically when they are extended 
across shoulders. 

When the gap between segments in connectors such as the grid 
or dowel is not controlled by specification or design, 
barriers tend to be spread farther apart in order to make 
easier to replace a segment or to make up small gaps 
permanent barriers. 

slot 
the 
It 

near 

Agencies with more than one accepted connector or barrier 
design sometimes find two or more types of connector or barrier 
intermixed at one site. 

Changes in connector requirements would make the existing barrier 
obsolete. 
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c. 

Pin and rebar connectors in many cases are not stiff enough to be 
used on bridges or near drop-offs where deflection distances are 
I imited. 

Problems ill Eli:.l.d. performance Qf e.ca Connectors 

Performance of barrier in controlled crash tests can be measured in 
terms of the lateral deflection of the barrier, and in terms of damage to 
the impacting vehicle and barrier system. Of course, the size, speed, and 
angle of the impacting vehicle in crash tests are controlled. Also, the 
barriers are Installed in a manner completely in agreement with the barrier 
specifications; for example, joints are pulled tight and barriers are 
placed on styrofoam pads. 

Information on incidents of vehicles striking barriers was gathered 
during the State visits. In most of these Incidents, the speed and angle 
of the impacting vehicles were not known, and in some cases the vehicle 
type was not known. The information does give, however, an idea of what 
barrier systems are being knocked out of place or penetrated. Field 
performance problems found from the State visits are summarized below. The 
States where the problem was observed are given in parentheses after the 
problem. 

* 

* 

Barriers connected wJth the grid slot overturned and rolled down a , 
side slope when struck by a semi-trailer truck. (Texas) 

Numbers 4 and 5 rebars used as pins bent when the barrier was 
impacted. (Maine) 

Barriers connected with the tongue and groove with 
cable deflected 3 ft to 5 ft after a high-angle 
impact but did not overturn. (Missouri) 

continuous 
(45 degree) 

Large chunks of concrete were knocked into opposing lanes and one 
of these concrete missiles struck a maintenance worker (Virginia) 

When struck by a loaded semi-trailer truck, #6 pins on pin and 
eyebolt connectors "bent like pretzels." The truck had struck a 
parallel run of guardrail on a bridge approach prior to hitting 
the barrier. (Minnesota) 

Two incidents involving barriers with pin and eyebolt connectors 
were observed in which no accident occurred. In the first, an 
empty grain truck used the barrier as a braking rail to avoid a 
rear-end collision. The truck was in contact with the barrier for 
60 ft. The barrier deflected I in. In the second incident, a 
semi-trailer truck climbed the barrier to within 3 in of the top 
of the barrier. The barrier deflected 6 in and the truck was 
undamaged. (Minnesota) 

Two accidents involving loaded semi-trailer trucks were observed 
at barriers connected with pin and eyebolt. In the first 
accident, a truck rebounded from the guardrail and went through a 
barrier run. "Inserts and pins on all affected segments either 
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* 

* 

D. 

broke off or were pulled out of concrete." (10) 
accident, pins and eyebolts failed and one barrier 
30 ft and hit an adjacent bridge. {Minnesota) 

In two accidents involving trucks hitting barrier 
pin and wire rope, lateral deflection was 8 ft., 
large for most applications. The trucks did not 
barriers, however. (Minnesota) 

In the second 
segment flew 

connected 
which is 

penetrate 

with 
too 
the 

Eleven accident reports were obtained where the barrier has been 
connected with the tongue and groove with a single dowel. Work 
zone roadway was comprised of an S curve with barrier on both 
sides of the roadway and in the median. In one accident a pickup 
truck and a car hit the barrier at different points. Both 
vehicles knocked the barrier into opposing lanes of traffic. In 
another accident, the car hit the barrier and overturned one 
segment. The car then went over the barrier into opposing lanes. 
In other accidents, vehicles flew over the barrier or overturned 
after hitting the barrier. (Kansas) 

Anchoring 

Anchoring is the fastening of portable concrete barriers to the 
surface upon which the barriers rest. Several States require some sort of 
anchoring for portable concrete barriers, and specify anchoring for a 
variety of reasons. Some reasons for using anchoring are as follows: 

* 

• 

Anchoring m1n1m1zes or negates lateral movement of the barrier 
when impacted by a vehicle. Minimizing lateral displacement is 
necessary when the work zone behind the barrier is narrow, such 
as on bridge decks or near drop-offs. 

Anchoring is necessary for a PCB system if it is to be converted 
to a permanent barrier system. In general permanent barriers must 
not allow lateral displacement, and anchoring of precast barriers 
is the best way to ensure this. 

Anchoring can prevent barrier overturn. Not all anchoring methods 
will prevent barriers from overturning, but some methods will. 
Preventing barriers from overturning is important, because 
barrier overturning tends to induce ramping of a vehicle during 
its impact with a barrier. 

Anchoring methods fall into two categories: anchoring by pins or 
dowels, and anchoring by splice plates combined with pins. The first 
method involves driving steel stakes through precast holes in the barrier 
base into the surface. The stakes are 1/2 in to 2 1/2 in in diameter, and 
are embedded in the ground from 5 in to 36, in depending on whether the 
surface is paved or unpaved (the greater embedment lengths are specified 
for unpaved surfaces). New York uses anchoring of this category. One 
variation of this method is the use of short dowels (6 in to 12 in in 
length) which are not driven through holes in the barrier base, but rather 
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are aligned with slots, or short length holes, in the bottom surface of the 
barrier, and aligned with holes in the surface. Colorado uses dowels for 
anchoring. Another variation of pin and dowel anchoring is driving the pin 
used in pin and loop connectors into the surface. Indiana Is a State which 
uses this method of anchoring. 

The second 
iron, which both 
ground. Florida 
anchoring. Iowa 
ground on one end 
end. 

anchoring method involves splice plates, typically angle 
connects barrier segments and anchors the barriers to the 

is an example of a State that specifies splice plate 
specifies anchoring straps which are anchored to the 

and are connected with the pin In the loops on the other 

Another method which Is not true anchoring but which should be 
mentioned is the use of back-up embankments placed behind barriers. Back­
up embankments prevent lateral displacement of the barrier, and are 
typically either earth berms or short-height asphalt curbs which run the 
length of the barrier system on the work zone side of the system. 
Sometimes the barrier will straddle an embankment through use of 
longitudinal keyways cast into the barrier bottom. Short-height back-up 
curbs, however, will not eliminate the possiblity of barrier overturn. 

E. Connections to Other Barriers 

Connections to other barriers involve the fastening of other highway 
appurtenances to portable concrete barriers. Such appurtenances include 
permanent concrete barriers, impact attenuators, and guardrails such as the 
W-beam. In all observed cases, highway appurtenances are connected only to 
the ends of PCB systems. Impact attenuators are generally used as head-on 
crash cushions on the entrance end of PCB systems. W-beam rails, on the 
other hand, are used as flared end segments on both ends of PCB systems. 
Permanent concrete barriers are used as a continuation of the PCB system. 

The various appurtenances are connected by two methods: bolting and 
butting. W-beam rails are generally bolted to portable concrete barriers. 
The W-beam rail overlaps with the PCB for approximately 4 ft and is flush 
with the side of the barrier. Bolts, which run through the width of the 
PCB segment, fasten the W-beam to the barrier. In some States, the W-beam 
rail Is mounted to the barrier segment with wooden offset blocks placed 
between the W-beam rail and the barrier segment. This allows the W-beam 
rail to protrude out into the traffic side of the barrier as far as the 
barrier base, thus reducing snagging potential in the barrier system. 
Other States shave the base of the barrier on the approach end to make the 
base narrower and reduce snagging potential. 

Impact attenuators, on the other hand, are butted against the head-on 
end of the PCB system. In some cases, the impact attenuator may also be 
bolted to the barrier in a fashion similar to W-beam rails, as well as 
being anchored to the ground. Portable concrete barriers are butted 
against the sides of permanent barriers at a slight angle. A concrete 
transition segment is then cast between the permanent and portable barriers 
to provide a smooth transition between the two barrier systems on the 
traffic side. Georgia specifies most of the methods described above. 
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VI. Conclusions 

This chapter presents the study conclusions 
use survey, strength analysis, crash tests, 
conclusions are presented in the order of most to 
end of each conclusion is the page number of the 
information can be found. 

drawn from the connector 
and State visits. The 
least important. At the 
report where supporting 

* 

* 

* 

* 

• 

* 

There is a wide variety both in the types of connectors used for 
portable concrete barriers and in the design specifications of any one 
barrier type. For example, within the basic pin and loop category 
loops are constructed with reinforcing steel (rebar), wire rope, eye 
bolts, and steel plates. (9) 

Most catastrophic accidents with barrier involve 
vehicles striking the barrier at high speeds and 
High-angle impacts are most likely when barrier is 
the road or when barrier is placed in curves. (74) 

heavy trucks or 
at high angles. 
on both sides of 

The types of connectors most used in the field are generally those 
which have had the least crash testing. The California pin and rebar 
had four crash tests conducted In 1972-74. These four tests have been 
the extent of crash testing of pin and loop connectors. Moreover, 
although the bottom T-lock connector has been crash tested eight 
times, the connector use survey revealed no agency that currently 
specifies this connector. (70) 

Crash tests are still the best method of estimating connector 
performance because crash testing is the closest simulation of the 
actual conditions to which a connector is exposed. Crash testing also 
reveals dynamic performance of connectors which does not show up in 
static analysis. For example, in Caltrans qrash test 293, unanchored 
pins in the connectors "jumped out" of loops during vehicle impact, 
thereby destroying the integrity of the connection. (69) 

Some varieties of the pin and loop connector have strength 
characteristics that are sufficient for most highway situations and 
approach the requirements of permanent barriers (4500 lb vehicle 
impacting at 25 degrees at a speed of 60 mi/h) They are not always 
installed in the field, however, so that their full capabilities can 
be utilized. (73) 

Even low strength connectors such as the tongue and groove 
Virginia, are effective in redirecting many of the vehicles 
a barrier. ( 4) 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

Generally, pin and loop connectors with unanchored pins and tongue and 
groove connectors have about equal shear and torsion capacities. 
However, the pin and loop connectors with unanchored pins are superior 
to tongue and groove connectors because of the latters inability to 
generate any tensile or moment capacity. (68) 

Review of a limited number of accident reports shows that high-angle 
Impacts are most likely when the barrier is on both sides of a roadway 
or when there is guardrail on one side and barrier on the other. (75) 

The most 
connector. 
tongue and 

conmonly used type of connector is the pin and loop 
The next most commonly used types of connector are the 

groove and the plate insert. (4) 

Retrofitting and modlflylng of connectors to make them stiffer and 
stronger are attractive options due to the amount of barrier already 
cast with certain connectors. (73) 

Some States stiffen and use stronger barriers for situations where 
high-angle impacts are possible, high speeds are likely, or there is a 
limited distance for barrier deflection. (75) 

Not all connector designs are based on standardized design practices 
as specified by authoritative organizations. For example, Michigan 
does not provide for sufficient anchoring of eyebolts in their pin and 
eyebolt connector to prevent the eyebolts from breaking out of the 
concrete as specified by American Concrete Institute (AC!) codes ACl-
12.2.2 and ACl-12.5.3. as cited by Wang and Salmon. (11) (67) 

Static structural analysis Is valid only in that it 
connector's strength with that of another connector. 
static loads do not occur to barrier systems. (69) 

compares one 
In application 

Static structural analysis usually will determine the weakest component 
in a connector system. This does not always indicate what actually 
happens when a barrier is impacted. For example, static analysis of a 
flaring tongue and groove connector showed the failing component to be 
the male tongue. Crash tests performed on flaring tongue and groove 
connectors with side plates, however, had the female groove fall, not 
the male tongue. This was because impact was on the side of the 
groove. (70) 

Unanchored pins In pin and loop connectors have the danger of "jumping 
out" of the loops during vehicle impacts, thereby destroying the 
structural integrity of the connector. (69) 
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* In the field barriers are not always Installed according to standard 
plans. For example, smaller pins are substituted, gaps are excessive, 
and broken or chipped barriers are used. (73) 

* Loops made of wire rope generally are stronger than those made of 
rebar. Rebar loops also are more prone to breaking during fabrication 
and handling. (73) 

* 

* 

It 

It 

* 

* 

It 

It 

* 

Published reports give conflicting figures for some connector 
strengths. For example, one study (7) gives the tens! le capacity of 
the Idaho pin and rebar as 61 kips, whereas another study (4) gives 
this same capacity as 23 kips. (47, 48) 

Some connectors, such as dowel or plate Inserts, cannot be fnspect~d 
easily to see If all connector hardware is being used. (73) 

For pin and loop connectors with unanchored pins, the pin Is the 
critical structural element, its structural capacity being an order of 
magnitude less than that of other components of the connector. This 
Is because the pin need only be bent rather than ruptured in order to 
destroy the integrity of the connection. (67) 

Inspectors need guidance on when to replace a barrier due to excessive 
spalllng or damaged loops. (73) 

Pin and loop connectors are more prone to sloppy Installation than 
other types of connectors. Pins smaller than standard and loose loops 
can significantly affect field performance. (73) 

The larger the gap between either the top two or bottom two opposing 
loops in a pin and loop connector, the smaller the pin's structural 
capacity. This is because the moment arm between opposing forces on 
the pin Is Increased. (67) 

Host users of pin and loop connectors do not specify gap width. To 
date, only 15 of the 46 pin and loop connector users specify a gap 
wldth.(10) 

In pin and loop connectors, larger gap widths mean greater rotational 
slack in the connector, which increases the estimated lateral 
displacement of a barrier system using this connector.(10) 

The pin and loop connector can be strengthened and stiffened by 
putting a nut on the pin, by using shims, or by adding side plates. 
(74) 
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* 

* 

* 

* 

* 

* 

* 

* 

* 

Connector systems in which the gap is controlled as a part of the 
connector are preferable to those in which gaps are variable and can 
vary from one location to another. (73) 

In agencies where two types of connectors or barriers are specified, 
intermixing of designs on one job is common. For instance, in 
Virginia tongue and groove and plate insert connectors are mixed, and 
in Michigan 6 in top and 10 in top barriers are mixed. (73) 

The loop configuration of the California pin and rebar connector is 
preferable to the loop configuration of the Arkansas pin and wire rope 
connector. This Is because the former configuration will prevent 
barriers from vertically displacing relative to one another, whereas 
the latter configuration will not.(67) 

Results for connector strength analyses are lower than those given in 
previous reports mainly because of different material constants. (68) 

Some States are using metal guardrail behind barriers to connect 
segments when the normal connector does not work. (appendix C) 

Excessive gaps between barrier segments create snag points on which 
impacting vehicles may get caught. This defeats the "safety shape" 
design of the barrier. (appendix C) 

The strength of pins in anchored pin and loop connectors generally 
matches the strength of other components in the connector. (67) 

Some States bevel the corners of barriers to prevent snagging of snow 
plows and to allow placement of the barrier sections in curves. 
(appendix C) 

Several States specify the same precast barrier design for temporary 
and permanent installations. (75) 
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VII. Recommendations 

The following recommendations cover items that the project staff feel 
are implementable based on the state of partable concrete barrier 
technology. Further research and crash tests that are recommended are 
covered in the next chapter. RecOlllllendations are listed In descending 
order of lmpartance: 

* 

* 

* 

* 

* 

* 

* 

Agencies should specify strengthening or stiffening of connectors 
for conditions where minimal deflection distances are available, 
where high speeds or high impact angles are passible, or where 
there is a large proportion of truck traffic. candidate sites 
include bridges, bridge approaches, lateral shifts or crossovers, 
or any roadway where there are two or three parallel runs of 
barrier. 

Inspectors should use the checklist given in table 8 for 
determining the adequacy and condition of PCB connectors. 
Inspection of the connectors during installation is particularly 
important for tongue and groove, plate insert, and doweled 
connectors. 

Pins in pin and loop connectors should be anchored at both ends 
of the barrier segment. Anchoring by drilled hole with cotter 
pin or slotted end with driven pin will prevent pins from jumping 
out on impact. Only nut and washer anchoring will prevent pins 
from being bent out of the loop when the pin is loaded, and is 
therefore the recommended anchoring method. 

Plan sheets covering the pin and loop type of connector should 
specify the permissible gap width between barrier segments. The 
plan sheets are clearer concerning the connection if two segments 
of barrier are shown. 

The permissible gap between barrier segments should be specified 
for tongue and groove, plate insert, and doweled connectors. For 
plate insert and doweled connectors it is preferable to have a 
minimum gap of at least 1/4 in to allow for verification that 
all connector hardware is present. 

Wire rope is generally prererable to steel rebar for forming 
loops in pin and loop connectors. Also, loop configurations 
should be like the California pin and rebar connector, to prevent 
vertical displacement between barriers. 

The goal in design of connectors is to match the strength of all 
components of the connector. 
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Table 8. Inspectors checklist 

General 

I. Check for segments that have chipped or broken places that could 
create snag points. Broken places are critical near Joints when 
the gap adds to the distance between segments. Total gaps of 5 
In or greater should be considered critical. 

2. Check for cracks near lifting Points and around drainage channels. 

3. Focus on the condition of connectors at angles, curves, or where 
segments have been replaced. 

4. Check for acceptable width between barrier segments. 

For Pin and Loop Connectors 

Other 

I. Check that pins are Installed and are the proper design and 
diameter. 

2. Check for cracked, broken, or bent loops. 

J. Check that tongue on tongue and groove connector has at least two­
thirds of Its length In good condition. 

2. Check for presence of dowel bars and plates In connection. 
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* 

* 

* 

States should use PCB connectors only if they have been 
structurally analyzed and sucessfully crash tested (see chapter 
VIII for needed crash tests). 

States should adopt a regional connector design, as Illinois, 
Minnesota, and Wisconsin have to decrease the number of different 
designs that fabricators and contractors must stock. 

Crash tests of PCB connectors should use a point of impact near 
the PCB connector. 
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VIII. Additional Research Needed 

Additional research is needed to resolve some Issues related to 
portable concrete barrier (PCB) connectors. A major conclusion of this 
study was that the most used connectors are the least crash tested. It is 
unlikely, however, that enough crash tests could be conducted that would 
resolve all issues of connector design. Additional accident data also 
should be analyzed. 

Needed research on PCB connectors, comes under four categories: (I) 
computer simulation (2) impact tests, (3) crash tests, and (4) accident 
studies. 

A. Computer Simulation 

Computer simulation Involves the progranming of static and dynamic 
properties of portable concrete barriers and their connectors and using 
these properties to simulate and predict barrier reactions for certain 
impact conditions. This is an attractive research tool since it is 
relatively Inexpensive and since sensitivity analysis can be performed on 
various components of the barrier at no extra cost. Also, much of the 
undesirable randomness of actual crash tests is eliminated in simulation 
programs. 

While work has been done In the simulation area for portable concrete 
barriers, however, no comprehensive effort to use these models for 
analyzing barrier connectors is known. It is reconmended that previous 
simulation research on portable concrete barriers be reviewed to locate the 
most promising results and software. This software should be used to 
predict estimated barrier displacement for those connectors that are 
specified by the State. Sensitivity analysis should also be performed on 
these barrier systems for different ground or surface conditions, different 
segment lengths, and various dimensions of connector components. 

B. Impact Testing 

Impact testing involves connecting several barriers and impacting them 
with a bogie In order to determine the connector's reaction on impact. One 
suggested configuration for a test of this sort is shown in figure 42. 

To test the moment capacity of the connector, the bogie would strike 
the barrier system at point l, on a level with the center of gravity (C.G.) 
of the barrier system. Back-up structures would be added as shown In the 
figure. To test the shear capacity, the bogie would strike the barrier 
system at point 2, on a level with the C.G. of the barrier system. To test 
torsion capacity, the bogie would again strike the barrier system at point 
2, but this time at a level well above the C.G. of the barrier system. 
Back-up structures for these last two tests would be added as shown in the 
figure. 
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' 
backup structure 
(optional, for 
shear test only) 

' 
1 2 

I 

portable concrete barrier 

Figure 42. Impact testing configuration 

r backup 
structure 

The main advantage of impact testing is that it tests the connector's 
reaction to moment, shear, and torsion dynamic loading all on an individual 
basis. Crash tests have several other variables involved, and connector 
reaction is often a secondary consideration. Since most of the present 
connectors used in the field have not been crash tested, it is recommended 
that impact tests be performed on some of these connectors. Of particular 
interest is the pin and loop connector. Tests should be run using 
unanchored pins, pins anchored with cotter keys, and pins with nuts on the 
threaded portion to determine how the connector's reaction changes with 
different pin configurations. Impact testing could also be used to screen 
out undesirable connectors, with only promising connectors being fully 
crash tested. 

C. ~rash Testing 

Crash testing is still the best method to test connector design, since 
crash testing is still the closest approximation of conditions to which 
connectors are exposed in the field. Crash tests in the past have yielded 
valuable information on connector performance that neither static nor 
dynamic analysis was able to predict. However, as mentioned in the 
Conclusions chapter, the most used connectors are also the least tested 
ones. Crash testing is recommended, therefore, for these connectors. 

Foremost among these connectors is the pin and wire rope connector, 
since it is so widely used. Pin configuration for this test (whether 
anchored or unanchored) could be determined through analysis of impact 
tests. At least one test should be run on a pin and loop connector which 
has a stiffener in the gap, such as the Ohio shim shown in figure 46 or 
the GME pinned spacer as shown in figure 43, to see how stiffening the 
connector affects the performance of the barrier system. Other connectors 
which need testing are the pin and eyebolt, and plate insert connectors. 
It is also recommended that a run of unconnected barriers with both 6-in 
and 10-in tops be tested to determine what part the mass of the barrier 
itself plays in redirecting vehicles and protecting the work zone. 
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Figure 43. GME pinned spacer 
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D. Accident Studjes 

Because of the alarming number of severe barrier-related accidents 
which took place in Kansas (see appendix C), it Is recommended that an 
accident study of barrier-related accidents throughout the States be 
performed. While GME did receive some Information on this topic, this 
project's budget only allowed a limited number of State visits. Of 
particular interest should be connector structural performance In the field 
and how connector performance affects barrier lateral deflection and 
overturn. 

It is difficult to sort barrier-related accidents from a statewide 
computerized accident records system. An alternate approach would be to 
review all accidents for projects that employ PCB. Another step would be 
to supplement information on barrier accidents in a manner similar to 
Information obtained by NASS teams (for example, estimated speed, Impact 
angle, vehicle damage, injury and connector damage). 
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APPENDIX A - Connector Design Detal Is 

Connector Type 

Pin and Rebar 
(Figure 2) 

No, A( In) B( In) Cl In) D( In) E( In) F ( In) G(lnl State or Crash Segment Gap Notes 
Agency Tests Length(ft-ln) Width{ In) 

B 6 6 8 3/4 24 AlabalM 10 ± 1/2 NS 

2 8 6 8 6 5/8 1/4 25 Alaska 10 NS 

3a 7 1/2 6 7 1/2 6 3/4 1/4 26 Cal ffornfa 19-10 2 

3b 7 5 7 9 0 7/B 26 Cal ffornfa 291,292 NS NS has been 
rodlfled to 3a 

3c 7 5 7 9 0 26 Cal ffornfa 293,294 NS NS has been 
l1"<ld f fl ed to 3a 

4 8 6 6 8 5/8 .7/B 28 Colorado 10 0 to I 
{Taper) 

(X) 5 7 5 5 7 5/8 32 Connecticut 20 NS loops formed 
from two bars 

(X) 

6 7 1/2 6 7 1/2 6 3/4 1/4 24 Dist. of Columbia 12 2 

7 8 6 6 8 3/4 1-1/4 30 Florida 12 min NS Type 3 

8 7 5 7 9 5/8 7/B 26 Georgia 10 NS 

9 7-1/2 6 7-1/2 6 5/8 26 Hawal f 19-9 1/4 2-3/4 

10 9 6 6 9 3/4 31 Indiana 10 NS 

Ila 8 6 10 8 3/4 1-1/4 25 Kentucky 10 ± 1/2 NS 34 In high PCB, 
Type J 

lib 8 6 8 6 3/4 1-1/4 25 Kentucky ,~ ± 1/2 NS 32 In high PCB, 
9 or 12 In wide top, 
Types 9k, 12k 

12 8 6 6 8 5/8 7/8 27 Haine 10 NS 

13 8 6 8 6 3/4 1-1/4 25 Hlsslssfppl 10 ± f/2 NS 

14 8 6 8 6 3/4 30 Nebraska 10 NS 

15 7-1/2 6 7-1/2 6 3/4 1-1/4 26 Nevada 19-9 1/4 1-1/2 

16 8 6 8 6 5/8 31 New Hampshire 10 NS 

17 8 6 6 8 5/8 7/8 28 New Hexfco 10 0 to 
(Taper) 

NS - Not Specified 
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Connector Type 

Pin and Rebar 
(figure 2, continued) 

No. A(ln) B( In) C( I nl D( I nl E( I nl r ( In) G( In) State or Crash Segment Gap Note• 
Agency Tests Length(ft-ln) Width( In) 

18a B 6 6 B 3/4 24 North Carol Ina 10 NS 32 In high PCB 

IBb B 6 B 10 3/4 24 North Carol Ina 10 NS 34 In high PCB 

19 10 B 9 7 3/4 1-1/4 27 Ohio 10, 12 NS 

20 B 6 7 9 3/4 24 Oklahoma 10 NS 

21 7 5 5 7 5/8 35 Rhode Island 10 3 

22 B 7 6 7 1-1/4 NS South Caro 1 Ina 12 4 

23 10 B 6 B 5/B 32 Vermont 10 NS 

24 B 6 6 B 1/2 30 Wisconsin 10 NS 

(X) 25 B 6 6 B 5/B 7/B 26 Wyoming 10 0 to -n (Taper) 

Connector Type 

Pin and Triple 
Rebar 

(Figure 3) 

No. A(fn) B( In) C( In) D( In) EC In) f( In) State or Crash Segment Gap Notes 
Agency Tests Length(ft-fn) Wfdth(fn) 

3 5 5 3 3B Tennessee B to 12 2 

Connector Type 

Pin and Twin Double 
Rebar 

(Figure 4) 

No. A(fn) Bl In) C( In) D(fn) E( In) F( In) G( In) H( In) State or Crash Segment Gap Notes 
Agency Tests Length(ft-fnJ Width( In) 

9 7 5 7 4 5/8 1-3/8 24 South Dakota ID NS 

NS - Not Specified 



Connector Type 

Pin and Wire 
Rope 

(Figure 5) 

No. Al In) Bl In) Cllnl 0( In) E( In) f I fnl G( In) State or Crash Se!Jllt!nt Gap Notes 
Agency Tests Length(ft-ln) Wldth(ln) 

8 6 1 9 1/2 29 Arizona 12--6 or 20 NS 

2 8-1/4 7-1/4 9-1/4 10-1/4 5/8 1-1/4 21 Arkansas 10 2 max. 

3 8 6 6 8 1/2 I 1/4 30 Florida 12 min NS Type 4 

4 specifications not available Idaho 

5 8 6 6 8 l/2 7/8 32 I I I I nots 10 NS 

6 1 6 9 8 1/2 26 Iowa 10 3 :t 1/2 

7 7-1/2 6 7-1/2 6 1/2 29 Louisiana 15 1/4 

'° 0 8 10 8 6 8 1/2 1-1/4 24 Hlnnesota 10 NS 

9 10 8-1/2 10 11-1/2 1/2 26 Hontana 10 NS 

10 10 8 6 8 NS 1/4 24 North Dakota 10 NS 

II 8 6 5 7 5/8 7/8 25-1/2 Oregon 12 6, 25 

12 9 6-1/2 7 9-1/2 1/2 29 Utah 10, 12 6, 20 NS alternate 

13 7-1/2 6 7-1/2 6 5/8 26 Washington 10, 12-6 NS 

1/2 
14 e 6 6 8 5/B 7/8 26 Wyoming 10 0 to I 

(Taper) 

Connector Type 

Pin and Eye Bolt 
(Figure 6) 

No. A( In) B( In) C( In) DI In) E(ln) f ( In) G( In) State or Crash Segment Gap Notes 
Agency Tests Length(ft-ln) Wldth(ln) 

10 8 6 e 3/4 3/4 32 Hlchfgan 10 NS 

2 8 6 ,8 10 3/4 7/8 30 W. Virginia 10 NS alternate 

NS - Not Specified 



Connector Type 

Pin and Plate 
(figure 7) 

No. A( In) 8(1n) C( In) D( In) E( In) F( In) G( In) H( In) IC I nl State or Crash Segment Gep Notes 
Agency Tests Length(ft-ln) Wldth(ln) 

9 6-1/2 7 9-1/2 1/2 3 29 1-1/2 Utah 10, 12, 
12-6, 20 NS 

Connector Type 

flaring Tongue 
and Groove 
(Figure 8) 

No. A(fn) I'!( In) C(fn) D( In) E( In) F ( I nl G(ln) H( In) l(fn) State or Crash Segnent Gap Notes 
Agency Tests Length(ft-ln) Wldth(fn) 

7-1/2 2-1/2 8 2-1/2 2 1/2 1/8 1-3/4 23 Florida 12 min NS Type I 

2 7-1/2 2-1/2 8 2-t/2 2 1/2 1/8 1-3/4 23 Ohio 10, 12' NS alternate, Type 8 
\0 ,_.. 3 7-1/2 2-1/2 8 2-1/2 2 1/2 1/4 1-3/4 23 Pennsylvania 30 max NS 

4 7-7/8 2-1/4 8 2-1/4 1-1/4 1/2 1/8 4-3/4 26 Texas 30 ± 4 NS alternate 

5 7-7/8 2-1/2 8 2-1/2 1/8 1/8 1-3/4 23 Virginia 12 1 max. gap width Is specified 
for curves only 

6 7-7/8 2-1/4 8 2-1/4 2 l/2 1/8 1-3/4 23 W. Virginia 12 NS 

Connector Type 

Straight Tongue 
and Groove 
(Figure 9) 

No. A( In) 8(deg) C(ln) D(deg) EC In) F ( In) G( In) State or Crash Segment Gap Notes 
Agency Tests Length(ft-ln) Width( In) 

3 4.5 3 4.0 1-1/8 1-1/8 32 Florida 12 min NS Type 2 

2 NS NS 1-7/8 14.0 NS 1-1/4 31 New Jersey 20 NS Z In wider at 
bottom than tap, Type Z 

3 2 5.4 2-3/4 5. I 2 Z-1/8 32 New Hexfco 12 - 6 NS alternate 

4 3 4.5 3 4.0 1-1/8 1-1/8 32 Ohio 10, 12 NS alternate, Type A 

NS - Not Specified 



Connector Type 

Plate Insert 
(Figure IOI 

No. A(lnl B( lnl C(lnl D( In) El lnl f"( lnl G( lnl H( In) I ( In) State or Crash Segnent Gap Note• 
Agency Teots Length(ft-lnl Width( In) 

specifications not available Delaware 

2 spec I ff cat Ions not available Dist. of Columbia alternate 

3 spec I f lcat Ions not aval lab le Haryland 

4 7 4 25-1/2 5/16 6 1/2 7/16 9/16 5/16 Pennsylvania 30 max NS 

5 7 NS 25-1/2 5/16 5 1-1/2 NS 7/8 1/2 Virginia 20 NS alternate 

Connector Type 

Grid Slot 

'° (f fgure 11) N 

No. A(ln) B( In) C( In) D( In) E ( In) f"( In) State or Crash Segnent Gap Notes 
Agency Tests Length(ft-ln) Width{ In) 

B 10 18 1/2 24 Texas 3J) ± 4 1/2 alternate 

Connector Type 

Steel Dowel 
{f"fgure 12) 

No. A(fnl 8( In) C{ln) D(fn) E( In) f"( In) G( In) H(Yes or Nol State or Crash Segment Gap Notes 
Agency Tests Length(ft-fn) Width( In) 

6 14 28 1B 2 10 N Kentucky 20, 30 1/2 35 In high 
barrfer1 9 In, 
12 In, or 14 In 
wide top, Types 
L, H, 9H, 12H 

2 6 14 28 18 2-1/2 10 N Texas CHB-2 30 .:!: 1/2 alternate 

3 spec ff lcat Ions not l!IVIII lable Hfchfgan alternate 

NS - Not Specified 



Connector Type 

Channel Sp! Ice 
(Figure 13) 

No. A( In) B( In) C D(no) E( f n) F ( f nl State or Crash Segment Gap Notes 
(channel) Agency Tests Length(ft-ln) Width( In) 

5 42 C5x9 4 27-1/4 1-1/8 Texas 2262-2 14 - II 25 max. 

Connector Type 

Side 
Plates 

(Figure 14) 

No. A( In) B(ln) C( In) D(fn) E (In) F(fn) State or Crash Segment Gap Notes 
Agency Tests Length(ft-ln) Width( In) 

3 1B 1/2 2 27 5/B Florida 12 min NS alternate 

'° 
2 5 42 1/2 4 26 1-1/8 Te><as 2262-2 15 NS 

w Transportation 
Institute (TT!) 

Connector Type 

Vertical 
I-Beam 

(Figure 15) 

No. A(ln) B( In) C( In) D( In) E (In) F ( In) G(ln) H( In) State or Crash Segment Gap Notes 
Agency . Tests Length(ft-ln) Width( In) 

la 2 2-1/4 0 26 1/2 4 4 1/2 New York NY-17 20 NS has been 
NY-1B modified to lb 

2 3-1/4 6 20 1/2 4 4 1/2 New York NY-44 0, 10, 12, NS 
NY-45 14, 16, 18, 
NY-46 20 
NY-47 

Connector Type 

Top T-Lock 
(Figure 16) 

No. A(ln) B( In) C(lnl 0 E (In) F<lnl G( In) H( In) I ( In) State or Crash Segment Gap Notes 
(Channel) Agency Tests Length(ft-ln) Width( In) 

C4 
3 4 27 x5.4 1B 1/4 1-5/8 NS NS Texas 12 NS 

NS - Not Specified 



Connector Type 

New Jersey 
Wetsbach Interlock 

(F lgure 17) 

No. A(ln) B( In) C( In) D( In) E( In) F( I nl State or Crash Segment Gap Notes 
Agency Tests Length(ft-tn) Width( In) 

specifications not available New Jersey alternete 

Connector Type 

Bottom T-Lock 
(Figure IBl 

No. A( lnl B( lnl C( In) D( tnl E( lnl F ( lnl G( In) H( In) State or Crash Segment Gap Notes 
Agency Tests Length(ft-lnl Width( In) 

2 6 36 31-1/2 27-1/2 1/4 8 3 TTI 3825-10 12 NS 
thru 

-D 3825-17 
.i:-

Connector Type 

Lapped 
Joint 

(F lgure 19) 

No. A( In) B( lnl C! lnl 0( In) State or Crash Segment Gap Notes 
Agency Test Length(ft-lnl Width 

5-1/2 7-1/2 16 Texas 30 .± 4 2 alternate 

Connector Type 

Hinge Plate 
(figure 20) 

No. A(lnl B( In) C( In) 0( In) E( In) F ( In) G(lnl H( In) l!lnl State or Crash Segment Gap Notes 
Agency Tests Length(ft-ln) Width( In) 

NS NS NS NS NS 6-1/2 4 6 1-1/8 Barrier 13 3-3 2-3/8 all tests 
Systems Inc. different conducted by 

tests manufacturer, 
see Table 4 

NS - Not Specified 



Connector Type 

Straight Tongue and 
Groove with Side Plates 

(Figure 21) 

No. A( In) B(deg) C( In) D(deg) E( In) Flin) G( In) H(ln) !(In) J( In) K( In) State or Crash Se!Jnent Gap Notes 
Agency Tests Length(ft-ln) Width( In) 

la 2 9-1/2 2-1/2 9-1/2 1-1/2 1-1/2 32 4 66 1/2 2 Kansas 10 1/4 to 1/2 alternate 

lb 2 9-1/2_ 2-1/2 9-1/2 1-1/2 1-1/2 32 4 126 1/2 2 Kan~as 10 1/4 to 1/2 alternate 

2 3 4-1/2 3 4 1-1/8 1-1/3 32 4 12 1/8 2 Kentucky 20 ±1/2 NS 9 or 12 In 
12 wide 

3 NS NS 1-7/8 14 NS 1-1/4 31 top 3 12 1/4 2 New Jersey 20 NS T)ll>t! 3 

4 3 14.5 3 NS 1-1/4 1-1/4 32 3 12 1/4 2 Southwest CHB-18 20 1/4 max 
Research CNB-24 
Institute 
(SWRI) 

'° 
Connector Type 

lJl 

Flaring Tongue 
and Groove with 

Side Plates 
(Figure 22) 

No. A( In) B(deg) C( In) O(deg) EC In) F(ln) G( In) H( In) l(ln) J( In) K( In) L(no) State or Crash Segment Gap Note, 
Agency Tests Length(ft-ln) Wldth(ln) 

7-7/8 2-1/4 8 2-1/4 1/8 1/8 1-3/4 23 4 36 1/2 6 TTI 3925-7 12 NS 

2 7-7/8 2-1/4 8 2-1/4 1/8 1/8 1-3/4 23 4 36 3/8 6 TT! 3825-6 12 NS 

3 7-7/B 2-1/4 8 2-1/4 1/8 1/8 1-3/4 23 4 36 1/8 6 TTI 3825-9 12 NS 

• 7-7/8 2-1/4 8 2-1/4 1/8 1/8 1-3/4 23 4 36 1/4 6 TTI 3825-5 12 NS 

Connector Type 

Straight Tongue 
and Groove with 

Steel Dowels 
(Figure 23) 

No. A(ln) B(deg) C( In) O(deg) E( In) F( In) G( In) H( In) l(ln) J(no) K( In) State or Cresh Segment Gap Notes 
Agency Tests Length(ft-ln) Width( In) 

2 9-1/2 2-1/2 9-1/2 l-1/2 1-1/2 32 24 Kansas 10 1/4 
to 1/2 

NS - Not Specified 



Connector Type 

Straight Tongue 
and Groove with 
Continuous Cable 

(Figure 24) 

No. A( In) B(deg) CC In) O(deg) E( In) F( In) G( In) H( In) l(ln) State or Crash Segment Gap Notes 
Agency Tests Length(ft-ln) Width( In) 

2 9-1/2 2-1/2 9-1/2 1-1/2 1-1/2 32 1/2 2 Hlssourf 10 1/4 

Connector Type 

'° 
Flaring Tongue 

°' and Groove with 
Channel Splice 

and Double Dowels 
(Figure 25) 

No. A( In) B(deg) C( In) D(no) EC In) F( In) G( in) H(ln) l(ln) State or Crash Segnent Gap Notes 
Agency Tests Length(ft-ln) Width( In) 

5 42 0.325 4 27-1/4 24 6 12 TTI 3825-8 15 NS 

NS - Not Specified 



Appendix B 

CRASH TEST DETAILS 

This appendix describes crash tests performed on portable concrete 
barriers in the past. A sunmary of these crash tests is given in table 9. 
The ENSCO,Inc. crash test on the flaring tongue and groove connector is not 
included in the descriptions, since the only available Information on that 
test is already given in table 9. 

Table 9 is modeled after the NCHRP 230 format for reporting crash test 
results. Some of the parameters in NCHRP 230 were left out of table 9, 
however, because the information was not available from the literature, or 
because these parameters were not considered important to the evaluation of 
connector performance. The parameters used in table 9 are: date the test 
was performed, connector type, installation length, segment length, profile 
type, maximum dynamic deflection, maximum permanent deflection, vehicle 
model, gross vehicle weight, nominal impact speed, nominal impact angle, 
actual impact speed, actual impact angle, exit speed, exit angle, impact 
point, vehicle reaction, vehicle damage, barrier damage and reaction, 
connector damage, and soil type and condition. Connector types are 
followed by numbers in parenthesis which correspond to numbers listing the 
connectors in appendix A. 

The following detailed descriptions of each crash test performed are 
presented by conducting agency. It should be noted that some crash test 
descriptions have more information than others. This is because some 
references give more information in their accounts of crash tests than 
others. These descriptions from other references were left basically intact 
in this appendix so that the reader would have a thorough description for 
any given crash test. Hence, there is information in the descriptions that 
is not in table 9. The most important of these ls the narration and time 
sequence of the crash events. 

A. Southwest Research Institute 

1. Test CHB-1 

The connector used in test CHB-1 was dowels with top plate. The 
barrier segments were freestanding and connected by shear keys at the 
bottom and by steel plates at the top. Barrier segment length was 10 ft, 
and the total system length was 150 ft. A 4,370 lb vehicle impacted the 
barrier at an actual speed of 60.3 mi/hand at an actual impact angle of 
7.5 degrees. The vehicle was smoothly redirected. Lateral translation of 

in was observed at the juncture of segments 5 and 6; no other joint 
locations showed evidence of barrier movement. 

Damage to the installation was limited to scarring of the concrete 
surface due to vehicle contact. The left side of the vehicle's front 
bumper was bent and some local damage to Its left fender was noted. 
Otherwise, the vehicle was undamaged and drivable. 

97 



Table 9. Crash test summary 

Agency SauUnrest Res,ardt J!st I tvte LSW.l. 
Test No. Cl8·1 Cll8-8 c■-9 

Date of Test Z/14 7/74 7/74 
Dowels w/ NJ Velsbactt NJ Velsbach 

Connector Type• top plate (I) (I) 

Install. length(ft) 151 180 181 
Seg11t1t length(ft) 18 30 JI 
Pro fl I e Type N.J. N.J. N,J. 
Nax, DY11811C 0efl.(ft) 1.08 0 I 
Nax, Peri. 0efl.(ft) 0 0 
Vehicle Nodel 71 Vega 71 Viti 

Hatchback llltcllblct 
Gross Veh. Vt.(lbs) 4370 2250 2250 
Nol. IIPICt Sp, {lf)h) 60 55 57 
Noe, IIP8Ct Ang.(deg) 1 1 15 
Actual IIPICt S,,(IPh) 68.3 55.9 51.9 
Actual IIPICt Ang,(del) 7.5 8.8 15,5 
hit Speed(1Ph) 
hit Antlt(deg) 
l1111ct Point 4'-10" down fro■ 11,6' up fro■ 14,2' up 

Joint 5-6 Jol11t 2 fro■ Joint 2 
Velllcle leactlon Sloothly Sloothly Saoothly 

redirected redirected redirected 

Vthlclt llluge Slight SI lght lloderate 

tarrier Dauge Scarring SI lgllt Slight 
lllld leactton of barrier scraplftO scraping 

Connector Dauge None None None 

Soll Type and Concrete pad 
Condition 

UlWl!l 

• Specific dlaenslons of the connectors can be found In Appendix A. 
The ntllbers In parenthesis by the connector type In this table 
correspond to nUlbers listing the connectors In Appendix A, 
ST&GV/SP - Straight tongue and groove with side plates 
STIG - Straight tongue and groove 
SD Steel Dowel 

Cll-18 

197S 

ST&&W/SPCSJ 
IN 
21 
f .. 
• 1971 

4511 

62 
25 

5' IP fro■ 
Join l 

Redirected 

Severe 

fat lurer 
11 ft barrier 

section 
dis lodged 

NA 

Styrofou 
pad 

on asphalt 

FT&GV/SP&DD - Flaring tongue and groove with side plates and double dowels 
BT-lock-Botto■ T·Lock 
SP-Side Plate 
CS - Channel splice 
P&R - Pin and rebar 98 

CNB-H 

1915 

ST&GI/SPC4) 
181 
ZI 
f 

3,42 
74 

•••r 
4511 

61 
IS 
5'.4 
u.1 

4, 1' • fro1 
Jol11t Z 

RedtrectM 

Severe 
on left 
side 

Significant; 
concrete 

failed at Jt. 
1,2,lllld3 

failure; 
Joints I, 2, 

and 3 

Styrofou 
pad on 
asphalt 



Table 9. Crash test summary (cont.) 

Agency New York State Dtparw,,t 2f Transportation (USDOJJ 
Test No. NY-44 NY-45 NY-Ci NY-0 IIY~l7 IIY•II 

Date of Test 7/27/81 7/31/81 B/11/81 B/25/81 9/1/18 9/19/18 
orU) 

Connector Type• 1-Bea■(lbl 1-Bea■(lb) 1-Beaa(lb) 1-Beaa (lbt 1-Betl (11) , ...... (11) 
Install. Length(ft) 160 160 160 168 168 IU 
Segment length(ftl 8 8 8 20 21 2f 
Proftle Type NJ NJ NJ NJ NJ IJ 
llax, llyn•lc Oefl.(ft) I .3J •• ,z 
Nax. Pera. Defl.(ft) 1.4 0.23 0.56 0.3 1,33 •• ,z 
Vehicle Hodel 70 Plyaouth 71 Chevy 71 Chevy 72 Chevy 75 Pl,-tll JlMIClltldor 

Fury Vega lapala Veta Su StatlOI MIIOft 
Gross Veh. llt,(lbsl 4300 2175 050 2175 •251 4ZJt 
No■• lapact Sp.(aph) 60 60 60 68 
Noll. lapact Ang,(deg) 25 15 25 15 
Actual lapact Sp,(■ph) 64.9 65.5 61.1 61.4 sz.t S4.8 
Actual lapact Ang. (deg) 27.1 16. 1 25.2 15,2 25,1 ,, .. 
Exit Speed(11Ph) 30.8 55.4 45.3 53,2 
Exit Angle(deg) 10 5 8 5 5 15 
lapact Pol nt 2' down froa Z' up frOI 1.5' up frOI 3' up froa Center of c.ter of 

Joint 7-8 Joint 7-8 Joint 7-8 Joint 7-8 fourtll Section fori Section 
Vehicle Reaction Redirected Redirected Redirected Sloothly Redirected Vlolently 

then rollover could have redirected redirected 
rolled over then ro II over 

Vehicle Dauge TAD-/RT-7 TAD-RfQ-4 TAD-RFQ-4 TAD-RfQ-4 TAD-RfQ-3 TAl-ll+T-l 
SAE-012D.A09 SAE-1211FEll5 SAE-OIRYAll6 SAE-OIRFEll5 SAE-OIRFE115 SAE-OIRDA09 

Barrier Dauge Spa I ling, Cos■etlc Roderate, Light Noderate Light spat ling 
and Reaction cracked base Scratches, Scratches spa II Ing 

Sec. 7 hairline gouges, hair-
cracks sec. 8,9 1 lne cracks 

Connector Damage None None None None None None 

So ii Type and Dry Dry Dry Dry Dry Dry 
Condition co■pacted co■pacted coapacted coapacted asphalt asphalt 

granular granular granular granular paveaent paveaent 

legend 

• Specific dimensions of the connectors can be found In Appendix A. 
The n111bers In parenthesis by the connector type In this table 
correspond to nu■bers listing the connectors In Appendix A. 
ST&GW/SP - Straight tongue and groove with side plates 
ST&G - Straight tongue and groove 
SD Steel Dowel 
FT&GW/SP&DD - Flaring tongue and groove with side plates and double dowels 
BT-lock-Botto■ T-Lock 
SP-Side Plate 
CS - Channel splice 
P&R - Pin and rebar 99 
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Table 9. Crash test summary (con,) 

:WU. Icusportatton lo1tttute Wll 
Agency 
Test lo, 
late of Test 

Connector Type• 
Install, length(ft) 
S191111t letlltll(ftl 
Prof lie Type 

llax. Dynalc Defl,(ftl 
Nax. Peri Defl.(ftl 
Vehicle Node! 

Gross Veh. lt,(lbsl 
NGI, l■-t Spd, 
NOii. IIIPICt Allg.(deg) 
Actual lapact Spd, 
Actual lapact Ant, (4Nf) 
hit $tlffcl(11111l 
hit Angle(dql 
••ct Point 

Vefllcfe Reaction 

Velllcle Dauge 

Barrier Da■age 
Nd Reaction 

C01111ector Dal8ge 

Test Z 

5D(Z) 
90 
30 

■odlfled 
NJ 

1.1 
65 

Olds11>bl le 
4540 

60 
25 

" 24 

3 
7' up ftOI 
Joint 1-Z 

Sllootllly 
redirected 
TAO-f'l--4-5 
SAE-llfl£IIZ 

Cracked botll 
sides around 
Jo lt1t, 1roove 
Joint fractured 

None 

JIZS-5 
1/11/81 

FT&GII/SP( 4 I 
121 
12 
NJ 

,., 
J.6 

74 Plyaouth 
Fury 
-4581 

68.7 
ZS 
11A 
ltA 

Center, 
Sec. 4 

lode top 
of 1ystt1 
TAO-IIFU 

SAE-1 lfLIIE I 

Nlnor, 
fle11ural 

cracking & 
spalllng 

Spall Ing 
near tongue 
I groove 

conn. 

3825-6 ,,,, .. 
FT&GV/SPCZ, . ,. 

It 
IJ 

2,1 
1,8 

74 Plyaoutll 
Fury 
45ot 

61.1 
24 
NA 
6 

5,9'dowll 
fro■ Jt. 3-4 

Rode top 
of syste1 
TAO-IIL&TS 

IOFLEl/2 

Fle11ural 
cracking I 
spa II Ing 

Spal ling 

3825-7 .,., .. 
fflGI/SP( I t 

lff 
12 
I.I 

Z,3 
t.8 

74 Plyaovth 
Fury 
4591 

59.2 
25 

13 
5.B'down 

fro■ Jt. 3-4 
Rode top 
of syste■ 

TAD-IIFU 
ltfLEll2 
18U£51 
SAE-08ULXll1 
Slllht due 
to s■ooth 
defl, IS 8 
unit; alnor 

Jt25-8 
4/3/tt 

FT&Glt/CSIDD( 11 ... 
15 

lod, of NJ(61 

a.a 
1t IN 

Scllool But 
21,000 

57.7 
15 
NA 
NA 

I ,Z'dcMffl 
fr• Jt. C-5 

lollover 

Slllllt 

SA(-IIIDESI 

flexural 
crack, OIi 

IIHk, tlgltt 
spalllng 

crack, I spa II 
NOiie 

at tongue I 
groove Joints 
that had large 

rot 

Tongue I 
groove dauge 
1lnor crack I 
spall. at side 

Soll Type I 
Condition 

Dry level 
concr. surf. 

Dry level 
concr. surf. 

plates 
Level cone. 
surf.{PCC) 

level cone. 
surface 

Legend 

• Specific dlaenslons of the connectors can be found In Appendix A. 
The nUlbers In parenthesis by the connector type In this table 
correspond to nulbers listing the connectors In Appendl11 A. 
ST&GW/SP - Straight tongue and groove wltll side plates 
ST&G - Straight tongue and groove 
SD Steel Dowel 
FT&GW/SP&DD - Flaring tongue and groove with side plates and double dowels 
BT-lock-Botto■ T-Lock 
SP-Side Plate 
CS - Channel splice 
P&R - Pin and rebar 100 



Agency 

Table 9. Crash test summary (cont.) 

Texas Transportation Institute ill!l 

Test No, 
Date of Test 

Connector Type• 
Install, Lengthlftl 
Segaent Length{ftl 
Profile Type 

Nax. 0ynaalc Oefl,lftl 
Nax. Pertt Defl,lftl 
Vehicle llodel 

Gross Veh. Wt.{lbs) 
Nol, lepact Spd. 
Not, lapact Ang,{deg) 
Actual lepact Spd, 
Actual lepact Ant,{deg) 
Exit Speed(IPh) 
hit Angle(dtg) 
llf)8Ct Point 

Vehicle Reaction 

Vehicle Daaage 

Barrier llauge 
and React I on 

Connector Ouage 

Soll Type & 
Condition 

Legend 

3825-9 
7/17/80 

fTl611/SP(31 
120 
12 
NJ 

6.5 
6.5 

76 Plyaouth 
Fury 
4510 

63.4 
25 

8 
6.8' down 

froa Jt. 3-4 
Violently 

redirected 
TAD-OIRFQ6 
SAE-01 FREV9 

Severe daaage 
IOSt at jt. 

4-5 

Side plates 
broken at 
jts. 4-5, 
5-6, 6-7 

Dry level 
concr surf. 

3825-10 
1/11/84 

"' BT-LOCK( I) 
120 
12 
NJ 

0,05 
0,02 
66 Ford 

Bronco 
3598 

60 
7 

60.6 
6.5 

52.6 
0 

I' up 
froa jt. 3-4 

Saoothly 
redirected 

TAD-IILFQI 
SAE-1 IFLENI 

Minor 
cosaetlc 
duage 

None 

3825-11 
1/11/84 

BT-LOCK II ) 
120 
12 
NJ 

0.11 

• 66 Ford 
Bronco 

3598 
60 
15 

68. 7 
14.S 

52 
1.2 
2' down 

froa Jt, 3-4 
Slloothly 

redirected 
TAD-IILFQ3 

IIFLEX2 
SAE·IILFES2 

Upper 
corners of 
jts, 3-4 I 
4-5 broken 

None 

• Specific dl■ensions of the connectors can be fourid in Appendix A, 
The nu■bers In parenthesis by the connector type In this table 
correspond to nulbers listing the connectors In Appendix A. 
ST&GV/SP - Straight tongue and groove with side plates 
STIG - Straight tongue and groove 
SD Steel Dowel 
FTIGV/SP&DD - Flaring tongue and groove with side plates and double dowels 
BT-Lock-Botto■ T-Lock 
SP-Side Plate 
CS - Channel splice 
P&R - Pin and rebar 101 

3BZ5-IZ 
1/11/84 

BT·LOCK(I) 
128 
12 
NJ 

0 
0 

74 Datsun 
Pickup 

2434 
60 
15 
61 
IS 
54 
2 

3' down 
froa Jt. 3-4 

SIOOthly 
redirected 

TAD-IILFQ3 
IIFLEKZ 

SAE-11LFES2 

Nlnlaal 
cracking at 
Jts. 3-4 I 

4-5 

None 



Table 9. Crash test summary (cont.) 

Ilm Transportation institute flill 
Agency 
Test No. 3825-13 3825-14 3825-15 
Date of Test 1/13/84 1/13/84 1/26/84 

Connector Type• BT-lock( II BT-lock(I) 8T-lockll) 
Install. Lengt(ft) 120 128 IZI 
Segaent length(ftl 12 12 12 
Prof I le Type NJ NJ NJ 
llax. Dyna1ic Def,(ftl 0.11 a.12 0,63 
llax. Peri Def,(ftl 0 I 0.18 
Vehicle Nodel 77 Ford 77 Ford 74 ford 

f250 P/U f258 P/U F250 
Gross Yeh. llt.(lbl 4490 '491 '540 
Nol. lapact Sp. l1Phl 68 aph 68 60 
Noa. lapact Ang.(degl 7 deg 15 22 
Actual Japact Sp,(aph) 57,3 aph 58. I 68,Z 
Actual lapact Ang.(deg) 7 deg 15 zz 
Exit SpeedllPhl 50,6 IIPh 46.8 NA 
Exit Angle(degl 4 deg 4 NA 
l11>4ct Point Z'down 4' down 3,5' down 

froa Jt. 3-4 froa Jt. 3-4 froa Jt. 3-4 
Vehicle Reaction Sloothly Sloothly Roi lover 

Redirected Redirected 
Vehicle Daaage TAD-IIFLEII TAO-lllfQ4 TAD-llfQ5 

SAE - II fLEN I llfLEKI llflEKZ 
SAE-IILFE53 SAE-lllfES3 

Barrier Dauge Upper corners Upper corners Segaent 4 
and Reaction of Jts, 3-4 of Jts, 3-4 t lltld; break-

& 4-5 cracked I 4-5 cracked age at Jts. 
& broken & broken 3-4, 4-5, 5-6 

Connector Dauge None None Joints 3-4, 
4-5, 5-6, 
ex,osed 

Soil Type & 
Condition 

• Specific dl ■enslons of the connectors can be found In Appendix A, 
The nu■bers In parenthesis by the connector type In this table 
correspond to nu■bers listing the connectors In Appendix A, 
ST&GII/SP - Straight tcmgue and groove 111th side plates 
ST&G - Straight tongue and groove 
SD Steel Dovel 

3825-16 
1/24/84 

IT-lock(I) 
IZO 
12 
NJ 

0.14 
0.03 

72 Chevy 
4VD P/U 

4760 
60 
15 

59.7 
15 

51. 7 
0,5 

3' dovn 
froa Jt. 3,4 
Sloothly 
Redirected 
TAD-IILFQ3 

1 IFLEKI 
SAE-IILFES3 

Jts. 3-4, 
4-5 chipped 
& broken 

None 

FT&GII/SP&DD - Flarlng tongue and groove 111th side plates and double dovels 
BT-Lock-Botto■ T-Lock 
SP-Side Plate 
CS - Channel splice 
P&R - Pin and rebar 
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Table 9. Crash test summary (cont.) 

Texas Transportation Institute ill!l Barrier sxsteu l@L. ill.!l 
Agency 
Test No. 3825-17 2262-1 2262-2 822686~1 022786-1 
Date of Test 2/24/84 8/22/82 

(5) 
Connector Type' BT-Lock(I l SP(2l CS(I) II Inge Plate(!) II Inge Plate(!) 
Install, Lengt(ft) 120 180 200 201 
Segaent Length(ftJ 12 15 15 3.1 3.1 
Profl le Type NJ NJ FCH f(l) 
llax, l)yna1lc Def,lft) 0 I. 94 
llax, Pera Def,(ftl 0 1,9 1.33 1.35 8.18 
Vehicle llodel 73 Ford U Plyaouth 12 Pl,aovtll 11 floncla 

2 I /2 Ton Trk. Fury Scap-Z dr, Civic CVCC-2dr. 
Gross ¥eh. llt,llbl 18,240 4581 45ID 3210 
Noa. lapact Sp, IIIPhl 60 68 60 45 
NOi. I apact Ang, (deg) 15 15 25 1 
Actual lapact Sp, (1Phl 60.1 61.9 56 45 
Actual lapact Ang. (deg) 15 15 26 1 
Exit Speed(aph) NA NA 
Exit Angle(deg) NA NA 2 
lapact Point I' dovn Sec. 4 

frOII Jt. 3-4 
Vehicle Reaction Slide off end Saoothly Sloothly Sloothly 

and Ro 11 over Redirected Redirected Redirected 
Vehicle Duage Severe lloderate TAD-LFQ-5 SI lght 

SAE· 18FLEQ3 

Barrier Dauge Jts. 3-4, Superficial Surface Sllgllt 
and Reaction 4-5. 5-6, 6-7, scarring scarring spa I ling at 

chipped & corners of 
cracked several bases 

Connector Dauge None NaJor Light None 
deforaatlon 
In 3 spl Ice 
plates 

Soll Type & 
Condition 

Legend 

• Specific dl1enslons of the connectors can be found In Appendix A. 
The nutbers In parenthesis by the connector type In this table 
correspond to nlllbers listing the connectors In Appendix A. 
ST&GW/SP - Straight tongue and groove with side plates 
STIG - Straight tongue and groove 
SD Steel Dowel 
FT&GW/SPIDD - Flaring tongue and groove with side plates and double dowels 
BT-Lock-Botto■ T-Lock 
SP-Side Plate 
CS - Channel splice 
P&R - Pin and rebar 
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1808 
45 
1 

41 
1 

2 

Sloothly 
Redirected 

Slight 

No dalage 

None 

022886-1 

Hinge Plate(!) 
200 

3. I 
F(7) 

8.44 
66 ANC 

Station Wagon 
3180 

1 
52 
7 

Sloothly 
Redirected 

SI lght 

No dalage 

None 



Table 9. Crash test summary (cont.) 

Agency 
Barrier Systeas Inc. 1!!ill. 

Test No. 0228B6·2 038386-1 038486-1 030686-1 838686-2 
Date of Test 

Hinge(!) Hinge (I) 
Connector Type• Hinge Plate(l)Hlnge Plate(l)Hlnge(ll Plate Plate 
Install. Lengt(ft) 218 200 200 288 200 
Segaent Length(ft) 3.1 3.1 3.1 3.1 3.1 
Prof I le Type f(7) f(7) f(7) f(l) F(7) 
Nax. Dynaalc Def.(ft) 
Nax. Per■ Def.(ft) 1.28 8.94 I ,88 1.33 2.60 
Vehicle Node! 69 ford 77 Honda 72 Plyaouth 77 Honda 74 ford 

Ranch Vagon Civic CVCC-Zdr Sca■p-2dr Civic CVCC-2dr Gran Torino 
Gross Veh. vt. ( lb) 
N011. l ■pact Sp. IIPhl 
Nol. IIJ)act Ang.(deg) 
Actual l ■pact Sp,(IPhl 
Actual ! ■pact Ang.(deg) 
Exit Speed(aph) 
Exit Angle(deg) 
l ■pact Point 

Vehicle Reaction 

Vehicle Da■age 

Barrier Oa■age 
and Reaction 

Connector Oa■age 

Soll Type & 
Condition 

Legend 

4240 

7 
58 
1 

2 

S■oothly 
Redirected 
Noderate 

No da■age 

None 

1800 3200 
45 45 
15 15 
47 46 
15 15 

8 6 

S■oothly S■oothly 
Redirected Redirected 

Slight Noderate 

No da■age No datage 

None None 

• Specific di ■enslons of the connectors can be found In Appendix A. 
The nUlbers In parenthesis by the connector type In this table 
correspond to nulbers listing the connectors In Appendix A. 
ST&GV/SP - Straight tongue and groove with side plates 
ST&G - Straight tongue and groove 
SO Stee I Dowe I 

1800 

15 
57 
15 

4 

S■oothly 
Redirected 
Noderate 

No da■age 

None 

FT&GV/SP&DD - Flaring tongue and groove with side plates and double dowels 
BT·Lock-Bott011 T·Lock 
SP-Side Plate 
CS - Channel splice 
P&R - Pin and rebar 104 

4320 
45 
15 
0 
15 

3 

S■oothly 
Redirected 

Slight 
Hor I zonta I , 
longitudinal 
crack In 
downstrea1 
half of Sec. 

26 neck 
None 

030686-3 

Hinge( I) 
Plate 
zoo 
3. I 
f(7) 

2.48 
70 Ply■outh 

fury 
3650 

15 
56 
15 

4 

S■oothly 
_Red I rected 

Severe 
SI lght 
spa II Ing 
one corner 

None 



Table 9. Crash test summary (cont.) 

Agency 
Test No. 
Date 
Connector Type• 

Install. Length(ft) 
Seg1ent Length(ftl 
Profll e Type 
llax. Dynaalc Defl.(ftl 
Nax. Per■ Defl.(ftl 
Vehicle Nodel 

031486-1 

Hlnge(I I 
Plate 
208 
3, I 
rm 

4.11 
61 Olds 

b!:!:ill sv,tns _~mu 
031986-1 032586-1 832686-1 

Hinge(( I Hinge( 11 Hinge(() 
Plate Plate Plate 
200 280 288 
3,1 3,1 3. I 
Ff71 F(1) F(l) 

3. 125 5.06 
68 Cldll lac 71 Plyaouth 69 Chrysler 

88 Sedan Coupe Devil le Fury Statl on Wagon 
Gross Yeh. Vt.(lbs) 
No■ . lapact Sp, (aph) 
No■ , lapact Ang,(deg) 
Actual lapact Sp. ( ■phi 
Actual lapact Ang.(degl 
Exit Speed(1ph) 
Exit Angle(deg) 
lapact Point 

Vehicle Reaction 

Vehicle D818ge 
Barrier Dauge 
and Reaction 

Connector Dal8ge 

Soll Type & Condition 

Legend 

4280 
60 
15 
60 
15 

10 

S100thly 
Redirected 

Severe 
Slight 
corner 
spa II Ing; 

Sec. 47, I ft 
crack 

None 

4850 4821 
45 

25 15 
50 .. 
25 15 

8 

S■oothly S■oothly 
Redirected Redirected 

Noderate Noderate 
Noderate No duage 
spall Ing 
near fal led 
Joint 

fal led None 
at Joint 
27-28 

• Specific dl1enslons of the connectors can be found In Appendix A. 
The nu■bers In parenthesis by the connector type In this table 
correspond to nUlbers listing the connectors In Appendix A. 
ST&GV/SP - Straight tongue and groove with side plates 
ST&G - Straight tongue and groove 
SD Steel Dowel 
FT&GV/SP&DD - Flaring tongue and groove with side plates and double dowels 
BT-Lock-Botto■ T-Lock 
SP-Side Plate 
CS - Channel splice 
P&R - Pin and rebar 105 

5100 

25 
51 
25 

15 

Sloothly 
Redirected 

Severe 
Noderate 
spall Ing 

3 pins 
Moderately 
bent, l pin 
severely bent 



Table 9. Crash test summary (cont.) 

Agency CaJJfornfa Qepartaent Qf. Transportation 1c,1trans1 
Test No, 291 292 293 
Date 3/72 3/72 5/73 
COMector Type• P&R (lb) P&R (lb) P&R Uc) 

Install, Length(ft) 
Segaent Length(ft) 12 12 21 
Profile Type N.J. N.J. l,J, 
Nax. Dynatc Defl,(ftl NA 11A 
Nax. Per■ Defl.(ft). 0.52 NA 11A 
Vehicle llodel 69 Dodge 69 Dodge 69 Dodge 

Polara Polara Polara 
&ross Veh. Mt.(lbs)· 4860 4860 4860 
llol. I 111act Sp. ( IPh I 65 65 
No■ • l111act Ang, (deg) 1 
Actual lapact Sp.(aph) 64 68 66 
Actual lapact Ang.(deg) 1 23 40 
Exit Speed(aph) NA 
hit Angle(deg) 18 NA 
lapact Point 

Al rborne and 
Vehicle Reaction Redirected Penetrated Airborne 

rollover 
Vehicle Oa11ge 
Barrier Oallge Cos1etlc Failure Failure one 
and Reaction Scarring, one section seg. knocked 

slight cracked In over 
spa I ling half 

Connector Da■age None pins Connections 
put led bent 
out 

Soll Type & Condition 

l..w.!lll. 

• Specific dl■ensio ... of the connectors can be found In Appendix A. 
The nUlbers In parenthesis by the connector type In this table 
correspond to nulbers llstlng the connectors In Appendix A. 
ST&GW/SP - Straight tongue and groove vlth side plates 
ST&G - Straight tongue and groove 
SD Steel Dovel 

294 
11/74 

P&R Ucl 

20 

1,46 
1968 

4509 

25 
39 
25 

Redirected, 
but airborne 
for 16 ft 

slight spalllng 

Pins bent 
severely 

FT&GW/SP&DD - Flaring tongue and groove vith side plates and double dowels 
8T-Lock-Bott011 T-Lock 
SP-Side Plate 
CS - Channel splice 
P&R - Pin and rebar 106 

ENSCO, Inc 

12/78 
FT&G(51 

108 
12 

N.J. 

4-5 
72 Ford 
4 dr. 
4240 

60 
25 
58 
25 

B 
segaents 

Redirected 

one seg1ent 
rolled over 



The connector used in test CMB-8 was the New Jersey Welsbach (!). 
Barrier segment length was 30 ft. and the total system length was 180 ft. 
In this test a 2,250-lb vehicle impacted the barrier 11.6 ft upstream from 
joint 2 at an actual speed of 55.9 mi/hand an actual impact angle of 8.0 
degrees. The vehicle was smoothly redirected with a maximum roll angle of 
20 degrees. A second impact occurred after the vehicle lost initial 
barrier contact. 

Damage to the installation was minimal; some scraping of the concrete 
surface resulted from rim contact with the barrier. No translation of the 
barrier occurred. The vehicle's left front tire lost pressure and some rim 
damage was noted, otherwise, the vehicle was undamaged, and no evidence of 
sheet metal/barrier contact was noted. 

3, lest CMB-9 

The connector used in test CMB--9 was the New Jersey We l sbach ( I ) • The 
vehicle used in this test was the same as that used in test CMS-I. A new 
tire and rim replaced the damage left front wheel. In this test a 2,250-lb­
vehicle impacted the barrier 14.2 ft upstream from joint 2 at an actual 
speed of 58.9 mi/hand an actual impact angle of 15.5 degrees. The vehicle 
was smoothly redirected with a maximum roll angle of 20 degrees. 

Some scraping of the concrete surface occurred, but no translation of 
the barrier was noted. The vehicle damage was limited to the front and 
left quadrant. The left front tire remained inflated and moderate front 
end damage was noted in driving the vehicle after the test. 

4. 1~11..t CMB-18 

The connector used in test CMB-18 was the straight tongue and groove 
with side pl ates ( 4) . BarT i er segment length was 20 ft, and the tota I 
system length ,Jas l 00 ft. The barriers were p 1 aced on styrofoam pads for 
the purpose of establishing a mechanical interlock with the asphalt surface 
to maximize sliding resistance. Such a concept has been employed in Oregon 
for several year·s.. ln this test a 4,500·-lb vehicle impacted the barrier 5 
ft upstream from joint 3 at an actual speed of 62 mi/hand an actual impact 
angle of 25 degrees. The barrier failed when a crack 5 1/2 ft upstream of 
joint 3 was detected at 0.07 second after impact. A second crack 5 1/2 ft 
downstream of joint 3 was detected at 0.1 second after impact. Although 
the barrier sustained st1·uctural failure, the vehicle was redirected. 
Considerable vehicle damage occurred when the vehicle's underside contacted 
the downstream exposed end of the barrier at the failure location. 

An II-ft-long barrier segment was dislodged from the barrier system. 
These flexual failures occurred at the stress concentration point created 
by the 12-in by 12-in-lifting voids cast in the barriers. It could not be 
readily determined if failure of the joint precipitated the barrier 
failure; however, the diagonal cracking of the female joint on the impact 
side of barrier element four {between joints 3 and 4) could have initiated 
the failure.. The area of the joint was obscured from camera coverage by 
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the overhang of the impacting vehicle. Concrete strength of 
for the two failed barrier segments was 3995 psi and 4220 
testing was accomplished one day before crash testing. 

5, Test CMB-24 

test cylinders 
psi ; concrete 

The connector used in test CMB-24 was the straight tongue and groove 
with side plates (2), Barrier segment length was 20 ft, and the total 
system length was 100 ft. Each barrier segment was placed on styrofoam 
pads on grade. The original 3/4-in-thick pads were crushed approximately 
50 percent by the weight of the barrier. The purpose of the pads was to 
establish a mechanical Interlock with the asphalt surface to maximize 
sliding resistance. 

In this test a 4,500 lb vehicle impacted the barrier 4.7 ft upstream 
from joint 2 at an actual speed of 56.4 mi/hand an actual impact angle of 
24.1 degrees. The barrier segments remained attached by the steel plates 
although failure occurred at joints I, 2, and 3. The vehicle was 
redirected with a maximum roll angle of 26 degrees away from the barrier. 
Redirection of the vehicle occurred with a total barrier contact of 44,5 
ft. 

Installation damage consisted of severe damage to joints I, 2, and 3. 
The concrete at the base of these three joints failed around the connecting 
steel plates. Diagonal cracking of the female joint on the impact side of 
segment 2 at joint 2 and the back side of segment 4 at joint 3 also 
occurred, No cracking of the concrete along any other segments was noted. 
Lateral translation of the barrier measured a maximum of 41 in at joint 2. 

Vehicle damage was considerable. Major damage was sustained by the 
left front quadrant of the vehicle. Extensive frame damage resulted. The 
left front wheel was deflated and the rim deformed. 

B. New York State Department of Transportation 

I. TestNY-17 

The connector used in test NY-17 was I-beam (la}. Barrier segment 
length was 20 ft, and the total system length was 160 ft. The barrier 
system was placed on a dry asphalt pavement. In this test, a 4250 lb, 1975 
plymouth sedan impacted the barrier at the center of the fourth segment, at 
52.8 mi/hand 25 degrees. On impact, the vehicle climbed to the top of the 
barrier, and within 15 ft was redirected parallel to the barrier. Upon 
initial redirection, while the right side tires were up on the barrier, the 
left side was airborne. When the vehicle left the barrier, the front end 
pitched forward, dragging on the pavement, while the rear was still 
airborne for some time, The vehicle remained In contact with the barrier 
for 34 ft, leaving it just beyond the joint between the fifth and sixth 
segments. Because its right front suspension was severly damaged and the 
tire flattened, the vehicle turned back into the barrier, again striking 
the bottom 3 in high vertical barrier face about 6 ft into the seventh 
segment. The bumper rode about halfway up the slope barrier face, and the 
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vehicles right side was in contact with the barrier for the entire length 
of the eighth segment. The vehicle came to rest about 40 ft beyond and 
perpendicular to the barrier. 

The vehicle sustained heavy damage to the front end sheet metal, right 
front suspension, and along the entire right side. Barrier damage was 
minor and maximum deflection was 1.33 ft. The third, fourth, and fifth 
segments were displaced laterally, but there was no barrier overturn. 
Segment 4, where impact occurred, sustained three vertical hairline cracks 
on the backside. Corners on the barrier base were spalled slightly at 
joints 2, 3, and 6 on the front, moderately at Joint 4 on the front, and 
extensively on the back at joints 2 and 5. 

2. Test NY-18 

The connector used in test NY-18 was I-beam (la}. Barrier segment 
length was 20 ft, and the total system length was 160 ft. The barrier 
system was placed on a dry asphalt pavement. The first barrier segment was 
pinned to the ground, joints were pulled tight, and each joint was packed 
with a stiff portland cement mortar to a height of 6 in, about 6 in into 
the joint. In this test, a 4230-lb, 1973 AMC Matador station wagon 
impacted the barrier at the center of the fourth segment, at 54.8 mi/hand 
25 degrees. On impact, the right side tires quickly climbed to the barrier 
top, and on redirection, both tires were well above its top. At 26 ft 
after impact, the vehicle had rolled 36 degrees to the left and was 
airborne with the left side about 8 in off the ground, and the right side 
about 5 ft off the ground. The vehicle's rear yawed right so that the 
right rear wheel was about 3 ft above and 2 ft behind the barrier. The 
vehicle recontacted the barrier 63 ft downstream of impact with the right 
rear wheel on top of the barrier, the right front and left rear wheels on 
the barrier face, and the left front wheel and bumper dug into the 
pavement. When it returned to the pavement 71 ft after impact, the rear of 
the vehicle yawed sharply right and it rolled over, coming to rest on its 
wheels about 60 ft beyond and perpendicular to the barrier. 

The vehicle suffered extensive damage during both impact and rollover. 
There was heavy damage to all of the front end and right side sheet metal 
and to all right side wheels and suspension parts. Also, the frame was 
bent and the windshield broken. The rollover popped out the windshield, 
dented the roof, and crushed the engine compartment. 

The barrier moved laterally a maximum of 0.92 ft at the downstream end 
of the Impacted (fourth) segment, with less movement of the second, third, 
and fifth segments. Again, there was no barrier overturn. The only 
significant barrier damage was confined to some base corner spailing and 
some cracks in the impacted section ranging from hairline fractures to 1/8 
in wide. Joint spalling in this test was noticeably less than in the 
previous test because the mortar helped transfer impact forces across the 
joints more uniformly. 
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3. Test NY-44 

The connector used in NY-44 test was I -beam ( I b) . Barri er segment 
length was 8 ft, and the total system length was 160 ft. The barrier 
system was placed on a dry compacted granular surface. In this test, a 
4300-lb vehicle impacted the barrier 58.0 ft from the beginning at an 
actual speed of 64.9 mi/hand an actual angle of 27.1 degrees. On impact 
the vehicle's right side immediately climbed to the barrier top, the hood 
opened and the vehicle pitched up B degrees while deflecting the barrier 
about 17 in. The vehicle was redirected, but because it was at a high 
roll angle of 54 degrees left and had its underside against the barrier, 
redirection was not smooth. It contacted the barrier a number of times, 
and the right rear tire caught behind the barrier top when its right side 
came down. The left front tire initially directed the vehicle's front away 
from the barrier with a 10 degree left exit angle, but when the damaged 
right front tire recontacted the ground, the front end pitched down to a 
maximum of 23 degrees and increased its deceleration. The rear end lifted 
and rolled right 180 degrees and yawed 90 degrees left about its front end, 
coming to rest on its roof. 

Vehicle damage was severe. The roof and hood were dented, front 
suspension was heavily damaged, there was frame damage, the right side 
sustained sheet metal damage, and both right tires had blown out. Roof 
crush was probably exaggerated because the target concentrated the impact 
in the center of the roof. Barrier damage was moderate, consisting mostly 
of scratches and spalled areas. Segment 7 had a cracked base and segments 
8 and 9 had hairline cracks in the back side surfaces. 

4. Test NY-45 

The connector used in test NY-45 was I-beam (lb). Barrier segment 
length was 8 ft, and the total system length was 160 ft. The barrier 
system was placed on a dry compacted granular surface. In this test, a 
2,175-lb vehicle impacted the barrier 54.0 ft from the beginning at 65.5 
mi/h and 16.1 degrees. The vehicle's right side immediately climbed the 
barrier top and pitched up 2 degrees while deflecting the barrier 2.75 in. 
The right front tire blew out and the steering and suspension were damaged 
on impact. It was redirected with an exit angle of 5 degrees left and 
maximum pitch down of 8 degrees, with a maximum roll left of 64 degrees. 
It appears that the vehicle would have rolled over had the I-in-square data 
cable bar mounted on the rear not contacted the ground and acted as a 
counterforce to its roll. After leaving the barrier, the vehicle's full 
weight came down on its left side, its right side recontacted the ground, 
and the damaged front end caused it to swerve to the left, where it was 
stopped by a cable and safety fence. 

Vehicle 
suspension 
front end 
windshield. 
marks. 

damage was moderate, consisting of steering and front 
damage, a blown right front tire, sheet metal damage to the 
and right side, and cracking of the right hand edge of the 

Barrier damage was only coemetic with scratches and tire 
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5. Test NY-46 

The connector used in test NY-46 was I-beam (lb) with grouted joints. 
Barrier segment length was 8 ft, and the total system length was 160 ft. 
The barrier system was placed on a dry compacted granular surface. In this 
test, a 4,350-lb vehicle (sedan) impacted the barrier at 54.5 ft from the 
beginning at 61.1 mi/hand 25.2 degrees. Upon impact, the vehicle's right 
side climbed to the barrier top and pitched up 5 degrees while deflecting 
the barrier 6.75 in. The vehicle was redirected with an exit angle of 8 
degrees left and a maximum roll of 42 degrees left. The right rear tire 
caught behind the barrier as the vehicle lost roll angle, causing its 
weight to be shifted to the left front tire with a maximum pitch down of 10 
degrees and yawing to the left. Its rear end remained on the barrier while 
yaw Increased and the roll changed to the right, bringing the damaged right 
front tire and suspension down to the ground, further decelerating the 
vehicle, and causing an Increase in yaw. Its rear end reached the end of 
the barrier installation and came off the barrier, and then bounced on the 
ground and cont i'nued to yaw unt i 1 it was stopped by the cab I e and safety 
fence at a maximum yaw of 270 degrees left. 

Vehicle damage was severe, with front and rear suspension particularly 
affected. Both right tires were blown, there was front sheet metal and 
bumper damage, and the windshield was cracked. Barrier damage was moderate 
with scratches, gouges, hairline cracks, and broken corners. 

6. Test NY-47 

The connector used in test NY-47 was an I-beam (lb). Barrier segment 
length was 20 ft, and the total system length was 160 ft. The barrier 
system was placed on a dry compacted granular surface. In this test, a 
2,175-lb vehicle (the same that was used in test NY-45) impacted the 
barrier 53.0 ft from the beginning at 61.4 ml/hand at 15.2 degrees. On 
impact, the vehicle climbed half way up the barrier, and pitched up less 
than 3 degrees. Maximum roll was JI degrees right, and the vehicle was 
redirected quite smoothly. A maximum pitch of 3 degrees down preceded its 
losing contact with the barrier. It left the barrier 82 ft from the 
beginning with an exit angle of 5 degrees left. No yaw was observed and it 
continued its exit until stopped by safety cables. 

Vehicle damage was moderate, mostly involving sheet metal and the 
front suspension and steering. Except for scratches and tire marks, the 
barrier was not damaged. Maximum barrier deflection was 3 1/2 in. 

C. Texas Transportation Institute (TTI) 

I. Test 3825-5 

The connector used in test 3825-5 was the flaring tongue and groove 
with side plates (4). Barrier segment length was 12 ft, and the total 
system length was 120 ft. The system was placed on a dry level concrete 
surface. In this test, a vehicle weighing 4,500 lb (including telemetry 
equipment) Impacted the barrier at an actual speed of 60.7 mi/h and an 
actual angle of 25 degrees. 
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The vehicle impacted the barrier initially at the center of segment 4. 
The force of the impact disengaged the hood, causing it to fly up and 
become -folded back against the windshield. The left front wheel contacted 
the barrier 1.2 ft downstream from impact and began to ramp, causing the 
vehicle to roll and yaw to the right and the barrier to deflect. By 0.331 
second the left front wheel was up and over the barrier with the vehicle 
continuing to roll and yaw. As this yaw continued, the left rear tire 
swung into the barrier 4.8 ft downstream from joint 3-4 and also cleared 
the barrier. The motion of the vehicle became parallel to barrier by 0.264 
second as the vehicle skidded along the top of the barrier and continued to 
yaw to the right. The vehicle exited when it slid off the end of the 
barrier and skidded sideways to a stop 253.0 ft downstream from the initial 
impact point. During the test the vehicle penetrated a maximum of 4.6 ft 
into the construction zone as measured from the initial center line of the 
barrier. This occurred when the rear of the vehicle went over the top of 
the barrier. The maximum dynamic deflection of the barrier was 1.6 ft, as 
was the maximum permanent deflection, both occuring at Joint 4-5. 

Minor damage occurred due to flexural cracking and concrete spalling 
at the base of the joints near the impact area. Major spalling occurred .at 
some of the joints due to the tongue and groove connector undergoing large 
deflections. 

2. Test 3825-6 

The connector used in test 3825-6 was the flaring tongue and groove 
with side plates (2). Barrier segment length was 12 ft, and the total 
system length was 120 ft. The system was placed on a dry level concrete 
surface. In this test, a vehicle (the same that was used in test 3825-5) 
weighing 4500 lb (the same that was used in test 3825-5) impacted the 
barrier at an actual speed of 60.1 mi/hand an actual angle of 24 degrees. 

The vehicle impacted the barrier initially 5.9 ft downstream from 
joint 3-4 on segment 4. The force of the impact buckled the hood and 
crushed the left front fender back to the wheel. The left front wheel 
ramped on the barrier, and by 0.225 second was over the top of the barrier. 
During this time, the barrier was deflecting laterally and rotating while 
the vehicle began to yaw to the right and redirect. As this yaw continued, 
the rear of the vehicle swung into the barrier 5.7 ft downstream from Joint 
3-4 and also moved over the top of the barrier. The motion of the vehicle 
became parallel to the barrier 0.243 second after impact as the vehicle 
settled on the barrier, with both the left front and rear wheels over the 
barrier, and skidded along the top. The vehicle exited when it slid off 
the end of the system at approximately 6 degrees to the barrier and 
continued to yaw to the right. After sliding off, the vehicle then rolled 
one and a half times, eventually ending upside down 178.0 ft downstream 
from the initial impact point. 

The testing agency felt that although the vehicle did roll after 
losing contact with the barrier, that this test alone should not be used to 
disqualify this connector, since several factors contributed to the vehicle 
rollover. (12) 
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During the test, the vehicle penetrated a maximum of 2.9 ft into the 
simulated construction zone. The maximum dynamic deflection of the barrier 
system was 2.0 ft, occurring 12.3 ft downstream from the impact at joint 4-
5. The maximum permanent deflection was 1.8 ft, also at joint 4-5. 

Minor damage to the barrier occurred due to flexural 
concrete spalling near the base of the joints in the vicinity 
point. Most damage occurred at the Joints that underwent 
rotation due to the tongue and groove connector interaction. 

3. Test 3825-7 

cracking and 
of the impact 
the largest 

The connector used in test 3825-7 was the flaring tongue and groove 
with side plates (1). Barrier segment length was 12 ft, and the total 
system length was 120 ft. The system was placed on a level concrete 
surface. In this test, a 4,500-lb vehicle (the same that was used in test 
3825-5 and 3825-6) impacted the barrier at an actual speed of 59.2 ml/hand 
an actual angle of 25 degrees. 

The vehicle first contacted the barrier at a distance 5.8 ft down­
stream from joint 3-4 on segment 4. The force of the impact caused the 
hood to disengage and open, and eventually to fold back against the wind­
shield. The left front tire rode up the barrier, and by 0.172 second was 
over the top of the barrier. During this time, the vehicle was yawing to 
the right and eventually became parallel to the barrier system at 0.24 
seconds. As this yaw continued, the rear of the vehicle swung into the 
barrier 8.3 ft downstream from joint 3-4, causing the left rear tire to be 
sheared off and the entire car to undergo moderate counterclockwise roll. 
The loose tire continued on a course behind the barrier roughly parallel to 
it and penetrating 5.4 ft into the construction zone while the vehicle 
settled and skidded along the top of the barrier and continued to yaw to 
the right. The vehicle exited at approximately 13 degrees to the barrier 
system. The maximum dynamic deflection of the barrier system was 2.3 ft, 
occurring 11.9 ft downstream from the impact point at joint 4-5, while the 
maximum permanent deflection remaining in the barrier was 1.8 ft at joint 
4-5. However, the vehicle penetrated a maximum of 5.6 ft into the 
construction zone when the rear of the vehicle went over the top of the 
barrier. 

Damage to the barrier was slight due to the smooth deflection of the 
barrier segment acting as a unit. The major portion of the damage that 
occurred was due to the tongue and groove interaction at the joints. Minor 
cracking and spalllng occurred near the initial impact point at the base of 
the joints where the side plates were bolted. The side plates were all 
intact, and no tensile yielding was apparent. 

4. Test 3825-8 

The connector used in test 3825-8 was 
with channel splice and double dowels (I). 
ft, and the total system length was 180 ft. 
on a level concrete surface. 
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In this test, a school bus weighing 20,000 lb, including telemetry 
equipment, anthropomorphic dunvnies, and sandbags, impacted the barrier at 
an actual speed of 57.7 mi/hand an actual angle 15 degrees. 

Impact occurred 1.2 ft downstream of joint 4-5 on segment 5. The 
right front wheel impacted initially, and the right fender rode up onto the 
barrier. The vehicle began to roll while its rear impacted the barrier. 
The vehicle continued to roll as It slid off the barrier and came to a rest 
on its side 168.0 ft beyond the downstream end of the test installation. 

The maximum permanent deflection of the barrier was 1.8 ft and 
occurred in segment 5 adjacent to joint 5-6. Damage to the barrier 
consisted primarily of flexural cracking on the back bases. Some spalling 
occurred on the top end of segment 5 adjacent to segment 6. A crack from 
the top of the dowel in segment 4 (joint 4-5) also formed. 

The testing agency believes that this test illustrates the structural 
capacity of portable concrete barriers to redirect vehicles as large as 
school buses. The reaction of the bus was not ideal, but this relates to 
the geometry of the barrier rather than to structural capacity. Modifi­
cation of barrier geometry will improve the reaction of large vehicles 
during redirection. (12) 

5. Test 3825-9 

The connector used in test 3825-9 was the flaring tongue and groove 
with side plates (3). In addition, a block out W-beam rail was Installed 
on the simulated traffic face of the barrier system. Barrier segment 
length was 12 ft, and the total system length was 120 ft. The barrier 
system was placed on a dry level concrete surface. In this test 4510-lb­
vehicle impacted the barrier at an actual speed of 63.4 mi/hand an actual 
angle of 25 degrees. 

The vehicle impacted the barrier 6.8 ft downstream from joint 3-4 on 
barrier segment 4. The force of the impact crushed the right front fender 
back to the wheel and caused the hood to begin to fly up. Due to the W­
beam segment rail blackout attached to the barrier system, there was no 
tendency for the vehicle to ramp on to the barrier. As the vehicle yawed 
and redirected, its motion became parallel to the rail 0.247 seconds after 
impact. The vehicle exited the barrier system at approximately 8 degrees. 
Due to severe damage to the right part of the vehicle, it skidded and yawed 
180 degrees, ending up 138.0 ft downstream from the initial impact point. 
The maximum vehicle penetration into this simulated construction zone was 
2.0 ft. The maximum dynamic deflection of the barrier was 6.5 ft. 

Damage to the barrier segments was significant, with the most severe 
damage occurring at joint 4-5. This was due to the large deflection 
causing large rotation of the tongue and groove joints. The 1/8-in-base 
plates were broken at joints 4-5, 5-6, and 6-7. 

The testing agency believes that this test illustrates the inadequacy 
of the 1/8 in base plates due the large deflections and failure of several 
joints. The concept of mounting the W-beam on the CMB segment was shown to 
be quite effective in preventing the vehicle from ramping onto the CHB 
segments. (12) 
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6, Test 3825-10 

The connector used in test 3825-10 was the bottom T-lock (I). Barrier 
segment length was 12 ft, and the total system length was 120 ft. In this 
test, a 3,598-lb vehicle impacted the barrier at an actual speed of 60.6 
mi/hand an actual angle of 6.5 degrees. The vehicle was free-wheeling and 
unrestrained at impact. 

The vehicle impacted the barrier 1.0 ft upstream of the joint between 
segments 3 and 4. The tire path moved up the side of the barrier, reaching 
a maximum height of 2.1 ft, approximately 12.0 ft from impact. Total 
length of contact was approximately 24.0 ft. The vehicle was redirected 
and exited the barrier at 0.305 second with exit angle of 0 degrees. 
Subsequently, the vehicle impacted the barrier again at 0.727 second, rode 
off the end of the barrier, and spun around. The vehicle sustained slight 
damage to the left front quarter. The left end of the bumper was bent back 
slight 1 y. 

The barrier received minor cosmetic damage to segments 3 and 4. 
were also tire marks on segments 9 and 10 where the vehicle impacted 
barrier a second time. The top of the barrier moved 0.05 ft during 
test but was permanently displaced only 0.02 ft. 

7. Test 3825-11 

There 
the 
the 

The connector used in test 3825-11 was the bottom T-lock (1). Barrier 
segment length was 12 ft, and the total system length was 120 ft. In this 
test, a 3,598-lb vehicle (the same as that was used in test 3825-10) 
impacted the barrier at an actual speed of 60.7 mi/hand an actual angle of 
14.5 degrees. The vehicle was free-wheeling and unrestrained at impact. 

The vehicle impacted the barrier approximately 2 ft downstream of the 
joint between segments 3 and 4. The top of the path reached the top of the 
barrier approximately 2.0 ft downstream of the impact point. Tire marks 
extended to the upper edge of the barrier for a distance of about 7.0 ft 
and the bottom of the ti re mark,s formed a curved path. Tota 1 1 ength of 
contact was approximately 13.8 ft. The vehicle was redirected and exited 
the barrier at 0.286 second with an exit angle of 1.2 degrees. The speed 
of the vehicle at loss of contact was 52.0 mi/h. 

The barrier received damage to segment 4. The upper corners of joints 
3-4 and 4-5 were cracked and broken. The top of the barrier moved 0.11 ft 
during the test but returned to its original pasition afterwards. The 
vehicle sustained minimal damage to Its left front quarter. Its left front 
tire was deflated and the rim was bent. The left corner of the rear bumper 
was also pulled back. The barrier redirected the vehicle, and detached 
elements did not penetrate the occupant compartment. The vehicle remained 
upright during and after impact. Exit angle was 1.2 degrees and vehicle 
change in speed at loss of contact was 8.7 mi/h. 
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8. Test 3825-12 

The connector used in test 3825-12 was the bottom T-lock (I). Barrier 
segment length was 12 ft, and the total system length was 120 ft. In this 
test, a 2434-lb vehicle impacted the barrier at an actual speed of 51 mi/h 
and an actual angle of 15 degrees. The vehicle was freewheeling and 
unrestrained at impact. 

The vehicle impacted the barrier approximately 3 ft downstream from 
the joint between segments 3 and 4. The tire path on the face reached the 
top of the barrier approximately 0.5 ft downstream of the Impact point. 
Tire marks· extended to the upper edge of the barrier a distance of about 
7.5 ft before fading out. Total length of contact was approximately 10.5 
ft. The vehicle was redirected and exited the barrier at 0.284 second 
with an exit angle of 2.0 degrees. The speed of the vehicle at loss of 
contact was 54 mi/h. 

The barrier received damage to segments 3 and 4 with minimal cracking 
at joints 3-4 and 4-5. The barrier showed no measurable movement during 
the test. The vehicle sustained minimal damage to Its left front quarter. 
Its left front tire was deflated, and the rim was slightly bent. 

9. Test 3825-13 

The connector used in this test was 3825-13 the bottom T-lock (1). 
Barrier segment length was 12 ft, and the total system length was 120 ft. 
In this test, a 4490-lb vehicle impacted the barrier at an actual speed of 
57.3 mi/hand an actual angle of 6.5 degrees. The vehicle was freewheeling 
and unrestrained at impact. 

The vehicle impacted the barrier approximately 2 ft downstream of the 
joint between segments 3 and 4. The tire path on the barrier face reached 
a maximum height of 2.2 ft at 11.6 ft downstream of the impact point. 
Total length of contact was 16.8 ft. The vehicle was redirected and exited 
the barrier at 0.363 second with an exit angle of 4.0 degrees. The speed 
of the vehicle at loss of contact was 50.6 mi/h. 

The barrier received damage to segments 3 through 5. The upper 
corners of joints 3-4 and 4-5 were cracked and broken. The top of the 
barrier moved 0.11 ft during the test but returned to Its original position 
afterwards. The vehicle sustained minimal damage to its left front 
quarter. The left front corner of the bumper was pushed back. 

10. Test 3825-14 

The connector used in this test 3825-14 was the bottom T-lock (1). 
Barrier segment length was 12 ft, and the total system length was 120 ft. 
In this test, a 4490 lb vehicle (the same that was used in test 3825-13) 
impacted the barrier at an actual speed of 58.1 mi/hand an actual angle of 
5 degrees. The vehicle was freewheeling and unrestrained at impact. 
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The vehicle impacted the barrier approximately 4 ft downstream of the 
joint between segments 3 and 4. The vehicle's tire path on the barrier 
face reached the top of the barrier 6.5 ft downstream of the impact point. 
Tire marks extended to or near the upper edge of the barrier for a distance 
of about 6.0 ft. Total length of contact was 17 ft. The vehicle was 
redirected and exited the barrier at 0.418 second with an exit angle of 4.0 
degrees. The speed of the vehicle at loss of contact was 46.8 mi/h. 

The barrier received damage to segments 3 through 5. The upper 
corners of joints 3-4 and 4-5 were cracked and broken. The top of the 
barrier moved 0.12 ft during the test but returned to its original position 
afterwards. The vehicle sustained damage to its left side. Its left front 
and left rear tires were deflated and the rims were bent. 

II. Jest 3825-15 

The connector used in 3825-15 test was the bottom T-lock (1). Barrier 
segment length was 12 ft, and the total system length was 120 ft. In this 
test, a 4540 lb vehicle impacted the barrier at an actual speed of 60.2 
mi/hand an actual angle of 21.5 degrees. The vehicle was freewheeling and 
unrestrained at impact. 

The vehicle impacted the barrier 3.5 ft downstream of the joint 
between segments 3 and 4. The vehicle rode up the face of the barrier and 
started rolling away from the barrier. The vehicle left the barrier at 
about 0.370 second after impact and had rolled approximately 30 degrees. 
As the vehicle left the barrier it continued to roll and subsequently 
touched ground on its right side and slid approximately 150 ft. 

The vehicle's tire path on the barrier face reached 
barrier 3 ft downstream of the impact point. Tire marks 
upper edge of the barrier for a distance of over 12.0 ft. 
contact was 16 ft. 

the top of the 
extended to the 
Total length of 

Segment 4 had tilted back during impact, causing the concrete at the 
joints on each end to break off, exposing the channel in the T-lock. The 
segment came to rest on some of these pieces of concrete, elevating it 
approximately 2 in. The T-lock was also exposed at joint 5-6. The top of 
the barrier (segment 4) moved 0.63 ft during impact and retained a 
permanent deflection of 0.08 ft, The vehicle sustained damage to the 
undercarriage. The left I-beam (axle} was bent back, the left strut 
attachment bracket was sheared from the frame, and both main frame rails 
were bent. The left front tire was deflated and the rim was bent. 

The connector used in test 3825-16 was the bottom T-lock (!). Barrier 
segment length was 12 ft, and the total system length was 120 ft. In this 
test, a 4,760 lb vehicle impacted the barrier at an actual speed of 59.7 
mi/hand an actual angle of 14.5 degrees. The vehicle was freewheeling and 
unrestrained at Impact. 

117 



The vehicle impacted the barrier 3 ft downstream of the joint between 
segments 3 and 4. The vehicle's tire path on the barrier face reached the 
top of the barrier 2 ft downstream of the impact point. Tire marks 
extended to the upper edge of the barrier for a distance of over 14.0 ft 
and the bottom of the tire marks formed a curved path. Total length of 
contact was 18 ft. The vehicle was redirected and exited the barrier at 
0.40 second with an exit angle of 0.5 degrees toward the barrier. The 
speed of the vehicle at loss of contact was 51.7 mi/h. 

The barrier received damage to segment 4. Joints 3-4 and 4-5 were 
chipped and broken. The top of the barrier moved 0.14 ft during the test 
and retained a permanent set of 0.03 ft. The vehicle sustained damage to 
its left front quarter. Its left front tire was deflated and the rim was 
bent. The front axle and wheel assembly also were damaged. 

13. Test 3825-17 

The connector used in test 3825-17 was the bottom T-lock (1). 
backup structure was added to the rear side of the barrier to 
significant deflection of the barrier when impacted by the heavy 
Barrier segment length was 12 ft, and the total system length was 
In this test, a vehicle weighing 18,240 lb impacted the barrier 
actual speed of 60.1 mi/hand an actual angle of 15 degrees. The 
was freewheeling and unrestrained at impact. 

A steel 
prevent 

vehicle. 
120 ft. 

at an 
vehicle 

The vehicle impacted the barrier I ft downstream of the joint between 
segments 3 and 4. The vehicle's tire path on the barrier face reached the 
top of the barrier approximately 5.0 ft downstream of the impact point. 
Tire marks extended to the upper edge of the barrier for a distance of over 
6 ft. Marks were also made on the rear of the barrier. Total length of 
contact was approximately 86 ft. The vehicle was redirected, but it rolled 
onto the barrier and slid off the end at about 1.224 seconds. Maximum roll 
was approximately 94 degrees. The speed of the vehicle at 1.000 second 
(end of data processing) was 54.1 mi/h. 

The barrier received damage extending from the downstream end of 
segment 3 to the downstream end of the barrier (approximately 86 ft). 
Joints 3-4, 4-5, 5-6, and 6-7 were chipped and cracked. The top rear of 
segment 6 and the steel framework were scraped. Vehicle tire marks started 
on the top rear of segment 7, moved along the rear of segment 8, and ended 
up near the ground 1.8 ft upstream of joint 9-10. The rear of segment ID 
was scraped. The barrier showed no measurable sign of movement. 

The vehicle was severely damaged. The LI-bolts attaching the axle to 
the frame were broken and the frame was bent. The motor mounts, springs, 
and shackles were severely damaged. 

14. Test 2262-1 

The connector used in test 2262-1 was the side 
segment length was 15 ft, and the total system length 
test a 4,500 lb vehicle impacted the barrier at an 
ml/h and an actual angle of 15 degrees. The 
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redirected and was not severely damaged. The vehicle's projectory after 
impact would not have been a hazard to other traffic. 

The barrier was displaced only 0.9 ft and was not damaged 
significantly. Damage to the barrier installation was limited to 
superficial scarring of the concrete surface and measured deformations in 
three splice plates. However, there was significant differential 
horizontal movement between barriers. At large impact angles, this 
differential movement can prove to be a snag point for impacting vehicles. 
The testing agency considered this test very successful since the test 
vehicle was safely redirected and both barrier and vehicle were lightly 
damaged. (l2) 

15. Test 2262-2 

The connector used in test 2262-2 was a channel splice (1). Barrier 
segment length was 15 ft, and the total system length was 180 ft. In this 
test a 4500-lb vehicle impacted the barrier at an actual speed of 56 mi/h 
and at an actual angle of 26 degrees. The test vehicle which was 
redirected smoothly, and was not badly damaged for a test of this 
severity. 

The maximum deflection of the barrier was only 1.33 ft. Damage to 
concrete barrier segments was again limited to surface scarring. The 
channel splices were lightly damaged, and only six channels required 
replacement. There was no differential motion between barrier ends. The 
testing agency considered this test very successful due to the safe 
redirection of the test vehicle and limited damage to the barrier. (12) 

D. Barrier Systems Incorporated (BS!) 

I. Test 022686-1 

The connector used In test 022686-1 was the hinge plate (I). Barrier 
segment length was 3.1 ft, and the total system length was 200 ft. In this 
test, a 3200-Jb vehicle impacted the barrier at an actual speed of 45 ml/h 
and an actual angle of 7 degrees. The car was smoothly redirected. The 
only roll during the collision was the gradual lean away from the barrier 
as the vehicle's left front and rear tires climbed up the lower sloping 
face of the barrier. Tire scuff marks indicate that the maximum vertical 
rise of the left tires was approximately 8 in. The right tires maintained 
contact with the pavement. 

There was longitudinal movement in the barrier in hinges 32 through 
37, and was due to longitudinal slip in the hinges. The unanchored end of 
the barrier did not move in any direction. There was no physical damage to 
the barrier other than the very slight spalling at the corner of the base 
of several concrete segments. Other than bending of the left end of the 
front bumper and moderate bending of the left front fender, the vehicle was 
undamaged and was used again In a later crash. 
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2. Test 022786-1 

The connector used in test 022786-1 was the hinge plate (1). Barrier 
segment length was 3.1 ft, and the total system length was 200 ft. In this 
test, an 1800-lb vehicle impacted the barrier at an actual speed of 47 mi/h 
and an actual angle of 7 degrees. The vehicle was smoothly redirected. 
The only rolls of the vehicle during the collision were its lean away from 
the barrier as the left front and rear tires rode up the lower sloping face 
of the barrier and its lesser reverse roll when its rebounded and the left 
wheels landed back on the pavement. Tire scuff marks on the face of the 
barrier indicated that the vertical rise of the left tires was 
approximately 9 in. The right tires maintained contact with the pavement 
throughout the event. 

There was no longitudinal movement in the barrier at either any of the 
hinges or the unanchored end. There was no physical damage or distress to 
the concrete segments, to the steel hinge pins, or to the welded plate 
hinges. Other than minor scuff marks and scratches on the left corner of 
the front bumper and several light scratches on the left side, the vehicle 
was undamaged and was used again in a later test. 

3. Test 022886-1 

The connector used in test 022886~1 was the hinge plate {I). Barrier 
segment length was 3.1 ft, and the total system length was 200 ft. In this 
test a 3180-lb vehicle impacted the barrier at an actual speed of 52 mi/h 
and at an actual angle of 7 degrees. The vehicle was smoothly redirected. 
The only roll of the vehicle during the collision was its gradual lean 
away from the barrier as the front and rear left tires mounted the lower 
slope of the barrier face. Tire scuff and rub marks on the barrier face 
indicate that the maximum vertical rise of the left tires was approximately 
10 in. The right tires maintained contact with the pavement throughout the 
collision. There was no visual evidence that any of the barrier segments 
tilted during the Impact. 

There was no more than 1/8 in of longitudinal movement In the hinges 
In the primary impact area or at the ends of the barrier. Nor was there any 
physical damage or signs of distress to any of the concrete·segments, steel 
hinge pins, or welded steel plate hinges. Except for minor bending at the 
left end of the front bumper and minor scratches on the left side of body, 
the vehicle was undamaged and scheduled for use In a later test, which was 
aborted because of collision with the barrier. 

4. Test 022886-2 

The connector used in test 022886-2 was the hinge plate (1). Barrier 
segment length was 3.1 ft, and the total system length was 200 ft. In this 
test a 4,240 lb vehicle impacted the barrier at an actual speed of 58 mi/h 
and at an actual angle of 7 degrees. The vehicle was smoothly redirected. 
The only roll of the vehicle during the collision was the gradual lean away 
from the barrier as the left front and rear tires mounted the lower sloping 
face of the barrier. Tire scuff and rub marks on the barrier face 
indicated the maximum vertical rise was about 10 in. The right tires 
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maintained contact with the pavement throughout the collision. 
no visual evidence that any of the barrier segments tilted 
impact. 

There was 
during the 

There was longitudinal movement in the barrier, due to longitudinal 
slip in hinges 28 through 35. The unanchored ends of the barrier did not 
move in any direction. There was no physical damage or signs of distress 
to the concrete segments, the steel hinge pins, or the welded steel plate 
hinges. There was a long scratch or narrow groove along the lower left 
side of the vehicle body and some scratches on the left end of the front 
bumper. There was also some upward distortional bending of the vehicle 
body above and forward of the front wheels, but this was on both sides and 
developed after the barrier impact when the car nosed into the earth and 
boulder mound and came to a stop on it. 

5. Test 030386-1 

The connector used in test 030386-1 was the hinge plate (1). Barrier 
segment length was 3.1 ft, and the total system length was 200 ft. In this 
test, an 1800-lb vehicle (the same that was used in test 022786-1) vehicle 
impacted the barrier at an actual speed of 47 mi/hand an actual angle of 
15 degrees. The vehicle was smoothly redirected. The vehicle rolled to 
the right as the left front and rear wheels climbed the lower sloped face 
of the barrier. Tire scuff and rub marks on the face of the barrier 
indicated that the maximum vertical rise of the left front tire was about 
10 in. The right tires maintained contact with the pavement throughout the 
collision. Although the vehicle yawed first to the right and then to the 
left on the pavement after it left the barrier, it never exhibited any 
serious rolling. There was no visual evidence that any of barrier segments 
tilted during the impact. 

There was longitudinal movement in the barrier due to longitudinal 
slip in hinges 25 through 32 The unanchored end of the barrier did not 
move in any direction. There was no physical damage or signs of distress 
to any of the concrete segments, steel hinge pins, or welded steel plate 
hinges. Other than slight bending of the left end of the front bumper and 
minor lower body scratches, the left side of the vehicle was undamaged. It 
was used again for the third time in a later impact test in this series. 

6. Test 030486-1 

The connector used in test 030486-1 was the hinge plate (1). Barrier 
segment length was 3.1 ft, and the total system length was 200 ft. In this 
test, a 3200-lb vehicle (the same that was used in test 030386-1) impacted 
the barrier at an actual speed of 46 mi/hand an actual angle of 15 
degrees. The vehicle was smoothly redirected. The vehicle rolled to the 
right as Its left front and rear wheels climbed the lower slope of the 
barrier face. Tire scuff and rub marks on the barrier face indicated that 
the maximum vertical rise of the left tires was about 12 in in the primary 
impact area. The left end of the front bumper rose almost to the top of 
the barrier for the first time in this test series. In the preceding test 
(number 030386-1), the projecting cap restrained the rise of the bumper and 
the vehicle. The right front and rear tires maintained contact with the 
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pavement throughout the collision. The vehicle never showed any serious 
roll difficulties. Nor was there any visual evidence that any of the 
barrier segments tilted during impact. 

There was longitudinal movement of the barrier due to longitudinal 
slip in hinges 23 through 33 in the primary contact area, and In hinges 48 
through 54 in the secondary impact area. The unanchored ends of the 
barrier did not move In any direction. Nor was there any physical damage 
or signs of distress to any of the concrete segments, steel hinge pins, or 
welded steel plate hinges. The left end of the front bumper was bent and 
the left corner of the vehicle was moderately crushed. The left front tire 
was flat and the left front wheel suspension was damaged. 

7. Test 030686-1 

The connector used In test 030686-1 was the hinge plate (1). Barrier 
segment length was 3.1 ft, amd the total system length was 200 ft. In this 
test, an 1800-lb vehicle (the same that was used in tests 022786-1 and 
030386-1) Impacted the barrier at an actual speed of 57 ml/hand an actual 
angle of 15 degrees. The vehicle was smoothly redirected. The only roll 
of the vehicle during the collision was Its lean away from the barrier as 
the left front and rear tires mounted the lower sloping face of the 
barrier. Tire scuff and rub marks on the face of the barrier indicated 
that the maximum vertical rise of th~ left tires was approximately 10 In. 
Abrasion marks under the projecting cap of the concrete segments in the 
impact area and the left end of the front bumper indicated that the cap did 
restrict the climb of the vehicle in this high speed 15 degree impact. The 
right front and rear tires of the vehicle maintained contact with the 
pavement and the vehicle exhibited no serious roll throughout the 
collision. There was no visual evidence that any of the concrete segments 
tilted during Impact. 

There was longitudinal movement In the barrier due to longitudinal 
slip in hinges 19 through 33. The unanchored ends of the barrier did not 
move in any direction. There was no physical damage or signs of distress 
in any of the concrete segments, steel hinge pins, or welded steel plate 
hinges. 

I 

Although this 1800-lb vehicle had now been through three impact tests 
(namely 7 degrees/47 mi/h, 15 .degrees/47 mi/h, and 15 degrees/57 ml/h), it 
was still judged to be drivable except for a flat left front tire. The 
left front corner of the vehicle was moderately crushed and the left end of 
the bumper was bent. There were also some minor dents and scratches on the 
left side of the body. 

8. Test 030686-2 

The connector used in test 030686-2 was the hinge plate (1). Barrier 
segment length was 3.1 ft, and the total system length was 200 ft. In this 
test, a 4,320-lb vehicle impacted the barrier at an actual speed of 43 mi/h 
and at an actual angle of 15 degrees. The vehicle was smoothly 
redirected. The only roll of the vehicle during the impact was its lean 
away from the barrier as the left front and rear tires mounted the lower 
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sloping surface of the barrier. Tire scuff and rub marks on the barrier 
face indicated that the maximum vertical rise of the left tire was about 9 
in. Scraping marks under the projecting cap of concrete segments 26 
through 30 and abrasion marks on the toP of the left end of the front 
bumper indicated the cap had restricted the climb of the vehicle. The 
right front tire of the vehicle maintained contact with the pavement 
throughout the collision. However, the right rear tire rose above the 
pavement when the right end of the vehicle rebounded from its secondary 
impact with the barrier. There was no serious rolling situation throughout 
the collision. Nor was there any visual evidence that any of the concrete 
segments tilted during the impact. 

Longitudinal movement in the barrier was in hinges 17 through 35. The 
unanchored ends of the barrier did not move in any direction. There was a 
horizontal longitudinal crack in the front face at the bottom of the 5 1/8 
in thick neck of the downstream half of module number 26. This was the 
concrete module where the cap received the initial upward thrust of the 
relatively heavy, rigid bumper end of the impacting vehicle. The high 
combined forces caused the bending crack at the critical moment. There was 
no other damage or signs of distress in any of the concrete segments, steel 
hinge pins, or welded steel hinge plates. 

There was very little damage to the vehicle other than a light 
crushing at the left front corner above the bumper, abrasion on the left 
end of the front bumper, and light scratches and damaged molding on the 
left side of the vehicle. 

9. Test 030686-3 

The connector used in test 030686-3 was the hinge plate (1). Barrier 
segment length was 3.1 ft, and the total system length was 200 ft. In this 
test, a 3,650-lb vehicle Impacted the barrier at an actual speed of 56 mi/h 
and an actual angle of 15 degrees. The vehicle was smoothly redirected. 
Its only roll was when the left front and rear tires climbed up the lower 
sloping face of the barrier. Tire scuffs and rub marks and bumper scrape 
marks on the barrier face and under the cap indicated that the maximum 
vertical rise of the left tires was about 9 in. Scraping marks under the 
projecting cap on concrete segments 28 through 33 and abrasion marks on the 
left end of the bumper clearly showed that the module cap limited the 
vertical rise of the vehicle was similarly restricted in the secondary 
impact area. The right front tire of the vehicle maintained contact with 
pavement throughout the entire collision. The right rear tire left the 
pavement only when the rear end of the vehicle rebounded in the primary 
impact area. There was no serious car roll at any time during the test. 
Nor was there any visual evidence that any of the concrete segments had 
tilted during the impact. 

The unanchored stream end of the barrier did not move in any 
direction. There was longitudinal movement in the barrier from hinges 21 
through 38 in the primary impact area and between hinge 48 and the 
downstream end of the barrier in the secondary impact area. There was no 
physical damage to the concrete segments except that a triangular-prism­
shaped chunk of concrete 6 in by 6 in by 6 in was knocked off the 
downstream corner of the cap on module 54. The horizontal longitudinal 
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crack that developed 
downstream half of the 
no damage to any of 
hinges. 

in the preceding test (number 030686-2) in the 
lower neck of module 26 did not enlarge. There was 
the steel hinge pins or to the welded steel plate 

The left front corner and the left front end of the front bumper of 
the vehicle were crushed and bent In. The left side of the body was 
scraped and grooved, the left end of the rear bumper was bent away from the 
body of the car and the left front tire was flat. 

10. Test 031486-1 

The connector used in test 031486-1 was the hinge plate (1). Barrier 
segment length was 3.1 ft, and the total system length was 200 ft. In this 
test, a 4280-lb vehicle impacted the barrier at an actual speed of 60 mi/h 
and at an actual angle of 15 degrees. The vehicle was smoothly redirected. 
The only roll of the vehicle during the collision was its lean away from 
the barrier as the left front and rear wheels climbed up the lower sloping 
face of the barrier. Tire scuff and rub marks on the face of the barrier 
indicated that maximum vertical rise of the left tires was about 13 in. 
The right front tire maintained contapt with the pavement throughout the 
collision. The right rear tire lost pavement contact only when the rear 
end of the vehicle rebounded off the barrier face. There was no visual 
evidence that any of the concrete segments tilted during the Impact. 

The unanchored upstream end of the barrier did not move in any 
direction. The unanchored downstream end was laterally displaced 1/4 in. 
There was longitudinal movement in hinges 7 through 41 in the primary 
Impact area and between hinges 43 through 56 in the secondary impact area. 
There was no damage or signs of distress in any of the steel hinge pins or 
welded steel plate hinges. All the concrete segments were still intact 
tack and functional, but the segments in the impact areas were starting to 
show signs of accumulated distress due to the Impact and abrasion from the 
ten vehicle crashes that had now been absorbed and resisted by the same 
barrier without any concrete segments, steel hinge pins, or welded steel 
plate hinges, being replaced. 

The horizontal longitudinal crack in the lower neck of the downstream 
half of module 26 still had not enlarged. However, some corner spalling 
had now developed at the base of segments 26, through 28. Skid pads had 
broken loose from the bottom of segments 28 and 31. There was a I-ft-long 
diagonal crack in the bottom of the cap at the upstream end of module 47. 
Concrete spalling had developed around the upper hinge inset at the 
downstream ends of segments 49 and 50. Also, the downstream corner of the 
cap of module 54 was still broken. Therefore, it was decided to remove and 
replace the most severely damaged and structurally distressed concrete 
segments before the next crash test, which was scheduled to be a heavy 
vehicle impacting the barrier at 25 degrees. Modules 26, 47, 49, and 54 
were replaced. 
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The left front corner of the vehicle was severely crushed. The 
half of the front bumper was severely twisted and bent. The doors 
left side of the vehicle were scraped and the left front tire was 
Nevertheless, the occupant compartment was entirely undamaged and 
were no protrusions of the steering wheel in the compartment. 

II. Test 031986-1 

left 
on the 
flat. 
there 

The connector used in test 031986-1 was the hinge plate (I). Barrier 
segment length was 3.1 ft, and the total system length was 200 ft. In this 
test, a 4850-lb vehicle impacted the barrier at an actual speed of 50 mi/h 
and at an actual angle of 25 degrees. The vehicle was nearly redirected 
and about parallel to the line of the barrier when the hinges failed at 
hinge 28 and the barrier completely separated at that point. The vehicle 
glanced off already partially displaced module 34 and finally came to a 
stop against the barrier with the vehicle's front end opposite hinge 35. 
Thus, even though the barrier had failed structurally, the failure was 
delayed long enough to contain and redirect the vehicle and bring it to a 
stop against the impact side of the virtually undisturbed downstream 
portion of the barrier. However, the two loose ends of the barrier at the 
break were thrown out about 17 ft behind the barrier. A 22-ft wide opening 
was formed between the two broken ends. Tire scuff and rub marks on the 
face of the barrier showed that the front of the vehicle was past hinge 33 
when hinge 28 failed. The marks also showed that the maximum vertical rise 
of the left front tire was about 9 in before the barrier failed. The right 
front and rear tires maintained contact with the pavement at all times. 
The vehicle never rolled excessively. 

Inspection disclosed that the failed hinge 28 occurred in the welded 
hinge components attached to the upstream end of module 27. Failure was 
due to undersized fillet welds attaching the hinge plates to their back 
plates, Inadvertently, a set of prototype hinge weldments were used that 
had been discarded because earlier developmental tests had disclosed their 
inadequacy and larger fill it weldswere used thereafter. Surprisingly, 
these undersized welds withstood the preceding ten less critical tests. 
This barrier was laterally displaced between hinges 12 and 40. 
Longitudinal movement occurred between hinges 13 and 41. The unanchored 
ends of the barrier did not move In any direction. A considerable amount 
of concrete spalling occurred at the corners of the base on the back side 
of segments on each side of the break due to excessive hinge deflection 
after the barrier failed. Some spalling also occurred on the upstream ends 
of segments 26 and 27 around the upper hinge inset. Concrete segments 57 
and 58 were cracked in the lower neck area at the upstream end, but these 
cracks undoubtedly had occurred in an earlier test. The steel hinge pins 
at hinges 28, through 30 were slightly bent. A moderately crushed left 
front of the vehicle was the only significant damage. 

12. Test 032586-1 

The connector used in test 032586-1 was the hinge plate (1). Barrier 
segment length was 3.1 ft, and the total system length was 200 ft. In this 
test, a 4020-lb vehicle impacted the barrier at an actual speed of 44 mi/h 
and at an actual angle of 15 degrees. The vehicle was smoothly redirected. 

125 



The only roll of the vehicle was its lean away from the barrier as the left 
front and rear tires climbed the sloping face of the barrier, and its 
lesser counter-roll that occurred after all wheels returned to the 
pavement. Tire scuff and rub marks indicated that the maximum vertical 
rise of the left tires was about 18 in. The roll angle induced In the 
vehicle was the largest in any of the tests to date but was still not great 
enough to cause rollover. The right front tire was in contact with the 
pavement throughout the collision, and the right rear tire lost contact 
only lost contact when Its rear end rebounded from the barrier. There was 
no visual evidence that any of the barrier segments tilted during the 
impact. 

There was no movement in any direction at the unanchored ends of the 
barrier. Nor was there any physical damage or signs of distress in any of 
the concrete segments, steel hinge pins, or welded steel hinge plates. The 
left front end of the vehicle was moderately crushed and there were some 
scratches on the left side of body. 

13. Test 032886-1 

The connector used in test 032886-1 was the hinge plate (1). Barrier 
segment length was 20 ft, and the total system length was 200 ft. In this 
test, a 5100-lb vehicle impacted the barrier at an actual speed of 57 mi/h 
and at an actual angle of 25 degrees. 'The vehicle was smoothly redirected. 
The vehicle leaned away from the barrier as its left front and rear tires 
mounted the sloping face of the barrier. Tire scuff and rub marks 
indicated that the maximum vertical rise of the left front tire was about 
18 in. There was some reverse roll and both rear tires lost contact with 
the pavement when the rear of the vehicle rebounded from the barrier. 
However, the vehicle at no time came close to rolling over. There was no 
visual evidence that any of the concrete segments tilted during the 
co 11 is ion. 

The unanchored upstream end of the barrier moved 4 5/16 in 
longitudinally. The unanchored downstream end of the barrier did not move, 
but longitudinal movement in the hinges extended downstream to hinge 47. 
Concrete spalling occurred at the lower base corners of the segments at 
hinges 25 through 32. The skid pads were knocked loose from segments 32 
through 34. The steel hinge pins were slightly bent at hinges 26, 27, 28, 
and 33. At hinges 29, 30, and 32 the pins were moderately bent and at 
hinge 31 the pin was badly bent. There was no sign of distress in the 
welded steel plate hinges or in their attachment to the 7/8-in-diameter 
steel through rods. 

The left front of the vehicle was severely crushed and its left front 
wheel suspension system was damaged. The left front tire also was flat, 
and there were some scratches and grooves on the left side of the body. 
The occupant compartment however, was intact and undamaged and there were 
no protrusions of steering wheel in the compartment. 
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E. California Department of Transportation 

1. Test 291 

The connector used in test 291 was the pin and rebar (3b) with a 7/8 
in diameter unanchored pin. Barrier segment length was 12 ft. In this 
test, a 4860-lb vehicle impacted the barrier at an actual speed of 64 mi/h 
and an actual angle of 7 degrees. 

The vehicle was smoothly redirected although the left side tires rode 
near the top of the barrier during redirection. The maximum permanent 
deflection of the barrier system was 0.52 ft. Barrier damage consisted of 
cosmetic scarring and slight spalling. 

test 292 was the pin and rebar (3b) with a 7/8 
Barrier segment was 12 ft. In this test, a 

barrier at an actual speed of 68 mi/hand an 

The connector used in 
In diameter unanchored pin. 
4860-lb vehicle Impacted the 
actual angle of 23 degree. 

The vehicle was launched airborne partially into the work zone, and 
came down on top of the barrier system before completely landing on the 
ground. Deflection of the barrier was not applicable since the vehicle was 
airborne well into the work zone. Barrier damage consisted of the impacted 
segment being cracked in half and one of its pins coming out of the loops. 

3. Test 293 

The connector used in 
diameter unanchored pin. 
a 4860-lb vehicle Impacted 
actual angle of 40 degrees. 

test 293 was the pin and rebar (3c) with a 1-in­
Barrier segment length was 20 ft. In this test, 
the barrier at an actual speed of 66 mi/hand an 

The vehicle was launched airborne partially into the work zone, landed 
on the ground then rolled over once, coming to rest on its wheels. 
Deflection of the barrier was not applicable since the vehicle was airborne 
well into the work zone. Barrier damage consisted of the impacted segment 
overturning and the pins of this segment being bent out of the loops as the 
segment overturned. 

4. Test 294 

The connector used In test 294 was the pin and rebar (3c) with a 1-ln­
diameter-unanchored pin. Barrier segment length was 20 ft. In this test a 
4509 lb vehicle impacted the barrier at an actual speed of 39 mi/hand an 
actual angle of 25 degrees. 

The vehicle was redirected, although It was airborne for 16 ft and 
came close to rolling over. The maximum permanent deflection of the 
barrier system was 0.46 ft. Barrier damage consisted of slight spalling, 
although some of the pins were severely bent. 
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Appendix C 

State Interviews 

I. Colorado Department of Highways 

Connector Type: Pin and rebar 
Type of Visit: Office 
Date of Visit: January 21, 1987 
Personnel Interviewed: Standards and specifications engineer 

Colorado's pin and rebar connector has the 7/8 Inch diameter by 28 
inches long pin and the #5 bar for loops. Colorado has used this connector 
for the last 10 years and the same design is used for temporary and 
permanent installations. The hook and bar connector that was previously 
stated as being used in Colorado was used in 1974 but later abandoned 
because of its poor structural strength, 

Colorado personnel believe that the pin and loop connector's biggest 
advantage is when barrier is being moved or replaced. The pin and loop 
connector does make it easy for damaged segments to be removed or replaced, 
or if an area needs to be opened in the barrier run. A slight change in 
the horizontal grooves on the end of the barrier would further facilitate 
removal of a barrier section from an inner location in a barrier run. 

The pin does not have a nut on the bottom. Colorado makes the pin 
longer so it does not pull out of the bottom loop. Although Colorado 
personnel are aware of California research that shows that the pin pulls 
out of the bottom loops on impact, they do not think they have a problem 
with their design because their pin projects approximately 7 in through the 
bottom loop. 

Colorado's design has a 1/2 In batter (1:12) on each segment end, 
measured from the segment center to each outside edge. This batter helps 
in placing the barrier on curves. They believe that the barrier can be 
placed on 100-ft-radius curves. This also gives some slack for putting the 
pin in the barrier. The segment length they use is 10 ft. 

The bottom corners of Colorado's barrier do get damaged occasionally. 
They remove these segments and patch the corners in their maintenance yard. 
They believe the damage is caused most often by impacts from heavy 
vehicles, and not by the normal impacts from cars. 

For end treatments on their barriers Colorado uses the 12 ft ramped 
end segments when barrier is outside the 30-ft clear zone. When barrier is 
inside the 30 ft clear zone, they use an impact attenuator. 

Colorado does not have an anchoring detail for its temporary barriers. 
They place and move segments around using a small crane mounted on a flat­
bed truck. Their connectors are not grouted when being used in temporary 
fashion in the field. They also have a taper on the corner of the barriers 
to avoid snagging by snowplows. When placing barriers in the field, they 
do not pull the connectors tight. 
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Since it has gone to the pin and rebar connector, Colorado has had 
excellent experience with its portable concrete barrier. 

2. District of Columbia Department of Public Works 

Connector Type: Tongue and groove, plate insert, pin and rebar 
Type of Visit: Office and one field site 
Date of Visit: May 7, 1987 
Personnel Interviewed: Design and construction departments (no field 

personnel Interviewed) 

The District of Columbia recently changed its specification for 
portable concrete barrier connector to the pin and rebar type. None of 
this type of connector, however, is currently in the field. The field site 
visited showed that the tongue and groove and plate insert connectors were 
still being used. Many of the barriers at the site visited, which was a 
city street, were not connected. 

The engineers In the District of Columbia believe there could be some 
problems in breaking the loop rebars during handling. They believe the pin 
and rebar connector would be efficient for curves and angles. They have 
experienced some difficulty with the plate insert connector for curves and 
angles. 

The District of Columbia has no written procedures specifying a 
surface treatment when barriers are placed. They think the I 1/4 in pin is 
probably over-designed. They do not know how they would get a nut on the 
bottom of the pin as shown in the plans. 

Since they are using the tongue and groove and plate insert connectors 
currently, they believe the prices to furnish barrier will go up 
substantially when they specify the new pin and rebar type connector. From 
bids on the first jobs that included the new connector, the prices will go 
up $10 to $15 per linear foot for furnishing the pin and rebar connector. 
They already have a large supply of tongue and groove connectors in the 
area, as well as some of the plate insert connectors. These connectors are 
used in the surrounding States of Maryland and Virginia. 

The current plans state that approved alternates can be used, and they 
feel that probably the plate insert would be an approved alternate. 

The construction engineer believes that many times the tongue 
tongue and groove connector is broken off from handling and any 
that might have occurred on the barrier. 

on the 
impacts 

They are not aware of any anchoring that is used with the barrier 
segments. 
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3. Illinois Department of Transportation 

Connector Type: Pin and wire rope 
Type of Visit: Office and two field sites 
Date of Visit: February 10, 1987 
Personnel Interviewed: Standards and specifications engineer 

Illinois uses pin and wire rope connector that was developed in 1978 
based on a review of the FHWA report "Concrete Median Barrier Research," 
No. FHWA-RD-77-4. (13) In addition, Illinois reviewed standards from 25 
other States. The FHWA report reconvnended a pin and loop connector. 
Illinois decided to use wire rope rather than rebar for the loops because 
the wire rope was expected to be more reusable. 

The 
Chicago. 
used for 

first connectors used In Illinois were on the Edens Expressway In 
In these connectors the #4 rebar rather than the wire rope was 

the loops. 

Illinois specifies that three styrofoam pads be placed underneath the 
barrier segments. These styrofoam pads lock the barrier in place, thereby 
cancelling the rolling effect that occurs when gravel lies between the 
barrier and the pavement underneath. For each segment Illinois specifies 
three 24-in-by-24-in styrofoam pads. These pads are placed underneath the 
barrier but not across the connection. They are not used for leveling; 
they simply are used for increasing the friction between the barrier and 
the pavement underneath. 

For additional support the Illinois connector specification calls for 
a vertical #5 rebar. It keeps the wire rope loops from being pulled out of 
the end of the barrier. If the loops have been fabricated so that they go 
through the barrier, then this additional bar may be omitted. 

Illinois generally uses 10 ft segments for barrier, although 12 ft 
and 20 ft segments have been used. Al I of the State's portable concrete 
barriers are precast. Illinois has no cast-in-place barriers. 

An engineer in Chicago who works for the Illinois DOT was contacted 
concerning impacts on the barrier. In Chicago impacts to the barrier have 
moved the barrier by up to 2 ft, but have not penetrated the barrier. The 
engineer who was contacted called portable concrete barriers "the greatest 
thing we've done for construction safety." 

Illinois has three different anchoring methods. On bridge decks with 
less than 2 ft of space behind the barrier, they use an anchoring system 
consisting of angles. The plate of the angle is bolted to the concrete and 
then the barrier is placed against the angle. The second method is a pin 
that goes into the barrier itself and down into asphalt pavement. The third 
method calls for a I-in-asphalt base to be placed behind the barrier. 
Illinois has used the pinned barrier for permanent installations. It has 
used all these anchoring methods for the last 7 or 8 years with good 
success. 
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The connector detail plan for Illinois does not specify a gap, but the 
loops are set so that when the connection is made there Is about a 1 1/2 in 
gap between the segments. Illinois specifies not more than 1 in of offset 
between the barrier segments to prevent any snagging of vehicles. 

One of the problems of application in Illinois arises on two-lane 
bridges. In these narrow situations, contractors often leave connectors 
out of some segments of the barrier in order to furnish access to the work 
area. Illinois has developed a detail using barrels and attenuators that 
will furnish some contractor access to their sites, but still feels they 
have a problem keeping these barriers connected. 

Across bridge decks, Illinois uses a 3-in-by-12-in tube. A connection 
detail ties this tube barrier into the PCB. In this detail, a W-beam 
coming from the end of the tube is blocked out from the barrier to prevent 
snagging and then is bolted into the side of the barrier. 

Sometimes, smaller rebars are substituted for the usual 7/B in pin. 
The design engineer who was interviewed had heard of substitutions as small 
as #4 rebars where additional space was needed. 

Barriers are often replaced in the field after impacts or when they 
are damaged by handling. When these replacements are necessary, It is not 
difficult with the pin connectors to replace a segment in the middle of a 
barrier run. 

Illinois does not have specific criteria relating to maintenance of 
the barrier. It would replace barrier if chunks are missing or realign 
barrier if there is an offset of more than 1 in from segment to segment. 

Illinois barriers are reinforced with rebar and also wire mesh. Part 
of the reason for this type of reinforcement is that it prevents large 
chunks of concrete from becoming flying missiles if the barrier is impacted 
by a heavy vehicle. 

Illinois has used its connector detail since 1978 without major 
modifications. From field experience, personnel believe that their barrier 
and the connector are withstanding vehicle impacts, even in the Chicago 
area, and have no plans at this time for further modifications to their PCB 
connector. 

4. Iowa Department of Transportation 

Connector Type: Pin and wire rope 
Type of Visit: Office 
Date of Visit: January 22, 1987 
Personnel Interviewed: Construction Section 

No site visits were made in Iowa because of lack of work zones during 
the winter season. 

Iowa has used the pin and wire rope connector for portable concrete 
barrier for about 7 years. Before 1978, it used timber barricades and 
various other types of barrier, but only the pin and wire rope connector 
has been used for portable concrete barrier. 
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Iowa specifies a gap width between Its PCB of 3 in, plus or minus 1/2 
in. They believe they need this width for the fabrication of the portable 
barriers. They believe in this compromise of the gap width between having 
a tighter segment and the workability or constructability of the barriers, 

For placing barriers in curves, Iowa standards allow for 
clipped somewhat for placement in especially tight curves. 
corners must be cast already clipped for placement in curves, 
a lot of use of them in the field. 

corners to be 
Since these 
there is not 

Iowa personnel do not believe there is a problem in the field of a 
lack of connectors In their portable concrete barriers. They encourage 
inspectors to make sure that the segments are connected at all times. The 
only time they do not have this connection ls when opening up a gap to 
allow contractor access Into a work area. Normally these areas are on two­
lane roads around bridge construction where the barrier takes up room and 
Is run across the shoulder causing the contractors difficulty in getting 
their equipment in and out of the work area. 

Neither are there problems with the pin connectors In moving for 
access or to replace a damaged segment in the middle of a barrier run. 

Iowa normally uses standard 10-ft segment but they are allowing up to 
20-ft segment believing these may be used more in the future. Normally 
their PCB is the standard New Jersey size and cross-section. In order to 
reduce glare for opposing traffic, they are building some permanent barrier 
that is up to 42 in high. Also, they have gone to wider tops (up to 9 in.) 

Iowa uses an anchoring strap. This strap, anchored into the surface 
below, runs to just above the bottom set of loops in the connector and 
connects with the loops in the pin into the barrier to prevent overturning. 
They rely on the anchoring system at a bridge structure where they are 
using one lane at a time and when they have little deflection distance 
(Jess than 2 ft behind the barrier). 

Iowa has problems with leveling segments when it runs the barrier out 
across an earth shoulder. Sometimes they have to hollow out some of the 
shoulder to make the segment level. There Is a small amount of play for 
differences in vertical alignment, but they would normally level the 
barrier on a shoulder. 

Most of the impacts that Iowa sees on its barrier system deflect the 
barrier only a few inches, and then the barrier can be realigned using skid 
loaders. They have limited experience in having to replace a segment due 
to an accident. They believe that most of their impacts are at a angle 
much flatter than 15 or 25 degrees. 

Iowa has a specification for connecting PCB to a steel barrier rail 
that is used on bridges. The barrier cross-section is made vertical and 
then tapered into the normal safety shape. PCB Is used on the approach and 
the steel rail is used across the bridge. 
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Overall, Iowa personnel are very satisfied and confident with their 
pin and wire rope connectors. They believe the gap of 3 in plus or minus 
1/2 in is the best compromise for ease of fabrication and workability in 
the field, and believe the barriers are performing well. 

5. Kansas Department of Transportation 

Connector Type: Tongue and groove with dowels; with side plates 
Type of Visit: Resident office and one field site 
Date of Visit: May 28, 1987 
Personnel Interviewed: Resident construction engineer 

Kansas uses the tongue and groove connector with the single dowel bar, 
a I-in-diameter bar 2 ft 2 in long. As an alternate connector, they use 
the tongue and groove with side plates when a segment has to be replaced 
and the dowels cannot be put back in the barrier run. Barrier segments are 
10 ft long. 

Kansas contractors use a hydraulic system to lift barrier segments, 
using two rubber pads around the upper portion of the barrier. 

A major construction project was visited. There had been many impacts 
on the barrier system in this project. The configuration of the barrier 
was two or three parallel runs forming an S curve through the project. In 
viewing barrier in the field, there was evidence of many impacts, some near 
the top of the barrier. The resident engineer believes small cars overturn 
with the barrier because of their narrow wheel width. He believes also 
that gas tanks are subject to rupture when cars go up on the barriers. 

At the resident engineer's office, 11 accident reports were obtained 
that involved vehicle contacts with the barrier. A sunmary of these 
accidents is given in table 10. It Is quite evident from looking at the 
accidents that barriers are being pushed out of line and overturned. One 
vehicle hit the barrier segment, overturned the segment, and entered the 
opposing lane of travel. A diagram of this accident (No.II) ls shown in 
figure 44. Also, in accident No. I, two vehicles hit the barrier and 
pushed segments of the barrier into opposing lanes, causing two cars in the 
opposing direction to become involved in the accident. The diagram of this 
accident is shown as figure 45. 

While at the site, the barrier near the start of the taper was 
inspected. Twenty-five connections were observed. Of these 25 
connectors, 5 did not have a gap, so whether the dowel bar had been 
installed could not be determined; 19 had been installed with the dowel 
bar as specified; and I had not had the dowel installed. The one 
connection where the dowel bar had not been installed was a segment that 
appeared to have been replaced after the barrier run had been installed. 
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Table 10. Kansas visit accident summary 

No. Date 
Time of 

Day 

1. 9/30/86 9:00am 

2. 11/19/86 11:05pm 

3. 2/1/87 3:50am 

4. 2/7/87 4:03pm 

s. 2/7/87 7:05pm 

6. 2/13/87 7:54am 

7. 2/15/87 1 :OOam 

8. 2/20/87 11: 1 Opm 

Vehicle Type 

1. Ford Pickup 
2. Mercury Comet 
3. Audi 
4. Honda 

1. Ford Mustang 

1 • Chevy Truck 
(4WD) 

1. Buick Sedan 
2. Chevy El Camino 
3. Chevy 510 PU 
4. Cad! l lac 

1. Honda 

1. White 5emi­
Tral ler 

1. Chevy 510 PU 

1. Chevy Camaro 
2. Chevy Celebrity 
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Circumstances 

Southbound vehicles 
and 2 slid into barrier 
while attempting to stop 
for traffic. Barrier was 
pushed Into path of north­
bound vehicles 3 and 4. 

Northbound vehicle 1 hit 
barrier on right at approx­
imately 55 mi/h while avoiding 
uninvolved vehicle. Vehicle 
then crossed roadway, struck 
barrier on left, then re­
crossed roadway and struck 
right barrier run again. 

Northbound vehicle 1 struck 
center barrier, vehicle 
stradled barrier and traveled 
200 ft, then vehicle came off 
of barrier and traveled 
another SO ft. 

Northbound vehicle 1 skidded 
in S curve hit barrier and 
flew over into southbound 
lanes striking vehicles 2, 
3, and 4. 

Southbound vehicle 1 was 
forced into barrier, became 
airborne and overturned. 

Truck overturned in curve 
and struck barrier. 

Northbound Pickup struck 
barrier at 55 mi/h, then 
crossed both lanes and 
struck opposite barrier. 

Northbound vehicle 1 
struck barrier at 55-60, 
burst into flames and 
struck vehicle 2. 



Table 10. Kansas visit accident sunmary (concluded) 

Time of 
No. Date Day Vehicle~ Circumstances 

9. 2/24/87 3:55am I . Hack Truck Northbound vehicle 
(empty trash I struck barrier, 
truck) destroying two sections. 

10. 3/6/87 11:45pm I . Dodge Aspen Southbound vehicle I 
struck left barrier, 
spun out and then 
struck right barrier. 

11. 3/14/87 6:40pm 1 • Buick Rivera Southbound vehicle 1 hit 
2. Isuzu Pickup center barrier, overturning 
3. Toyota Corolla I segment. Vehicle 1 then 

went over barrier into 
northbound lanes. Debris 
from barrier and vehicle I 
struck northbound vehicles 
2 and 3. 
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Kansas does specify a l/4-in-to-1/2-in-gap between the barrier 
segment, but the resident engineer stated that It is difficult placing 
the barriers to control the gap that closely. The resident engineer also 
stated that they normally have inspectors on the site when the barriers are 
being placed to be sure that all the dowel bars are Installed. The 
resident engineer also stated that dowel bars installed are normally the I­
in dowel bar with the washer In the middle, but also that other rebars are 
used If it is not possible to find the regular dowel bar. 

A review of the accident reports in Kansas shows that there are some 
problems when vehicles strike the barriers connected with the dowel bar. 
Particularly, It seems that in the S curve there are some high-angle 
Impacts where cars are overturning the barrier segments and then going over 
the barrier Into opposing lanes. The single dowel probably has little 
torsion strength to resist overturning moment once a car is up and on the 
barrier. Other accident reports show that the barriers redirected and 
contained trucks in some accidents involving the barrier. 

There are no plans to change or modify the connector at this time. 

6. Haine Department of Transportation 

Connector Type: Pin and rebar 
Type of Visit: Office 
Date of Visit: January 16, 1987 
Personnel Interviewed: Construction, design, and bridge maintenance 

sections 

Haine uses a pin and rebar connector with #5 rebar for loops and the 
7/8 in pin. One problem Haine has had in the application of its PCB 
connector Is Installation of the 7/8 in pin. The design for the connector 
as shown on Maine's standard plan leaves very little gap between segments, 
making it difficult to install the 7/8 in pin in the field. Personnel in 
Haine admit that few of the pins actually used are #7 or 7/8 In. Huch more 
common is use of #5 rebar and in some cases even #4 rebar for the pin. 

The barrier segments are tapered 1/4 In on both sides. Even with this 
taper, the segments are very difficult to Install in curves, and estimates 
are that the barrier cannot be set on a 300-ft-radlus curve. 

Haine has had some minor hits on Its barriers. At times, cars have 
hit the ramped end segment and have ramped. Normally, with car impacts,the 
barrier system gives about a 6 in deflection. In Halne;segments have not 
been replaced in the field after accidents. Impact angles are usually low, 
and personnel have not seen impacts on unconnected barrier systems. 

In Halne,the segments are normally placed with a hoist on a truck bed. 
For this reason, Haine personnel think that sections longer than 10- ft 
would be a problem to handle and haul. The booms used on the truck would 
have difficulty lifting longer and heavier segments and In being able to 
place them in traffic. , 

For modifications, Haine personnel think they need to change the depth 
of the drainage slots in the barrier. 
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Because 
delineators 
the barriers. 

of problems with snow plowing and with being covered, side 
are rarely used. Delineators are used instead on the top of 

The 
with what 
the 7/8 
These bars 

pin has a bend in the end of about 2 in. This pin is at variance 
is shown on Maine's plan. A nut is tack welded onto the top of 
in pin. Bars used in the field are normally #5 to #4 rebars. 
are usually bent when the barrier system Is impacted. 

Haine has many circumstances where connectors within existing systems 
are needed or where two runs of barrier join together. In the field, the 
application is seen where a W beam with fishtail is put _across the gap 
between the two barrier segments. The structural integrity of this kind of 
connector is not known. 

Overall, Haine personnel believe that they have no problems with the 
design of their barrier system. However, as used in the field and for 
their type of roads, which have many curves and tight geometry, the use and 
application of the barrier are problems because of the substitution of 
smaller pins for the 7/8 in pin called for in design plans. 

1. Michigan Department of Transportation 

Connector Type: Pin and eyebolt and dowel 
Type of Visit: Office 
Date of Visit: February II, 1987 
Personnel Interviewed: Barrier advisory committee 

Hlchfgan was visited during a regular meeting of the department's 
barrier advisory committee. Although no field sites were visited, 
considerable correspondence and memoranda were received that covered some 
field inspections of barrier connectors. 

also 
apart 
bars. 

In Michigan the pin and eyebolt is the specified connector. Michigan 
has used a cast in-place barrier that is, after the first use, cut 
and used subsequently as a doweled connector using two 22 in #8 steel 

Much of Michigan's barrier has a 10 in top. 
wider cross-section is to furnish an overturning 
to that afforded by the GM-shaped barrier 
previously. Personnel in Michigan believe this 
barrier additional strength to resist impact by 

The reason for using this 
moment of inertia similar 
which Michigan had used 

size barrier top also gives 
heavy trucks. 

Michigan has been reviewing its connector design.,/in order to come up 
with an improved design that will solve some of the problems associated 
with both the pin and eye bolt and dowel connectors. 

About 50 percent of the barrier in Michigan Is being slip-formed or 
cast in-place. After the first use it is sawed up in pieces and becomes 
precast without a method of connection. The dowel bars are then 
retrofitted to the sawed-up barrier segments. 
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Michigan is finding that usually when eye bolt loops are broken off in 
the field, the spacing of the replaced loops has been changed. If a 
segment is replaced or moved for contractors' access, the dowel bars are 
sometimes omitted. When they have to replace a segment sometimes the dowel 
connector can be converted to an eye bolt connector. 

The only surface treatment Michigan specifies Is placing building 
paper underneath barrier that is being cast in-place. 

In order to compute the strength of their barrier system, Michigan 
reviewed barrier research carried out at the Texas Transportation 
Institute. No calculations for the weight of the system and the surface 
friction were given in this research. Because of its heavier barrier 
segments and wider cross-section, Michigan believes these factors were 
critical to computing the overall strength of their barriers. They also 
have acquired information from Minnesota relating to how Minnesota changed 
from a eye bolt system to a pin and wire rope system. 

Michigan has not looked at cost in considering connector systems. 
Contractors can furnish any acceptable barriers. Normally, if contractors 
have old barriers these are usually pin and eye bolt, and this is what is 
used. If the contractor has to furnish new barrier, then it is usually 
cast in-place, and for later applications the dowel connectors are used. 

Michigan uses anchoring when there is 
edge to a drop-off or other excavation. 
methods of anchoring at this time. 

less than 4 ft from the traveled 
They are considering alternate 

Although Michigan believes they have a potential connector problem, 
they believe their present system is not resulting in catastrophic 
accidents. Sometimes trucks do go through their barrier, but they have not 
gathered any accident data that show a real problem with either of their 
connectors. 

Michigan Is considering doing some crash testing to look at alternate 
connectors. The crash tests that they envision would probably start off 
with a wider cross-section barrier without any connector, and then move to 
a test of the dowel connector, to a test of their eye bolt connector, and 
finally to a test of pin and wire rope or pin and continuous wire rope 
connector. 

Michigan believes such crash tests may resolve its problems with 
existing connectors, and may give it some grounds to require use of 
additional connectors. They believe that before any change could be made 
they would have to consider how the older barriers could be retrofitted, as 
well as the fabrication of new barriers. 

Also obtained in the Michigan interview were a number of memoranda 
prepared since 1980 by the department's barrier advisory conmittee. These 
memoranda discussed design changes for new stock, existing stock, slip form 
design, and precast design. They are also looking at grouting in some wire 
rope and eye bolts and at conducting simple pull-out tests in their 
materials lab. Following is a verbatim report from a field inspection team 
that had observed the two types of barrier connectors in the field in 
Michigan. (14) 
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Pin-and-eyebolt connection were used on 7 projects. A total of 
284 joint connections were inspected on six of these projects, and 
compared to the design shown on Standard Plan 11-520. 

Forty-three (l5i) of the connections were recorded as substandard 
to the design, as follows: pin missing (5), one or more eyebolts 
missing (31), pin not through all four eyebolts (7). An additional 35 
- 50 connections (9 - 18t) were noted as substandard for the following 
reasons: eyebolt projecting too far from barrier face (3 in - 6 In 
projection, as compared to 1 1/2 in on the standard); excessive 
vertical separation between paired eyebolts (4 in to 10 in, as 
compared to 2 in on the standard); connecting pin cleared top eyebolt 
by one in or less (6 in implied by standard); 1/2 in diameter 
reinforcing steel used for connecting pin (3/4 in diameter required by 
standard). 

Many of the joint deficiencies noted above are due, in our 
opinion, to the ease in which these eyebolts break off In shear. 
Although these barrier units are originally precast with eyebolts 
correctly positioned, the team observed many older-looking barrier 
segments with odd-placed eyebolts. These eyebolts were obvious 
retrofits, as the stubs of the original eyebolts remained - at the 
optimum location - In the barrier face. 

At the three project sites having dowel-connected PCB, a total of 
105 joint connections were inspected. According to the approved 
design, the team should have observed 210 I-in connecting steel bars. 
In fact, they observed 150 bars of I-in diameter, 8 bars of 3/4-in 
diameter, 26 bars of 1/2-in diameter, and 26 joints with a bar 
missing. Fortunately, the one project which accounted for 80 percent 
of the total barrier footage was correctly doweled. The 26 joints 
having 1/2-in connecting bars and the 26 joints having no 
connecting bars were, in fact, the same 26 joints, which occurred all 
on one project. 

Observation of these substandard connections brought out an 
important point concerning horizontal dowels: where the wrong 
connector (or none) has been used, there is no easy way to correct the 
situation. The connection could involve repositioning the total 
barrier line from the defective joint to one end of the line. 
Although we are experiencing very I ittle in the way of accidents, we 
could expect similar repositioning problems after an accident. 

The gap between barrier segments in a dowelled barrier line 
affects the ease of repositioning an individual segment, because 
theoretically only enough barrier segments need be moved to develop a 
22-in gap. Therefore, a contractor might be expected to place as wide 
a gap as the project engineer will permit. However, joint strength Is 
dependent on keeping the gap small. 

Gap size was observed and recorded 
mile project, maximum gap observed was 
in or less. On a much smaller project 
were observed with many gaps near 2 In. 
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that the dowel holes in adjoining barrier faces did not always align 
with each other. The contractor's solution was to use bendable 1/2-in 
bars with larger gap spacing between segments. At these joints the 
team could not tell how much penetration was obtained by the steel 
bars into either barrier segment. 

Continuous slipformed barrier (first use) was viewed on one 
project (2 miles). The barrier has been sllpformed in place with 
three continuous steel bars. Invnediately after concrete placement, 
the green concrete was chipped away with claw hanvners at 10-ft 
intervals, creating a vertical separation approximately 3 in wide in 
the concrete. The gapping operation worked around the continuous 
steel bars, however, so that these bars remained uncut during the PCB 
use on the project. 

When viewed by the motorist at highway speeds, this barrier line 
presented a neat, clean appearance. At lower speeds, however, it was 
obvious that the gapping operation (above) produced PCB sections with 
jagged faces, some of which were not entirely vertical. This could 
produce connection problems when these 10-ft segments are prepared for 
re-use on another project. 

8. Minnesota Department of Transportation 

Connector Type: Pin and wire rope 
Type of Visit: Office 
Date of Visit: March 13, 1987 
Personnel Interviewed: Standards Engineer (St. Paul office) 

Minnesota performed two studies (April 1979 and Hay 1980) in which its 
barrier systems were evaluated as a result of accidents. A conclusion of 
the 1979 study was that the eyebolts (in concrete inserts) used for the 
loop in their pin and loop connectors were the weakest point of the system 
and they needed an Improved anchoring method. The barrier performed well 
except where heavy trucks impacted it. The State reconvnended that Minnesota 
go to the wire rope loops in place of the eyebolts. Minnesota also 
reconvnended that in areas of narrow clearance (for example, brldgedecks) in 
which there is little room to allow the barrier to move at impact, the 
barrier should be anchored to concrete decks or pavements. Where lateral 
displacement was not a problem, It was reconvnended that no anchoring was 
needed. Based on a reconvnendation of the 1979 study, Minnesota started 
using the wire cable connector. 

At the time of the 1980 study, Minnesota had two types of barriers: a 
revised one with the eye bolts, and the type III, with the newer wire rope 
loops. The second study concluded that both types of barriers performed 
acceptably in the field, although there were large displacements from large 
truck accidents. As a result of these large displacements, Minnesota 
developed a technical memorandum which specified when to use 8323A and type 
III barriers. The type Ill barriers were to be used along bridge 
construction sites or along deep drop-offs. Minnesota also developed 
specifications for anchoring the type Ill barriers when used in such 
instances. The type older barrier had no means to be anchored to pavement 
surface. Minnesota also found that although type Ill barrier with wire 
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had large 
effective 
and type 

loops were not penetrated by large vehicles, the barrier 
deflections. Portable concrete barrier was still the most 
temporary barrier. The recOlllllendation was to continue using 8323A 
III barriers and to develop guidelines for acceptable damage. 

9. Missouri Highway and Transportation Department 

Connector Type: 
Type of Visit: 
Date of Visit: 

Tongue and groove with continuous 
Office and two field sites 
February 9, 1987 (office) 
Hay 27, 1987 (field sites) 

Personnel Interviewed: Planning and construction 

cable 

sections 

Besides the tongue and groove connector with continuous cable, 
Missouri also uses a connector that has anchoring pins. The diameter of the 
cable threaded through the barrier Is 1/2 in. The same design barriers are 
used for permanent and temporary Installations. The cable that runs 
through the barrier segments is secured at the ends with a wedged anchor. 
Cable Is not tied to the ground or to any permanent fixture on the roadway. 

Missouri personnel believe the cable system is easy to install and 
gives the strength needed for a temporary barrier system. With this type 
of connector they do not have to worry about exact spacing or about damage 
to pins, such as would be the case with a pin and loop connector. 

In replacing a barrier, they have to take the cable out and then re­
tension it. In some cases, if there Is a long run of cable to be removed, 
the cable can be cut and spliced later. 

This system was originally designed in connection with fabricators in 
Missouri and has not been changed since it was developed. All temporary 
barrier is now precast. 

Barrier segments are 10-ft long in Missouri. They considered 20-ft 
segments but decided their maintenance workers and small contractors would 
have trouble fn handling longer sections. They also felt that 20-ft 
barrier would be a problem in curves, such as where they have temporary by­
pass roadways. 

Missouri specifies a 1/4-in gap between the segments faces in their 
barriers. They feel that the tongue and groove connector with cable allows 
enough play for curves and angles and that it is not considered a problem 
in their State. 

The construction section personnel are aware of some impacts where 
barrier was moved but not destroyed. The barrier usually moved less than 
one ft. On one of the field site visits a segment that had been struck at 
about a 45 degree angle was viewed. The speed of the vehicle that had 
struck the barrier was not known. For this high-angle hit, the deflection 
was 3 ft to 5 ft. The car was re-directed, but some chunks of concrete had 
been knocked out of the barrier around the end of the segment. 
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The operation of moving barrier also was viewed in the field, In a 
moving operation, Missouri uses one truck and a boom operator. Three 
persons are used on the ground to move the barrier segments. A clamp is 
used for lifting barrier segments. 

Field personnel believe it is not difficult to realign barrier after 
it has been struck. If necessary they can cut the cable and restring it. 
Overall, Missouri personnel In both the office and the field are satisfied 
with their tongue and groove connector with continuous cable and believe 
they are getting good performance from their connector in the field. 

10. Ohio Department of Transportation 

Connector Type: Pin and rebar, tongue and groove 
Type of Visit: Office and one field site 
Date of Visit: February 12, 1987 
Personnel Interviewed: Construction, maintenance, design and 

location, and research and development 
sections (no field personnel interviewed) 

Ohio prefers the pin and rebar connector but the tongue and groove 
connector is permitted as an alternate except on bridge decks. The tongue 
and groove connector, which was used first, is a proprietary design from a 
company In Virginia. When local people started fabricating barriers, they 
used the pin and loop design. Now, in Ohio, the pin and loop predominates. 

The minimum length specified for Ohio barrier segments is 10 ft, but 
the lengths found in the field range from 10 ft to 15 ft. Ohio specifies 
that a 10-ft or 12-ft section be used on horizontal curves having a radius 
sharper than 400 ft. 

During installation the pin and rebar connectors are pulled tight, 
leaving about a 1 3/4-ln gap between segments. During installation of the 
tongue and groove connectors, no gap is left between the segments. 

Ohio personnel In looking at their design, reviewed California crash 
tests that showed that unanchored pins pull up and disengage on Impact. 
Ohio personnel believe California now uses a bolted pin to keep the pins 
from pulling out. Personnel In Ohio believe that If there Is a nut on the 
bottom of the pin it should be called a "bolt and loop" connector. 

For high-impact conditions, Ohio has designed a modification that 
stiffens and strengthens the pin and rebar connector. This modification is 
shown in figure 46. The modification calls for an angle to be added to the 
connection on the non-traffic side and either grout or a steel or hardwood 
shim on the traffic side to pick up connector slack. Also, for these high­
impact conditions where there is a minimal deflection distance available, 
Ohio personnel believe the connection should be bolted. 
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Ohio personnel believe there is a need to crash test anchored segments 
and also segments with stiffened and strengthened connectors. Hany think 
that any time barrier Is put on a bridge near an unprotected edge the 
connectors should be stiffened and strengthened; and further that it Is 
Important to bolt the barrier and stiffen the joints as much as possible. 

Ohio believes that, overal I, the pin and rebar connectors are 
performing well. Because of their concern about bridges, Ohio has designed 
and is still working on a modification for stiffening and strengthening 
their connector on barrier that is placed on bridges. 

The field site visited employed the tongue and groove connector. 

11, ~ S:tm Department of Highways and Publ le Transportation 
(Houston District Office) 

Connector Types: Triple dowel, lapped joint channel splice, top-T 
Type of Visit: Office and three field sites 
Date of Visit: December 30-31, 1986 
Personnel Interviewed: Construction and Design Section (Houston 

District Office) 

Texas has used more connector types than any other State. In the 
Houston district, they have used grid slot, lapped Joint, triple dowel, 
tongue and groove, top-T, dowel and V, and the channel splice at various 
times. Of all these connectors the channel splice connector is believed to 
perform best. In fact, they sometimes use the channel splice connector in 
permanent barrier systems. 

The sites visited employed the grid slot and channel splice 
connectors. Texas is going to the channel splice as much as possible on 
new jobs. The grid slot is easy to place, but they think that for Houston 
expressways this type of connector does not perform adequately, For the 
grid slot a grid of #6 and #4 rebars Is dropped Into a slot In the ends of 
adjacent barriers, and the slot Is then filled with grout. The grout, 
however, usually shrinks up and cracks and then pops out when the barrier 
is hit. At one site, a semi-trailer truck struck barrier connected with 
the grid slot. Two segments of barrier were overturned and rolled down a 
side slope onto a frontage road. 

The design of the channel splice has been changed to recess the 
channel so It does not protrude beyond the barrier face. With the older 
design there was a snag point with the channel beyond the barrier face. 
Inspectors saw evidence of tires and treads and motorists complained. 
Texas also has widened Its drainage slots to 2 ft by 3 In to keep the 
drainage slots from being blocked. 

Use of 30-ft segments of barrier Is popular. Ten-foot segments have 
also been used but the engineers Interviewed believe the shorter sections 
are too light except in special circumstances. 
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Even with 30-ft segments the connector Is important because the 
engineers think the connector gets hits when the segments are placed at 
sharp angles. The barrier segments are displaced even with the channel 
splice and 30-ft sections. One Impact incident that had destroyed a 
barrier segment appeared to have been hit at almost 90 degrees. 

Texas has a standard for transition segments. It ties guardrail into 
the barrier end as a safety end treatment. The full barrier shape was 
causing a snag point because the lower part of the barrier was outside the 
face of the W-beam guardrail. Texas is developing a barrier segment that 
has a vertical face where the guardrail attaches. They also are "blocking 
out" the W-beam to prevent snagging at the transition. The engineers 
interviewed believe the ramped end section was useless and should be 
discarded. 

In using barrier, Texas sometimes has both directions of traffic 
separated by a barrier and another barrier on the right side of the road. 
Sometimes the traffic may be in a 20 to 30-ft cross section. They also may 
close ramps and continue these barriers for 2 to 3 miles. They reported an 
accident involving a fuel truck on a slope where its spilled fuel had begun 
running under vehicles that were stopped behind the truck. Because it is 
very difficult to get emergency vehicles Into such areas, the personnel 
interviewed would like to find a way to provide a gate or movable barrier 
segment within a barrier run to allow access for emergency vehicles, 
contractors, etc. They have used gates in some areas but are not happy 
with the design. They now are required by FHWA to maintain a shoulder in 
these areas. 

Using the channel splice with 30-ft segments is sometimes difficult in 
horizontal curves. Their plans have a note that the channel may be heated 
at the midpoint and pre-bent for curves. There is also about a I-In 
cushion between the barrier segments that allows for some angling. In the 
field, barriers at angles usually appeared to have a channel on only one 
side. Also, if there is too much difficulty a metal guardrail Is used in 
the back to make the connection. They also use the metal guardrail 
alternative to allow for use of obsolete barriers such as those with the 
lapped joint and bolt connector. 

As far as maintenance is concerned, the 30-ft sections are easier to 
maintain because they do not move or they move less in a normal hit. 
However, if they are moved they are harder to realign. 

Overall, the personnel interviewed in Texas were very happy with the 
channel splice connector. It works better than all the other connector 
systems they have tried. A lot of labor is required to make the 
co~nections using bolts, and removing the connectors often requires cutting 
the nuts off the bolts. However, with the channel splice;field personnel 
have considerable confidence in the barrier and feel they need a strong 
system on Houston urban expressways. The channel splice for them has an 
additional advantage because', in using that connector',the space between 
barrier segments is controlled. With other connectors, barriers were 
sometimes spread out to make up more distance to some fixed point. 
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12. Virginia Department of Highways and Transportation 

Connector Type: Tongue and groove, plate insert 
Type of Visit: Office and four field sites 
Date of Visits: May 5, 1987 
Personnel Interviewed: Design Maintenance and Construction personnel 

Virginia uses the tongue and groove connector and the plate insert 
connector as an alternate. Virginia specifies a maximum of I in between 
barrier segments. This width Is based on an evaluation by the Virginia 
Highway and Transportation Research Council. They do not grout between 
their joints. 

In Virginia, 12-ft segments usually are used, but on curves 8-ft or 
10-ft segments may be used. In the middle of a barrier run, female-female 
segments can be lifted out If replacement of segments Is necessary. 
Engineers in Virginia believe that segments are replaced only after impacts 
by trucks. 

Virginia had a request for use of the pin and loop connector as used 
In North Carolina, but rejected this request because of the width of the 
joint opening in the North Carolina barrier. Virginia was afraid that this 
joint opening would become a snag point for vehicles impacting the barrier. 

For lifting and placing barrier, Virginia uses a sling that goes in 
drainage slots under the barrier. Their plans show a thin, 1/16-in-steel­
tongue protector that goes on the male part of the barrier. This protector 
was not seen, however, on any of the barrier at the sites visited. 

Virginia believes its barrier performs well in accidents as documented 
by reports from the Virginia Highway and Transportation Research Council. 
Virginia did receive a request to develop small animal escape routes 
through its barrier to prevent the animals from being trapped on the 
roadway. 

Virginia also uses some plate insert connector. In visiting a site in 
Northern Virginia, the tongue and groove and plate insert barriers were 
intermixed. In this case, when the connector would not work as it was 
designed, the connector between the two different barrier segments was made 
with about a 4-ft length of W-beam bolted to both segments. Virginia uses 
the GREAT system for end treatment. 

Those interviewed in the turnpike authority stated that when semi­
trailer trucks Impact the barriers, the trucks usually go through the 
barriers and totally destroy segments. In some of these accidents, chunks 
of concrete have even been knocked Into opposing lanes. Also, a 
maintenance worker was struck with a flying piece of concrete during one of 
these barrier accidents. 

The turnpike maintenance engineer believes barrier segments do need 
reinforcement as well as a change in the position of the steady-burn light 
that Is placed on top. The present position of this light coincides with 
the lifting sling placement and therefore. at times, the light has to be 
taken off for each Installation of the barrier. 
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Engineers in Virginia believe contractors have large stockpiles of the 
current barrier, and that to replace all of this barrier would be very 
costly. 

Overall officials in Virginia think their tongue and groove connectors 
are performing well except for truck impacts. There is some thought that 
their barrier segments should be reinforced for collisions with heavier 
vehicles. 

Virginia does have a standard plan for reinforcing 
that are used as exterior barrier on bridge parapets. 
calls for the barrier to be anchored to the surface. 

l 3. Wisconsin Department Qf Transportation 

Connector Type: Pin and wire rope with rebar 
Type of Visit: Office 
Date of Visit: February 2, 1987 

barrier segments 
This standard also 

Personnel Interviewed: Standards engineer, engineer in construction 
department (cost information) 

In Wisconsin's pin and loop wire rope connector, the pin Is a I 1/4-in 
diameter-steel bar. The loop is formed from a wire rope that runs the 
entire length of the barrier segment. Prior to this design, Wisconsin 
formed 3-in-diameter loops from a #4 reinforcing steel bar. When the 
reinforcing steel was being bent, many times it would fracture. Another 
problem encountered while using reinforcing steel for loops was that the 
large diameter loops did not allow the barriers segment to mate 
sufficiently close to each other. A 3-in gap between the barriers was 
possible even when they were pushed up against each other. This gap 
allowed for up to I 1/2 - to 2-in of misalignment between the adjacent 
units. which could lead to snagging problems when impacted by vehicles. 

Wisconsin had previously used #6 reinforcing steel for the pin, but 
upon learning from accidents in Minnesota that these #6 pins bent easily, 
they converted to the 1 1/4-in-diameter-steel pin. Wisconsin had also used 
the 5/8-in-diameter-wire rope, but after an analysis they went back to the 
1/2-in-diameter-wlre rope, which Illinois and Minnesota use. This allowed 
Wisconsin to have a standard barrier that could be used throughout the 
three-State region. The 1/2-in-diameter-wire rope was analyzed by the 
bridge department, who determined that the 1/2-in-dlameter-wire rope 
provided adequate strength. 

Wisconsin uses JO-ft-barrier segments with #4 reinforcing steel 
throughout. The wire rope that forms the loop is connected to the #4 
rebars with wire s1z1ng. The cable is embedded 3 ft into the concrete, 
which provides enough bond resistance to keep from being pulled out, even 
with only the sizing on it. The Minnesota design discussed also in this 
appendix, shows a cable running the entire length of the barrier segment 
and that loops back on the ends, and is also a Wisconsin option. Wisconsin 
uses reinforcing steel because they believe that the rigid bar makes 
fabricating a concrete barrier easier. 
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In horizontal curves the barriers can be used in curvatures up to 5 
degrees. In vertical curves the barriers are a problem near shoulders or 
ditches where there is a break in the vertical alignment. Generally, there 
are no problems in horizontal curves. The barrier Is used for temporary 
use only. On bridges, a channel is mounted to the bridge deck and the 
barriers are placed on top of the channel to anchor them and to keep them 
from sliding horizontally. 
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