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The California Department of Transportation released Change Number 6 to the Highway Design Manual 
(HDM), Fifth Edition, on June 1, 2004.  Since the release of Change Number 6, some corrections have been 
identified that need to be made; these errata are identified in the text below.  In addition to the errata, a new 
Index 110.12, Tunnel Safety Orders, as well as extensive revisions to Topic 210, Reinforced Earth Slopes and 
Earth Retaining Systems, and minor revisions to Chapter 600, Pavement Structural Section, are included in this 
transmittal as HDM Change Number 7. 
 
As a result of the errata and Change Number 7, the Table of Contents; List of Figures; List of Tables; Chapters: 
100, 200, 300, 600, 820; and, the Index of the HDM, Fifth Edition, have been revised.  Please replace the 
affected chapters and sheets in your HDM with the enclosed sheets.  These revisions and changes are effective 
December 20, 2004, and shall be applied to on-going projects in accordance with HDM Index 82.5 – Effective 
Date for Implementing Revisions to Design Standards. 
 
Please note that all revisions are indicated by a vertical line in the margin adjacent to the paragraph, table, or 
figure that contains a revision.  A summary of the errata and revisions are as follows: 
 
Chapter 100 Basic Design Policies 
 

110.12 Added new index, Tunnel Safety Orders (TSO) to reflect current California Code of 
Regulations, Title 8, Subchapter 20 – Tunnel Safety Orders.  Replaces existing Index 
829.8.  Figure 110.12 was added to show the boundaries of the three California Mining 
and Tunneling Districts and contact information for them. 

 

Chapter 200 Geometric Design and Structure Standards 
 

General Note on Chapter 200: 
 

Topic 210, Reinforced Earth Slopes and Earth Retaining Systems was changed to reflect current 
state-of-the-practice. 
 

Chapter 300 Geometric Cross Section 
 

302.1 Errata:  Table 302.1, paved left shoulder for conventional highways, 2-lane RRR, “See 
Table 307.3” was changed to “See Index 307.3”. 

 

304.1 Relocated the advisory standard text to clarify the intent of the advisory standard. 
 

309.1(3) Errata:  Existing sentence of Index 309.1(3)(c) states, “For RRR projects, widths are 
shown in Table 307.3.”.  Table 307.3 was replaced with Design Information Bulletin 
79-02 during Change Number 6 and corrected here to indicate in the text. 
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Chapter 600 Pavement Structural Section 

 

601.5(1) Last paragraph, omit the words “new construction”. 
 

601.5(2) First sentence, omit the phrase “to satisfy unique project specific conditions or 
for research purposes”.  Revised paragraph to clarify which “special” design 
projects should be submitted to DOD Office of Pavement Design for approval 
and what should be included in the submittal. 

 

601.5(3) Second paragraph, add “including the interstate Highway System” after 
“National Highway System (NHS),”.  Minor revision to sub-Index(e).  In sub-
Index(f), replace “CTC Highway Appearances, Highway Encroachments” with 
“Resolution of Necessity, Encroachment Exceptions,” among other minor 
revisions. 

 

602.1 Errata:  Third paragraph, replace “(Topic 602.4)” with “(Index 602.4)”. 
 

602.4 Errata:  Correct the existing Traffic Index (TI) equation “TI = 9.0 x 
(ESAL/106)0.119”, as follows,   “TI = 9.0 x (ESAL/106)0.119”.  Table 602.4B, 
add note “Table 602.4B is an example only and should not be used for a 
specific design.”. 

 

603.2 Errata:  Table 603.2, for TI 8.5-10, change Aggregate Subbase (AS) 105 to 150.  
Change Note (3)  from “place a minimum 25 mm AC” to “place a minimum of 
30 mm of AC”.  Figure 603.2, Detail ‘A’, change the word “Rumple Strip” to 
“Rumble Strip”. 

 

604.2 Errata:  First paragraph, first sentence, change the words “design period” to 
“pavement service life”. 

 

604.2 Added definition of what “soft areas” are. 
 

604.3(8) Errata:  Second paragraph, add statement that “designs with a pavement service 
life greater than 20 years are to be submitted to the Division of Design, Office 
of Pavement Design for review.”. 

 

604.4(1) First paragraph, first sentence, omit the phrases “Where possible” and “TI for 
the” and begin the sentence with the word “It”.  Also replace the word “should” 
with “structural section”. 

 

604.5(1) Mid-paragraph, replace “Such situations, where there may be no cost . . .” with 
“Situations where there may be no cost . . .”. 

 

604.6 Extensive edits to clarify pavement design at various intersection situations. 
605.3 Add information as to clarify the usefulness of life-cycle cost analysis (LCAA). 
 

607.5(3) Sub-index (c), first paragraph, change “Topic 606.3(3)” to “Index 606.3(3)”. 
 

607.6 Errata:  Figure 607.6A, arrows leading to all four lanes on right side of figure 
were corrected to point to each center of travel lane.  

 

Chapter 820 Cross Drainage 
 

829.8 This index has been completely omitted and replaced with new Index 110.12. 
 
 
 
 
Enclosures 
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(2) AC Pavement.  Recycling of existing AC must 

be considered, in all cases, as an alternative to 
placing 100% new asphalt concrete.  This is 
discussed in more detail in the “Flexible 
Pavement Rehabilitation Manual,” accessible 
at the Pavement website: http://www.dot. 
ca.gov/hq/oppd/pavement/guidance.htm. 

(3) Use of Asphalt Concrete Grindings, Chunks 
and Pieces.  When constructing transportation 
facilities, Caltrans frequently uses asphalt in 
mixed or combined materials such as asphalt 
concrete (AC) pavement.  Caltrans also uses 
recycled AC grindings and chunks.  There is a 
potential for these materials to reach the 
waters of the State through erosion or 
inappropriate placement during construction.  
Section 5650 of the Fish and Game Code 
states that it is unlawful to deposit asphalt, 
other petroleum products, or any material 
deleterious to fish, plant life, or bird life where 
they can pass into the waters of the State.  In 
addition, Section 1601 of the Fish and Game 
Code requires notification to the California 
Department of Fish and Game (DFG) prior to 
construction of a project that will result in the 
disposal or deposition of debris, waste, or 
other material containing crumbled, flaked, or 
ground pavement where it can pass into any 
river, stream, or lake designated by the DFG. 

 The first step is to determine whether there are 
waters of the State in proximity to the project 
that could be affected by the reuse of AC.  
Waters of the State include:  (1) perennial 
rivers, streams, or lakes that flow or contain 
water continuously for all or most of the year; 
or (2) intermittent lakes that contain water 
from time to time or intermittent rivers or 
streams that flow from time to time, stopping 
and starting at intervals, and may disappear 
and reappear.  Ephemeral streams, which are 
generally exempt under provisions developed 
by Caltrans and DFG, are those that flow only 
in direct response to rainfall. 

  The reuse of AC pavement grindings will 
normally be consistent with the Fish and 
Game Code and not require a 1601 Agreement 
when  these  materials  are  placed  where they 

  cannot enter the waters of the State.  However, 
there are no set rules as to distances and 
circumstances applicable to the placement of 
asphaltic materials adjacent to waters of the 
State.  Placement decisions must be made on 
case-by-case basis, so that such materials will 
be placed far enough away from the Waters of 
the State to prevent weather (erosion) or 
maintenance operations from dislodging the 
material into State waters.  Site-specific 
factors (i.e., steep slopes) should be given 
special care.  Generally, when AC pavement 
grindings are being considered for placement 
where there is a potential for this material to 
enter a water body, DFG should be notified to 
assist in determining whether a 1601 
Agreement is appropriate.  DFG may require 
mitigation strategies to prevent the materials 
from entering the Waters of the State.  When 
in doubt, it is recommended that the DFG be 
notified. 

 If there is the potential for reused AC 
materials to reach Waters of the State through 
erosion or other means during construction, 
such work would normally require a 1601 
Agreement.  Depending on the circumstances, 
the following mitigation measures should be 
taken to prevent AC grindings from entering 
water bodies: 

• The reuse of AC pavement grindings as fill 
material and shoulder backing must 
conform to the Caltrans Standard 
Specifications, applicable manuals of 
instruction, contract provisions, and the 
MOU described below. 

• AC chunks and pieces in embankment 
must be placed above the water table and 
covered by at least one foot of material.  

 A Memorandum of Understanding (MOU) 
dated January 12, 1993, outlines the interim 
agreement between the DFG and Caltrans 
regarding the use of asphaltic materials.  This 
MOU provides a working agreement to 
facilitate Caltrans' continued use of asphaltic 
materials and avoid potential conflicts with 
the Fish and Game Code by describing 
conditions     where    use    of    asphalt    road 
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 construction material by Caltrans would not 

conflict with the Fish and Game Code. 

 Specific Understandings contained in the 
MOU are: 

• Asphalt Use in Embankments 

 Caltrans may use AC chunks and pieces in 
embankments when these materials are 
placed where they will not enter the 
Waters of the State.  

• Use of AC Pavement Grindings as 
Shoulder Backing 

 Caltrans may use AC pavement grindings 
as shoulder backing when these materials 
are placed where they will not enter the 
Waters of the State.  

• Streambed Alteration Agreements 

 Caltrans will notify the DFG pursuant to 
Section 1601 of the Fish and Game Code 
when a project involving the use of 
asphaltic materials or crumbled, flaked, or 
ground pavement will alter or result in the 
deposition of pavement material into a 
river, stream, or lake designated by the 
DFG.  When the proposed activity 
incorporates the agreements reached under 
Section 1601 of the Fish and Game Code, 
and is consistent with Section 5650 of the 
Fish and Game Code and this MOU, the 
DFG will agree to the use of these 
materials.  

 There may be circumstances where agreement 
between the DFG and Caltrans cannot be 
reached.  Should the two agencies reach an 
impasse, the agencies enter into a binding 
arbitration process outlined in Section 1601 of 
the Fish and Game Code.  However, keep in 
mind that this arbitration process does not 
exempt Caltrans from complying with the 
provisions of the Fish and Game Code.  Also 
it should be noted that this process is time 
consuming, requiring as much as 72 days or 
more to complete.  Negotiations over the 
placement of AC grindings, chunks, and 
pieces are to take place at the District level as 
part of the 1601 Agreement process. 

110.12 Tunnel Safety Orders 

Projects and work activities that include human 
entry into tunnels, shafts or any of a variety of 
underground structures to conduct construction 
activities must address the requirements of the 
California Code of Regulations (CCR), Title 8, 
Subchapter 20  – Tunnel Safety Orders (TSO).  
Activities that can be considered of a maintenance 
nature, such as cleaning of sediment and debris 
from culverts or inspection (either condition 
inspection for design purposes or inspection as a 
part of construction close-out) of tunnels, shafts or 
other underground facilities are not affected by 
these regulations. 

TSO requires the Department, as owner of the 
facility, to request the Department of Industrial 
Relations, Division of Occupational Safety and 
Health (Cal-OSHA), Mining and Tunneling Unit, 
to review and classify tunnels and shafts for the 
potential presence of flammable gas and vapors 
prior to bidding.  The intent of the TSO regulations 
are to protect workers from possible injury due to 
exposure to hazardous conditions.  Failure to 
comply is punishable by fine.  The complete TSO 
regulations are available at the following website:  
(http://www.dir.ca.gov/title8/sub20.html), with 
Sections 8403 and 8422 containing information 
most applicable to project design.   

The TSO regulations require classification 
whenever there is human entry into a facility 
defined as a tunnel or entry into, or very near the 
entrance of, a shaft.  Some of the common types of 
activities where human entry is likely and that will 
typically require classification include: 

• Pipe jacking or boring operations  

• Culvert rehabilitation 

• Large diameter pile construction, as described 
in the following text  

• Pump house vaults 

• Cut-and-cover operations connected to 
ongoing underground construction and are 
covered in a manner that creates conditions 
characteristic of underground construction 

• Well construction 
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• Cofferdam excavations 

• Deep structure footings/shafts/casings, as 
described in the following text 

Virtually any project that will lead to construction 
or rehabilitation work within a pipe, caisson, pile or 
underground structure that is covered by soil is 
subject to the TSO regulations.  This typically 
applies to underground structures of 750 mm or 
greater diameter or shaft excavations of six meters 
or more in depth.  Since a shaft is defined as any 
excavation with a depth at least twice its greatest 
cross section, the regulations will apply to some 
structure footing or cofferdam excavations. 

Cut and cover operations (typical of most pipe, 
junction structure and underground vault 
construction) do not fall under the TSO regulations 
as long as worker entry to the pipe or system 
(usually for grouting reinforced concrete pipe, 
tightening bolts on structural plate pipe, etc.) is 
conducted prior to covering the facility with soil.  
Connecting new pipe to existing buried pipe or 
structures does fall under the TSO regulations 
unless the existing pipe system is physically 
separated by a bulkhead to prevent entry into the 
buried portion.  Designers must either incorporate 
requirements for such separation of facilities into 
the PS&E or they must obtain the required 
classification from Cal-OSHA.  For any project that 
requires classification, specifications must be 
included that alert the Contractor to the specific 
location and classification that Cal-OSHA has 
provided. 

The TSO regulations should be viewed as being in 
addition to, and not excluding, other requirements 
as may apply to contractor or Department 
personnel covered in the Construction Safety 
Orders (see CCR, Title 8, Subchapter 4, Article 6 at 
http://www.dir.ca.gov/title8/sub4.html), safety and 
health procedures for confined spaces (see Chapter 
14 of the Caltrans Safety Manual), or any other 
regulations that may apply to such work. 

Prior to PS&E submittal on a project that includes 
any work defined in CCR Section 8403, a written 
request must be submitted for classification to the 
appropriate Mining and Tunneling (M&T) Unit 
office.  Each M&T Unit office covers specific 
counties as shown on Figure 110.12.  Classification  

must be obtained individually for each separate 
location on a project.  For emergency projects or 
other short lead-time work, it is recommended that 
the appropriate M&T Unit office be contacted as 
soon as possible to discuss means of obtaining 
classification prior to the start of construction 
activities. 

The request must include all pertinent and 
necessary data to allow the M&T Unit to classify 
the situation.  The data specified under paragraph 
(a) of Section 8422 (complete text of Section 8422 
reprinted below) is typical of new construction 
projects, however for culvert rehabilitation and 
other type of work affecting an existing facility,  
not all of the indicated items are typically available 
or necessary for submittal.  The appropriate M&T 
Unit office should be contacted for advice if there 
is any question regarding data to submit. 

In many instances it may not be known during 
design if there will be human entry into facility 
types that would meet the definition of a tunnel or 
shaft.  If there is any anticipation that such entry is 
likely to occur, classification should be requested.  
As permit acquisition is typically the responsibility 
of the District, it is imperative that there be close 
coordination between District and Structures 
Design staff regarding the inclusion of any 
facilities in the structures PS&E that could be 
defined as a tunnel or shaft and have potential for 
human entry.  The following text is taken directly 
from Section 8422: 

8422  Tunnel Classifications 

(a) When the preliminary investigation of a tunnel 
project is conducted, the owner or agency 
proposing the construction of the tunnel shall 
submit the geological information to the 
Division for review and classification relative 
to flammable gas or vapors. The preliminary 
classification shall be obtained from the 
Division prior to bidding and in all cases prior 
to actual underground construction. In order to 
make the evaluation, the following will be 
required:  

(1) Plans and specifications;  

(2) Geological report;  

(3) Test bore hole and soil analysis log along 
the tunnel alignment;  
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Figure 110.12 
California Mining and Tunneling Districts 
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(4) Proximity and identity of existing 
utilities and abandoned underground 
tanks.  

(5) Recommendation from owner, 
agency, lessee, or their agent relative 
to the possibility of encountering 
flammable gas or vapors;  

(6) The Division may require additional 
drill hole or other geologic data prior 
to making gas classifications.  

(b) The Division shall classify all tunnels or 
portions of tunnels into one of the 
following classifications:  

(1) Nongassy, which classification shall 
be applied to tunnels where there is 
little likelihood of encountering gas 
during the construction of the tunnel.  

(2) Potentially gassy, which classification 
shall be applied to tunnels where 
there is a possibility flammable gas or 
hydrocarbons will be encountered.  

(3) Gassy, which classification shall be 
applied to tunnels where it is likely 
gas will be encountered or if a 
concentration greater than 5 percent 
of the LEL of:  

 (A) flammable gas has been detected 
not less than 12 inches (304.8 
mm) from any surface in any 
open workings with normal 
ventilation.  

 (B) flammable petroleum vapors that 
have been detected not less than 3 
inches from any surface in any 
open workings with normal 
ventilation.  

(4) Extrahazardous, which classification 
shall be applied to tunnels when the 
Division finds that there is a serious 
danger to the safety of employees 
and:  

 Flammable gas or petroleum vapor 
emanating from the strata has been 
ignited in the tunnel; or  

 (A) A concentration of 20 percent of 
the LEL of flammable gas has 
been detected not less than 12 
inches (304.8 mm) from any 
surface in any open working with 
normal ventilation; or  

(B) A concentration of 20 percent of 
LEL petroleum vapors has been 
detected not less than three inches 
from any surface in any open 
workings with normal ventilation.  

(c) A notice of the classification and any 
special orders, rules, special conditions, or 
regulations to be used shall be prominently 
posted at the tunnel job site, and all 
personnel shall be informed of the 
classification.  

(d) The Division shall classify or reclassify 
any tunnel as gassy or extrahazardous if 
the preliminary investigation or past 
experience indicates that any gas or 
petroleum vapors in hazardous 
concentrations is likely to be encountered 
in such tunnel or if the tunnel is connected 
to a gassy or extrahazardous excavation 
and may expose employees to a reasonable 
likelihood of danger.  

(e) For the purpose of reclassification and to 
ensure a proper application of 
classification, the Division shall be notified 
immediately if a gas or petroleum vapor 
exceeds any one of the individual 
classification limits described in subsection 
(b) above. No underground works shall 
advance until reclassification has been 
made.  

(1) A request for declassification may be 
submitted in writing to the Division by 
the employer and/or owner's 
designated agent whenever either of 
the following conditions occur:  

(A) The underground excavation has 
been completed and/or isolated 
from the ventilation system and/or 
other excavations underway, or  

(B) The identification of any specific 
changes and/or conditions that 
have occurred subsequent to     
the initial classification criteria 
such as geological information, 
bore hole sampling results, 
underground tanks or utilities, 
ventilation system, air quality 
records, and/or evidence of no 
intrusions of explosive gas or 
vapor into the underground 
atmosphere.  
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NOTE: The Division shall respond within 10 
working days for any such request. Also, the 
Division may request additional information and/or 
require specific conditions in order to work under a 
lower level of classification.  

Topic 111 - Material Sites and 
Disposal Sites 

111.1 General Policy 

The policies and procedures concerning material 
sites and disposal sites are listed below. 

(a) Materials investigations and 
environmental studies of local materials 
sources should be made to the extent 
necessary to provide a basis for study and 
design.  Location and capacity of 
available disposal sites should be 
determined for all projects requiring 
disposal of more than 7500 m3 of clean 
material.  Sites for disposal of any 
significant amount of material in sensitive 
areas should be considered only where 
there is no practical alternative. 

(b) Factual information obtained from such 
investigations should be made readily 
available to prospective bidders and 
contractors. 

(c) The responsibility for interpreting such 
information rests with the contractor and 
not with the State. 

(d) Generally, the designation of optional 
material sites or disposal sites will not be 
included in the special provisions.  
Mandatory sites must be designated in the 
special provisions.  A disposal site within 
the highway right of way (not necessarily 
within the project limits) should be 
provided when deemed in the best interest 
of the Department as an alternative to an 
approved site for disposal of water 
bearing residues generated by grinding or 
grooving operations, after approval is 
obtained from the Regional Water Quality 
Control Board (RWQCB) having 
jurisdiction over the area. 

(e) Material agreements or other 
arrangements should be made with owners 
of material sites whenever the absence of 
such arrangements would result in 
restriction of competition in bidding, or in 
other instances where it is in the State's 
interest that such arrangements be made.  

(f) The general policy of Caltrans is to avoid 
specifying mandatory sources unless data 
in support of such sources shows certain 
and substantial savings to the State.  
Mandatory sources must not be specified 
on Federal-aid projects except under 
exceptional circumstances, and prior 
approval of the FHWA is required.  
Supporting data in such cases should be 
submitted as early as possible. This policy 
also applies to disposal sites. 

(g) It is the policy of Caltrans to cooperate 
with local authorities to the greatest 
practicable extent in complying with 
environmental requirements for all 
projects. Any corrective measures wanted 
by the local authorities should be provided 
through the permit process. Any unusual 
requirements, conditions, or situations 
should be submitted to the Division of 
Design for review (see Indexes 110.2 and 
110.3). 

(h) The use of any materials site requires 
compliance with environmental laws and 
regulations, which is normally a part of 
the project environmental documentation. 
If the need for a site occurs after approval 
of the project environmental document, a 
separate determination of environmental 
requirements for the materials site may be 
required.  

(i) If the materials site is outside the project 
limits and exceeds 0.4 ha in size, or 
extraction will exceed 765 m3, it must 
comply with the Surface Mining and 
Reclamation Act of 1975 (SMARA) and 
be included on the current “AB 3098 List” 
published by the Department of 
Conservation before material from that 
site can be used on a State project.  There 
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are limited exceptions to this requirement 
and the District Materials Engineer should 
be consulted. 

111.2 Investigation of Local Materials 
Sources 

(1)  Extent of Explorations.  Possible sources of 
materials should be investigated to the extent 
necessary to assure that the design of each 
project is based on the most economical use of 
available materials compatible with good 
environmental design practices.  Where it can 
be reasonably assumed that all required 
materials can be most economically obtained 
from commercial sources on the current  “AB 
3098 List”, it should be unnecessary to 
investigate other sites.  In all other cases 
material sites should be investigated.  
Exploration of materials sources should not be 
restricted to those properties where the owner 
expresses willingness to enter into agreement 
with the State.  Unless it is definitely known 
that the owner will under no circumstances 
permit removal of materials, the site should be 
considered as a possible source of local 
materials. 

(2) Geotechnical Design Report or Materials 
Report.  The Geotechnical Design Report or 
Materials Report should include complete 
information on all sites investigated and  
should  discuss  the  quality, cost, SMARA 
status, and availability of materials from 
commercial  plants  on  the  current  “AB 3098  
List”.  Sufficient sampling of sites must be 
performed to indicate the character of the 
material and the elevation of the ground water 
surface, and to determine changes in the 
character of the material, both laterally and 
vertically.  Sampling must be done in such a 
manner that individual samples can be taken 
from each horizon or layer.  Composite 
samples of two or more different types of 
material are unsatisfactory, as there is no 
assurance that the materials would be so 
combined if the materials source were actually 
used.  Testing of blends of two or more types 
of materials is permissible, provided the test 
report clearly indicates the combination tested.  
The test report must clearly indicate the 

location of the sample and the depth 
represented.  The fact that materials sites are 
not designated in the Special Provisions does 
not reduce the importance of thorough 
exploration and testing. 

 As tabulations of test data for local materials 
will be furnished to prospective bidders, and 
the test reports may be examined by bidders if 
they so request, it is important that only 
factual data be shown on the test report and 
that no conclusions, opinions, or interpretation 
of the test data be included.  Under 
"Remarks", give only the pertinent factual 
information regarding the scalping, crushing, 
blending, or other laboratory processing 
performed in preparing samples for testing, 
and omit any comments as to suitability for 
any purpose.  Any discussion of the quality, 
suitability, or quantity of material in local 
materials sites necessary for design purposes 
should be included in the Geotechnical Design 
Report or Materials Report, and not noted on 
the test reports.  For any potential materials 
source explored or tested, all boring and test 
data must be furnished, including those tests 
which indicate unsuitable or inferior material. 

 Materials information to be furnished bidders 
may include data on a materials source 
previously investigated for the same project or 
some other project provided all of the 
following conditions are met: 

(a) There has been no change in test 
procedures subsequent to the time the 
earlier tests were made. 

(b) The materials source has not been altered 
by stream action, weathering, or other 
natural processes. 

(c) The material sampled and represented by 
the tests has not been removed. 

(d) There has been no change in SMARA 
status, or inclusion or exclusion on the 
“AB 3098 List”. 

 It will be necessary for each District to 
maintain a filing system such that all 
preliminary test reports for potential materials 
sites are readily accessible.  This will 
necessitate preparation of test reports covering 
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all preliminary tests of materials.  It will also 
be essential to maintain some type of materials 
inventory system, whereby sites in the vicinity 
of any project can be readily identified and the 
test reports can be immediately accessible.  
Filing only by numerical or chronological 
order will not be permissible. 

111.3 Materials Information Furnished to 
Prospective Bidders 

(1)  Materials Information Compilation.  It is the 
intent that all test data applicable to material 
sites for a project be furnished to prospective 
bidders.  To obtain uniformity in the 
"handouts" furnishing this information to 
prospective bidders, the District Materials 
Unit should develop the “handout” and the 
following information must be included: 

(a) A cover page entitled, "Materials 
Information", should show District, 
County, Route, kilometer post limits, and 
geographical limits.  There should be a 
note stating where the records, from 
which the information was compiled, may 
be inspected.  Also, an index, listing 
investigated material sites, and disposal 
sites, maps, test reports, tabulation sheets, 
SMARA status, and agreements is to be 
shown on the cover page. 

(b) A vicinity map showing the location of 
investigated materials sites and disposal 
sites in relation to the project. 

(c) A map of each material site showing the 
location and identification of boring or 
test pits. 

(d) A tabulation of the test data for each 
material site, showing complete 
information on the location, depth, and 
processing of each sample tested, together 
with all test results. 

(e) Copies of all options or agreements with 
owners of the material sites, if such 
arrangements have been made. 

(f) Soil survey sheets or suitable terrain maps 
showing borings and tests along the 
highway alignment. 

(g) A tabulation of which sites comply with 
environmental laws and regulations and 
are included on the current “AB 3098 
List”. 

(h) Material site grading and reclamation plan 
and disposal site grading plans, if they 
have been prepared. 

(i) Copies of local use permits and clearances 
(when they have been obtained by the 
State) such as environmental clearances, 
mining permits, Forest Service Fire 
Regulations, water quality control 
clearances, etc.  If documents are of 
unusual length, a statement should be 
included that they have been obtained and 
are available for inspection at the District 
office or Sacramento Plans Counter. 

 Maps, test reports, and other data included in 
the "Materials Information" must be factual, 
and should not include any comments, 
conclusions, or opinions as to the quality, 
quantity, suitability, depth, or area of the 
materials in any material site or along the 
highway. 

 Reproducible copies of all material to be 
included in the "Material Information" 
package should be submitted to the Office 
Engineer. 

 The Office Engineer will reproduce the 
"Materials Information," and copies will be 
available to prospective bidders upon request 
in the same manner that plans and special 
provisions are furnished. 

111.4 Materials Arrangements 

Materials agreements or other arrangements must 
be made in accordance with the policy stated under 
Index 111.1(e).   

The determination of when and where materials 
agreements or other arrangements are to be 
obtained is the responsibility of the District, see 
Section 8.25.00.00 of the Right of Way Manual. 

The District should also determine the maximum 
royalty that can be paid economically on the basis 
of availability of competitive sources. 
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In preparing agreements, guaranteed quantity 
provisions should not be included, as the 
opportunity exists for possible token removal, with 
the result that the State would be required to pay 
for the guaranteed quantity even though the 
material would not actually be removed.  Also, 
requirements that the State perform construction 
work on the owner's property, such as fences, gates, 
cattle guards, roads, etc., should be included only 
when the cost of such items and possible resulting 
benefits have been properly considered in the 
derivation of the royalty. 

111.5 Procedures for Acquisition of 
Material Sites and Disposal Sites 

These instructions establish procedures to be 
followed in the purchase of material sites and 
disposal sites when such purchase is deemed 
necessary by the District.  The steps to be taken are 
listed in order as follows: 

(1)  General Procedure. 

(a) A District report proposing and 
establishing the necessity for purchase of 
the site is required.  The report should 
contain the following information: 

• The project or projects on which the 
site is to be used and programming of 
proposed construction. 

• The location and description of the 
property, zoning, and site restora-
tion/reclamation proposals including 
necessary vicinity and site maps. 

• The amount and quality of material 
estimated to be available in the site 
and amount needed for the project or 
projects, or amount of excess material 
to be disposed of and the capacity of 
the site or sites. 

• An economic analysis using the 
estimated purchase price and value of 
land after removal of material or 
deposit of excess material.  The total 
estimated savings over other possible 
alternatives must be clearly demon-
strated.  Alternatives must be shown 
from the standpoint of what would 

have to be done if the site was not 
purchased.  Alternatives could be 
changes in location or grade as well as 
alternative sources of material. 

• A statement as to whether or not the 
use of the site should be mandatory, 
with a separate statement regarding 
the effect for each proposed project 
for which mandatory use of the site is 
considered necessary, including com-
plete justification for the mandatory 
specification (see Index 111.6).  Three 
copies of each map or other 
attachment, folded letter size, are 
required for mandatory sites on all 
Federal-aid projects. 

• A statement of the type of 
environmental documentation. 

• Other justification. 

 Send one copy to the Division of Design 
and one copy to DES Materials 
Engineering and Testing Services for 
information. 

(b) If the project or projects are to have 
Federal aid, the District will prepare a 
request, with supporting environmental 
clearance, for FHWA approval to specify 
the source as mandatory.  One copy of this 
request should be sent to the Office 
Engineer and one copy to Division of 
Design. 

(c) If the estimated purchase price is over 
$300,000, the District should include the 
item in the STIP and corresponding 
budget. 

(d) When the proposed purchase has been 
approved, the Project Engineer should 
notify the District Division of Right of 
Way, District Environmental Division and 
the District Materials Unit and request  
that Right of Way purchase the site (or 
obtain a Materials Agreement; the 
Materials Unit should assist in the 
development of the agreement) and       
the Environmental Division obtain 
environmental authorization to proceed. 
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(e) The District must include the cost of 
purchase in the proper fiscal year program 
and/or budget as part of the District 
targets. 

(f) After budgeting, the District must submit 
an expenditure authorization to cover 
purchase of the site.  This could be 
concurrent if the project is added to the 
budget during a fiscal year.  The 
expenditure authorization request should 
be processed through the District Project 
Management and Administration Units 
and obtain District Director approval. 

(g) After issuance of an expenditure 
authorization, the District Division of 
Right of Way will complete purchase of 
the site. 

(2) Material and Disposal Sites in Federal Lands. 
The applicable sections of the Federal 
Highway Act of 1958 for procurement of 
borrow or disposal sites, Sections 107(d) and 
317, are set forth in Section 8.18.02.00 of the 
Right of Way Manual; Section 107(d) applies 
to the Interstate System while Section 317 
applies to other Federal-aid highways.  
Whenever Federal public lands are required 
for a material or a disposal site, and after 
preliminary negotiations at the local level with 
the Federal agency having jurisdiction, the 
District must submit a letter report to the 
FHWA.  This report should observe the 
requirements of Index 111.5 of this manual 
and Section 8.18.02.03 of the Right of Way 
Manual. 

 Following submittal of the proposal by the 
District to the FHWA, the latter, acting on 
behalf of the State transmits the proposal with 
a favorable recommendation to the Federal 
agency having control of the site.  See Section 
8.18.02.03 of the Right of Way Manual. 

111.6 Mandatory Material Sites and 
Disposal Sites on Federal-aid Projects 

The contract provisions must not specify a 
mandatory site for the disposal of surplus 
excavated materials unless a particular site is 
needed for environmental reasons or the site is 
found to be the most economical for one or more 

Federal-aid projects.  All points listed in Index 
111.5(1)(a) and (b) must be covered and one copy 
of all attachments submitted.  Supporting data must 
be submitted to the FHWA during the project 
planning phase or early in the project design phase 
as almost all cases of mandatory sites must go to 
the FHWA for decision. 

Section 635.407 of 23 CFR 635D states in part: 

"The designation of a mandatory material 
source may be permitted based on 
environmental considerations, provided the 
environment would be substantially enhanced 
without excessive cost." 

"The contract provisions ... shall  not  specify 
mandatory a site for the disposal of surplus 
excavated materials unless there is a finding 
by the State highway agency with the 
concurrence of the FHWA Division 
Administrator that such placement is the most 
economical except that the designation of a 
mandatory site may be permitted based on 
environmental considerations, provided the 
environment would be substantially enhanced 
without excessive cost." 

Topic 112 - Contractor's Yard and 
Plant Sites 

112.1  Policy 

The Project Engineer should, during the design 
phase of a project, consider the need and 
availability of sites for the contractor's yards and 
materials plants.  This is particularly important in 
areas where dust, noise, and access problems could 
limit the contractor in obtaining sites on their own 
in a timely manner.  Asphalt concrete recycling 
projects pose special problems of material storage, 
access, and plant location; see Index 110.11.  
Temporary storage areas should be considered for 
grooving and grinding projects.  As a general rule, 
the use of material sites designated in the Special 
Provisions should be optional.  Should the 
materials site be desired, the contractor shall 
provide notice to the Resident Engineer within a 
designated time period after approval of the 
contract (30 days would be a minimum, but not 
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more than 60 days except in unusual situations).  
All environmental requirements must be satisfied 
and local permits must be obtained prior to 
submittal of the PS&E.  Right of Way, Permits, and 
Environmental units must be informed early in the 
process.  The contractor will be allowed to use 
these sites only for work on the designated 
project(s). 

112.2  Locating a Site 

The Project Engineer should consult with District 
Division of Right of Way concerning appropriately 
sized parcels currently being held in the airspace 
inventory, nearby property held by Caltrans for 
future construction, or as excess land.  If such 
space is available in the vicinity of the project, the 
District Environmental Division should be 
consulted to determine what environmental 
requirements are necessary for the use of these 
properties for the intended purpose.  If sufficient 
space does not appear to be available for yard or 
plant, the Project Engineer must see that the 
appropriate wording is placed in the contract 
Special Provisions. 

Topic 113 - Geotechnical Design 
Report 

113.1  Policy 

The Project Engineer must review the project 
initiation document and Preliminary Geotechnical 
Design Report, if any, to ascertain the scope of 
geotechnical involvement for a project.  A 
Geotechnical Design Report (GDR) is to be 
prepared by the Roadway Geotechnical 
Engineering Branches of the Division of 
Engineering Services (DES) Geotechnical Services 
(or under a consultant contract with technical 
oversight by DES-GS) for all projects that involve 
designs for cut slopes, embankments, earthwork, 
landslide remediation, retaining walls, groundwater 
studies, erosion control features, subexcavation and 
any other studies involving geotechnical 
investigations and engineering geology.  A GDR is 
not required for projects that solely include those 
design features described in Index 114.1. 

113.2  Content 

The GDR is to conform to the “Guidelines for 
Geotechnical Reports” which is prepared by the 
Office of Structural Foundations. 

113.3  Submittal and Review 

Final copies of the GDR are to be submitted to the 
Project Engineer, District Materials Unit, and the 
Division of Design.  For consultant developed 
reports, the GDR is to be submitted to DES-GS for 
review and approval.  DES-GS will then transmit 
the approved GDR to the Project Engineer, District 
Materials Unit, and the Division of Design.  Also 
see Index 607.2. 

Topic 114 - Materials Report 
114.1  Policy 

A Materials Report must be prepared by the 
District Materials Branch (or under a consultant 
contract with technical oversight by the District 
Materials Branch) with assistance from the DES 
Materials Engineering and Testing Services 
(METS) for all projects that involve pavement 
structural section recommendations or pavement 
studies, culverts or other drainage materials, 
corrosion studies, or materials or disposal sites. 

114.2  Content 

The Materials Report is to conform to the 
guidelines for pavement structural section studies 
and guidelines for corrosion studies as published by 
METS.  Exceptions may be approved by METS. 

114.3  Submittal and Review 

A copy of the Draft Materials Report is to be 
submitted to METS for review and comment by the 
District Materials Unit.  After resolution of the 
comments from METS, a final copy of the 
Materials Report is to be submitted to the District 
Materials Unit, the Project Engineer, the Division 
of Design, and to METS.  Also see Index 607.2. 
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(c) In other locations where the designer 
deems it reasonable and appropriate. 

(7) Bridge Approach Railings.  Approach 
railings shall be installed at the ends of 
bridge railings exposed to approach traffic.  

 Refer to Chapter 7 of the Traffic Manual for 
placement and design criteria of guardrail. 

Topic 209 – (currently not in use) 

Topic 210 - Reinforced Earth 
Slopes and Earth Retaining 

Systems 

210.1 Introduction 
Constructing roadways on new alignments, 
widening roadways on an existing alignment, or 
repairing earth slopes damaged by landslides are 
situations that may require the use of reinforced 
earth slopes or earth retaining systems. Using cut 
and embankment slopes that are configured at slope 
ratios that are stable without using reinforcement is 
usually preferred; however, topography, 
environmental concerns, and right of way (R/W) 
limitations may require the need for reinforced 
earth slopes or an earth retaining system. 

The need for reinforced earth slopes or an earth 
retaining system should be identified as early in the 
project development process as possible, preferably 
during the Project Initiation Document (PID) 
phase. 

210.2 Construction Methods and Types  

(1) Construction Methods. 

  Both reinforced earth slopes and earth 
retaining systems can be classified by the 
method in which they are constructed, either 
top-down or bottom-up. 

• “Top-down” construction –This method 
of construction begins at the top of the 
reinforced slope or earth retaining system 
and proceeds in lifts to the bottom of the 
reinforced slope or earth retaining system.  

If required, reinforcement is inserted into 
the in situ material during excavation. 

• “Bottom-up” construction – This method 
of construction begins at the bottom of the 
reinforced slope or earth retaining system, 
where a footing/leveling pad is 
constructed, construction then proceeds 
towards the top of the reinforced slope or 
earth retaining system. If required, 
reinforcement is placed behind the face of 
the reinforced slope or earth retaining 
system. It should be noted that if a 
“Retaining Wall” earth retaining system is 
to be used in a cut situation, a temporary 
back cut or shoring system is required 
behind the wall. 

  The District Project Engineer (PE) should 
conduct an initial site visit and assessment to 
determine all potential construction 
limitations.  The preferred construction 
method is top-down due to the reduced 
shoring, excavation and backfilling. However, 
this method is not always available or 
appropriate based on the physical and 
geotechnical site conditions. The site should 
also be examined for R/W or utility 
constraints that would restrict the type of 
excavation or limit the use of some 
equipment. In addition, the accessibility to the 
site for construction and contractor staging 
areas should be considered. 

  Table 210.2 summarizes the various 
reinforced earth slopes and earth retaining 
systems that are currently available for use, 
along with the method in which they are 
constructed. 

(2) Reinforced Earth Slopes (PS&E by District 
PE) 

   Reinforced earth slopes incorporate metallic 
or non-metallic reinforcement in construction 
of embankments and cut slopes with a slope 
angle flatter than 70 degrees from the 
horizontal plane. Reinforced earth slopes 
should be used in conjunction with erosion 
mitigation measures to minimize future 
maintenance costs.  The slope face is typically 



200-44 HIGHWAY DESIGN MANUAL 
December 20, 2004  
 

 Table 210.2 
Types of Reinforced Earth Slopes and Earth Retaining Systems(1)

 
 EARTH RETAINING SYSTEM Construction

Method(2) 
PS&E  

By 
Typical Facing 

Material 
Recommended 

Maximum 
Vertical 

Height, m 

Ability to 
Tolerate 

Differential 
Settlement(3) 

Reinforced Earth Slopes 
 Reinforced Embankments BU District PE Vegetation/Soil 50.0 E 
 Rock/Soil Anchors TD District PE Soil/Rock 40.0 E 

State Designed Earth Retaining Systems with Standard Plans 
 Concrete Cantilever Wall, Type 1, 1A & 2 BU District PE Concrete 10.9,3.6,6.7(4) P 
 Concrete Counterfort Wall, Type 3 & 4 BU District PE Concrete 10.9,9.1(4) P 
 Concrete L-Type Cantilever Wall, Type 5 BU District PE Concrete 3.6(4) P 
 Concrete Masonry Wall, Type 6 BU District PE Masonry 1.8(4) P 
 Crib Wall: Concrete, Steel or Timber BU District PE Concrete, Steel, 

Timber 
16.1,10.9,6.0(4) P 

State Designed Earth Retaining Systems Which Require Special Designs 
 Standard Plan Walls with modified wall 

geometry, foundations or loading 
conditions 

BU Structure PE Concrete, Steel, 
Timber 

16.0 P-F 

Non-Gravity Cantilevered Walls 
  Sheet Pile Wall TD Structure PE Steel 6.0 F 
  Soldier Pile Wall with Lagging TD/BU Structure PE Concrete, Steel, 

Timber 
6.0 F-G 

  Tangent Soldier Pile Wall TD/BU Structure PE Concrete 9.0 F 
  Secant Soldier Pile Wall TD Structure PE Concrete 9.0 F 
  Slurry Diaphragm Wall TD Structure PE Concrete,Shotcrete 24(5) F 
  Soil Mix Wall TD District PE Shotcrete 24(5) F-G 
 Anchored Wall (Structural or Ground 

Anchors) 
TD Structure PE Concrete, Steel, 

Timber 
24(6) F-G 

Gravity Walls 
  Concrete Gravity Wall BU Structure PE Concrete 3.0 P 
  Rock Gravity Wall BU District PE Rock 4.0 E 
  Gabion Basket Wall BU District PE Wire & Rock 8.0 E 

Soil Reinforcement Systems 
  Mechanically Stabilized Embankment BU Structure PE Concrete 15.2 G 
  Salvaged Material Retaining Wall BU District PE Steel, Timber 5.0 G 
  Soil Nail Wall TD Structure PE Concrete,Shotcrete 25.0 F 
  Tire Anchored Timber Wall BU District PE Timber 10.0 G 

Proprietary Earth Retaining Systems (Pre-approved) 
The list of Pre-approved systems is available at the website shown in Index 210.2(3)(c). 

Proprietary Earth Retaining Systems (Pending) 
These systems are under review by DES-SD.  For more information, see Index 210.2(3)(d). 

Experimental State Designed Earth Retaining Systems 
 Geosynthetic Reinforced Walls BU Structure PE/ 

District PE 
Concrete Blocks, 
Steel, Vegetation, 

Fabric 

20.0 E 

 Mortarless Concrete Blocks Gravity Walls BU District PE Concrete Blocks 2.5 P 
Notes: 

 
1. Comparative cost data is available from DES-SD. 
2. BU = Bottom UP; TD = Top Down 
3. E = Excellent; G = Good; F = Fair; P = Poor 

4. Maximum Design Height 
5. Anchors may be required 
6. With lagging 
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  erosion protected with the use of systems such 
as geo-synthetics, bio-stabilization, rock slope 
protection, or reinforced concrete facing.  

(3) Earth Retaining Systems 

  Earth retaining systems can be divided into 
five major categories depending upon the 
nature of the design and whether they are 
designed by the owner (State designed), a 
Proprietary vendor or a combination thereof.  
The term “State designed” as referenced 
herein is utilized to encompass earth retaining 
systems that are designed by the State or by 
Local or Private entities on behalf of the 
State. No assignment of roles and 
responsibilities is intended.  The five 
categories are as follows: 

(a) State Designed Earth Retaining Systems 
which utilize Standard Plans (PS&E by 
District PE).  

  Standard Plans are available for a variety 
of earth retaining systems (retaining 
walls). Loading conditions and foundation 
requirements are as shown on the 
Standard Plans. For sites with 
requirements that are not covered by the 
Standard Plans, a special design is 
required. To assure conformance with the 
specific Standard Plan conditions and 
requirements, and subsequent completion 
of the PS&E in a timely fashion, the 
District PE should request a foundation 
investigation for each location where a 
retaining wall is being considered.  
Retaining walls that utilize Standard Plans 
are as follows: 

  • Retaining Wall Types 1, 1A and 2 
(Concrete Cantilever). These walls 
have design heights up to 10.9 m,     
3.6 m and 6.7 m, respectively, but are 
most economical below 6.0 m.  
Concrete cantilever walls can 
accommodate traffic barriers, and 
drainage facilities efficiently. See 
Standard Plans B3-1, B3-2, B3-3, B3-
4, B3-8 and B3-9 for further details. 

• Retaining Wall Types 3 and 4 
(Concrete Counterfort). These walls 
have design heights up to 10.9 m and 
9.1 m respectively. These walls may 
be used where minimum horizontal 
wall deflection is desired. When used 
in conjunction with concrete 
cantilever walls, there should be an 
offset in the plane of the wall faces to 
mask the difference in deflection 
between the two wall types. The cost 
of these walls is generally more than 
for concrete cantilever walls of similar 
height. See Standard Plans B3-5 and 
B3-6 for further details. 

• Retaining Wall Type 5 (Concrete L-
Type Cantilever). This wall has a 
design height up to 3.6 m. Although 
more costly than cantilever walls, 
these walls may be required where 
site restrictions do not allow for a 
footing projection beyond the face of 
the wall stem. See Standard Plan B3-7 
for further details. 

• Retaining Wall Type 6 (Concrete 
Masonry Walls). These walls may be 
used where the design height of the 
wall does not exceed 1.8 m. These 
walls are generally less costly than all 
other standard design walls or gravity 
walls. Where traffic is adjacent to the 
top of the wall, guardrail should be set 
back as noted in the Standard Plans. 
See Standard Plan B3-11 for further 
details.  

• Crib Walls.  The following types are 
available: 

  Concrete Crib Wall - This type of 
crib wall may be used for design 
heights up to 16.0 m. Concrete 
crib walls are suited to coastal 
areas and higher elevations where 
salt air and deicing salts may limit 
the service life of other types of 
crib walls. See Standard Plans 
C7A to C7G for further details. 
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   Steel Crib Wall - This type of crib 
wall may be used for design 
heights up to 10.9 m.  Steel crib 
walls are light in weight; easily 
transported and installed; and, 
therefore, suited for relatively 
inaccessible installations and for 
emergency repairs.  See Standard 
Plans C8A to C8C for further 
details. 

   Timber Crib Wall - This type of 
crib wall may be used for design 
heights up to 6.0 m.  Timber crib 
walls have a rustic appearance 
which makes them suitable for 
use in rural environments.  When 
all of the wood members are 
pressure preservative treated, the 
service life of timber crib walls is 
comparable to that of concrete or 
steel crib walls.  See Standard 
Plans C9A and C9B for further 
details. 

 Timber and concrete crib walls 
constructed on horizontal alignments 
with curves or angle points require 
special details, particularly when the 
wall face is battered.  Because crib wall 
faces can be climbed, they are not 
recommended for use in urban 
locations where they may be accessible 
to the public. 

(b) State Designed Earth Retaining Systems 
which requires Special Designs.   

  Some locations will require a special 
design to accommodate ground contours, 
traffic, utilities, man-made features, site 
geology, economics, or aesthetics.  

 Some special design earth retaining 
systems are as follows: 

 • Standard Plan Walls (PS&E by 
Structure PE).  The design loadings, 
heights, and types of walls in the 
Standard Plans cover frequent 
applications for earth retaining 
systems.   However, special designs are  

  necessary if the imposed loading 
exceeds that shown on the Standard 
Plan.  Railroad live loads; building 
surcharge; loads imposed by sign 
structures, electroliers, or noise barriers 
are examples of loading conditions that 
will require special designs.  
Foundation conditions that require pile 
support for the wall and angle points in 
the wall geometry necessitate a special 
design.  

• Non-Gravity Cantilevered Walls 
(PS&E by Structure PE).  These walls 
include sheet pile walls, soldier pile 
walls with lagging, tangent soldier pile 
walls, slurry walls, reinforced concrete 
walls and deep soil mixing walls. 
These walls are most practical in cut 
sections and are best suited for 
situations where excavation for a 
retaining wall with a footing is 
impractical because of traffic, utilities, 
existing buildings, or R/W restrictions.  
In embankment sections, a non-gravity 
cantilevered wall is a practical solution 
for a roadway widening where design 
heights are less that 4.6 m.  They are 
also practical for slip-out corrections.  
Non-gravity cantilevered walls can 
consist of concrete, steel, timber, or 
cemented soil piles that may be either 
driven into place or placed in drilled 
holes and trenches. 

• Anchored Walls (PS&E by Structure 
PE).  These walls are typically 
composed of the same elements as non-
gravity cantilevered walls, but derive 
additional lateral resistance from 
ground anchors (tiebacks), concrete 
anchors, or pile anchors.  These 
anchors are located behind the 
potential failure surfaces in the retained 
soil and are connected to the wall 
structurally.  The method of support 
and anchorage depends on site 
conditions, design height, and loading 
imposed.  The cost of these walls is 
variable  depending  on  earth retaining 
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  requirements, site geology, aesthetic 
consideration, and site restraints, but is 
generally higher than “Standard Design 
Walls” for the same wall geometry and 
loading conditions.  Anchored walls  
may be used to stabilize an unstable 
site provided that adequate material 
exists at the site for the anchors.  
Economical wall heights up to 24.0 m 
are feasible. 

• Gravity Wall Systems that require 
special designs are Concrete Gravity, 
Rock Gravity, and Gabion Basket 
Walls.   

  Concrete Gravity Walls (PS&E by 
Structure PE).  Concrete gravity walls 
are most economical at design heights 
below 1.2 m.  However, they may be 
constructed at heights up to 1.8 m.  
These walls can be used in connection 
with a cantilever wall if long lengths of 
wall with design heights of less than 
1.2 m are required.  A Type 50C 
concrete barrier, see Standard Plans, 
can serve as a gravity retaining wall at 
locations where the differential height 
between the adjoining roadway grades 
is equal to or less than 0.9 m. 

  Rock Gravity Walls (PS&E by District 
PE).  Rock gravity walls consist of 
rocks that are 50 to 1000 kg, stacked 
on top of each other at slight batter.  
These walls are typically used in areas 
where a rock appearance is desirable 
for aesthetic reasons.  Wall heights 
range from 0.5 to 4.0 m, but are most 
economical for heights less than 3.0 m. 

  Gabion Basket Walls (PS&E by 
District PE).  Gabion basket walls use 
compartmented units filled with stones 
and can be constructed up to 8.0 m in 
height.  Each unit is a rectangular 
basket made of galvanized steel wire.  
The stone fill is 102 to 405 mm in  
size.  Gabion basket walls are typically 
used for  soil  and  stream bank 
stabilization.  Service life of the gabion 

  basket wall is highly dependent on the 
environment in which they are placed.  
Corrosion, abrasion, rock impact, fire 
and vandalism are examples of site-
specific factors that would influence 
the service life of the wall and should 
be taken into consideration by the 
District PE during the design of the 
project.  See Standard Plans D100A 
and D100B for further details. 

• Soil Reinforcement Systems.  Soil 
reinforcement systems consist of facing 
elements and soil reinforcing elements 
incorporated into a compacted or in 
situ soil mass.  The reinforced soil 
mass functions similar to a gravity 
wall. 

 Soil reinforcing elements can be any 
material that provides tensile strength 
and pullout resistance, and possesses 
satisfactory creep characteristics and 
service life.  Generally, reinforcing 
elements are steel, but polymeric and 
fiberglass systems may be used. 

 Facing elements for most systems are 
either reinforced concrete, light guage 
steel, or treated wood.  Polymeric 
reinforced walls may be faced with 
masonry-like elements or even planted 
with local vegetation.  Selection of 
facing type is governed by aesthetics 
and service life. 

 Wall heights of soil reinforcement 
systems are controlled mainly by 
bearing capacity of the foundation 
material and site stability.  Wall 
heights in excess of 18 m are feasible 
where conditions permit.  Foundation 
investigations for soil reinforcement 
systems are similar to investigations 
for conventional retaining walls. 

 Special details are required when 
drainage structures, overhead sign 
supports or noise barriers on piles are 
within the reinforced soil mass.  
Concrete    traffic   barriers   require   a 
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  special design support slab when used 
at the top of the facing of these 
systems.  These systems cannot be 
used where site restrictions do not 
allow necessary excavation or 
placement of the soil reinforcing 
elements. 

 Soil reinforcement systems that require 
special design are as follows:  

• Mechanically Stabilized Embankment 
(MSE) (PS&E by Structure PE).  This 
system uses welded steel wire mats, 
steel strips or polymeric materials as 
soil reinforcing elements.  The facing 
elements are precast concrete.  In many 
cases, this system can be constructed 
using on-site backfill materials.  

  When the bottom-up construction 
method is possible and other conditions 
permit their use, these systems are 
generally the most economical choice 
for wall heights greater than 6.0 m.  
They may also be the most economical 
system for wall heights in the 3.0 m to 
6.0 m range, depending on the specific 
project requirements. 

 Because of the articulated nature of the 
facing elements these systems use, they 
can tolerate greater differential 
settlement than can monolithic 
conventional rigid retaining walls, such 
as concrete cantilever retaining walls. 

  Steel elements used in this method are 
sized to provide sacrificial steel to 
compensate for anticipated corrosion; 
and may be galvanized to provide 
additional protection. 

• Salvaged Material Retaining Wall 
(PS&E by District PE).  This system 
utilizes C-channel sections as soil 
reinforcement.  Galvanized metal beam 
guardrail, timber posts or concrete 
panels are used as facing elements.  
Often  these  materials  can be salvaged  

from projects.  The District Recycle 
Coordinator should be consulted as to 
the availability of salvaged materials.   

• Soil Nail Wall (PS&E by Structure 
PE). This system reinforces either the 
original ground or an existing 
embankment during the excavation 
process.  Soil nailing is always 
accomplished from the top-down in 
stages that are typically 1.2 m to 1.8 m 
in height.  After each stage of 
excavation, corrosion protected soil 
reinforcing elements, "soil nails", are 
placed and grouted into holes which 
have been drilled at angles into the in 
situ material.  The face of each stage of 
excavation is protected by a layer of 
reinforced shotcrete.  After the full 
height of wall has been excavated and 
reinforced, a finish layer of concrete 
facing is placed either by the 
shotcreting method or by casting 
within a face form.  

When top-down construction is 
possible and conditions permit its use, 
soil nail wall systems are generally the 
most economical choice for wall 
heights greater than 3.0 m.  Wall 
heights in excess of 25.0 m are feasible 
in specific locations.  

 Because soil nailing is accomplished 
concurrent with excavation, and thus 
results in an unloading of the 
foundation, there is typically no 
significant differential settlement.  

 Steel "soil nails" used in this method 
are protected against corrosion either 
by being epoxy coated or encapsulated 
within a grout filled corrugated plastic 
sheath, and surrounded by portland 
cement grout placed during 
construction.  Soil nail lengths 
typically range from 80 to 100 percent 
of the wall height, the actual length 
depends on the nail spacing used and 
the competency of the in situ soil. 
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  • Recycled Tire Anchor Timber (TAT) 
Walls (PS&E by District PE).  This 
system utilizes steel bars with 
recycled tire sidewalls attached by 
cross bars as soil reinforcing 
elements.  The facing elements are 
treated timber.  TAT walls have a 
rustic appearance, which makes them 
suitable in rural environments.  The 
length of commercially available 
timber post generally controls the 
height of wall but heights up to     
10.0 m are feasible.  

(c) Proprietary Earth Retaining Systems (Pre-
approved).   

  These conventional retaining walls, 
cribwalls, and soil reinforcement systems 
are designed, manufactured, and marketed 
by vendors.  These systems are termed 
“proprietary” because they are patented.  
“Pre-approval” status means that these 
systems may be listed in the Special 
Provisions of the project as an Alternative 
Earth Retaining System (AERS), see 
Index 210.3, when considered appropriate 
for a particular location.  For a proprietary 
system to be given “pre-approval” status, 
the vendor must submit standard plans 
and design calculations to the Division   
of Engineering Services – Structure 
Design (DES-SD) for their review and 
approval.  The Proprietary earth retaining 
systems that have been pre-approved are 
included in the Department’s Pre-
Qualified Products List, located on the 
following website: www.dot.ca.gov/hq/ 
esc/approved_products_list/ . 

 Design details and specifications of “pre-
approved” proprietary earth retaining 
systems may be found on the vendor 
websites listed in the Pre-Qualified 
Projects List.  New systems are added to 
the website list once they are pre-
approved for use. 

(d) Proprietary Earth Retaining Systems 
(Pending).   

  The systems in this category have been 
submitted by vendors to DES-SD for 
evaluation.  Upon approval of DES-SD,  
pending systems are added to the website 
list of “pre-approved” proprietary earth 
retaining systems and included in the 
project specific Special Provisions. 

 If a proprietary system is the only 
retaining system deemed appropriate for 
use at a specific location, the construction 
of that system must be justified or 
designated an experimental construction 
feature in accordance with existing 
Departmental Policy concerning sole 
source purchases.  See Index 110.10 for 
additional guidance on the use of 
proprietary items. 

(e) Experimental State Designed Earth 
Retaining Systems.   

  Every earth retaining system is evaluated 
before being approved for routine use by 
the Department.  Newly introduced 
designs, unproven combinations of 
proprietary and non-proprietary designs or 
products, are considered experimental.  
Once an experimental system has been 
evaluated and approved, it will be made 
available for routine use.  The use of these 
systems is only permitted upon 
consultation with the Division of 
Engineering Services – Geotechnical 
Services (DES-GS).  

 Some earth retaining systems which are 
currently considered experimental follow: 

• Geo-synthetic Reinforced Walls 
(PS&E by District PE).  These 
systems utilize geo-synthetic material 
as the soil reinforcing elements.  The 
face of these walls can be left 
exposed if the geo-synthetic material 
has been treated to prevent decay 
from ultra-violet rays.  Concrete 
panels, mortarless masonry, tar 
emulsion, or air blown mortar may be 
used as facing materials or the face 
may   be  seeded  if  a  more  aesthetic  
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  treatment is preferred.  Design is by 
DES-GS. 

    • Mortarless Concrete Block Gravity 
Walls (PS&E by District PE).  These 
wall types consist of vertically stacked, 
dry cast, concrete blocks.  This system 
utilizes the friction and shear 
developed between the blocks and the 
combined weight of the blocks to 
retain the backfill.  Some of these walls 
have been used as erosion protection at 
abutments and on embankments.  They 
can be used as an aesthetic treatment 
for geo-synthetic material reinforced 
walls.  All of these walls require a 
batter.  Design is by the DES-GS. 

210.3 Alternative Earth Retaining Systems 
(AERS) 

Using the Alternative Earth Retaining Systems 
(AERS) procedure encourages competitive bidding 
and potentially results in project cost savings.  
Therefore, AERS must be considered in all projects 
where earth retaining systems are required. 

The AERS procedure may result in one or more 
earth retaining systems being included in the 
contract bid package.  Under this procedure, a fully 
detailed State designed earth retaining system will 
be provided for each location, and will be used as 
the basis for payment.  Additional systems may be 
presented in the contract documents as alternatives 
to the fully detailed State design and can be 
considered for use at specified locations.  The fully 
detailed State designed earth retaining system may 
be either a Standard Plan system or a special design 
system.  Alternative systems may also be State 
designed systems, “pre-approved” proprietary 
systems or experimental systems, as appropriate.  
The State designed alternative systems, both 
Standard Plan walls and special design systems, is 
to be completely designed and specified in the 
PS&E.  Alternative systems are to be listed in the 
Special Provisions as AERS. 

The AERS procedure requires the involvement of 
the District PE, DES-SD, and the DES-GS.  The 
District PE should submit pertinent site information 
(site plans, typical sections, etc.)   to DES-GS  for a  

feasibility study as early as possible in the project 
development process. 

Under the AERS procedure, parts of the PS&E 
package which pertain to the earth retaining 
systems will be prepared as follows: 

• Contract plans for State designed systems 
can be prepared by the District PE 
(Standard Plan systems), the DES-GS 
(special design soil reinforcement systems 
and experimental systems), or the Structure 
PE (Standard Plan systems and special 
design systems). 

• “Pre-approved” proprietary systems that 
are determined, based on consultation with 
DES-SD, to be appropriate alternatives to 
the State designed earth retaining system, 
are to be listed in the Special Provisions. 

• Specifications and Estimates shall be 
developed for the fully detailed State 
designed system, which will be used as the 
basis for payment. 

The earth retaining systems utilizing this procedure 
are to be measured and paid for by the square meter 
area of the face of the earth retaining system.  
Should an AERS be constructed, payment will be 
made based on the measurements of the State 
designed system which was designated as the basis 
of payment.  The contract price paid per square 
meter is for all items of work involved and includes 
excavation, backfill, drainage system, reinforcing 
steel, concrete, soil reinforcement, and facing.  Any 
barrier, fence, or railing involved is measured and 
paid for as separate contract cost items. 

210.4 Cost Reduction Incentive Proposals 
(CRIP) 

Sometimes Contractors submit proposals for an 
earth retaining system under Section 5-1.14 of the 
Standard Specifications, “Cost Reduction 
Incentive.”  The Contractor proposed system may 
modify or replace the earth retaining system 
permitted by the contract.  The CRIP process 
allows vendors of proprietary earth retaining 
systems an alternative method for having their 
systems used prior to obtaining “pre-approval” (see 
Index 210.2(c)).   CRIP submittals are administered  
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by the Resident Engineer.  However, Contract 
Change Orders are not to be processed until the 
CRIP is approved by Headquarters Construction 
with review assistance provided by the District or 
Structure PE as appropriate. 

210.5 Aesthetic Consideration 

The profile of the top of wall should be designed to 
be as pleasing as the site conditions permit.  All 
changes in the slope at the top of cast-in-place 
concrete walls should be rounded with vertical 
curves at least 6.0 m in length.  Abrupt changes in 
the top of the wall profile should be avoided by 
using vertical curves, slopes, steps, or combinations 
thereof.  Side slopes may be flattened or other 
adjustments made to provide a pleasing profile. 

Where walls are highly visible, special surface 
treatments or provisions for landscaping should be 
considered.  The aesthetic treatment of walls should 
be discussed with the District Landscape Architect 
and when necessary referred to DES Structure 
Design Services & Earthquake Engineering for 
additional study by the Office of Transportation 
Architecture. 

The wall area between the grade line and 1.8 m 
above it shall be free of any designed indentations 
or protrusions that may snag errant vehicles 

When alternative wall types are provided on 
projects with more than one wall site, any 
restrictions as to the combination of wall types 
should be specified in the Special Provisions. 

210.6 Safety Railing, Fences, and Concrete 
Barriers 

Cable railing shall be installed for employee 
protection in areas where employees may work 
adjacent to and above vertical faces of retaining 
walls, wingwalls, abutments, etc. where the 
vertical fall is 1.2 m or more. 

If cable railing is required on a wall which is less 
than 1.4 m tall and that wall is located within the 
clear recovery zone, then the cable railing should 
be placed behind the wall.  See Standard Plan B11-
47 for details of cable railing. 

Special designs for safety railing may be 
considered where aesthetic values of the area 
warrant special treatment.  In addition, if the 
retaining wall is accessible to the public and will 
have pedestrians or bicycles either above or below 
the retaining wall, then the provisions of Index 
208.10 shall apply. 

Concrete barriers may be mounted on top of 
retaining walls.  Details for concrete barriers 
mounted on top of retaining walls Type 1 through 5 
are shown in the Standard Plans.  A concrete 
barrier slab is required if a concrete barrier is to be 
used at the top of a special design earth retaining 
system.  DES-SD should be contacted for 
preparation of the plans involved in the special 
design. 

Retaining walls joining right of way fences should 
be a minimum of 1.8 m clear height. 

The District PE should examine the proposed 
retaining wall location in relation to the provisions 
of Index 309.1 to ensure adequate horizontal 
clearances to the structure or to determine the type 
and placement of the appropriate roadside safety 
devices. 

210.7 Design Responsibility 

The Structure PE has primary responsibility for the 
structural design and preparation of the contract 
documents (PS&E) for special design earth 
retaining systems involving Standard Plans non-
gravity cantilevered walls, anchored walls,  
concrete and rock gravity walls, mechanically 
stabilized embankment, and soil nail walls.  The 
DES-GS has primary responsibility for the 
geotechnical design of all reinforced earth slopes 
and earth retaining systems.  DES-SD will prepare 
the Specifications and Engineer's Estimate for 
contracts when the AERS procedure is used.  DES-
SD reviews and approves standard plan submittals 
for proprietary earth retaining systems submitted  
by vendors.  DES-SD and DES-GS assist 
Headquarters Construction in evaluating the CRIP 
submitted by contractors. 
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Districts may prepare contract plans, specifications, 
and engineer's estimate for Standard Plan retaining 
walls provided the foundation conditions and site 
requirements permit their use.  A foundation 
investigation is required for all reinforced earth 
slopes and earth retaining systems.  PS&E’s for 
slurry walls, deep soil mixing walls, gabion walls, 
tire anchored timber walls, salvaged material walls, 
and experimental walls will be prepared by the 
District PE with assistance from DES-GS.  Earth 
retaining systems may be included in the PS&E as 
either highway or structure items. 

The time required for DES-SD to provide the 
special design of a retaining system is site and 
project dependent.  Therefore, the request for a 
special design should be submitted by the District 
PE to DES-SD as far in advance as possible, but 
not less than 6 months prior to PS&E delivery.  At 
least 3 months is required to conduct a foundation 
investigation for an earth retaining system.  A site 
plan, index map, cross sections, vertical and 
horizontal alignment, and utility and drainage 
requirements should be sent along with the request. 

DES-GS has the responsibility for preparing a 
feasibility study for AERS.  The District PE should 
submit project site information (site plans, typical 
sections, etc.) as early in the planning stage as 
possible so that determination of the most 
appropriate earth retaining system to use can be 
made. 

210.8 Guidelines for Type Selection and 
Plan Preparation 

(1) Type Selection.  Type selection for reinforced 
earth slopes and earth retaining systems 
should be based on considerations set forth in 
Index 210.2.   

  The District PE should request a feasibility 
study for a reinforced slope or earth retaining 
system from DES-GS as early as possible in 
the project development process.  After the 
feasibility study, the District PE should 
request an Advanced Planning Study (APS) 
from DES-SD for all special design earth 
retaining systems that DES-SD may be 
required to include in the PS&E. 

  If the District PE decides that the course of 
action favors an earth retaining system in 
which the PS&E will be delivered by DES-
SD, then a Bridge Site Data Submittal – Non-
Standard Retaining Wall/Noise Barrier must 
be submitted to DES-Structure Design 
Services & Earthquake Engineering –
Preliminary Investgations (PI) Branch.  A 
copy of this submittal will be forwarded to 
DES-SD and DES-GS by PI. 

  The Structure PE, with input from DES-GS 
and the District PE, will then type select the 
appropriate earth retaining system for the site 
and project.  After an earth retaining system 
has been type selected, then DES-GS will 
prepare a Geotechnical Design Report. 

  The process for type selecting and developing 
the PS&E for reinforced earth slopes and earth 
retaining systems is set forth in Figure 210.8. 

  All appropriate State designed and proprietary 
earth retaining systems should be considered 
for inclusion in the contract documents to 
promote competitive bidding, which can result 
in cost savings. 

(2) Foundation  Investigations.  DES-GS should 
be requested to provide a foundation 
recommendation for all sites involving a 
reinforced slope or an earth retaining system.  
Any log of test boring sheets accompanying 
the foundation reports must be included with 
the contract plans as project information, for 
the bidders use. 

(3) Earth Retaining Systems with Standard Plans.  
The following guidelines should be used to 
prepare the contract plans for earth retaining 
systems, which are found in the Standard 
Plans:  

(a) Loads.  All wall types selected must be 
capable of supporting the field surcharge 
conditions.  The design surcharges can be 
found in the Standard Plans.  Deviance 
from these loadings will require a special 
design. 
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Figure 210.8 
Type Selection and PS&E Process for Reinforced Earth Slopes 

 and Earth Retaining Systems 
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(b) Footing Steps.  For economy and ease of 
construction of wall Types 1 through 6, 
the following criteria should be used for 
layout of footing steps. 

• Distance between steps should be in 
multiples of 2.4 m. 

• A minimum number of steps should be 
used even if a slightly higher wall is 
necessary.  Small steps, less than 0.3 m 
in height, should be avoided unless the 
distance between steps is 29.2 m or 
more.  The maximum height of steps 
should be held to 1.2 m.  If the footing 
thickness changes between steps, the 
bottom of footing elevation should be 
adjusted so that the top of footing 
remains at the same elevation. 

(c) Sloping Footings.  The following criteria 
should be used for layout of sloping 
footings. 

• The maximum permissible slope for 
reinforced concrete retaining walls is 
3%.  Maximum footing slope for 
masonry walls is 2%. 

• When sloping footings are used, form 
and joint lines are permitted to be 
perpendicular and parallel to the 
footing for ease of construction. 

• In cases where vertical electroliers or 
fence posts are required on top of a 
wall, the form and joint lines must 
also be vertical.  A sloping footing 
should not be used in this situation 
since efficiency of construction 
would be lost. 

• Sloping footing grades should be 
constant for the entire length of the 
wall.  Breaks in footing grade will 
complicate forming and result in loss 
of economy.  If breaks in footing 
grade are necessary, a level stepped 
footing should be used for the entire 
wall. 

• When the top of wall profile of crib 
walls is constant for the entire length, 
the bottom of wall profile may be 
sloped to avoid steps in the top of 
wall.  In this case, all steps to 
compensate for changes of wall 
height and original ground profile 
would be made in the bottom of wall.  
The maximum permissible slope is 
6%.  If vertical electroliers or fence 
posts are required on top of the wall, 
the crib wall should not be sloped.  
Sloping crib walls are permissible 
with guard railing with vertical posts. 

(d) Wall Joints.  General details for required 
wall joints on wall Types 1, 1A, 2, and 5 
are shown on Standard Plan B0-3.  
Expansion joints, Bridge Detail 3-3, 
should be shown at maximum intervals of 
29.2 m.  Shorter spaces should be in 
multiples of 2.4 m.  Expansion joints 
generally should be placed near angle 
points in the wall alignment.  When 
concrete barriers are used on top of 
retaining walls, the waterstop in the 
expansion joint must be extended 150 mm 
into the barrier.  This detail should be 
shown or noted on the wall plans.  
Weakened plane joints, Bridge Detail 3-2, 
should be shown at nearly equal spaces 
between joints. 

(e) Drainage.  Gutters should be used behind 
walls in areas where it is necessary to 
carry off surface water or to prevent scour.  
Low points in wall vertical alignment or 
areas between return walls must be 
drained by downspouts passing through 
the walls.  Standard Plan B3-9 shows 
typical drainage details.  Special design of 
surface water drainage facilities may be 
necessary depending on the amount of 
surface water anticipated.  Where ground 
water is likely to occur in any quantity, 
special provisions must be made to 
intercept the flow to prevent inundation of 
the backfill and unsightly continuous flow 
through weep holes. 
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(f) Quantities.  When the AERS procedure is 
not utilized, quantities for each wall item of 
work are usually developed for payment.  
The quantities for concrete, expansion joint 
waterstop, structure excavation, structure 
backfill, pervious backfill material, 
concrete barrier or railing, and gutter 
concrete must also be tabulated.  Quantities 
should be tabulated on the plans for each 
wall. 

(4) Soil Reinforcement Systems.  The following 
guidelines should be used to prepare the 
contract plans for soil reinforcement systems: 

(a) Leveling Pads.  Most soil reinforcement 
systems do not require extensive 
foundation preparation.  It may be 
necessary, however, to design a concrete 
leveling pad on which to construct the face 
elements.  A reinforced concrete leveling 
pad will be required in areas prone to 
consolidation or frost disturbance. 

 • Steps in the leveling pad should be the 
same height as the height of the facing 
elements or thickness of the soil layer 
between the soil reinforcement. 

 • Distance between steps in the leveling 
pad should be in increments equivalent 
to the length of individual facing 
elements. 

 • A minimum number of steps should be 
used even if a slightly higher wall is 
necessary. 

(b) Drainage.  Gutters should be used behind 
walls in areas where it is necessary to carry 
off surface water or to prevent scour.  Low 
points in wall vertical alignment or areas 
between return walls must be drained by 
downspouts passing through the walls.  
Special design of surface water drainage 
facilities will be necessary and should be 
prepared by DES-SD.  Where ground water 
is likely to occur in any quantity, special 
provisions must be made to intercept the 
flow to prevent inundation of the backfill. 

(c) Quantities.  When the AERS procedure is 
not utilized, quantities for each item of 
work are usually developed for payment.  
Bid items must include, but not be limited 
to: excavation and backfill for the 
embedment depth, soil reinforcement, 
facing elements, and concrete for leveling 
pad construction.  Additional bid items for 
inclusion are any drainage system, pervious 
backfill, concrete barrier, railings, and 
concrete gutters.  Quantities should be 
tabulated on the plans for each wall. 

(5) Earth Retaining Systems.  The following 
miscellaneous details are applicable to all 
earth retaining systems: 

(a) Utilities.  Provisions must be made to 
relocate or otherwise accommodate utilities 
conflicting with the retaining wall.  A 
utility opening for a Type 1 wall is shown 
on Standard Plan B3-9.  Any other utility 
openings will require special design details 
and should be reviewed by DES-SD. 

(b) Electroliers and Signs.  Details for 
mounting electroliers and signs on earth 
retaining systems are designed by DES-
SD.  Requests for preparation of details 
should be made at least 3 months in 
advance of the PS&E submittal to District 
Officer Engineer date.  To accommodate 
the base plates for overhead signs, a local 
enlargement may affect the horizontal 
clearance to both the edge of pavement 
and the right of way line.  This type of  
enlargement should be considered at the 
time of establishing the wall layout and a 
need for a Mandatory Design Exception 
determined.  For mounting details, furnish 
DES-SD a complete cross section of the 
roadway at the sign and the layout and 
profile of the earth retaining system. 

(c) Fence and Railing Post Pockets.  Post 
pocket details shown for cable railing in 
the Standard Plans may also be used for 
mounting chain link fence on top of 
retaining walls.  Special details may be 
necessary to accommodate the reinforce-
ment in soil reinforcement systems. 
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(d) Return Walls.  Return walls should be 
considered for use on the ends of the walls 
to provide a finished appearance.  Return 
walls are necessary when wall offsets are 
used or when the top of wall is stepped.  
Return walls for soil reinforcement 
systems will require special designs to 
accommodate the overlapping of soil 
reinforcing elements. 

 All special wall details such as sign bases, 
utility openings, drainage features, fences, 
and concrete barriers should be shown on 
the plan sheet of the wall concerned or 
included on a separate sheet with the wall 
plan sheets.  Details should be cross-
referenced on the wall sheets to the sheets 
on which they are shown. 
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CHAPTER 300 
GEOMETRIC CROSS SECTION 

Topic 301 - Traveled Way 
Standards 

Index 301.1 - Traveled Way Width 

The traveled way width is determined by the 
number of lanes demanded by the design hourly 
volume.  The traveled way width does not include 
curbs, dikes, gutters, or gutter pans.  The basic 
lane width for new construction on two-lane and 
multilane highways, ramps, collector roads, and 
other  appurtenant  roadways  shall  be 3.6 m.  
For roads with curve radii of 90 m or less, 
widening due to offtracking should be considered.  
See Index 404.1 and Table 504.3A.  For roads 
under other jurisdictions, see Topic 308.  

301.2 Cross Slopes 

(1) General.  The purpose of sloping on roadway 
cross sections is to provide a mechanism to 
direct water (usually from precipitation) off 
the traveled way.  Undesirable accumulations 
of water can lead to hydroplaning or other 
problems which can increase accident 
potential.  See Topics 831 and 833 for 
hydroplaning considerations. 

(2) Standards. 

(a) The standard cross slope to be used for 
new construction on the traveled way 
for all types of surfaces shall be 2%. 

(b) For resurfacing or widening when 
necessary to match existing cross slopes, 
the minimum shall be 1.5% and the 
maximum shall be 3 percent.  However, 
the cross slope on 2-lane and multilane 
AC highways should be increased to 2% if 
the cost is reasonable. 

(c) On unpaved roadway surfaces, 
including gravel and penetration 
treated earth, the cross slope shall be 
2.5% to 5.0%. 

On undivided highways with two or more lanes in a 
normal tangent section, the high point of the crown 

should be centered on the pavement and the 
pavement sloped toward the edges on a uniform 
grade.  

For rehabilitation and widening projects, the 
maximum algebraic difference in cross slope 
between adjacent lanes of opposing traffic for 
either 2-lane or undivided multilane highways 
should be 6%.  For new construction, the 
maximum shall be 4%. 

On divided highway roadbeds, the high point of 
crown may be centered at, or left of, the center of 
the traveled way, and preferably over a lane line 
(tent sections).  This strategy may be employed 
when adding lanes on the inside of divided 
highways, or when widening an existing "crowned" 
2-lane highway to a 4-lane divided highway by 
utilizing the existing 2-lane pavement as one of the 
divided highway roadbeds. 

The maximum algebraic difference in cross slope 
between same direction traffic lanes of divided 
highway roadbeds should be 4%. 

The maximum difference in cross slope between 
the traveled way and the shoulder should not 
exceed 8%.  This applies to new construction as 
well as pavement overlay projects. 

At freeway entrances and exits, the maximum 
difference in cross slope between adjacent lanes, or 
between lanes and gore areas, should not exceed 
5%. 

Topic 302 - Shoulder Standards 

302.1  Width 

The shoulder widths given in Table 302.1 shall 
be the minimum continuous usable width of 
paved shoulder.  For new construction, and major 
reconstruction projects on conventional highways, 
adequate width should be provided to permit shared 
use by motorists and bicyclists. 

See Index 308.1 for shoulder width requirements 
on city streets or county roads.  See shoulder 
definition, Index 62.1(7). 

See Index 1102.2 for shoulder width requirements 
next to noise Barriers. 
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Table 302.1 
Standards for Paved 

Shoulder Width 
     
   Paved Shoulder Width (m) 
   Left  Right (8) 

 Freeways & Expressways   

  2 lanes (1) -- 2.4 (6) 
  4 lanes (1) 1.5 3.0 
  6 or more lanes (1) 3.0 3.0 
  Auxiliary lanes -- 3.0 
  Freeway-to-freeway connections   
  Single and two-lane connections 1.5 3.0  
  Three-lane connections 3.0 3.0 
  Single-lane ramps 1.2 (2) 2.4 
  Multilane ramps 1.2 (2) 2.4 (3) 
  Multilane undivided -- 3.0 
  Collector-Distributor 1.5 3.0 

 Conventional Highways   

  Multilane divided   
  4-lanes 1.5 2.4 
  6-lanes or more 2.4 2.4 
  Urban areas with speeds less than 75 km/h and curbed    

medians 
 

0.6 (4) 
 

2.4 (7) 
  Multilane undivided -- 2.4 (7) 
  2-lane   
  RRR See Index 307.3  
  New construction See Table 307.2  
  Slow-moving vehicle lane -- 1.2 (5) 

 Local Facilities   

  Frontage roads  See Index 310.1  
  Local facilities crossing State facilities  See Index 308.1  
     
 NOTES: 
 (1) Total number of lanes in both directions including separate roadways (see Index 305.6).  If a lane is added to 

one side of a 4-lane facility (such as a truck climbing lane) then that side shall have 3.0 m left and right 
shoulders.  See Index 62.1. 

 (2) May be reduced to 0.6 m.  1.2 m preferred in urban areas and/or when ramp is metered.  See Index 504.3. 
 (3) In restrictive situations, may be reduced to 0.6 m or 1.2 m (preferred in urban areas) in the 2-lane section of a 

non-metered ramp which transitions from a single lane.  May be reduced to 0.6 m in ramp sections having 3 or 
more lanes.  See Index 504.3. 

 (4) For posted speeds less than 60 km/h, shoulder may be omitted (see Index 303.5(5)) except where drainage flows 
toward the curbed median. 

 (5) On right side of climbing or passing lane section only.  See Index 1003.2 if bike lanes are present. 
 (6) 3.0 m shoulders preferred. 
 (7) Where parking is allowed, 3.0 m to 3.6 m shoulders preferred. 
 (8) Shoulders adjacent to abutment walls, retaining walls in cut locations, and noise barriers shall be 3.0 m. 
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shown on Figure 307.4.  Local curb standards 
should be used when requested by local authorities 
for roads and streets that will be relinquished to 
them. 

Topic 304 - Side Slopes 

304.1  Side Slope Standards 

Slopes should be designed as flat as is reasonable.  
For new construction, widening, or where slopes 
are otherwise being modified, embankment slopes 
should be 1:4 or flatter.  Factors affecting slope 
design are as follows: 

(a) Safety.  Flatter slopes provide better 
recovery for errant vehicles that have run 
off the road.  A cross slope of 1:6 or 
flatter is suggested for high speed 
roadways whenever it is achievable.  
Cross slopes of 1:10 are desirable. 

  Recoverable slopes are embankment (fill) 
slopes 1:4 or flatter.  Motorists who 
encroach on recoverable slopes can 
generally stop their vehicles or slow them 
enough to return to the traveled way 
safely. 

  A slope which is between 1:3 and 1:4 is 
considered traversable, but not 
recoverable.  Since a high percentage of 
vehicles will reach the toe of these slopes, 
the recovery area should be extended 
beyond the toe of slope.  The AASHTO 
“Roadside Design Guide” should be 
consulted for methods of determining the 
preferred extent of the runout area. 

  Embankment slopes steeper than 1:3 are 
considered non-recoverable and non-
traversable.  District Traffic, Chapter 7 of 
the Traffic Manual, and the AASHTO 
“Roadside Design Guide” should be 
consulted for methods of determining the 
preferred treatment. 

  Regardless of slope steepness, it is 
desirable to round the top of slopes so an 
encroaching vehicle remains in contact 
with the ground.  Likewise, the toe of 

slopes should be rounded to prevent 
vehicles from nosing into the ground. 

(b) Erosion Control.  Slope designs steeper 
than 1:4 must be approved by  the District 
Landscape Architect in order to assure 
compliance with the regulations affecting 
Stormwater Pollution contained in the 
Federal Clean Water Act (see Index 82.4).  
Slope steepness and length are two of the 
most important factors affecting the 
erodability of a slope.  Slopes should be 
designed as flat as possible to prevent 
erosion.  However, since there are other 
factors such as soil type, climate, and 
exposure to the sun, District Landscape 
Architecture and the District Stormwater 
Coordinator must be contacted for erosion 
control requirements.    

(c) Structural Integrity.  Slopes steeper than 
1:2 require approval of District 
Maintenance.  The Geotechnical Design 
Report (See Topic 113) will recommend a 
minimum slope required to prevent slope 
failure due to soil cohesiveness, loading, 
slip planes and other global stability type 
failures.   There are other important issues 
found in the Geotechnical Design Report 
affecting slope design such as the 
consistency of the soil likely to be 
exposed in cuts, identification of the 
presence of ground water, and 
recommendations for rock fall. 

(d) Economics.   Economic factors such as 
purchasing right of way, imported borrow, 
and environmental impacts frequently 
play a role in the decision of slope length 
and steepness.  In some cases, the cost of 
stabilizing, planting, and maintaining 
steep slopes may exceed the cost of 
additional grading and right of way to 
provide a flatter slope. 

(e) Aesthetics.  Flat, smooth, well transitioned 
slopes are visually more satisfying than 
steep, obvious cuts and fills.  In addition, 
flatter slopes are more easily revegetated, 
which provides for a more scenic 
landscape.  Contact District Landscape 
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Architecture when preparing a contour 
grading plan. 

In light grading where normal slopes catch in a 
distance less than 5.5 m from the edge of the 
shoulder, a uniform catch point, at least 5.5 m from 
the edge of the shoulder, should be used.  This is 
done not only to improve errant vehicle recovery 
and aesthetics, but also to reduce grading costs.  
Uniform slopes wider than 5.5 m can be 
constructed with large production equipment 
thereby reducing earthwork costs. 

Transition slopes should be provided between 
adjoining cuts and fills.  Such slopes should 
intersect the ground at the uniform catch point line. 

In areas where heavy snowfall can be expected, 
consideration should be given to snow removal 
problems and snow storage in slope design.  It is 
considered advisable to use flatter slopes in cuts on 
the southerly side of the roadway where this will 
provide additional exposure of the pavement to the 
sun. 

304.2  Clearance From Slope to Right of 
Way Line 

The minimum clearance from the right of way line 
to catch point of a cut or fill slope should be 3 m 
for all types of cross sections.  When feasible, at 
least 5 m should be provided. 

Following are minimum clearances recommended 
for cuts higher than 10 m: 

(a) 6 m for cuts from 10 m to 15 m high. 

(b) 7.5 m for cuts from 15 m to 25 m high. 

(c) One-third the cut height for cuts above    
25 m, but not to exceed a width of 15 m. 

The foregoing clearance standards should apply to 
all types of cross sections. 

304.3  Slope Benches and Cut Widening 

The necessity for benches, their width, and vertical 
spacing should be finalized only after an adequate 
materials investigation.  Since greater traffic 
benefits are realized from widening a cut than from 
benching the slope, benches above grade should be 
used only where necessary.  Benches above grade 
should be used for such purposes as installation of 

horizontal drains, control of surface erosion, or 
intercepting falling rocks.  Design of the bench 
should be compatible with the geotechnical features 
of the site. 

Benches should be at least 6 m wide and sloped to 
form a valley at least 0.3 m deep with the low point 
a minimum of 1.5 m from the toe of the upper 
slope.  Access for maintenance equipment should 
be provided to the lowest bench, and if feasible to 
all higher benches. 

In cuts over 45 m in height, with slopes steeper 
than 1:1.5, a bench above grade may be desirable to 
intercept rolling rocks.  The Office of Structural 
Foundations should be consulted for assistance in 
recommending special designs to contain falling 
and/or rolling rocks. 

Cut widening may be necessary: 

(a) To provide for drainage along the toe of 
the slope. 

(b) To intercept and store loose material 
resulting from slides, rock fall, and 
erosion. 

(c) For snow storage in special cases. 

(d) To allow for planting. 

Where the widened area is greater than that 
required for the normal gutter or ditch, it should be 
flush with the edge of the shoulder and sloped 
upward or downward on a gentle slope, preferably 
1:20 in areas of no snow; and downward on a 1:10 
slope in snow areas. 

304.4  Contour Grading and Slope 
Rounding 

Pleasing aesthetic roadside effects can be 
developed with smooth flowing contours.  Contour 
grading is an important factor in roadside design, 
safe vehicle recovery (see Index 304.1), erosion 
control, planting, and maintenance of planting and 
vegetation.  Contour grading plans should be 
prepared to facilitate anticipated roadside treat-
ment.  These plans should show flattening of slopes 
where right of way permits. 
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 control.  The AASHTO “Roadside Design 

Guide” provides detailed design guidance for 
creating a forgiving roadside environment.  
See also Index 304.1 regarding side slopes and 
Chapter 7 of the Traffic Manual. 

The following clear recovery zone widths are 
the minimum desirable for the type of facility 
indicated.  Consideration should be given to 
increasing these widths based on traffic 
volumes, operating speeds, terrain, and costs 
associated with a particular highway facility: 

• Freeways and Expressways - 9 m 

• Conventional Highways (no curbs) - 6 m 

• Conventional Highways (with curbs)* -  
0.5 m 

* This clear zone is measured from the 
face of curb to the obstruction. 

Fixed objects closer to the edge of traveled 
way than the distances listed above should be 
eliminated, moved, redesigned to be made 
yielding, or shielded in accordance with the 
following guidelines: 

(a) Fixed objects should be eliminated or 
moved outside the clear recovery zone to 
a location where they are unlikely to be 
hit. 

(b) If sign posts 150 mm or more in any 
dimension or light standards cannot be 
eliminated or moved outside the clear 
recovery zone, they should be made 
yielding with a breakaway feature. 

(c) If a fixed object cannot be eliminated, 
moved outside the clear recovery zone, or 
modified to be made yielding, it should be 
shielded by guardrail or a crash cushion. 

  Shielding must be in conformance with 
the guidance found in Chapter 7 of the 
Traffic Manual.  For input on the need for 
shielding at a specific location, consult 
District Traffic. 

 When the planting of trees is being 
considered, see the additional discussion and 
standards in Chapter 900. 

Where compliance with the above stated 
clear recovery zone guidelines is impracti-
cal, the minimum horizontal clearance cited 
below shall apply to the unshielded fixed 
object. 

(3) Minimum Clearances.  The following 
minimum horizontal clearances shall apply 
to fixed objects that are closer to the edge 
of traveled way than the clear recovery 
zone distances listed above: 

(a) The minimum horizontal clearance to 
fixed objects, such as bridge rails and 
safety-shaped concrete barriers, on all 
freeway and expressway facilities, 
including auxiliary lanes, ramps, and 
collector roads, shall be equal to the 
standard shoulder width of the highway 
facility as stated in Table 302.1.  A 
minimum clearance of 1.2 m shall be 
provided where the standard shoulder 
width is less than 1.2 m.  Approach rail 
connections to bridge rail may require 
special treatment to maintain the standard 
shoulder width. 

(b) The minimum horizontal clearance to 
walls, such as abutment walls, retaining 
walls in cut locations, and noise 
barriers on all freeway and expressway 
facilities, including auxiliary lanes, 
ramps and collector roads, shall not be 
less than 3.0 m. 

(c) On two-lane highways, frontage roads, 
city streets and county roads (all 
without curbs), the minimum 
horizontal clearance shall be the  
standard  shoulder width as listed in 
Tables 302.1 and 307.2, except that a 
minimum clearance of 1.2 m shall be 
provided where the standard shoulder  
width is less than 1.2 m.  For RRR 
projects, widths are provided in DIB     
79-02. 
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 On curbed highway sections, a minimum 
clearance of 1 m should be provided along the 
curb returns of intersections and near the 
edges of driveways to allow for design vehicle 
offtracking (see Topic 404).  Where sidewalks 
are located immediately adjacent to curbs, 
fixed objects should be located beyond the 
back of sidewalk to provide an unobstructed 
area for pedestrians. 

 In areas without curbs, safety shaped barrier 
face should be constructed integrally at the 
base of any retaining, pier, or abutment wall 
which faces traffic and is 4.5 m or less from 
the edge of traveled way (right or left of 
traffic and measured from the face of wall).  
See Index 1102.2 for the treatment of noise 
barriers. 

 The minimum width of roadway openings 
between temporary K-rail on bridge deck 
widening projects should be obtained from the 
District Permit Engineer.  The Regional 
Permit Manager should be consulted on the 
use of the route by overwidth loads. 

 See Chapter 7 of the Traffic Manual for other 
requirements pertaining to clear recovery 
zone, guardrail at fixed objects and 
embankments, and crash cushions. 

309.2  Vertical Clearances 

(1) Major Structures. 

(a) Freeways and Expressways, All construc-
tion except overlay projects -- 5.1 m shall 
be the minimum vertical clearance over 
the roadbed of the State facility (e.g., 
main lanes, shoulders, ramps, collector-
distributor roads, speed change lanes, 
etc.). 

(b) Freeways and Expressways, Overlay 
Projects -- 4.9 m shall be the minimum 
vertical clearance over the roadbed of 
the State facility. 

(c) Conventional Highways, Parkways, and 
Local Facilities, All Projects -- 4.6 m 
shall be the minimum vertical clearance 
over the traveled way and 4.5 m shall 
be the minimum vertical clearance over 

the shoulders of all portions of the 
roadbed. 

(2) Minor Structures.  Pedestrian over-crossings 
shall have a minimum vertical clearance  
0.5 m greater than the standard for major 
structures for the State facility in question. 

 Sign structures shall have a vertical 
clearance of 5.5 m over the roadbed of the 
State facility. 

(3) Rural Interstates and Single Routing in Urban 
Areas:  This subset of the Interstate System is 
composed of all rural Interstates and a single 
routing in urban areas, and is a modification to 
what has previously been referred to as the   
42 000 km Priority Network.  Those routes 
described in Table 309.2B and Figure 309.2 
are given special attention in regards to 
minimum vertical clearance as a result of 
agreements between the FHWA and the 
Department of Defense.  Vertical clearance 
for structures on this system shall meet the 
standards listed above for freeways and 
expressways.  In addition to the standards 
listed above, vertical clearances of less than 
4.9 m over any portion of this system will be 
subjected to extensive review by FHWA and 
must be approved by the Military Traffic 
Management Command Traffic Engineering 
Agency (MTMCTEA) in Washington D. C.  
Documentation in the form of a Design 
Exception Fact Sheet must be submitted to 
FHWA to obtain approval for less than  4.9 m 
of vertical clearance.  Vertical clearances of 
less than 4.9 m over any Interstate will require 
FHWA/MTMCTE notification.  See Robert L. 
Buckley’s memo dated March 30, 2000 to 
District Directors for more information on this 
subset of the Interstate system. 

(4) General Information.  The standards listed 
above and summarized in Table 309.2A are 
the minimum allowable on the State Highway 
system for the facility and project type listed.  
For the purposes of these vertical clearance 
standards, all projects on the freeway and 
expressway system other than overlay projects 
shall be considered to be covered by the "new 
construction" standard. 




