NEW MEXICO DEPARTMENT OF TRANSPORTATION

RESEARCH BUREAU

Innovation in Transportation

FAILURE OF RIPRAP
PROTECTION - PHASE II
(FINAL REPORT)

Prepared by:

New Mexico State University
Department of Civil Engineering
Box 3001, MSC 3CE

Las Cruces, NM 88003-8001

Prepared for:
New Mexico Department of Transportation
Research Bureau

7500B Pan American Freeway NE
Albuquerque, NM 87109

Report NM0O4STR-04

JUNE, 2008



1. NMDOT Report No. 2. Govt. Accession No. 3. Recipient Catalog No.:
NMO04STR-04

4. Title and Subtitle 5. Report Date

) ] ) ) June 2008
Failure of Riprap Protection - Phase II (Final Report)

6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.

Paola Bandini

9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)

New Mexico State University

Department of Civil Engineering
Box 3001, MSC 3CE

11. Contract or Grant No.

Las Cruces, NM 88003-8001 C04759
12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
NMDOT Research Bureau 14. Sponsoring Agency Code
7500B Pan American Freeway NE
PO Box 94690

Albuquerque, NM 87199-4690

15. Supplementary Notes

16. Abstract

Riprap rundowns are often used by the New Mexico Department of Transportation (NMDOT) to
capture and drain the runoff approaching or leaving bridge decks. Rundowns are generally located at
the ends of a bridge deck to transport the water down the surface of the slopes of bridge embankments.
They constitute an important part of the bridge drainage system. In some occasions, riprap rundowns
have also been used for drainage and erosion protection of slopes and embankments along highways in
New Mexico. The NMDOT Drainage Section identified recurrent failures of the riprap rundown
structures throughout the state. The poor performance and failures of the riprap rundowns in some areas
have required costly maintenance repairs and reconstruction. This study is aimed at identifying and
characterizing the most frequent failure modes for riprap rundowns and providing best management
practice (BMP) recommendations to improve the performance of these structures. Design, materials
and construction issues were considered. Selected cases of rundowns that exhibited typical problems
were described in this report to illustrate the failure modes and performance problems.

17. Key Words 18. Distribution Statement

Riprap, bridge drainage, rundown, erosion, embankment. Available from NMDOT
Research Bureau

19. Security Classif. 20. Security Classif. (of this page) 21. No. of Pages 22. Price

(of this report)

Unclassified Unclassified 35

Form DOT F 1700.7(8-72)



FAILURE OF RIPRAP PROTECTION — PHASE II (FINAL REPORT)

by

Paola Bandini, Ph.D., P.E.
Associate Professor
Civil Engineering Department
New Mexico State University

Report No. NM04STR-04

A report on research sponsored by

New Mexico Department of Transportation
Research Bureau

in Cooperation with
The U.S. Department of Transportation
Federal Highway Administration

June 2008

NMDOT Research Bureau
7500B Pan American Freeway NE
PO Box 94690
Albuquerque, NM 87199-4690

© New Mexico Department of Transportation



PREFACE

The research reported herein evaluates the common failure mechanisms of riprap rundowns in
New Mexico and provides recommendations on how to avoid such failures in future design and
construction of riprap structures. The study included wire-enclosed and non enclosed riprap
rundowns. Design, materials and construction issues were considered. Selected cases of
rundowns that exhibited typical problems were described in this report to illustrate the failure
modes and performance problems.

NOTICE

The United States Government and the State of New
Mexico do not endorse products or manufacturers.
Trade or manufacturers’ names appear herein solely
because they are considered essential to the object of
this report. This information is available in alternative
accessible formats. To obtain an alternative format,
contact the NMDOT Research Bureau, 7500B Pan
American Freeway NE, Albuquerque, NM 87199
(P.O. Box 94690, Albuquerque, NM 87199-4690) or
by telephone (505) 841-9145.

DISCLAIMER

This report presents the results of research conducted
by the author and does not necessarily reflects the
views of the New Mexico Department of
Transportation. This report does not constitute a
standard or specification.
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ABSTRACT

Riprap rundowns are often used by the New Mexico Department of Transportation (NMDOT) to
capture and drain the runoff approaching or leaving bridge decks. Rundowns are generally
located at the ends of a bridge deck to transport the water down the surface of the slopes of
bridge embankments. They constitute an important part of the bridge drainage system. In some
occasions, riprap rundowns have also been used for drainage and erosion protection of slopes
and embankments along highways in New Mexico. The NMDOT Drainage Section identified
recurrent failures of the riprap rundown structures throughout the state. The poor performance
and failures of the riprap rundowns in some areas have required costly maintenance repairs and
reconstruction. This study is aimed at identifying and characterizing the most frequent failure
modes for riprap rundowns and providing best management practice (BMP) recommendations to
improve the performance of these structures. Design, materials and construction issues were
considered. Selected cases of rundowns that exhibited typical problems were described in this

report to illustrate the failure modes and performance problems.
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INTRODUCTION

Rundowns are surface (open) channels, often located at the ends of a bridge deck, to transport the
water down the surface of the slopes or bridge abutments. They constitute an important part of
the bridge drainage system. Riprap rundowns are often used by the New Mexico Department of
Transportation (NMDOT) to drain the surface runoff approaching or leaving bridge decks. In
other occasions, riprap rundowns are used in New Mexico for drainage and erosion protection of
slopes and highway embankments. The most common type of riprap placement method for
rundowns in New Mexico is the wire enclosed riprap; however, non-enclosed riprap and grouted
riprap aprons are also built. Riprap grouting in rundowns and culvert outlets has often been
adopted by some NMDOT maintenance crews as a remedial means after recurrent maintenance
repairs of non-grouted riprap structures. The design of rundowns by NMDOT often includes a
reinforced concrete flume inlet, whose geometry and size depend on the location, purpose and
drainage patterns of the site. Riprap rundowns in very steep grade are not as common in other
parts of the United States as they are in New Mexico.

For bridge and highway projects designed in-house, the NMDOT Drainage Section is
responsible for the design of the drainage structures including rundowns. The design, materials,
and construction details on these projects are in accordance with the NMDOT standard drawings
(NMDOT, 2008) and standard specifications (NMDOT, 2007). Contractor-designed and built
bridge and highway projects also comply with these standards and specifications. The NMDOT
is concerned about the frequent failures and poor performance of the riprap protection systems,
especially riprap rundowns. This project is aimed at identifying and characterizing the most
frequent mechanisms of riprap rundown failure and providing best management practice (BMP)

recommendations to improve the performance of these structures. Design, materials, and



construction issues were considered in this study. Selected rundowns that exhibited typical
performance problems were described in this report to illustrate the failure modes. The erosion
problems and riprap protection failures at the outlet of small-size and medium-size culverts were
studied in Phase I of this project, with emphasis on the culvert outlet failures and scour (Bandini
and White, 2006).

This research project focused on studying and monitoring the performance of riprap
rundowns designed and built per NMDOT specifications (sheets 515-02, 602-01, and 602-02),
especially those structures located in problem areas identified by the NMDOT Drainage Section
staff or District personnel. One of the tasks of this project required the construction and field
testing of riprap rundowns. NMDOT District 1 was selected for the field testing because of its
close vicinity to the main campus of New Mexico State University, located in Las Cruces, New
Mexico. However, construction monitoring and field testing of new riprap rundowns in District 1
could not done due to the lack of maintenance funds and available maintenance personnel for
this purpose, and delays in new construction projects in the District. This research project
originally included monitoring the construction and performance of new riprap revetments and
riprap gabion structures to be installed in two new bridges (No. 5701 and No. 5500) along
highway NM 26, at mileposts 16.6 and 22.4, respectively [Control Number G3131]. According
to the final design inspection meeting agenda (dated December 19, 2006), the projected
construction date for this project was February 2007. Due to significant delays in the
construction schedule of these bridges, the riprap structures at these locations were not installed

by the contractor before the completion of this research project.



NMDOT STANDARD DRAWINGS AND SPECIFICATIONS
FOR RIPRAP RUNDOWNS

The NMDOT standard drawings for wire enclosed riprap rundowns and culverts are labeled 515-
02, 602-01, and 602-02 (NMDOT, 2008) (Appendix A). Note that these standard drawings do
not refer to non-enclosed riprap rundowns. The current version of the standard drawing 515-02
includes two sheets, approved June 12, 2007. This standard drawing describes the materials and
construction details of rundown flumes Type I for modified or pinned curb with half pipe
rundown and riprap pad for erosion control (sheet 1/2) and alternative rundowns for Type I, 11
and III flumes, with full pipe, concrete or riprap (sheet 2/2).

The standard drawing 602-01 consists of a single sheet that describes the construction
details and splicing for wire enclosed Class A riprap, including “W” wire mesh and hexagonal
wire mesh. Two cross sections types are provided (Figure 1). It also provides relationships to
estimate quantities (in cubic yards) per linear foot of riprap for various slope inclinations. These
standard drawings call for 5-ft long (1.5-m long) steel stakes at 8-ft (2.4-m) centers and
geotextile below the riprap to avoid erosion of the supporting soil. However, the type of
geotextile is not specified in these drawings. These drawings were approved November 29, 2004.

The standard drawing 602-02 also consists of a single sheet that provides the standards
for erosion control using wire-enclosed riprap Class A at culvert outlets. The current version was
approved September 6, 2007. In all cases described in this standard drawing, non-woven
geotextile Class 1 is required between the riprap and the supporting soil. (The appropriate filter
material is essential to avoid large hydraulic gradients in the water that infiltrates into the soil
through the geotextile; large hydraulic gradients can cause erosion and “piping” in the supporting

soil and embankment.) Wire mesh, steel stakes, and splice details are also provided.



In addition to the standard drawings, NMDOT also has standard specifications for wire-
enclosed and non-enclosed riprap for erosion control structures, as part of the Standard
Specifications for Highway and Bridge Construction, Section 602-Slope and Erosion Protection
Structures (NMDOT, 2007). (These standard specifications were updated in 2007; however,
Section 602 remained, in essence, the same as the one in the 2000 edition concerning the subjects
relevant to this research project.) These specifications include riprap material classification,

based on the maximum and minimum stone volumes and the minimum stone dimension, wire
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Figure 1. Typical cross sections of wire enclosed riprap rundowns according to the NMDOT
Standard Drawing 602-01 “Wire enclosed riprap Class A” (From NMDOT, 2008)
(1 ft=0.305m)



types and mesh opening size, steel stakes, grout, wire mesh lacing and fastening, geotextiles, and
construction requirements. The standard drawings 515-02, 602-01, and 602-02 (NMDOT, 2008)
call for riprap Class A and G only, depending on the particular application. The stone volume
and gradation requirements for these classes are shown in Table 1. No specification on the
number of fracture faces are provided for stones of riprap Classes A and G. (Classes E and F are
grouted riprap.) Regardless of the riprap class, at least 80% of the stones used shall meet the

specified size requirements given by Section 602 (NMDOT, 2007).

TABLE 1. Riprap Classes A and G (NMDOT, 2007).

Class Description Stone Volume Minimum Dimension”
m’ ft’ mm in.
Min Max Min Max
A Wire-enclosed riprap ~ 0.005 0.02 1/6 2/3 100 4
G Rock Plating” - - - - 100t0200 4to8
- Values not applicable.

“Minimum size in the least dimension.

?70% to 80% of the stone shall be at least 100 mm (4 in.) but not more than 200 mm (8 in.)
in the smallest dimension. The remainder of the stone (20% to 30%) shall be no larger

100 mm (4 in.) in any dimension.

According to Section 604-Soil and Drainage Geotextiles (NMDOT, 2007), the geotextile
or filter fabric for erosion control purposes shall be Class 1 or Class 2, as classified by A4SHTO
M288 Standard Specification for Geotextile Specification for Highway Applications (ASSHTO,
2006). There are three different classes of geotextiles depending on their strength: Classes 1, 2
and 3. Class 1 is the strongest and Class 3 is the weakest. (Class strength is determined based on
grab strength, sewn seam strength, tear strength, puncture strength, burst strength, and
elongation.) Additionally, the NMDOT specifications prohibit “the use of woven slit-film
geotextiles or geotextiles made of yarns of a flat tape-like character” for erosion control or

surface drainage applications. This is consistent with the recommendations of Lagasse et al.



(2006). If a woven monofilament geotextile is used for erosion control, the geotextile shall be

Class 2; otherwise, the geotextile shall be Class 1 (NMDOT, 2007).

FAILURE OF RIPRAP RUNDOWNS

RIPRAP SITES AND INVESTIGATIONS
To study the performance of the riprap rundowns designed according to the current NMDOT
standards and specifications, the existing riprap rundown structures in New Mexico had to be
located by route and milepost. In April 2006, a communication was sent out (via e-mail) to
patrol yards and maintenance personnel of the six NMDOT Districts, requesting information on
location and conditions of riprap rundowns maintained by NMDOT. A second e-mail request
was sent approximately six months later to those that did not respond the first time. The requests
included number of sites, route and mile marker, name of reporter, structure type (e.g., wire
enclosed riprap rundowns, non-enclosed riprap rundowns, riprap gabion baskets), date and time,
estimated year of construction, and comments on the performance or condition of the structure.
Over 35 riprap sites were identified from the responses of 15 Patrol Yards throughout the
state. These sites exhibited different levels of performance varying from good to very poor and
included riprap rundowns, grouted riprap aprons and outlets, riprap blankets for erosion control,
and riprap gabion baskets. Staff of the NMDOT Drainage Section and District 1 provided the
location of approximately 12 additional sites with riprap rundowns and gabions built or
supported on various soil types and provided technical assistance to the Principal Investigator
during the site investigations. Most of the sites were visited and investigated at least once during
the research project. Samples of the soil supporting selected rundowns were collected for

classification purposes.



FAILURE MODES IN RIPRAP RUNDOWNS

This research project aimed at identifying and characterizing the failure modes of riprap
rundowns in New Mexico, especially in bridge abutments. The study focused on factors related
to design, materials, and construction that are likely to affect the performance of these drainage
and erosion protection systems. The evaluation was based mainly on field observations and soil
classifications, taking into account functional requirements and specifications. A failure mode is
defined here as the way in which the failure of a system (or structure) occurs during service;
failure is the condition in which the performance or serviceability of the riprap rundown structure
is severely compromised. Failure causes are the defects or deficiencies in design, material types
or quality, construction, or standard specifications, which are the underlying causes of failure or

the triggers of one or more processes that lead to failure.

Non-Enclosed Riprap Rundowns
A cross section of the channel of a non-enclosed riprap rundown with geotextile is illustrated in
Figure 2. The geotextile is not always used in this type of riprap rundown. In non-enclosed riprap
rundowns, the common mode of failure is particle erosion. This failure mode occurs when
individual riprap stones are dislodged by large hydraulic or shear forces of the runoff water in the
rundown channel. The most likely causes of particle erosion in riprap rundowns include:
= Slope of embankment or road cut is very steep and the grade inclination is near the angle
of repose of the riprap stones. Gravity can mobilize the riprap stones during either flow
conditions or non flow conditions.
= Stone size is not large enough; consequently, insufficient resisting shear forces can be
developed across the riprap layer, along the contact surface between the stones and the

geotextile (if any), or along the contact surface between the stones and the supporting



soil, to counteract the action of the downward hydraulic forces plus the gravitational
forces.
» QGradation of the riprap is too uniform or stones are too rounded, decreasing the
effectiveness of interlocking throughout the riprap layer.
= Rundown channel is not sufficiently embedded or keyed below slope grade into the
supporting soil. Embedment is necessary in riprap rundowns to form a drainage channel
that can contain the flow and transport the runoff water down the slope.
* Foundation soil is highly erodible and susceptible to piping.
Failures of non-enclosed riprap rundowns are often caused by a combination of two or more of
the factors indicated above. Particle erosion failure mode was also found responsible for many of

the failures of non-enclosed riprap protections at culvert outlets in New Mexico (Bandini and

White, 2006).

Rock riprap Geotextile

Figure 2. Typical cross section of a non-enclosed riprap rundown channel.

Wire Enclosed Riprap Rundowns
The cross section of the channel of a typical wire enclosed riprap rundown is illustrated in Figure
3. It is a common misconception that failures of riprap blankets, drainage channels or revetments

are mainly due to erosion or mobilization of the riprap stones. This misconception may lead to
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Figure 3. Typical cross section of a wire enclosed riprap rundown channel.

ignoring other potential mechanisms of failure in these structures. The two main failure modes in
wire enclosed riprap rundowns identified through this project were:
(a) Partial collapse of the riprap structure resulting from erosion or instability of the
supporting soil.
(b) Structure collapse or instability resulting from severe scour along the sides and/or at the
end of the riprap rundown.
Several conditions can trigger these failure modes. The erosion of the supporting soil
(i.e., natural or compacted soil beneath the riprap stones and geotextile) can be caused by
different factors, such as:
= Inadequate filter material (geotextile) or absence of filter layer.
» High hydraulic gradients in the soil immediately below or adjacent to the riprap structure.
» Loose granular soil conditions or erodible foundation soil.
» Poorly graded riprap with large voids between stones.
The loss of foundation support is likely to be produced by a combination of two or more of these
factors. During runoff, some of the water draining along the riprap rundown will infiltrate

through the geotextile into the embankment or foundation soil. If the geotextile has relatively



large openings or no filter material has been installed, and the soil has a relatively large
permeability, high hydraulic gradients can occur. Near-surface seepage forces, with lateral and/or
upward components, can be large enough to mobilize the smaller soil particles and produce small
channels of faster-flowing water. This phenomenon is called “piping.” The erosion may rapidly
progress to undercut the riprap structure.

If the foundation soil has little or no plasticity and the filter is not adequate, the individual
particles of soil can be easily carried away by the flow, leaving large voids underneath the wire
enclosed riprap mat. As the voids increase in size, the relatively heavy riprap structure
progressively collapses under the lack of support. The wire mesh and splicing connections can
stretch and break and the stones can get loose and be moved down toward the slope toe during
heavy rain events. Dry, loose non-plastic silts and poorly graded sand and gravel mixtures with
small percentages of material passing sieve No. 200 and with very low organic content are very
susceptible to erosion. These soils were found in many of the sites studied in the central and
southern part of New Mexico. The slopes of many bridge embankments or road cuts in this
region often show little or no vegetation cover, even many years after construction.

Placing riprap so that smaller stones fill the larger voids (while maintaining the minimum
size and gradation requirements) may help the fast flowing water remain in the upper part of the
riprap layer. Where the natural soils or fill materials are known to be susceptible to erosion,
preparing the foundation soil with a bed of well compacted fill or crushed stone can help create a
stable transition infiltration zone to reduce hydraulic gradients entering the supporting soil.

The second failure mode consists of the partial collapse or instability of the riprap
structure resulting from severe scour along the sides and/or at the end of the riprap rundown.

This failure mode is associated to one or more of the following factors:

10



* Design flow is underestimated and the riprap channel is not wide enough to contain the
peak flows. Consequently, the riprap channel or chute is overtopped along the sides,
resulting in erosion of adjacent soil.

= Riprap structure is not sufficiently embedded or keyed into the supporting soil (as
specified by standard drawings 515-02, 602-01, and 602-02). The flow is not completely
contained in the riprap layer and may easily spread laterally onto the surface of the
unprotected slope, causing rill erosion of the slope.

» Inadequate filter material (geotextile) or absence of filter layer. Piping and erosion of the
foundation soil can quickly progress to the sides and end of the structure in erodible soils.

= Riprap structure does not extend sufficiently beyond the slope toe (i.e., the structure is
too short) to allow for dissipation of energy and the transition from supercritical flow (in
steep slopes) to subcritical flow (beyond the slope toe) before the end of the structure.

» Riprap channel does not follow the drainage pattern of the slope and/or make abrupt turns
that are not natural drainage patterns. Water, especially in high velocity flows, does not
make abrupt changes in direction. The drainage patterns are dominated by the natural or
man-made gradient of the slope and the soil types.

In general, the effects of these conditions are worsened as the steepness of the slope and
rundown increases.

In all the sites considered in this study, the riprap rundowns were placed or supported on
dry or unsaturated soils, which is a typical condition due to the warm, semiarid climate of New
Mexico. These riprap rundown structures are not expected to be underwater during service.
Therefore, the failure modes and hydraulic analysis in riprap rundowns are different from those

of riprap revetment and river bank protections.
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STUDY OF SELECTED PERFORMANCE CASES

The NMDOT Drainage Section staff and District personnel provided the location (by route and
milepost) of a number of riprap sites. All sites with riprap rundowns were visited and
investigated at least once in this study. The following riprap structures were selected according
to their performance, varying from good to very poor. These cases are representative of the

various failure modes and performance problems recognized during the field investigations.

SITE 1: 125 AND MOUNTAIN ROAD (ALBUQUERQUE)
The site includes two wire enclosed riprap rundown structures in the east side of the northbound
Frontage Road (FR2523) that runs parallel to Interstate 25 in Albuquerque, New Mexico. The
site 1s located south of the Big I Interchange (i.e., interchange where Interstate 25 and Interstate
40 intersect). It is estimated that these riprap rundowns were built between 2001 and 2002.

The first rundown structure (No. 1) is located immediately south of Mountain Road NE.
It is a section Type 2 (602-01) without flume; it was constructed using hexagonal wire mesh,
steel stakes (L4"x4" angle irons), and non-woven geotextile (David Trujillo, Jr., Personal
Communication, 2008). The riprap rundown was well embedded into the hill side. The structure
failed after a major storm event. The extent of the damage in this rundown is shown in Figure 4.
This riprap rundown was later repaired by maintenance crews by covering the collapsed riprap
with relatively loose, dry reclaimed or milled asphalt pavement material (Figure 5a). This serves
as a temporary repair only. Some sections of the original rundown structure still remain after the
temporary repairs (Figure 5b). A storm drain at the toe of the riprap structure captures the flow
(Figure 5c). The inlet of the storm drain is approximately 2.0 ft (0.61 m) below grade. The riprap

pad around the inlet is no longer present; it likely was removed during the repair works.

12



(a) (b)
Figure 4. Wire enclosed riprap rundown No. 1 in site 1: (a) failed structure; (b) close view of the
north edge showing the severe undermining and erosion of the supporting soil after a
heavy rain event. Photos are courtesy of David Trujillo, Jr.

The collapse of this riprap structure was caused by the extensive erosion and piping of
the supporting embankment soil due to large flow and high flow velocities at this location. The
soil of this embankment is a mixture of non plastic alluvial silt, sand, gravel and cobbles. Figure
5d clearly shows a scoop-shape failure surface in the lower half of the rundown. Even though
the area of the drainage basin (or catchment area) of this rundown could not be measured, the
field observations and satellite images indicated that the flow could be considerable.
Additionally, the slope is steep (approximately 2:1) and the riprap rundown is long.

The second rundown structure (No. 2) is located approximately 400 ft (122 m) north from

the first structure. It has a section Type 2 (602-01) without flume; it was built with hexagonal
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___Stet'm dfain inlet

(c) (d)

Figure 5. Wire enclosed riprap rundown No.1 in site 1: (a) upslope view of the failed structure
repaired with milled asphalt material; (b) close view of the south edge, indicated with
an arrow in (a); (c) storm drain at the toe of the rundown; (d) scoop-shape failure
indicating piping, associated erosion, and collapse of the riprap mass (downslope
view).
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wire mesh, L4"x4" angle irons driven about 1 ft (0.3 m) from the edges of the rundown, and non-
woven geotextile (David Trujillo, Jr., Personal Communication, 2008). The rock riprap layer is
well embedded into the supporting soil (Figure 6). The embankment soil and slope are the same
as in the rundown structure No. 1. The water flows to a storm drain inlet at the toe of the riprap
structure. The storm drain inlet is approximately 1.5 ft (0.45 m) below grade (Figures 6b and 6d).
The riprap rundown structure is in very good condition. The area of the drainage basin (or
catchment area) of this rundown could not be determined, but the field observations and satellite
images indicated that it is much smaller than the catchment area of the rundown No.1 in this site.
Additionally, the length of the structure for rundown No. 2 is about half of the length for

rundown No. 1. The combination of these factors may have contributed to its good performance.

SITE 2: NM 136 (SANTA TERESA)
In this site, a wire enclosed riprap rundown is located in the southeast side of highway NM 136
(milepost 6.2), Pete V. Domenici Highway, northwest of Santa Teresa, New Mexico. The riprap
stones were grouted except in the lower part of the structure, as shown in Figure 7a. The
hexagonal wire mesh was not completely covered by the shotcrete. Twenty one steel stakes
(L4"x4" angle irons) were installed in the lower half of the structure only, three steel stakes in
each row, spaced about 8.6 ft (2.6 m). Woven geotextile (woven slit-film type) was installed
below the riprap, which is not the filter material specified for this application (NMDOT, 2007).
The rundown has a flume similar to Type II (sag) according to the standard drawing 515-03
(NMDOT, 2007) (Figure 8a). The flume is approximately 4 ft (1.2 m) long and 25 ft (7.6 m)
wide. The riprap rundown is 18.5 ft (5.6 m) wide and 85 ft (26 m) long.

Even though the construction and maintenance history of this riprap rundown was not

available, it is likely that the shotcrete was applied after signs of severe erosion and recurrent
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(b)

(c) (d)
Figure 6. Wire enclosed riprap rundown No. 2 in site 1: (a) front view; (b) lateral view; (c)
upper section of the structure (upslope view); (b) storm drain at the toe of the riprap
rundown. Photos (a) and (b) are courtesy of David Trujillo, Jr.



(b)
Figure 7. (a) Wire enclosed riprap rundown in highway NM 143, at milepost 6.2; (b) highly
erodible soil in the area.

(a) (b)
Figure 8. Riprap rundown in highway NM 143, at milepost 6.2: (a) rundown flume;
(b) rundown toe.
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maintenance repairs. The soils in the area are highly erodible, very dry and relatively loose. The
embankment is composed of loose poorly graded sand (SP) (non plastic medium sand). Figure
7.b shows the extensive and fast progressing erosion of the soils at this location. Wind erosion
and wind-blown sand are also significant in the area. The toe of the rundown structure (not
grouted) shows signs of damage, including broken wire mesh and loose riprap stones (Figure
8b). The likely mode of failure is the progressive scour and undermining of the riprap end,
resulting in the loss of foundation support and partial collapse of the riprap mat. Scour occurs
because the riprap does not extend far enough to allow energy dissipation, the flow is large, the
slope is steep, and the soil is highly erodible.

Another wire enclosed riprap rundown previously existed in the northwest side of
highway NM 136 at milepost 6.3. However, the riprap structure collapsed before 2006 due to
extensive undermining and scour, and the remaining parts eventually were completely covered
by fill during repairs. This riprap structure was very steep and too short (extended up to the
right-of-way fence in Figure 7b), in a highly erodible and unstable soil. In addition, the geotextile
used was woven slit-film type, which is not allowed for this application by the NMDOT

specifications in Sections 602 and 604.

SITE 3: 125 OFF-RAMP (BROADWAY BLVD.)

The site includes three wire enclosed rundowns with reinforced concrete flume Type I
(according to standard drawing 515-02), and six concrete rundowns. The wire enclosed
rundowns are located in the east side of the first off-ramp (IN2215) of the southbound of
Interstate 25 (between mileposts 215 and 216). [The ramp is part of the interchange between
Interstate 25 and Broadway Blvd. SE (Highway NM 47) to the Isleta Pueblo.] These structures

provide drainage to the two bridges over Interstate 25 and an exit ramp of the north bound of this
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freeway. Early satellite images, installed after the construction of the concrete rundowns but
earlier than the construction of the riprap rundowns, show signs of rill erosion on the east slopes
of the bridge abutments, at the ends the bridge decks, where the new riprap rundowns are now
located (Figure 9).

These riprap rundowns meet the NMDOT standard drawings and specifications except
for the type of geotextile. A woven geotextile (woven slit-film type) was installed below the
riprap, which is not the type of filter material specified for this application (NMDOT, 2007).
These rundown structures have relatively small flumes and are located at the edge of the bridge
decks. With these characteristics, these rundowns would perform well for relatively small flow
volumes. However, if larger flows and higher flow velocities occur, the drainage at the deck ends
flows past the rundown flume. At higher velocities, the water exits the bridge deck with greater
momentum and energy, causing a larger radius of curvature for the drainage. At high velocities,
the natural drainage pattern for the flow does not make the required right-angle turn to enter the
small flume at the end of the bridge deck. Figure 10 shows signs of sediment erosion on the

surface of the pavement and slope caused by runoff not captured by the rundown flume.

SITE 4: NM 599/US 285 (SANTA FE)

In this site, there are three riprap rundowns and a drop inlet structure with two 48" pipes and a
wire enclosed riprap pad at the pipe outlet. They are located in the south side of highway NM
599 (Veterans’ Memorial Highway), between US 285/NM 599 Interchange and Avenida Rincon,
Santa Fe, New Mexico. A fourth riprap rundown is located approximately 500 ft (150 m)
northwest from the Avenida Rincon bridge in highway NM 599. A first site visit was carried out

in June 2006. One rundown structure is constructed with non-enclosed riprap and the others are
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(a) (b)
Figure 9. Wire enclosed riprap rundown in first off-ramp (IN2215) of southbound Interstate 25:
(a) rundown; (b) rill erosion on the bridge abutment.

(a) (b)

Figure 10. Slope erosion next to a rundown in ramp IN2215.
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wire enclosed riprap with concrete flumes. The rundown channels are about 6-ft (1.8-m) wide
and the riprap layer is about 1-ft (0.3-m) thick. They all exhibit clear signs of failure (Figures 11
and 12). The riprap stones have fairly rounded edges and the filter used is woven
geotextile (woven slit-film type), which is not allowed by the NMDOT specifications for erosion
control applications. The rundowns are constructed in fairly steep, long slopes. The drainage
channels of two of the rundowns make a 90°-turn (i.e., a sharp turn forming a corner so that the
channel runs almost parallel to highway NM 599) before reaching the right-of-way, as illustrated
in Figure 11b. The embankment soil is a poorly graded sand/gravel mix.

Two failure modes were identified in the rundowns of this site studied in 2006. The non-
enclosed riprap rundown failed because of particle erosion, mainly in the lower part of the
structure, after the rundown made a sharp turn (or corner) (Figure 11b). Any runoff water that
drained along the riprap rundown did not continue along the channel after the sharp turn or
corner. Instead, most of the water continued further downslope with the same direction as the
upper part of the rundown (following the greatest slope gradient). The lower part of the structure
that ran parallel to the highway (after the sharp turn or corner) was damaged by surface runoff
water along the slope and rill erosion, with help from the action of gravity. The riprap stones
were mobilized and displaced downslope, destroying the riprap channel.

The wire enclosed riprap rundowns studied in 2006 failed by a combination of loss of
foundation support, especially in the most upper part of the structures, near the flumes, and
erosion along the sides and scour at the end of the riprap channels (Figures 12 and 13). This
embankment is composed of dry, non plastic, poorly graded sand/gravel mix, which has the
characteristics of erodible soils. In addition, the riprap was only partially embedded into the

foundation soil. This condition may have allowed the water to migrate laterally and outside the
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Rundown'makes
90°-angle turn

Figure 11. Non-enclosed riprap rundown in highway NM 599 (2006 visit): (a) rill erosion from
the rundown structure; (b) failure of the rundown. Photos are courtesy of Jose A.
Silva.

(b)
Figure 12. Wire enclosed riprap rundown in highway NM 599 (2006 visit): (a) side erosion; (b)
scour at the end of the rundown.
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()
Figure 13. Failure of two wire enclosed riprap rundowns in highway NM 599 (2006).

rundown channels, causing rill erosion and scour along the sides of the rundowns. Moreover, a
woven geotextile (woven slit-film type) was installed below the riprap, which is not the type of
filter material allowed by the NMDOT standard specifications for erosion control applications
(NMDOT, 2007). A very steep slope grade in an embankment of erodible soil caused the erosion
of the supporting soil and undermining of the riprap rundown and concrete flumes (Figure 13).
Widening the riprap rundown around the flume (in Figure 13b), using the appropriate geotextile,
and fully embedding the riprap into the foundation soil could have prevented the erosion along
the sides of the rundown. Because of the steep slope of this embankment, the riprap rundowns
should have been anchored with steel stakes as specified by the NMDOT standard drawings.
This site was revisited in 2007. The conditions of the rundowns deteriorated significantly
in about 18 months since the first inspection visit in 2006 (Figure 14). The rundown located at
the end of the deck of the bridge over Avenida Rincon had to be reconstructed with wire

enclosed riprap. Non-woven geotextile was used this time; however, no steel stakes were
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installed. Despite having been built a few months before the site visit in 2007, this riprap
rundown already exhibited extensive damage, including severe undermining of the riprap layer
and erosion of the sides with partial collapse of the structure (Figure 15a). A curb was added to
the flume at the bridge end (Figure 15b) in an attempt to divert the runoff water away from the

bridge abutment. Also, a short riprap gabion wall was built along the west side of the new

(b)
Figure 14. Condition of riprap rundowns in highway NM 599 in 2007: (a) same structure as in
Figure 11; (b) same structure as in Figure 12, 18 months later.

(b)
Figure 15. Reconstructed riprap rundown in highway NM 599 (2007): (a) extensive erosion
(downslope view); (b) flume with curb added.
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rundown (Figure 15a). However, the curb and the gabion wall did not prevent the water from
draining to the northwest side of the slope (Avenida Rincon), following the steepest gradient.
Because of the pervious and erodible nature of the embankment soil and the very steep side slope
(towards Avenida Rincon), high hydraulic gradients and large seepage velocities are expected.
Erosion protection of the northwest slope should be incorporated into future repairs of this site.
As mentioned earlier, there is a drop inlet structure with two 48" pipes and a wire
enclosed riprap pad, approximately 10-ft (3-m) long, at the pipe outlet (Figure 16a). Woven slit-
film type geotextile was used as filter material underneath the riprap. The drop inlet structure

drains storm water from highway NM 599 (Figure 16b). Inspections in 2006 and 2007 indicated

(b)
Figure 16. Wire enclosed riprap pad at the pipe outlet in highway NM 599 (2007): (a) extensive
erosion and scour around the riprap pad; (b) storm water drop inlet.
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that the erosion and scour have progressed very rapidly around and towards the riprap pad.
Widening the erosion protection pad in a fan-like geometry and adding energy dissipaters (riprap

gabions, for example) could considerably reduce the erosion in this case.

SITE 5: NM 68 (NORTH OF ESPANOLA)

This site is located in the east side of highway NM 68, between mileposts 13 and 14, north of
Espafiola, New Mexico. It includes six wire enclosed riprap rundowns for erosion protection of a
long road cut (Figure 17). The soil in this slope is a well graded sand with silt and gravel (SW-
SM). This soil is non plastic. The riprap layer in these rundowns is fully embedded below grade.
The riprap is anchored by three or more rows of steel stakes. In general, these rundowns are in
good condition. The area of the drainage basin and flow for these rundowns were not
determined, but satellite images show that these structures drain a series of small streams with
parallel drainage pattern from the higher terrain located to the east of highway NM 68 in this site.
It can be observed in the left-hand side of Figure 17a that the surface erosion is small where the

slope is not protected with riprap.

SITE 6: NM 14 (CERRILLOS)

Non-enclosed Class G riprap rundowns (as rock plating) and a series of nine riprap gabion
baskets were installed in 2005 for erosion protection in a new bridge in highway NM 14,
between mileposts 34 and 35, just north of Cerrillos and Los Cerrillos, New Mexico. The riprap
is in the west side of the bridge. The erosion protection system was not designed in-house, but it
is maintained by the corresponding NMDOT maintenance patrol. The gabion baskets are

3 ftx3 ftx6 ft (approximately 0.9 mx0.9 mx1.8 m) with Class G riprap and 5ftx5ft (1.5 mx1.5 m)
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Figure 17. Wire enclosed riprap rundowns in highway NM 68, between mileposts 13 and 14.
Photos (c) and (d) are courtesy of Jose a. Silva.
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non-enclosed riprap mats in the front and back (Figures 18a and 19a). Non-woven geotextile is
installed underneath and on the sides of the gabion baskets and riprap mats (Figure 18b). The
gabion baskets are spaced about 20 ft (6.1 m). A small non-enclosed Class G riprap rundown is
placed upslope from the gabions (Figure 19b).

At the time of the site inspection in 2007, the rundowns were in good condition,
including the one that drains the bridge deck, despite being in a very steep slope. The gabion
baskets serve as energy dissipaters to account for the large change in grade elevation at the site.
The gabion baskets and pads were structurally in good condition. However, there is concern for
the early signs of erosion along the sides of the gabion baskets. The soil of the slope is a poorly
graded sand, whose particles can be easily carried and transported down by runoff water during
high flow events. In this case, increasing the length of the gabion baskets across the channel so
that they are keyed at least 1.5 ft (0.5 m) into the adjacent slopes could have helped preventing

the lateral erosion and potential undermining of the gabion baskets.

BEST MANAGEMENT PRACTICE RECOMMENDATIONS

The following recommendations can be drawn from the performance observations and
monitoring of the riprap sites studied in this project:
= Constructing riprap rundowns with 1.5:1 slopes has been a common practice in New
Mexico. It is recommended that the design and construction of riprap rundowns be
limited to milder slopes (2:1 or less), especially in soils susceptible to erosion. Steep
wire-enclosed riprap rundowns, with steel stakes, can perform well in soils not

susceptible to erosion and when the area of the catchment basin is not significantly large.
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(b)

(a) (b)
Figure 19. Riprap gabion baskets and rundown in highway NM 14.
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The riprap layer should be fully embedded or keyed in the foundation soil to prevent
erosion and piping along the sides of the structure and contain the flow within the
rundown channel. It is recommended including a comment in “General Notes” of
standard drawings 602-01 and 602-02 in this regard.

The riprap rundowns should be embedded into the embankment and have a channel-like
cross section to contain the runoff flow. It is recommended including a typical cross
section of the rundown channel (across the channel) in standard drawing 602-01. Cross
sections for other structures or conditions are already shown in standard drawings 515-02
and 602-02.

The required geotextile type is not mentioned in the standard drawing 602-01 for riprap
rundowns. It is recommended that the type of geotextile (for example, “non-woven Class
1) or a comment in the “General Notes” with a reference to the corresponding standard
specifications be included in the standard drawing 602-01 for riprap rundowns.

In addition to gradation and size, placement of the riprap stones in the riprap layer is also
important for the performance of these structures. The riprap should be placed leaving a
minimum of voids and filling in unacceptable voids with smaller stones. It is
recommended including a comment in the NMDOT standard specifications concerning
riprap stone placing.

The rundown structure and erosion protection pads should be extended beyond the slope
toe to avoid scour at the end of the structure. Including a key or footing at the end of the
rundown can help prevent scour and collapse of the structure in steep slopes of erodible

soils.
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* Quality control of construction practice and materials, including type and placement of
geotextile, gradation and quality of riprap stones, and splicing should be enforced during
construction by NMDOT inspectors.

= Key factors that highly affect the performance of riprap rundowns are the drainage
patterns and the slope or grade gradient of the particular site, before and after
construction. Local drainage conditions must be considered in the design and
construction of erosion protection systems. Rundown channels should not be designed
and constructed with a sharp turn as this condition is not consistent with normal drainage

patterns in steep slopes or embankments, unless the flow is fully contained.

SUMMARY AND CONCLUSIONS

Riprap rundowns are open channels to drain runoff water from bridges, highways and slopes for
erosion protection. Riprap rundowns can be constructed of non-enclosed or wire enclosed riprap,
with or without concrete flume. The NMDOT standard drawings for riprap rundowns are 515-02,
602-01, and 602-02 (NMDOT, 2008), and the standard specifications for riprap are included in
the Section 602-Slope and Erosion Protection Structures of the NMDOT Standard Specifications
for Highway and Bridge Construction (NMDOT, 2007).

This research project aimed at identifying and characterizing the modes of failure of the
riprap rundowns in New Mexico and providing recommendations to avoid these failures in future
projects and repairs. The investigation was carried out by conducting site visits and visual
observations and monitoring of the riprap rundown structures. Sites with riprap structures with
performance varying from good to very poor were considered. Soil samples from selected

locations were taken for soil classification purposes. One of the tasks of this project included
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construction monitoring and field testing of riprap rundowns in District 1. However, this task
could not be accomplished due to the lack of maintenance funds and available maintenance
personnel for this purpose, and delays in the construction schedule of two new bridges (No. 5701
and No. 5500) along highway NM 26, at mileposts 16.6 and 22.4, respectively. These bridges
were initially selected as the sites for investigation and testing of new riprap protection
structures.

The common failure mode for non-enclosed riprap rundowns was particle erosion. This
failure was generally associated with very steep rundown channels, riprap stones with rounded
edges and underestimation of flow from runoff. The failure of wire enclosed riprap rundowns
generally involved the partial collapse or instability of the riprap layer due to erosion and
undermining of the supporting soil and/or severe rill erosion and scour along the sides and end of
the riprap structure.

In this study, two common factors associated to the construction of riprap structures that
showed poor performance are the insufficient embedment of the riprap layer and the use of
geotextile material that is not allowed by the NMDOT standard specifications. In many of the
rundown structures studied, either no filter material or a type of geotextile material not allowed
by the NMDOT specifications was installed. The NMDOT Standard Specifications for Highway
and Bridge Construction (NMDOT, 2007) specifically “prohibits the use of woven slit film
geotextile or geotextiles made from yarns of a flat, tape-like character.” This type of geotextile
was observed in many of the riprap structures that failed or performed poorly.

The drainage patterns, soil types, runoff catchment area, and hydraulic conditions of a
particular site should be taken into account when designing and constructing of riprap rundowns.

Failing to consider local drainage patterns and slope gradients can lead to extensive rill erosion
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along the sides and scour at the end of the rundown channel, or high hydraulic gradients in the
foundation soil. These effects are especially severe in erodible soils such as poorly graded

sands/gravel mixtures, non plastic medium and fine sands, and non plastic sandy silts.
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APPENDIX

NMDOT Standard Drawings 515-02 through 515-05, 602-01, and 602-02
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GEOTEXTILE CLASS "1" : 3— 5/8" x 6" ANCHOR GALV. GEOTEXTILE CLASS "1 = C -I2-0
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gl €ne E ’ E £3 POINT "B’ 1 X
8l nlg3  FEER T o TP RIPRAP CLASS *G" ’ >
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2 S g STANDARD 110 NOTE:
%u 2 SPECIFICATIONS. ). 2 Q" 20" I-0"  2-0" 2-0"| % AFTER PLACEMENT OF RIPRAP SPREAD
g SEE ROADWAY PLANS FOR i f T f i ENOUGH NATIVE SOIL OVER THE ENTIRE
BUILD EROSION CONTROL PAD —1 Al— TRENCH—IN-1'-6 e ! . SURFACE OF THE RUNDOWN TO FILL
WITH RIPRAP CLASS "A". 11'—0" @ MIDDLE POINT VALUE. THETVODS IN THE RIPRAR THEN
e o e leRan Ob] BIRY
AND SERAL 602-01-1/1  RIPRAP OPTION—PLAN RIPRAP OPTION—SECTION A—-A = 15 THE RIPRAB.
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=] - X
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26'-0"

FLUME TYPE Il

13-0" 130"
30" 3-0" #4 REBAR @ 1'—0" 0.C. BOTHWAYS EST. WI. = 385 LBS.
FLOW Al FLOW (FOR CONTRACTORS INFORMATION ONLY).
e T - ——————__ [p— e e e e e e e e e e e o e e e e e e e e 2
== T I TTTTI ’)')'7;’——‘
3y - = [ o S E :r
ki POINT "A" | NS o POINT "A"  NQ P
©|1/2" BITUMINOUS - B o,
JOINT FILLER & : §¢/ .
SEAL. SEE NOTE 7. % I c *
§ a9 k3 AL— \T NOTE:
z i‘l‘ ‘;‘8 POINT 8" POINT "B" TRANSITION CURB FROM 6" HIGH AT
&y b i POINT "A" TO 12" HIGH AT POINT "8
g|29 9° 3-0 SEE SERIALS 515-02-1/2 AND
2 a E% 55 515-02—-2/2.
PLAN REBAR PLACING PLAN
&
1'=0"
POINT "A" ::%
ROADWAY
DRAWDOWN SLOPE
NOTE:
POINT "B" 1. FOR DETAILS OF METAL BARRIER & POST
\ L SEE SERIAL 606—01—1/4.
! i
T“ L 2. FOR "X' VALUE, SEE ROADWAY PLANS.
SECTION _A—-A
8'—0"
2'=0" 4—0" 2'—0" | (MAY VARIES WITH THE RUNDOWN
& o & | OPTIONS SELECTED FOR CONSTRUCTION.
e T SEE NOTE 2 BELOW).
@ #4 BARS 1
b2
S ‘ !
N RIPRAP CLASS 2 &
b N\ \P "G WITH 7o Ly ears
SN NON—WOVEN
g R, GEOTEXTILE
CLASS "
SECTION B-B SECTION C-C

GENERAL NOTES

STRUCTURAL CAST—IN—PLACE CONCRETE SHALL BE CASS "A".

CHAMFER ALL EXPOSED EDGES OF CONCRETE "A’ 3/4".
ALL REINFORCING BARS SHALL CONFORM TO AASHTO

SPECIFICATION M31, GRADE 60.

FIELD CUT AND BEND REINFORCING BARS AS REQUIRED FOR THE

STRUCTURE.

INSTALLATION AS SHOWN IS TYPICAL AND DETAILS MAY BE VARIED
TO FIT LOCATION. QUANTITIES WILL BE ADJUSTED IN THE FIELD.

RUNDOWN FLUMES WILL BE PAID FOR UNDER THE PAY (TEMS

AND QUAINITIES LISTED ON SERIAL 515~04-2/2.

CONCRETE PORTION OF FLUMES OR RUNDOWNS SHALL BE
CONSTRUCTED IN ACCORDANCE WITH THE REQUIREMENTS FOR

"REINFORCED CONCRETE FOR MINOR STRUCTURES — SECTION
515", OF THE NMDOT STANDARD SPECIFICATIONS FOR HIGHWAY

AND BRIDGE CONSTRUCTION CURRENT EDITION.

THE J4" BITUMINOUS JOINT FILLER SHALL BE LOCATED BETWEEN
THE RUNDOWN AND ASPHALT PAVING WHERE APPLICABLE. THE %"
BITUMINOUS JOINT FILLER SHALL BE CONSIDERED [NCIDENTAL TO

THE RUNDOWN FLUME.

/N [04/23707]_TM__|_GENERAL REVISIONS
NO.| DATE | REV. BY DESCRIPTION
REVISIONS (OR_CHANGE_NOTICES)
NEW MEXICO

DEPARTMENT OF TRANSPORTATION
STANDARD DRAWING

RUNDOWN FLUMES TYPE Il (SAG)
FOR MODIFIED OR PINNED CURB
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FIELD CUT REBAR AS REQUIRED TO

rﬁgLEng);Ocufggng ) ° 3,141;”2 ) o o % END OF CLEAR OPENINGS
POST (TYP.) |2 spa- —l2 4 spa —67 R e i T e ] 1. STRUCTURAL CAST—IN-PLACE CONCRETE SHALL BE CLASS "A".
o =T = WINGWALL ) B ;’E_F—JF:'I__I:TLL %__E = i_lf HEIJ CHAMFER ALL EXPOSED EDGES OF CONCRETE 3/4".
POINT "C" 20"
(WALL 1S ¢ RUNDOWN %" BITUMINOUS § =k L mdy ot 2. ALL REINFORCING BARS SHALL CONFORM TO AASHTO SPECIFICATION M31,
» ' EDGE OF JOINT FILLER : + Tt e GRADE 60
8" HIGH) A SHOULDER . FLOW o | :
. ol Nr———5— -5 e 3. FIELD CUT AND BEND REINFORCING BARS AS REQUIRED FOR THE
= “l') ;‘ \T} . m . []m D:l R ‘:1 STRUCTURE.
& NI S i i i g 4| N 4. INSTALLATION AS SHOWN IS TYPICAL AND DETAILS MAY BE VARIED TO FIT
o|F . 12 o #4 REBAR @ 1'—0' 0.C. LOCATION. QUANTITIES WILL BE ADJUSTED IN THE FIELD.
A lw B 8 (WALL IS 12" HIGH) N BOTHWAYS EST. WT. = 205 LBS.
Z  POINT "D" ki Ay *® (FOR CONTRACTORS INFORMATION 5. RUNDOWN FLUMES WILL BE PAID FOR UNDER THE PAY [TEMS LISTED
T (WAL IS 310, =11 12'-g" - ONLY) BELOW. SEE 515-04—2/2 FOR QUANTITIES
12" HIGH) 615 N (BARRIER RAILING TRANSITION SEE SERIAL NOTE: ITEM PAY UNIT
i 514-01-3/5) MIRROR RUNDOWN DETAILS IF
d ose ~——POINT "8’ 2 % yore BRIDGE IS AT AN UP—HILL REINFORCED CONCRETE FOR
o : L T MINOR STRUCTURES — — — — — — _ _
o c c MaLs B2 3 AT LOCATIONS, WHERE THE BARRIER DIRECTION MINOR STRUCTURES cu. Yo
5 ¥ F 17 e J|22 & RALNG TRANSTION DOES NOT e sl
© 5 ol g exist, extenn THE RuNpown curs REBAR PLACING PLAN o
- = | R E~=Z TO EDGE OF SHOULDER RIPRAP CLASS "A' — — — — — — — — cu. YD
z[@ % T e - RIPRAP CLASS "G — — — — — — — — sQ. YD
zZB D[ D 8'=0 8_¢
S =3 R 20" 40" 20" g 3—g" g 6. CONCRETE PORTION OF FLUMES OR RUNDOWNS SHALL BE CONSTRUCTED
= 1 S 2'-6 )
Sgr % 1 | | —HALF 36" o y 2. olg - . - " " IN ACCORDANCE WITH THE REQUIREMENTS FOR "REINFORCED CONCRETE
o, EP ! E CULVERT PIPE  ®|p & e 8" L3O 6" L 8 FOR MINOR STRUCTURES — SECTION 515" OF THE NMDOT STANDARD
wld (B8 WITH TWO HALF =8 & & SPECIFICATION FOR HIGHWAY AND BRIDGE CONSTRUCTION, CURRENT
ENS Fi “”JVV + Heaowaus Tlge EDITION.
e %
e D i D I 7. STEEL STAKES FOR ANCHORING RIPRAP ARE ONLY REQUIRED FOR THE
Io F } - RIPRAP RUNDOWN WITH CLASS "A" RIPRAP.
% v B @ 8. WHEN THE 24" CULVERT PIPE, OR 36" HALF PIPE  EXCEEDS 50 FEET
2 I a RIPRAP GLASS "G HALF 36" ¢ IN LENGTH, THE CONTRACTOR SHALL CONSTRUCT AHALF HEADWALL
u = RIPRAP CLASS "G" £ Wit NON-WOVEN CULVERT PIPE WITHOUT FOOTING AT EVEN INCREMENTS, NOT TO EXCEED 50 FEET OVER
2 WITH NON—WOVEN CEOTEXTILE CLASS 1° THE TOTAL LENGHT OF CULVERT PIPE. COST FOR THIS CONSTRUCTION
P GEOTEXTILE CLASS "1 SHALL BE PAID FOR UNDER THE APROPRIATE ITEM FOR REINFORCED
Al CONCRETE FOR MINOR STRUCTURES. APPOXIMATE CONCRETE VOLUME PER
BUILD EROSION CONTROL SECTION C-—-C SECTION E-E HALF HEADWALL WITHOUT FOOTING — 0.67 CU. FT. APPROXIMATE REBAR
90" PAD WITH RIPRAP CLASS 'A". WEIGHT = 70 LBS.
REF: SERIAL 602-02—1/1 ,
PLAN AND SERIAL 602-01~1/1. 8 9. THE BRIDGE JOINT STRIP SEAL SHALL DRAIN WATER INTO THE RUNDOWN
CLAN AS SHOWN ON THE BRIDGE PLAN DETAILS. THE %' BITUMINOUS JOINT
50" 76" FILLER SHALL BE LOCATED BETWEEN THE RUNDOWN, APPROACH SLAB,
TRANSITI g ) 1. #4 BARS AND_ASPHALT PAVING WHERE APPLICABLE. THE J5" BITUMINOUS JOINT
(FL’;E'TT%N 1~ T : /X FILLER SHALL BE CONSIDERED INCIDENTAL TO THE RUNDOWN FLUME.
10'—0" "L"ft.(VARIES) | HALF ROUND) 2'-6" s . 3 ~+— 10. EXCAVATION ANCHOR BOLTS, AND HOOK BOLTS FOR RUNDOWN SHALL BE
HALF 36" o POINT *C % e CONSIDERED INCIDENTAL AND ON DIRECT PAYMENT WILL BE MADE
CULVERT PIPE - 0T - ROADWAY S THEREFORE. NON—WOVEN GEOTEXTILE CLASS "1” SHALL BE INCLUDED IN
WITH TWO POINT "D [ j we "‘?j SLOPE WE R, THE UNIT BID PRICE FOR RIPRAP CLASS "A' AND RIPRAP CLASS "G'.
HALF - P ]
HEADWALLS | POINT "8 ' SECTION B-B
TOP OF| SLOPE LINE =]
, o 8'—0" NOTE:
TOP OF HALF—| £l m o g 9, 8 o
36" ¢ CULVERT PIPE 4-0" \ 4—0 1. QUANTITIES FOR 36" CULVERT PIPE A o4/24/07] ™ GENERAL REVISIONS
i AND RIPRAP CLASS "A" OR "G" VARY |[NO.| DATE | REV. BY DESCRIPTION
K DEPENDING UPON WHETHER THE REVISIONS (OR_CHANGE_NOTICES)
-~ RUNDOWN IS LOCATED AT PROTECTED NEW MEXICO
NOTES: o U OR UNPROTECTED SLOPES. SEE DEPARTMENT OF TRANSPORTATION
: S T ROADWAY PLANS FOR QUANTITIES AND
HALF HEADWALL M| A / LOCATIONS. STANDARD DRAWING
o el 1. FOR DETALS OF METAL BARRIER AND POST, SEE | B ]
HOOK : SERIAL 606—01—1/4. - 2. REFER TO SERIAL 515-02-1/2 &
BOLTS 511-03-1/1 HALF 36" ¢ CULVERT PIPE ANCHOR TO 515-02-2/2 FOR RUNDOWN OPTIONS. RUNDOWN FLUMES TYPE Il
2. FOR "X VALUE SEE ROADWAY PLANS. CONCRETE WITH 3— 5/8" x 6" GALV. FOR BRIDGES
ANCHOR BOLTS. (FOR HALF HEADWALL, u 61297
3. SEE SERIAL 515-02—2/2 FOR ALTERNATE RUNDOWN SEE SERIAL 511-03—1/1.) APPROVED = < e
SECTION A-A OPTIONS OF FULL PIPE, CONCRETE AND RIPRAP. SECTION D=D DESIGNED DRAWN BY_SKL  CHECKED BY_YML
515-04-1/2 tof 2
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TABLE A

(FOR CONTRACTORS INFORMATION ONLY)

ESTIMATED QUANTITIES OF FLUME STRUCTURES

PAY TEM

PAY UNIT

STRUCTURE TYPES OF FLUME

FOR MINOR STRUCTURES

0.71 + 1.71 (AX2+ 1)
X

0.81 + 1.29 (AX2+ 1)
X

0.38 + 1.73 (AX2+ 1)
X

(FOR THE DETAILS OF FLUME STRUCTURES, SEE SERIAL 515-02-1/2, 51-03-1/1, 515-04—1/3)

TABLE B

(FOR CONTRACTORS INFORMATION ONLY)

ESTIMATED QUANTITIES OF RUNDOWN STRUCTURES

STRUCTURE TYPES OF RUNDOWN

TABLE C

(FOR CONTRACTORS INFORMATION ONLY)

NOTES

1. QUANTITIES FOR 36" OR 24" CULVERT PIPE AND RIPRAP CLASS "A" OR
VARY DEPENDING UPON WHETHER THE RUNDOWN IS LOCATED AT PROTECTED
OR UNPROTECTED SLOPES. SEE ROADWAY PLANS FOR QUANTITIES AND
LOCATIONS.

e

2. QUANTITIES FOR ” REINFORCED CONCRETE FOR MINOR STRUCTURES " INCLUDE

© ® © THE FLUME AND TWO HALF HEADWALLS OR TWO HEADWALLS WITH FOOTINGS.
FLUME TYPE | FLUME TYPE I FLUME TYPE Il
FOR MODIFIED OR PINNED CURBS FOR MODIFIED OR PINNED CURBS FOR BRIDGES 3. REFER TO SERIAL 515-02-1/2 , 515-02-2/2, 515—03—1/1 AND
515-04-1/2 FOR RUNDOWN’ OPTIONS
REINFORCED_CONCRETE cu. YD. 4. THE ESTIMATED QUANTITY CALCULATIONS OF TABLE A AND TABLE B ARE BASED

ON X:1 EMBANKMENT SLOPE SHOWN ON ROADWAY PLANS. ALSO, THE "L"
VALUE IS TO BE FIGURED BY "X’ VALUE OF EMBANKMENT SLOPE.

5. FOR THE UTILIZING OF TABLE A AND TABLE B TO CALCULATE ESTIMATED
QUANTITIES ON SPECIFIED RUNDOWN FLUME STRUCTURES, SEE "EXAMPLE"
SHOWN BELOW.

EXAMPLE :  CALCULATION FOR ESTIMATED QUANTITIES OF " RUNDOWN FLUME

TYPE | FOR MODIFIED OR PINNED CURB WITH HALF PIPE

RUNDOWN "

SERIAL 515-02-1/2.

THE STRUCTURE IS A COMBINATION OF FLUME TYPE | AND HALF PIPE
RUNDOWN, THEREFORE THE ESTIMATED QUANTITIES IS THE ADDITION OF COLUMN

PAY ITEM PAY UNIT HALF PIPE FULL PIPE ® CONCRETE RIPRAP @©@IN TABLE A AND COLUMN (D IN TABLE B. AS SHOWN BELOW.
RUNDOWN RUNDOWN RUNDOWN RUNDOWN
REINFORCED CONCRETE
FOR MINOR STRUCTURES CU. YD. | 1.82 + 056 ( —m;‘) 2.29 + 051 —sz;” 0.56 + 0.11(L)( “XZ;(“ 1) 0.63 (‘————‘JXZ;‘) ESTIMATED QUANTITIES
36" ¢ CULVERT PIPE FT. (067 + L) (AX2+ 1) REINFORCED CONCRETE FOR
X MINOR STRUCTURES = [(0.71 + 1.82) + (1.71 + 0.56)}(A/XZ+ 1)]
X
24" ¢ CULVERT PIPE FT. (0.67 + L) (AX2+ 1)
e = [253 + (2.27)(AXZ¥ 1)] cu. yd
X
RIPRAP "A" cu. YD. 3.1 3.11 3.33 407 + 0-27(L)(’—‘1X2;1)
36" ¢ CULVERT PIPE = [(0.67 + LY(AX2+ 1)] ft.
RIPRAP "G SD. YD. | (1.82 + 0.56L) (NXZ+ 1) (2.5) (AX2+ 1) (222 + 0.44L) (WX2+ 1) 3.06 + 0.43(L) (NX2+ 1) . X
X N X X RIPRAP "A = 3.11 cu. yd.
(FOR THE DETAILS OF RUNDOWN STRUCTURES, SEE SERIAL 515-02-2/2) RIPRAP "G"

= [(1.85 + 0.56L)(Ax2+ 1 )] sq. yd
X

ESTIMATED QUANTITIES OF VARIOUS STRUCTURAL COMBINATIONS

RUNDOWN FLUME TYPE |
(SEIAL 515-02-1/2)

RUNDOWN FLUME TYPE Il
(SEIAL 515-03—1/1)

RUNDOWN FLUME TYPE il
(SEIAL 515—04—1/3)

NO.| DATE | REV. BY DESCRIPTION

REVISIONS (OR CHANGE NOTICES)

NEW MEXICO

CONBINATION WITH [|HALF PIPE |FULL PIPE | CONC. RIRAP || CONBINATION WITH [{ HALF PIPE [FULL PIPE | cONC. RIRAP || CONBINATION WITH || HALF PIPE [FULL PIPE | cONC. RIRAP DEPARTMENT OF TRANSPORTATION
RUNDOWN OPTIONS || RUNDOWN | RUNDOWN | RUNDOWN | RUNDOWN || RUNDOWN OPTIONS|| RUNDOWN | RUNDOWN | RUNDOWN | RUNDOWN || RUNDOWN OPTIONS | RUNDOWN | RUNDOWN | RUNDOWN | RUNDOWN STANDARD DRAWING
EST. QUANITITIES  [|COLUMN @ | COLUMN @ | COLUMN @ | COLUMN @ || EST. QUANITITIES [l COLUMN (® | COLUMN (® | COLUMN (® [ COLUMN ®| EST. QUANITITIES [ICOLUMN (©| COLUMN (©) | COLUMN © [ COLUMN © ESTIMATED QUATITIES
FROI + + + + FROM + + + + FROM + + + + FOR RUNDOWN FLUMES
TABLE A & B COLUMN D | COLUMN @ | COLUMN @ |COLUMN @ || TABLE A & B COLUMN (D | COLUMN @ | COLUMN @ |COLUMN @] TABLE A & B ||COLUMN (D} COLUMN @ | COLUMN @ |COLUMN @
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6-2-07

DAI

DESIGNEDBY YML  DRAWN BY_SKL CHECKED BY_TM

515-04—2/2

2 of 2




MODIFIED CURB DROP INLET TYPE Ii
SEE SERIAL 623—20—1/1 AND NOTES
INTERSTATE DROP INLET 4'x 4.
—|A SEE SERIAL 623—17—1/6 THRU 623—17-6/6 AND 1. USE 24° CORRUGATED METAL PIPE (CMP) WITH WATERTIGHT
SERIAL 623—17A—1/6 THRU 623—17A—6/6. RESTRAINED JOINTS

ASPHALT CURB OR PINNED MAY BE SKEWED TO MEET FIELD CONDITIONS. IN SOME CASES
CURB ADDITIONAL ELBOWS WHICH ARE NOT SHOWN SHALL BE
¢ : | REQUIRED AND SHALL BE CONSIDERED INCIDENTAL TO THE PIPE.

/CONC- BARRIER RAILING, 2. THE PIPE SHALL BE EXTENDED TO THE TOE OF THE SLOPE AND

T
X X 3. THE MAXIMUM DESIGN FLOW IS 12 CFS.

4. USE T = 1'-0" WIRE ENCLOSED RIPRAP CLASS A
WITH NON—WOVEN GEOTEXTILE CLASS 1. THE GEOTEXTILE
. SHOULD BE PLACED BETWEEN THE SOIL AND THE WIRE
ELBOW Asf ~ ENCLOSED RIPRAP. USE THE DIMENSIONS SHOWN UNLESS
REQ'D 45 : OTHERWISE CALLED FOR IN THE CONTRACT.
MAX

G\S/ ~— 5. DESIGN IS ACCORDING TO AASHTO SPECIFICATIONS AND NEW
\g\\/ ' ~— MEXICO DEPARTMENT OF TRANSPORTATION STANDARD
\(33\ \}@ . SPECIFICATIONS FOR HIGHWAY AND BRIDGE CONSTRUCTION
) ~— LATEST EDITION.

T~ ES@&“SE%ONRTI;S'XPPCAEASSF ,WA},RE 6. A MEDIAN DROP INLET MAY BE SUBSTITUTED FOR THE MODIFIED
~ CURB DROP INLET WHERE THE SPACING BETWEEN THE METAL
T SEE SERIAL 602-01-1/1 & BARRIER POSTS IS ADEQUATE, AND UPON APPROVAL OF THE
S0 602-02-1/1 PROJECT MANAGER.

LE =6 R

§Q

o e ety

4

PLAN

CONC. BARRIER RAILING,
ASPHALT CURB OR PINNED
CURB

MATCH ROADWAY
SLOPE

ELBOW oS REQD ggg gEFgITXIENSm 02-1/2
45 MaX . A 65/08/07]_™ GENERAL REVISIONS
’ 10°-0" , NO.| DATE | REV. BY DESCRIPTION
Py X REVISIONS (OR_CHANGE NOTICES)
CORRUGATED ?
METAL PIPE - NEW MEXICO

DEPARTMENT OF TRANSPORTATION
STANDARD DRAWING

DROP INLET WITH FULL PIPE
RUNDOWN FOR CWB, MODIFIED
OR_PINNED CURB

NON—WOVEN - 7
SECTION A-A GEOTEXTILE CLASS " 1" %
DESIGNED' DRAWN BY_SKL CHECKED BY_YML

515-05-1/4 1of 4

ELBOW AS REQD - 05%
45 MAX 3 =082




RE\DGE OF SHOULDER NOTES

1. THE DROP INLET AND BERM CON BE USED INSIDE THE
"CLEAR ZONE" AS DEFINED BY AASHTO ROADSIDE DESIGN
GUIDE. SLOPE BLANKETS CAN BE SUBSTITUTED FOR END
SECTIONS IF IN THE CLEAR ZONE.

2. USE 24" CORRUGATED METAL PIPE (CMP) WITH WATERTIGHT
RESTRAINED JOINTS

. 3. THE PIPE SHALL BE EXTENDED TO THE TOE OF THE SLOPE
T : . AND MAY BE SKEWED TO MEET FIELD CONDITIONS. IN SOME

{ CASES ADDITIONAL ELBOWS WHICH ARE NOT SHOWN SHALL BE
KEQUIRED AND SHALL BE CONSIDERED INCIDENTAL TO THE
PIPE.

4.  USE DIMENSIONS FOR THE MEDIAN DROP INLET AS SHOWN
UNLESS OTHERWISE CALLED FOR IN THE CONTRACT.

5. THE MAXIMUM DESIGN FLOW IS 12 CFS.

6. USE T = 1'—0" WIRE ENCLOSED RIPRAP CLASS A
WITH NON-WOVEN GEQTEXTILE CLASS 1. THE GEOTEXTILE
SHOULD BE PLACED BETWEEN THE SOIL AND THE WIRE
ENCLOSED RIPRAP. USE THE DIMENSIONS SHOWN UNLESS
OTHERWISE CALLED FOR IN THE CONTRACT.

MEDIAN DROP INLET

SEE SERIAL 623-01-1/1,
623-02-1/1, 623-03-1/1,
623~04-1/1, 623—05—1/1
AND 623-06-1/1.

R 7. CONCRETE SHALL CONFORM TO SECTION 510 AND SHALL BE
EROSION CONTROL PAD OF CLASS A. REINFORCING STEEL SHALL CONFORM TO SECTION
WIRE ENCLOSED RIPRAP 540 AND SHALL BE AASHTO M—31. GRADE 6€0.

LASS "A"

255_%2@’}'71602’01"/ 1% 5 DESIGN IS ACCORDING TO AASHTO SPECIFICATIONS AND NEW

i MEXICO DEPARTMENT OF TRANSPORTATION STANDARD
SPECIFICATIONS FOR HIGHWAY AND BRIDGE CONSTRUCTION
LATEST EDITION.

v 6. A MEDIAN DROP INLET MAY BE SUBSTITUTED FOR THE

e e MODIFIED CURB DROP INLET WHERE THE SPACING BETWEEN
b T THE METAL BARRIER POSTS IS ADEQUATE, AND UPON
- . APPROVAL OF THE PROJECT MANAGER.

—=at 7 ~4
o] ‘ ¢ OF DITCH & PIPE

PIPE WITH END SECTION =5 <_F, PE
R " \—0
SEE SERIAL 570-02-1/2. ‘&, A TOE OF SLOPE ¢ ESLopE ‘ 9 24 BACK 2

NS 1o ((‘{P)

‘\o»

[~~~—SEAT ANGLE

12—0" 4-0" 10'-0" MIN | _—GROUT INVERT IN

ORDER TO DRAIN

1'—0"
MIN. COVER

45" ELBOW MAX. SECT'ON B_B

ROADSIDE DITCH- ""l B
FLOWLINI E\

END SECTION
SEE SERIAL 570-02-1/2.

Vep

o

S = 1% MIN. /’
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EDGE OF

SHOULDER NOTES
GUARDRAL USE OUTSIDE THE ”CLEAR ZONE® AS DEFINED BY AASHTO ROADSIDE DESIGN GUIDE IF
f NOT USED BEMIND BARRIER.
[ [} O
D "' u u o H o o USE 24" CORRUGATED METAL PIPE (CMP) WITH WATERTIGHT RESTRAINED JOINTS
THE PIPE SHALL BE EXTENDED TO THE TOE OF THE SLOPE AND SKEWED TO MEET
v FIELD CONDITIONS. IN SOME CASES ADDITIONAL ELBOWS WHICH ARE NOT SHOWN SHALL
BE REQUIRED AND SHALL BE CONSIDERED INCIDENTAL TO THE PIPE.
3 — USE DIMENSIONS FOR THE HEADWALL AS SHOWN UNLESS OTHERWISE CALLED FOR IN
~ & THE CONTRACT.
A 3 ! & w THE MAXIMUM DESIGN FLOW IS 12 CFS.
¥ &
T SKEW ANGLE a USE T = 1'~0" WIRE ENCLOSED RIPRAP CLASS A
WITH NON—WOVEN GEOTEXTILE CLASS 1. THE GEOTEXTILE SHOULD BE PLACED BETWEEN
: THE SOIL AND THE WIRE ENCLOSED RIPRAP. USE THE DIMENSIONS SHOWN UNLESS
~ OTHERWISE CALLED FOR IN THE CONTRACT.
Ny
Ny CONCRETE SHALL CONFORM TO SECTION 510 AND SHALL BE CLASS A. REINFORCING
Ny STEEL SHALL CONFORM TO SECTION 540 AND SHALL BE AASHTO M—31. GRADE 60.
. S
~ %
~. DESIGN IS ACCORDING TO AASHTO SPECIFICATIONS AND NEW MEXICO DEPARTMENT OF
HEADWALL ~ TOE OF SLOPE TRANSPORTATION STANDARD SPECIFICATIONS FOR HIGHWAY AND BRIDGE CONSTRUCTION
SEE SERWAL 511-03—1/1 . Ny LATEST EDITION.
N
~ ¢ OF ROADSIDE DITCH
: TOP OF
~ = y . l & PIPE /EERM
2 |
\\AL 7 | b4
PLAN : v . =
\ 7 4 &1 Stopg % _—
PIPE WITH END SECTION 5/ . A } 4 3
SEE SERWL 570-02-1/2. /& ey s
5'—0"_ MIN. _
] o
45 ELBOW MAX. 10° 0 | 1
EROSION CONTROL PAD OF | A
I 21 MAX. WIRE ENCLOSED RIPRAP ' o
EdES FILL SLOPE CLASS "A g l g 5
ROADSIDE DITCH SEE SERIAL 602-01—1/1 } -
FLOWLINE S < iz un, & 602-02-1/1. SECTION B—-B
TYPICAL HEADWALL
SEE SERIAL 511-03—1/1 "SINGLE PIPE’
24 o 45 ELBOW MAX.
CORRUGATED
METAL PIPE END SECTION

SEE SERIAL 570-02-1/2.

°
il

3 x 3 x 1
THRUST PAD

SECTION A—A

S = 0.5%
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GEOTEXTILE
CLASS "1”
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EDGE OF

NOTES

1. THE RUNDOWN SHOULD BE EXTENDED TO THE BOTTOM OF THE
SLOPE AND SKEWED TO MEET FIELD CONDITIONS.

2. THE MAXIMUM DESIGN FLOW IS 12 CFS.

3. USE T = 1'-0" CLASS A WIRE ENCLOSED RIPRAP WITH
NON—WOVEN GEOTEXTILE CLASS "1”. CONTRACTOR MAY
SUBSTITUTE LOOSE RIPRAP AND ELIMINATE THE CUT—OFF WALL
ON FLATTER SLOPE AS APPROVED BY THE PROJECT MANAGER

OR AS SHOWN IN THE PLANS.

4. THE GEOTEXTILE SHOULD BE PLACED BETWEEN THE SOIL AND
THE WIRE ENCLOSED RIPRAP AS SHOWN TO PREVENT PIPING
AND EXTEND HALFWAY UP THE SIDE OF THE RIPRAP CHANNEL.
USE THE DIMENSIONS SHOWN UNLESS OTHERWISE CALLED FOR

IN THE CONTRACT.

5. THE WIRE ENCLOSED RIPRAP IS TO BE TIED VIA HOOKS TO THE
CONCRETE WALL AT A MAXIMUM OF 2 FEET ON CENTER.

6. CONCRETE SHALL CONFORM TO SECTION 510 AND SHALL BE
CLASS A. REINFORCING STEEL SHALL CONFORM TO SECTION
540 AND SHALL BE AASHTO M-31, GRADE 60.

7. DESIGN ACCORDING TO AASHTO SPECIFICATIONS AND NEW
MEXICO DEPARTMENT OF TRANSPORTATION STANDARD
SPECIFICATIONS FOR HIGHWAY AND BRIDGE CONSTRUCTION

LATEST EDITION.

8. STAKES SHALL BE PLACED 12" FROM THE EDGES OF RIPRAP.

9. AFTER PLACEMENT OF RIPRAP SPREAD ENOUGH NATIVE SOIL
OVER THE ENTIRE SURFACE OF THE RUNDOWN TO FILL THE
VOIDS IN THE RIPRAP THEN COMPACT THE BACKFILL SOIL AND
SEED. THE COST SHALL BE INCIDENTAL TO THE RIPRAP.
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SRR RS | | __H_ __ 5
A Ch- & ®
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INVERT @
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= >~
L SN
af 5 X \\\
i i 2 \\\
UNDER WALL > 27
SN 10'-0"
N
S RIPRAP PAD
NON—WOVEN — | o~
GEOTEXTILE N3
CLASS 1" N
\\
\\ ____________ —
THENCH—IN = ; I
10'—0" MAX. | 10°—0" MAX. 1'-6" @ S=0% T
' 10=0" 0.C.
\ BACKFILL:
- 4 4 - FINISH g
3 11 N i GRADE = .

FLOWLINE

o
A
&

RS == °
O T T LT e e

0.C. BOTHWAYS

10'-0"

SECTION B-B

@ 12"

BACKFILL FINISH
GRADE SHOULD
EXTEND 3" ABOVE
THE TOP OF THE

RIPRAP AS SHOWN.

SECTION C-C

NON—-WOVEN
GEOTEXTILE
CLASS "1

Abs/31/07] ™ GENERAL_REVISIONS

NO.| DATE | REV. BY DESCRIPTION

REVISIONS (OR CHANGE NOTICES)

NEW MEXICO

DEPARTMENT OF TRANSPORTATION

STANDARD DRAWING

CUTOFF WALL WITH

RIPRAP RUNDOWN TYPE 1N

FOR ROADSIDE DITCH

L~ D id CllD:07
JAPPROVED “@“m@fﬂ"’ = lacit
DESIGNED (& DRAWN BY_SKL = CHECKED BY_YML

515-05—4/4

4 of 4




FILL AND COMPACT AFTER
PLACEMENT OF RIPRAP

STEEL STAKES 5'-0"
LONG AT 8'-0" CENTERS
EACH WAY TYP.

! )
FINISHEb
-

WIRE_ENCLOSED RIPRAP
CLASS A GEOTEXTILE GROUND LINE
TRANSVERSE SPLICE-—\ CROSS WIRES
LACING WIRE NO. 9 GAGE
(0.120 IN) DIAMETER )
OR LARGER SELVEDGE_END ks
FASTENERS
[\~ Lo
q
LONGITUDINAL SPLICE 3
BUTT SELVEDGE ENDS A VAN VAX.
AND FASTEN AS SHOWN WIRES
>
WA

NORMAL INTERSECTION SPLICES. "W

LONGITUDINAL SPLICE BUTT SELVEDGE
ENDS AND FASTEN AS SHOWN

N\
LACING WIRE DOUBLE
LOOP WOVEN THROUGH
EACH MESH OPENING
ALONG SPLICE

NORMAL INTERSECTION SPLICE

HEXAGONAL

QUANTITIES PER LINEAR FOOT

SLOPE RIPRAP CU. YARDS
T (B + 1.803V + 0.3037)
1.5 : 1 27
175 : 1 %(B + 2.016V + 0.266T)
T (B + 2.236V + 0.2367)
2:1 37
T (B F 3.162V + 0.1621)
3:1 37
P T (B + 4123V + 0.1237)
: 27

MESH

SKEWED INTERSECTION SPLICE

TRANSVERSE SPLICE

MESH

STEEL STAKES 5'-0"
LONG AT 8'-0" CENTERS
EACH WAY TYP.

T

WIRE ENCLOSED RIPRAP

SECTION TYPE

rmnsuzb

GROUND LINE
GEOTEXTILE

QUANTITIES PER LINEAR FOOT
SLOPE RIPRAP CU. YARDS
1 T (A + B + 1.414V)
15 1 __T7_(A + B + 1.803V)
175 : 1 T (A + B + 2.016V)
. . 27
21 T (A + B + 2.236V)
. 27

31 T (A + B + 3.162V)
. 27

41 T (A + 8+ 4123V)
. 27

2

NO. 9 GAGE (0.120) OR LARGER GALVANIZED
TIE WIRES APPROX. 2'-0" CENTERS
LONGITUDINALLY & TRANSVERSELY

MAIN WIRES ARE TO BE PLACED
PERPENDICULAR TO THE SLOPE

WIRE FABRIC

TYPICAL SECTION

MAX. MESH OPENING DIMENSION

SKEWED INTERSECTION SPLICE

2.

w

>

o

o

N

«

GENERAL NOTES

. WIRE FABRIC FOR RIP RAP SHALL BE "W' OR HEXAGONAL

MESH AND MEET THE REQUIREMENTS LISTED IN SECTION
602 OF THE STANDARD SPECIFICATIONS.

STEEL STAKES MAY BE RAILROAD RAILS WEIGHING NOT
LESS THAN 30 LBS. PER YARD, 4" NOMINAL DIAMETER
STANDARD STRENGTH GALVANIZED STEEL PIPE, OR L4"x4”
x3/8" STEEL ANGLES. STEEL STAKES SHALL PROJECT 4"
ABOVE TOP OF RIPRAP. STEEL STAKES ARE CONSIDERED
INCIDENTAL TO THE COMPLETION OF THE WORK AND NO
DIRECT MEASUREMENT OR PAYMENT WILL BE MADE THEREFOR.

IF LENGTH OF SLOPE IS 15 FEET OR LESS, ONLY ONE
ROW OF STEEL STAKES 2 FEET FROM THE TOP EDGE OF
RIPRAP WILL BE REQUIRED UNLESS OTHERWISE NOTED ON PLANS.

FOR DIMENSIONS AB,\V,&T SEE BRIDGE OR ROADWAY PLANS.

. T=12" UNLESS OTHERWISE SHOWN ON PLANS, T=

18" AT BRIDGES.

. FASTENERS FOR SPLICES AND/OR SELVEDGE END CON-

NECTORS MAY BE WIRE TIES, INTERLOCKING WIRE CLIPS,
HOG RINGS, OR LACING WIRE. ONLY FASTENERS WHICH
APPEAR ON THE DEPARTMENT'S "APPROVED PRODUCT
LISTING" MAY BE USED.

LACING SHALL BE CONTINUOUS AS FAR AS IS PRACTICAL
AND SHALL PASS THROUGH EACH MESH OPENING.

WHERE SPLICING IS NECESSARY, AN OVERLAP OF LACING
OF AT LEAST 1 FOOT SHALL BE PROVIDED.

DATE REV. BY DESCRIPTION

REVISIONS (_ OR_CHANGE NOTICES )

NEW MEXICO
DEPARTMENT OF TRANSPORTATION
STANDARD DRAWING

WIRE ENCLOSED RIPRAP
CLASS A

—_ . O JL23-0F
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WIRE_ENCLOSED
WIRE ENCLOSED WIRE ENCLOSED Hiq RIPRAP CLASS "A" GENERAL NOTES
e CLASS "A"
RIPRAP CLASS *A' RIPRAR 7 GONCRETE - : 1. ALL RIPRAP SHALL BE CLASS "A’ UNLESS SPECIFIED OTHERWISE IN
: HOOK BOLTS X 7 § THE_PLANS. DIMENSIONS OF RIPRAP CLASS "A" SHALL BE VERIFIED
; © 1'=0" < IN' FIELD.
CENTERS ]
T 2. RIPRAP ON THIS STANDARD IS SHOWN FOR SINGLE PIPES AND
CULVERTS ONLY. FOR MULTIPLE PIPE AND CULVERT INSTALLATIONS,
Hook B f : EXTEND RIPRAP BEYOND OUTLET OPENING AS SHOWN IN PLAN
A &= —_ B CA e c & DETAILS AND PLACE RIPRAP BETWEEN OUTLET OPENINGS AS SHOW
| ] ‘ s IN ELEVATION DETALS.
Nog
\ - STEEL STAKES S2E 3. SERW. 602-00-1/1 MAY BE REFERENCED FOR DESCRITIONS OF
5'—0" LONG © L _E HooK Sory WIRE MESH AND ALTERNATE PATTERNS.
§'—0" CENTERS T o B f (SEE NOTE 5)
. (SEE NOTE 4) B5% 4. STEEL STAKES MAY BE RAILROAD RAILS WEIGHING APPROXIMATELY 10
o028 LBS. PER FOOT, 4 INCH NOMINAL DIAMETER STANDARD STRENGTH
o — 850 GALVANIZED STEEL PIPE, OR 4" x 4" x 3/8" STEEL ANGLES. STEEL
g0 | Hied . STAKES SHALL PROJECT 6 INCHES ABOVE THE TOP OF RIPRAP,
PLAN J AN T EW_STRUCTUR 5. CONTRACTOR MAY SUBSTITUTE CONCRETE CHEMICAL ANCHORS WITH
— - HOOK GEOMETRY SHOWN, WHICH MEET REQUIREMENTS OF SECTION
522.
i 6. TOE-IN OR PLACE EROSION CONTROL GEOTEXTILE UNDER FOOTINGS
— | - 1 OR CUT—OFF WALL.
> e { 2-0 4
. i : T 5 7. L (MIN) = 10' OR 1 1/2 X DIAMETER OR RISE, WHICH EVER IS
SR O STV N O ) g GREATER,
T MIN . =
o LD
NON—WOVEN Ay 17 Z
GEOTEXTILE CLASS " 1" ——‘ y [ gggT—E‘)N(%\I’_ENCLASS e NON-WOVEN EXPANSION
yr L
SECTION A-—A - GEQTEXTILE CLASS "1 GALV. B PR
SECTION B-B SECTION C=C &V 5) -
. = TIE WIRE MESH TO HOOK BOLTS
BOX CULVERTS W/ APRONS BOX CULVERTS W/O APRONS CONCRETE BLANKETS ANCHOR TO EXISTING STRUCTURE e, W) GALVANIZED NO. 8 GA.
HOOK BOLT DETAILS . (0 148 in) OR LARGER DIA. WIRE
COST OF HOOK BOLT IN PLACE TO BE 4‘1_ E
" 5 5 INCLUDED IN UNTT BID PRICE FOR RIPRAP.
] T J =
- WIRE ENCLOSED - -
- WIRE ENCLOSED P——t— L D S
| RIPRAP CLASS "A' | RIPRAP CLASS "A" 4_‘
{ i . ! i o CROSS WIRES
1x PIPE DIA ' 1X PIPE OIA. L 55 g / P : = 1X PIFE DIA 5
D ] E( E F WiRE ENcLOSED| F IRE  ENCLOSED
T RSN N L W S X M RSN SELVEDGE END
HOOK BOLTS f i Y hook sors | 1 ™ RPRAE £ R A FASTENERS
1X PIPE DIA. CENTERS 1X PIPE DA, 7 e 1'-0" —_—
| | centers R 1X PIPE DA G - s
| G t T g
Bo9-0-0 8z .
i . BE
=)
z PLAN PLAN PLAN :
WALF OF PIPE DA HALF OF PIPE DIA

NO. 12 GA.
DIAMETER OR

LONGITUDINAL SPLICE
BUTT SELVEGE ENDS
LARGER LACING AND FASTEN AS
WIRE SHOWN

b
4
: i | | &2 - |
= S o /S——21{ WIRE MESH ANCHOR/SPLICE DETAILS

| * NON-_WOVEN e GEOTEXTILE CLASS *1"
I L non-woven GEOTEXTILE CLASS "1
) GEOTEXTILE CLASS " 1"

L

1-0"
1-0"
1'-0"

- NON-WOVEN

GEOTEXTILE CLASS "1"

SECTION D-D SECTION E-E SECTION F-F SECTION G-G
H—1 HEADWALL H—2 HEADWALL PIPE W/ END SECTIONS A e
REVISIONS (OR CHANGE NOTICES)
NEW MEXICO

NO, 8 GA. (0.148 in) DIAMETER

WIRE ENCLOSED OR LARGER GALVANIZED TIE

RIPRAP CLASS "A" END

DEPARTMENT OF TRANSPORTATION
STANDARD DRAWING

EROSION CONTROL
AT CULVERT OUTLETS

MAIN WIRES ARE TO BE
PLACED PERPENDICULAR
TO THE SLOPE WHEN
APPLICABLE

WIRES APPROX. 2'-0" ON
CENTERS LONGITUDINALLY AND
TRANSVERSELY

WIRE FABRIC

RIPRAP TO FILL CHANNEL BANKS

SECTION H-H WHERE POSSIBLE.

o )

A
[APPROVED l_‘Em EER
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