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Section 1.1 Introduction Introduction and General Info~rnation 

CHAPTER 1 
INTRODUCTION AND GENERAL INFORMATION 

1.1 Introduction 

A. Preface 

The transportation system is the major structural element of the rural-suburban-urban 
community and it dictates: in many instances, the shapes and locations of various land 
uses in the community. Roads are the principal elements of the transpo~~ation system and 
it is extremely important that they be planned and coordinated in conjunction with the 
land use plan for a given area. Roads are permanent improvements and are expensive to 
construct and maintain; therefore: the greatest care and foresight are needed in the 
development of the plans for them: in order that they will be adequate to meet the 
demands of the developing community, at an acceptable level of service, and be 
econonlical to construct and maintain. 

B. Authorization 

The Road and Bridge Design Manual is Volume I11 of four volumes of the Howard 
County Design Manual authorized and required to be prolnulgated under the Howard 
Co~ulty Subdivisior~ and Land Developlnent Regulations as fornlulated in Council Bill 
Nunlber 4 1. enacted November 24. 1975. The other volumes so authorized are: 

Volurne I. Sto1-111 Drainage Design Manual 
Volume 11, Water and Sewer Design Manual 
Volume IV. Standard Specifications and Details for Construction 

The Design Manual is to provide. " . . . the nlaster technical standards required by Ho~vard 
County for design. construction and inspection . . ." of the \.arious public facilities 
associated b11ith land developnlent activities. Although the Design Manual is mandated 
through the land de\-elopment regulations, it is nonetl~eless applicable to all other public 
works pro.jects ulldertakell by the County. 

C. Purpose of the Manual 

The purpose of the Road and Bridge Design Manual is to provide criteria and standards 
for the design of safe. efficient. and coordinated road systems. The requirements set fort11 
herein represent an acceptable standard to Howard County. The criteria and standards 
contained in this ~nanual are generally conlpatible with those of the Ainerican Association 
of State Highway and Transpo~-tation Officials (AASHTO) and the Maryla~ld State 
Highway Administration. References are nlade to docunlents and criteria published by 
these and other agencies where appropriate. This rnanual is a supplement to those 
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Section 1.2 Abbreviations Introductioll and General Infolmation 

documents and is intended to substantially collfolln to AASHTO criteria. The criteria and 
standards have also been fonllulated with consideration for planning, environmental, 
bicyclist, pedestrian and related issues, especially for roadways servicing residential areas. 

Tlle engineering requirements included in this manual are intended to assist land 
developers and engineers with designing and building road and bridge facilities within 
Howard County. Developer Projects and Capital Projects, sponsored by private 
Developers and the County administration, respectively, shall conform to the procedures, 
requirements and criteria set fort11 in this manual. 

The manual is not intended to restrict the Design Professionals opportunity to create 
innovative; practical and economical designs for road and bridge ilnprovements. Rather; it 
is intended to assist the Design Professional in completing the projects efficiently and 
economically within the framework of design parameters established herein. 

D. Waivers 

1. Capital Projects 

If the Design Professional for any reason finds it necessary or desirable to use 
procedures. standards or criteria other than those included in this manual. the Design 
Professional must apply to the Count>- for a niaiver of the design requirements. A 
request for a waiver is to be addressed to the Chief of the Bureau of Engineering and 
shall. at a minimum. contain a narrative indicating the design objective and the 
justification for the request. Approval or denial of the waiver request will be by return 
letter signed by the Chief of the Bureau of Engineering. 

2. Land Development Projects 

Requests for approval of design deviations for roads to be approved or collstructed as 
part of a developlnent project are to be submitted to the Departlnent of Planning and 
Zoning. Satisfactory written justification lnust accompanq. the submittal. The 
Department of Planning and Zoning shall make a decision on any design deviation 
waiver in writing. The Departlnent of Planning and Zoning may approve any waiver 
request if it finds that the requesting part). has denlollstrated the desirability of 
granting the 11:aiver and that the purpose of the Design ~nanual may be served to an 
equal or greater extent by the granting of the n-aiver. Waiver requests that accolnpany 
the initial plan submittal n-ill be considered in tanden1 wit11 the plan review. A fee will 
be required for waiver requests made lvith final submissions. 

1.2 Abbreviations 

Whenever in this chapter or other chapters. the following abbreviations are used. they will 
represent: 
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Section 1.2 Abbreviations Illtroductiol~ and General Infol-nlation 

AASHTO 

ACI 
ACP 
ADA 
ADT 
AISC 
ANSI 
ASCE 
ASHE 
ASME 
ASTM 
BOCA 
CAD 
CADD 
CIP 
COMAR 
DILP 
DIP 
DIPRA 
DPZ 
DPW 
ENR 
FCP 
FGCC 
FHWA 
FSD 
GPS 
HDD 
HDPE 
HGL 
HLSD 
HSCD 
HS-20. H-20 
LRFD 
MDE 
MSHA 
MTBM 
NAD 
NAVD 
NGS 
NO1 
OSHA 
PC 
PC A 

Americall Associatioll of State Highway and Transportation 
Officials 
Americall Concrete Institute 
Asbestos Cement Pipe 
Americalls with Disabilities Act 
Average Daily Traffic 
American Institute of Steel Collstructioll 
A~nericall National Standards Institute 
American Society of Civil Engineers 
American Society of Highway Engineers 
A~nerican Society of Mechanical Engineers 
American Society for Testing and Materials 
Building Officials Conference of America 
Computer-aided Drafting 
Computer-aided Design & Drafting 
Cast Irolz Pipe 
Annotated Code of Mayland 
Department of Inspections. Licenses and Perlnits 
Ductile Iron Pipe 
Ductile Iroll Pipe Research Associatioll 
Departlnellt of Planning and Zoning 
Department of Public Works 
Ellgilleerillg News Record 
Forest Conservation Plan 
Federal Geodetic Control Comlnittee 
Federal Highway Adlllinistratioll 
Forest Stand Delineation 
Global Positiollilzg Systeln 
Horizolltal Directiollal Drilling 
High Density Polyethylene 
Hydraulic Grade Line 
Headlight Sight Distance 
HOII ard Soil Collservatioll District 
Truck Loading Desigllatiolls 
Load and Resistance Factor Design 
Maryland Department of the Ellviro~llneilt 
Maryland State Highway Admilzistration 
Micro-tunnel Boring Machine 
North America11 Datuln 
North A~nerican Vel-tical Dat~uln 
North Geodetic Survey 
Notice of Illtent 
Occupational Safety and Health Admillistratioll 
Point of Cur\ ature 
Portland Celnellt Association 
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Section 1.3 Definitions Introduction and General Infornlation 

PCCP 
PCF 
PGL 
PI 
PSI 
PT 
PVC 
PVT 
RCP 
ROW 
RQD 
SE 
SHA 
SSD 
SPT 
SWM 
VCP 
TCP 

Pre-stressed Concrete Cylinder Pipe 
Pounds Per Cubic Foot 
Profile Grade Line 
Point of I~ltersection 
Pounds Per Square Inch 
Point of Tangency 
Polyvinyl Chloride, Point of Vertical Curve 
Point of Vertical Tangency 
Reinforced Corlcrete Pipe 
Right of Way 
Rock Quality Designation 
Superelevation 
State Highway Administratiol~ 
Stopping Sight Distance 
Standard Pelzetratioll Test 
Stollll Water Management 
Vitrified Clay Pipe 
Traffic Control Plan 

1.3 Definitions 

Designer: A professional engineer: registered in the State of Maryland. who is respollsible for 
the design of the project. 

SHA Stalldard Specifications: Maryland Department of Transportation. State Highxvay 
Ad~~~ilzistration. Standard Specifications for Collstructioll and Materials. 

SHA Standard Details: State of fvlaryland. Department of Trar~sportation. State Higlnvay 
Administration. Book of Standards. Highway and I~lcidelltals Structures. 

Standard Specifications. or Standard Details: Howard County Volullle IV Design Manual. 
Standard Specifications and Details For Construction. 

1.4 Projects Defined 

Road and bridge projects for Hon-ard County are divided into tlvo basic categories: Capital 
Projects and Land Development Projects. 

A. Capital Projects 

A Capital Project may arise by any of se\.eral adlnillistrative means. The co l~ l l~~o l l  
identifying feature distinguishing a Capital Project from a Land Developlllellt Project is 
that funds for illlplelllelltation of the Capital Project are allocated through the regular 
budgetary processes within H o ~ a r d  County. 
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Section 1.5 Highway Classification Systellls Introduction and General Infornlation 

B. Land Development Projects 

A Land Developnlent Project arises whenever a land developer engages in the subdivision 
of land or the development of a parcel of land, either of which fall under the requirenlents 
of the Subdivision and Land Developlnent Regulations. When this is the case, the 
Developer will be required to completely underwrite the cost of construction of these 
facilities and will cause the preparation of an engineering report. the developlnent of 
construction plans and specifications: the ease~nent documents and the stakeout and 
inspection of the construction work. A Developer Project is represented by a signed 
contract called a Developer Agreement between the Developer and the County. 

1.5 Highway Classification Systems 

A. General 

The basic f~inctions of all roads are the movement of vehicular traffic and provision of 
access to adjacent land. The Howard County Highm-ay Classification System is 
exclusively based on these functions and divides the conlponents of the overall road 
system into seven classifications. each serving the above two basic fiinctions to a different 
degree. These classifications are based on the general plan guidelines and any more- 
refined design data that are developed as a result of alignment studies or traffic studies. 

The seven classifications of roads and their characteristics are as follo\vs: 

Principal Arterial Highway (Freeway) 

A. Provides for efficient and uninterrupted tra\-el bet~veen or across states and large 
~netropolitall areas. 

B. Principal arterial include most interstate designated routes. 

Interlnediate Arterial (Multi-lane Divided or Undivided High\vays) 

A. Pro\ ides access to principal arterial highma). 
B. Pro\ ides efficient but not free or   uninterrupted f-10% betneen major roads in highl) 

de\ eloped areas. 
C. Pro\ ides for inter-State. inter-Count) and inter-regional tra\ el. 
D. Distribute trips to and betneen freewaq s or other principal arterials elnanating from 

lesser classified arterials and nlajor collectors. 
E. Pro\ ides routes for Inass transit systeln to ~najor tonns and communities nithin the 

Count). 
F. Basic trip length generally exceeds 10 miles. 
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Section 1.5 Highway Classificatioll Systems Introduction and General Information 

Minor Arterial Highway 

A. Provides intercormection between principal and intermediate arterial. 
B. Provides a lower level of travel mobility than intermediate arterial to major towns 

and communities. 
C. Provides routes for nlass transit system to ~najor  towns and communities within the 

Cou11ty. 
D. Primaly access to or tluough colnmunities of high density residential. commercial, 

retail or industrial land areas. 
E. Provides access to abutting commercial, residential and industrial properties at 

predeternlined locations. 
F. Basic trip length is generally 5-25 miles. 

Major Collector 

A. Provides the primary access to an arterial road for one or more neigl~borhoods or 11011- 
residential areas. 

B. Distributes based trips to or from arterial. 
C. Provides a limited amount of travel tluough neighborhoods and non-residential areas 

which originates and terminates externally. 
D. Provides direct connections to local roads and ini~lor collectors. 
E. Provides collection and distribution routes for inass transit system. 
F. Basic trip length is generally fro111 3-1 0 miles. 

Minor Collector 

A. Provides direct access to local roads and direct drive\\-ay access to abutting 
properties. 

B. I~lternal distribution of trips n.ithin a ~leighborhood or non-residential area or part of a 
neighborhood or 11011-residential area. 

C. Connects local roads to one or more lnajor collectors. 
D. Limited amount of through traffic: prirnarilj. local in nature. 

Local Road (Includes Access Place and Access Street) 

A. Provides direct d r i ~  ei\a> access to abutting properties. 
B. Distributes traffic generated from a neighborhood or from non-residential areas to 

collector roadn a> s. 
C. bIinilna1 through traffic. if an>. 
D. Ma) be an: of the follon ing: 

(1) A street \\-ith a series of cul-de-sacs connecting thereto and ending in a cul-de- 
sac. 

(2) A street dead-ending into a cul-de-sac. 
(3) A connector between t ~ v o  collector roads. 
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Scenic Roadway 

A. Designated by County Council Resolution in accordallce with Section 16.1403 of the 
How-ard County Code. 

B. May be a local, collector or minor arterial road. 
C. Function varies: gellerally low- volurne, limited traffic. 

A summary of the operating characteristics of each road classification is given in Appendix A. 

B. General Design Criteria 

Basic geometric criteria for the various road and street classificatioll such as design speed: 
roadway width, right-of-way, ~naximum and lnillirnulll grades and pavement type are 
summarized in Chapter 2: Appendix A. Roads and streets having an ADT of less than or 
equal to 2.000 shall be designed per ADT as referenced in Chapter 2: Appendix A. 

1.6 Project Development 

As previously indicated. road and bridge projects fall into two categories: Land Developlllent 
Projects and Capital Projects. How- these projects arise and the requirelllellts associated with 
each are briefly outlined below. 

A. Land Development Projects 

Whell a Developer is considering designing a proposed development. the Developer l~lust 
collforlll to the Subdivisio~l and Land Developlllellt Regulations. 

If the project meets the basic requirements. the DPZ will indicate to the Developer the 
fil~allcial requirements that the Developer must satis@ in order to contir~ue miit11 the 
pro-ject. If required bj- the DPW. the Del~eloper may advance the project by developing an 
ellgirleerillg report addressing the considerations set forth in the followillg chapters of this 
manual. The report xi11 be used as the basis for a De\~eloper's Agreement. nllich includes 
the finallcia1 arrangements for both ellgilleerillg design and construction costs. 

Upon the receipt and appro1 a1 ofthe engineering report and the preliminal-~ roadna) plan. 
the engilleerillg design of col~struct io~~ plans is authorized. These plans are ad\ a x e d  to 
the prelimiilarq plan l e ~  el of colllpletioll at ~ ~ h i c h  time the) are subnlitted for revien to 
the DPZ. together \\it11 a collstructioll cost estimate. The plans are then brought to 
coillpletioll and resublllitted to the DPZ for final revie\\ and appro\ al. After appro1 a1 bj  
the DPZ. and in coordillatio~l I\- it11 other appro1 als under the subdil ision regulations and 
Section 16.12 1 of the Hon ard Count) Code. the project .v\ ill ad\ ante to the collstructioll 
phase. The final action under the Det eloper Agreelnellt is the finar~cial settlelvlellt betlieen 
the Count) and the De\ eloper in accordance \L it11 the terins of the Dei eloper Agreement. 
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B. Capital Projects 

Capital Projects rnay begin in several ways. Residents may petition the County to 
undertake projects or to advance projects pres~iously contemplated. Petitions for roadway 
and bridges are received by the DPW, reviewed by the DPW staff and endorsed with its 
recommendations, then forwarded to the Director of the DPW. The DPW may originate 
projects to alleviate existing or projected problelns in the overall operation of 
transportation facilities. 

The County Coullcil may request of the Coullty Executive to create a Capital Project. 
Regardless of who or what the originating cause is for a Capital Project, the County 
Executive is charged with the responsibility of annually preparing a budget of Capital 
Projects for adoption by the County Council. 

As required by County Chaster, public hearings are held prior to action by the Council. 
This is done for the purpose of reviewing the proposed budget items, publicly displaying 
all proposals for Capital Projects and receiving relevant citizen cor~lments. 

The DPW staff accolllplishes lllost of the pre1iminal-y work associated with the 
identification of Capital Projects. However. after the adoption and funding of Capital 
Projects are approved. it is norlllal practice for the Couilty to engage the services of 
consultillg engineers (Designers) to provide the detailed engineering trallsportatioll 
projects. Selection of a Designer is made in accordallce with County regulations and 
policies. 

Colltracts with Designers 011 road and bridge projects u ill stipulate the scope of n-ork. 
schedule to be follorned and arrangements and other details llorlllally associated \\;it11 
colltractual procedures. Challges in the Designer's scope of n-ork n-ill be tluougl~ a change 
order to the engilleerillg agreement. Unless othern-ise accepted b j  contract. the Designer 
for Capital Projects nil1 advance a project in the salne general mallller as described for 
Developer Projects. All submissions of reports. plans and specifications shall be lnade 
directly to the DPW. 

The Designer nil1 begin the project b j  prepari~~g a concise report of the project describing 
the purpose and extent of the nork. pro\ iding a preliminar~ cost estinlate and other items 
of an ellgilleerillg nature. Rex ieu and appro1 a1 routi~les as described in this manual \\ill be 
followed. When engaged in a Capital Pro-ject. the Designer's point of contact is nit11 the 
DPW. The DPW will designate a Project Manager frolll its staff nl1o nil1 assume 
responsibilit> for lllollitoring the pro-ject. coordillatillg details and 
re\ ieu ing reports. plans. specificatiolls and other data to ensure that the ellgilleerillg nork 
satisfies the project requirements. 

October. 2006 



Section 1.7 Engineering Reports Introduction and General Inforlnation 

1.7 Engineering Reports 

A. Purpose of Report 

All capital illlprovelllellt projects which involve significant expenditure of collstruction 
filnds will require the preparation of a preliminary engineering report. The purpose of the 
report is to collsider the feasibility of the various alternatives for solving a given problem 
and establishillg the basis for selecting the most feasible solutiol~ to the problem and the 
recor~lrnended course of action to effect the solution. 

B. Content of Report 

Engineering reports vary in their complexity- and subject matter based on the type and the 
particular circulllstallces of the project being studied. However. all reports shall colltaill at 
least the follo\ving infor~nat io~~:  

P~upose and scope of the study perfolllzed 
Descriptio~l of existing collditiolls and probler~ls and project history in general 
Establislunent of appropriate design criteria on \vl~icl~ the study is based 
Descriptioll of all feasible alternatives are studied 
Colllparisoll of alternatives illcludillg cost estimates. (constructiolz. right-of-n-a>-. 
utility relocation. etc.). ellvironmelltal impacts. design characteristics. sel-viceability. 
ilnpacts to esisting traffic and utilities during cor~struction and other perti~lent 
features. 
Collclusiolls 
Recolll~llelldatiolls 

Appropriate eshibits such as vicinity and locatioll maps. slietch plan la>.out of the 
alternative designs. profiles. t>.pical sections of details and tables shall be included to 
support and depict the writte11 ~naterial in the report. 

C. Submission for Review 

All reports shall be sub~llitted on 8113 inch by 1 1 inch bond paper f?om appro\.ed iiord 
processor. suitable for reproduction and bound ill a boolilet n it11 a suitable c0.i er. Maps. 
plans. profiles. tables. etc. shall be either 8112 inch by 11 inch or folded to that size for 
binding ill the report boolilet unless otherwise approved by DPW. The scale of the maps 
may var) to meet their intended purpose. 

Preliminary draft of the report shall be submitted the DPW for revieu 

After incorporati~lg an> modiiications or revisions 11lade during the re\ ieu. the final report 
shall be signed by a Professiollal E~lgilleer and sublnitted to DPW. 
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D. Public Meetings 

The Department of Public Works will schedule all public nleetings concerning 
proposed projects and will coordinate all preparation of exhibits. scripts and brochures 
and conduct the public meeting presentation. The Designer shall assist in the 
preparation of the public nleeting and the presentation as requested by the DPW. 

1.8 Control, Topographic and Construction Suwevs 

A. Control Sunreys 

1. All survey colltrols of capital project for the design and construction of road and 
bridges shall be established based upon the Howard County DPW Procedures 501.7: 
"Specifications for Surveying Procedures and Documents:" latest edition. 

2. Horizontal control sl~all be established by conventional closed traverse or Global 
Positioning System (GPS) surveys. All horizontal control shall be tied to the 
Malyland State Plane Coordinate System. utilizing the lllonumelltation of the 
National Geodetic Survey (NGS) or the Howard County Geodetic Survey Stations. 
The State Plane Coordinate Systenl Datum shall be specified. (i.e. NAD. 83 or 
NAD. 83/91). 

3. Conventional traverses shall ha1 e a minilnum closure ratio of 1 : 15.000. GPS control 
points shall be established in accordallce n ith the specifications and requirelnents of 
the Federal Geodetic Control Conlnlittee (FGCC) for using GPS relative positioning 
techniques as amended. All colltrol points shall be referenced in detail on the plans 
to pern~anentl>~ fixed objects that \fill not be disturbed during construction of the 
proposed project or other projects. Trai erse points shall be clearlj identified. and 
coordinates of each point shall be either shou 11 at the tral erse point in a neat manner. 
or in tabulation form on each plan sheet for hich the trai erse points occur. Bearings 
and distances betn een trax erse points shall be shoii 11. The trai erse shall be assigned 
continuous stationing. \i it11 stations shonn e\ er) 100 feet and at trai erse points. and 
equalities shou 11 at each intersecting point for spur lines and loops. 

4. Vertical control for all projects shall be referenced to the North Anlerican Vertical 
Datum of 1988 (NAVD 88) as pro-jected bq Houard Co~mtj  Geodetic Sur\,ey 
Stations. If NAVD 88 colltrol is not a\ ailable in a one (1) mile radius the project 
area. the Designer ma) contact the DPW for iertical control. The Designer shall 
clearl) indicate on all plans the datunl used. Pro-ject benchmarks shall be of a 
perlllallent nature and shall be spaced at a nlaxinlulll distance of 1.000 linear feet. All 
project benchmarlis shall be established b j  tra\ erse as part of a closed i el-tical control 
loop. B e ~ ~ c h n ~ a r k s  shall be clear11 shonn and referenced in detail on the plans. A 
minimum of t~ o (3 )  benchmarlis shall be shon 11 on each plan sheet. 
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5. Survey baselines shall be extended for the fill1 length of the project and a minimum 
of 400 linear feet beyond anticipated limits of work. Statioll equalities shall be 
shown for all c o ~ l ~ m o n  intersecting control points. Bearings and distances between 
control points shall be shown. Coordinates of all control points shall be either s l l o ~ v ~ ~  
at the control point in a neat manner or in tabulation fo1-m on each plan sheet for 
which the control points occur. 

B. Topographic Surveys 

1. Limits of Area Covered 

The limits of the area to be shown on the plans may vary to some degree on various 
types of projects, and in general for Capital Projects, the area covered is usually a 
continuous strip of a nlinimum of 100 feet outside of the proposed limits of 
disturbance on each side of the facility and 400 feet beyond the anticipated limits of 
work (for Developer Projects, limits of work shall be as required on a case by case 
basis or in accordance with Subdivision and Land Developnzent Regulations). 

2. Items to Include in Topographic Surveys 

a. All buildings and other structures within and inlrnediately adjacent to the project 
limits. together with all improvements. including wells. springs. septic tanks. 
drain fields. dry \yells. etc. 

b. Property and right-of-way lines (proposed and existing) including right-of-way 
\yidths and identieing road names. 

c. Propertj information: 
1 ) 011 ner Name(s) 
2) Front foot distances of each propertj. along the facility 
3 )  Deed and recording references. including parcel n~un~ber. lot number. 

subdivision name and record plat reference(s) 
4) Propertj pipes. nlonunlents or markers 
5) Street address 

c1. Road~\aq pa\.ements. curb lines. drivenay entrances. n-alklvaj s. fences. ~yalls. 
etc.. illcluding t j  pes of materials. niidths. heights. and all other descriptix.e data. 

e. tlorizontal and \.ertical location of all water mains. \-alves. hydrants. meters. 
manholes. clean-outs. stornl drain inlets and culverts. 

f. Horizontal and \.ertical location of all existing and proposed overhead. surface 
and subsurface gas. electric. telephone and cable utilities as deternlined bj. field 
sun.ejs. or other proposed plans. and fully coordinated ~vith existing record 
drawings and applicable utility companies. 
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g. Trees: 
1) Trees 1 2-inches in dianleter and larger within proposed rights-of-way shall 

be individually located and identified by type. All trees: regardless of size: 
shall be located and identified by size and type that exist on the landscaped 
area of the property, including hedges, shrubs, flower beds, etc. 

2) For trees ~vllose foliage overhangs the right-of-way- or constl~~ction strip, the 
extent and diameter of the foliage (fall line) shall also be indicated. 

3 )  Tree stands or \voods line shall be located and general characteristics of the 
wooded area given including approxinlate average size of the trees: density 
and general type of trees represented. 

4) Brush and dense undercover areas shall be so noted as applicable. 

11. Water courses: such as streams, swales and ditch areas, sllall be shown and 
located including width: depth and water depth data, if applicable. Water courses 
shall be contoured from field data together with the 100-year flood plain and 
elevations shown on the plans. Contours shall be show-11 on both sides of the 
water course and extended at least 100 feet beyond the parallel alignment of the 
proposed facility. The flood plain data shall be detern~ined by the Designer with 
criteria based on existing zoning and hill fithtre development of the drainage area. 

i. Embaldul~ents and other irregularities of terrain including roadside drainage 
ditches shall be sho rn  and spot elevations of top and bottonl of the bank given 
every 50 feet. 

j. Linlits of existing \\;etlands and Waters of the U.S. 

k. Vel~icular access routes for off road or undeveloped areas shall be identified for 
use during construction. 

1. Identifqi and reference contract numbers and project ~lunlbers of all existing and 
proposed facilities within and adjacent to the project linlits. 

111. 111 nen de~elopments \\here the terrain is being transformed. nlost of the 
infornlation shall be obtained direct11 from appro\ ed plans prepared to satisf~ 
proposed improvenlents including curbs. storn~ drains. street right-of-\\a:, s and 
lots as taken from the record plat and constructioll plans and shall sho\v all 
existing features that are to senlain undisturbed. 

3 .  Method of Locating Topography 

a. The method of locating topography shall be by field sur\.eys utilizing the radial 
survey method. the GPS Real Time Kinenlatic (RTK) method or the right angle 
plus offset method. Survey field notes may be ltept in the classical method 
(handwritten notes) or by the electronic data collection method as per the 
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Howard County DP W Depal-t~~lental Procedures 50 1.7, "Specifications for 
Surveying Procedures and Documents", latest edition. 

b. Topography may be provided by aerial p11otogrammet1-y for engineering studies 
and drainage area maps. All vertical survey requirenlents for pre1iminal-y and 
final design shall be acquired by actual field surveys, ulzless other\vise approved 
by the DPW. 

c. The Howard County Survey Division will furnish field books for classical 
nlethods. 

4. Existing and Proposed Conto~u- Lines 

If required, existing and proposed contour lines shall be slzown on the plans. 
Sufficient infornlation shall be obtained in order to allow the contours to be sho\?i~l at 
2-foot intervals or less. In areas of steep slopes (greater than 20%). contours may be 
shown at 5-foot intervals wit11 the approval of the DPW. 

Cross-sections shall be taken at fiftj (50) foot stations and at intersecting roads. 
dril e n  a) s. entrances. rivers. streanls. and railroads. Cross-sections shall be at right 
angles or radial to the proposed alignnlent and extend a mininzulll of 100 feet be) ond 
each side of the proposed facilit] and a rnininlun~ of 200 feet be>ond anticipated 
project limits. The nlininluln distances shoun herein shall be extended accordingl) 
in order to pro\ ide sufficient information to established profile grade lines be) ond 
the actual project limits or to locate other topographj or topographic relief. relati] e to 
the design or construction of the proposed impr0.i ements. Cross sections shall be 
plotted on standard cross-section sheets of a qualitj that nil1 pro1 ide acceptable 
prints. 

6. Propertj- Corners 

Property corners ~vithin the construction area shall be referenced such that the\- may 
be reset after construction. 

7. Howard Count)- Survey Control Stations 

Houard County Survey Control Stations that lvill be affected b) the proposed 
constructioll shall be noted 011 the plans as being protected or to be relocated 
accordingly. Where there is a need to protect or relocate Control Stations. the DPW 
shall be notified by the Designer in writing prior to the appro\.al of the plans. 
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1.9 Preparation of Construction Plans 

A. General 

Contract doculnellts for constructioll of Co~ulty or Developer projects in Howard County 
are cornrnonly comprised of constructioll plans and the constl-uction specificatior~s. Take11 
together. these doculnellts for111 the basis for the construction contract between the O\vller 
and Contractor. Contract documents are prepared by the Designer. who is responsible for 
a complete description of all work to be perfornled, in accordance with the Standard 
Specifications, Volullle IV. The Designer renlaills responsible for adequately designing, 
detailing, and specifjiing tluough the Special Provisions and the Teclmical Specifications. 
all contract-specific nlaterials and ~llethods of construction not described in the Standard 
Specifications. Volume IV. 

B. Purpose 

1. The primary purpose of collstruction plans is to show the size. horizor~tal and vertical 
location and type of materials and structures to be installed as part of a highway 
facility. The construction plans 111ust be developed in sufficient detail to depict the 
improvements and their spatial relationship with both existing conditions and 
planned f~lture improvements. 

2. This section sets fol-th require~nellts for infornlation to be placed on construction 
plans. When conlpleted according to Countj standards and properlj inlplelnented in 
construction. the original high\\ a j  facilit? form a permanent record of the colllpleted 
~ o r k  and the ~naterials emplo~ed on the project. 

C. Drafting and Graphic Standards 

1.  Sheet Size. Borders and Materials 

All highnaq constructio~l pro-jects shall be prepared on 24" x 36" Mylar drafting fill11 
(minimum thickness 0.004 inches. nlatted both sides). Borders shall be K-inch on all 
sides \\.-it11 the exception of the left side. n-hich shall be 1 % inches. nit11 standard title 
blocli. All drafting and lettering shall be performed directlj on the original plans and 
110 reproductio~ls. rub-on or adhesi\ e lllaterials shall be used. 

2. Computer-aided Drafting (CAD) 

Col~lputer-aided drafting maj be used on an] project if the Designer so desires. All 
requirelllents of this sect io~~.  "Drafting and Graphic Standards." must be met. Plotters 
used for CAD must be equipped \\it11 technical ballpoi~lt pens or standard drafting 
pens or all) electrollic printer device. Electronic delikerables to the Count) (i.e. CAD 
disks. CDs. etc.) must be in softnare formatting compatible \\it11 existing Count] 
s j  stems. The format to be used nil1 be decided at the pre-design meeting. 
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3. Scale 

Highway plans shall be drawn on a scale of 1" = 50'. Road~vay profiles are typically 
drawn to accompany the plan layout and shall be shomin below the applicable plan 
layout on each sheet. Profiles shall be drawn to a horizontal scale of 1" = 50' and a 
vertical scale of 1" = 5'. The scale to be used for details on any one set of drawings 
shall be 114". 318". 112". 314". 1". or 1 %" = 1' - 0". 

4. Use of Standard Symbols and Abbreviations 

The "Standard Symbols and Abbreviations" shown in the Standard Specifications: 
Volume IV shall be used wherever possible. Non-standard sjirnbols and 
abbreviations deemed necessary shall be clearly defined in a legend on the title sheet. 

5. Lettering 

Vertical lettering shall be used t11.soughout. Lettering shall be unifol-111. neat in 
appearance. free of stj  lization. and large enough to be read \\illen reduced for County 
filing. Lettering for titles. sub-titles and notes placed on the dranings shall be the 
size approved b j  the DPW and as shown in the "General Drafting Standards" in the 
Standard Specifications. Volume IV. All notes. descriptions. etc. shall be minilnun1 
of No. 4 (4132-inch) in size and shall be either all upper case or all loner case. 
Proper nanles onlj shall be capitalized. Construction notes shall not be placed in 
shaded areas. Cronding of notes into a snlall space shall be avoided. Leaders shall 
be used to identif! the object to .v\hich each note refers. All lettering in the salne 
contract shall be of the sanle style. 

6. Vicinity Map and Initial Drawing 

a. The first sheet of all projects shall include a 1 " = 600' scale 1 icinit) map u ith three 
unique sets of grid coordinates. sufficient road narnes and other features to allom 
eas! recognition of the site. When a set of contract plans contain on14 one or t n o  
sheets the I icinitj map shall be placed at the upper right portion of the first plan 
sheet in a space nleasuring 8 M-inches \ erticallj bj  1 1 -inches l~orizontall~ . If the 
\ icinit! map cannot fit in the 8% x 1 1 -inch space or nhenex er there are three ( 3 )  or 
more sheets to the contract. then the first sheet shall be designed as a title sheet 
ii it11 the \ icinitj lnap centered on the plan. When the 1" = 600' scale location nlap 
esceeds the size of the sheet. the map shall be draun at a scale of 1" = 1 .OOO1. 

b. In addition to the \ icinitj map. the initial plan shall shorn the contract title. contract 
n~unber and project number. If the project is divided into tno  or more contracts. 
each associated contract shall be identified on the vicinit~ map. Likenise. the plan 
co\ erage of each sheet of the construction plans shall be sho\\n on the viciniq map 
\\it11 its corresponding sheet number for readj reference. For projects nit11 nlore 
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than t h e e  plans (total), a complete sheet index shall also be provided on the title 
sheet indicating the data sl~o\vn on each sheet. 

c. When space pelmits, the first plan of a set shall also show the General Notes 
pertaining to the contract. If the notes cannot be placed on the initial sheet: a note 
shall be included on the initial sheet indicating on w l ~ i c l ~  sheet the General Notes 
appear. 

7.  Infol-nlation Required on Each Construction Plan 

a. General 

The puspose of the contract plans is to pol-tray graphically to the review agencies. 
project engineer and contractor the nature and extent of the proposed work and the 
conditions under \vl~ich the work is to be performed. All infos~nation that can best 
be shown by plans and their accolllpallying dilllellsiolls and notes should be sho~vn 
on the colltract plans or appropriate referellce to the County's Standard Details. 
Volullle IV made where applicable. Lengthy written descriptioils or requirelllellts 
regarding the work are best illcluded in the specifications. and therefore. shall not 
be repeated on the plans. 

b. Title Block 

Each sheet shall have a title block along the lower border of the sheet. The title 
block shall sho\v the project name. sheet title. contract number. scale. 1" = 600' 
scale referellce map nulnber and block ~lumbers. date. sheet number and sigilature 
blocks for the DPW and/or the DPZ. Sheets sllall be n~ull~bered sequentially 1 
through X. where X is the total nulllber of sheets in the contract. Each discipline 
shall also 1l~111lber each sheet in its group sequentiallq and prefix the sheet ilunlber 
with a letter abbrel iation representing the discipline. e.g. C 1 through CX for Civil. 
where X is the number of piail sheets in the discipline. See Appendix B. "Stanclard 
Reference Plan." for specific forlnat. 

c. Seal and Signature 

The professiollal engilleer's seal. origillal signature and registration number 
belongillg to the Designer responsible for the design. registered in the State of 
Maiyland. shall be sho\m on the title block of the first sheet and each finished 
sheet of the set of plans. The date on n-hich seal and signature were affixed to the 
plans shall be shown in the same location on all the sheets. 

The Designer's seal. signature. registration number and date of signature shall also 
be sho\\;n on the first page of the pro-ject specifications. 
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d. Revision Box 

Each sheet shall have a revisiorl box in the title block. The revisioll box shall 
document all revisiolzs after the Designer's seal and signature has been affixed to 
the plan. See Appendix B. "Standard Reference Plan". for locatiol~ of revision box. 

e. Benclmarks and Traverse points 

A tabulation of benchmark descriptions and elevations shall be sho\vn on the sheet 
that the benclm~ark occurs. A minimu111 of two benclmlarks shall be sho\vill on each 
plan sheet. Traverse point recovely diagrams with dilllensiolls shall be sho\vin for 
eaclz traverse point on the sheet where the traverse point occurs. Traverse 
referencillg shall be made to pe~lnalzelltly fixed objects that will not be disturbed 
during collstructioll of the proposed project or other projects. Where ever possible, 
pelmanelltly fixed objects used to locate traverse points shall appear on the plan. 
Traverse points shall be clearly identified and coordillates of each point shall be 
either sl~own at the traverse point in a neat malmer, or in tabulation form: 011 each 
plan sheet for which the traverse points occur. Bearings and distances between 
traverse points shall be sllown. The traverse shall be assigned col~tilluous 
stationing. wit11 stations sho.v\;n eve17 100 feet and at traverse points. and equalities 
sho\vn at each intersecting point for spur lines and loops. 

f. North Arrow and Grid Ticks 

Each plan sheet and locatioll map shall have a 1101-th arrokv. Plan sheets shall be 
oriented so that the nol-tl~ arrow points toward the top or to\vxd the right side of the 
sheet. or toward the upper right quadrant of the sheet. 

Each plan sheet shall shon- a lllilliillunl of three coordi~lated grid ticks based on the 
lularyland State Plane Coordinate System and all bearings shall be related to gricl 
north. Two of these grid ticks shall be on the same N-S or E-11' line. forming a 
right angle arrangement. The coordillated grid ticks shall be at lllultiples of 250 
feet. 

g. Contract Limits 

The linlits of the contract shall be clearly sho\vn on all plans. 

11. Match Lines and Cross-references 

All plans in the sanle contract shall be cross-referenced by ascending numbers. 
Match lines \\-it11 a ~lliniillulll length of 4 inches shall be used \\-here\ er the plan is 
to be continued OII the same or another sheet. Data shall be cut off at the lllatch 
line: duplication of data on matching sheets is not permitted. 
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i. Sediment and Erosion Control Sheets 

1)  Approval and Certificate Blocks 
Sediment and erosion control sheets shall contaill Developer's and 
Engineer's certifications. The Designer shall contact the Howard Soil 
Conservation District for current certification blocks. 

All road and bridge construction projects that require sediment control shall 
have detail sheets wit11 required notes dedicated exclusively to sediment 
control. Existing and proposed contour lines shall be shown on the erosion 
and sedinlent control plans in accordance wit11 the requirenlents of the 
Howard Soil Conservation District. Contours shall be displayed as required 
on sepasate erosion and sediment control plans. If approved by the 
DPWIDPZ. the contours may be screened to a 50% level. All sediment and 
erosiol~ control plans and specifications are reviewed and approved by the 
Howard Soil Conservation District. 

j. Checklists 

The Designer shall f~11l) complete the .'Preliminas) Plan" and '.Final Construction 
Plans" checklist(s). The Designer shall t erifj that all information detailed on the 
checklist is shobtn on the plans. A cop) of the cl~ecklists ma> be provided to the 
Designer together \\ it11 his notice to proceed. or the Designer ma) request a cop) 
from the Count). as applicable. The appropriate checklist shall be completed and 
attacl~ed to each set of plans subnlitted for set ieu.  This shall applj to all Capital 
Projects as well as Deteloper Projects. Land detelopment checklists are also 
at ailable on the Count) Internet Site. 

D. Computer Applications 

Conlputer progranls in the public domain and proprietal? computer progranls ma) be used 
b j  the Designer \t it11 the approt a1 of the appropriate Co~untj department. Submittal of the 
progranls to be used shall be made at the pre-design meeting. The currentl) approted 
computer progranls ma) be identified b) contacting the Count). To secure approt a1 for 
the use of additional colllputer programs. program documentation. especiall) 
computational metl~odolog). must be submitted to the Count) for set iei\ prior to the use 
of the program in design. 

E. Standards for Depicting Existing Conditions 

All construction plans shall be drann to scale and must clearl) and completel~ depict all 
existing topograplq and man-made features. In order to det elop the required infornlation 
to scale. the Designer is required to conduct field surte)s to accuratel~ establish 
horizontal and t ertical control points along the route of the project based on the sq sten1 o 
coordinates adopted bq the Count). This coordinate s)stem is. in fact. based on the 
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Maryland State system alld is represented with sufficient accuracy in   no st cases by 
lnollulnellts and benclunarks interposed by the DPW tlu.oug11 its aerial and groulld 
rnapping program. 

Maps based on aerial pl~otogrammetry may not be used for the prepasatio~l of constructioll 
plans unless sufficient fieldwork is done to make ally necessary adjustments to obtain 
satisfactory accuracy in both the horizontal and vertical planes. 

111 surveying, plotting and drafting of existing features onto the collstructioll plans: the 
inclusioll or elilnillation of illformation must be caref~~lly evaluated in the interest of 
efficiency of \viork: clarification of plans and sufficiency of representative information. A 
conlplete listing of required survey and as-built illfonnation to be included on tlle base 
plans is given elsewhere in this chapter. On projects requirillg more detailed infomlation, 
it is the respollsibility of the Designer to recognize the extent and detail of in fos~nat io~~ 
necessary to show a colnplete picture of the project area. However, in no case shall the 
Designer show less than the requirelnellts given elsewhere in this chapter. 
Illstructions for conducting and coordillating field surveys together with the requirelnellts 
for accuracy, note keeping, placing of nlollulnellts and benclunarks and other details are 
set forth in the Department Procedures 501.7, "Specifications for Surveying Procedures 
and Documents". latest edition. 

As previouslj. indicated. existing ~latural and man-made topograpl~ical features as 
developed through field survey activities are drawn onto the collstructioll plans using 
standard notes. sylnbols and established drafting techniques to present a clear 
representation of the area. 

1.10 Preparation of Construction Specifications 

A. General 

1 .  H o ~ i  ard Co~ul~t j  's Standard Specificatiolls are set forth in Volume IV of the Design 
h/Ianual. --Standard Specifications and Details for Construction." Non-standard 
specifications. special pro\ isions. proposal forln. corltract and bond forlns and other 
designated items shall be de\ eloped by the Designer specifically for each project and 
shall be published in boolilet forln. These requirements applj. to Capital Projects 
01llj. 

2. Upon completion of the construction plans. the Designer is required to provide the 
necessarj non-standard specifications to accompanj- the plans. A draft of the project 
specificatiolls shall be sublnitted ~vi th each set of the final plans for review bj  the 
Co~mtj .  At this stage of the project. the Designer sllould be able to finalize lnost of 
the non-standard portio~ls of the specificatior~. When all details of the specificatiolls 
are completed. the Designer shall sublnit three co~npleted copies of the non-standard 
portions of the specificatio~ls for Developer Projects and the stipulated number of 
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copies of the cornplete and bound specifications for Capital Projects. The final 
specification shall have the Designer's Professional Engineer's seal. signature and 
date of signature on the title page. 

B. Standard Forrnat 

Howard County Design Manual Volulne IV: Standard Specifications fornlat is to be used 
in the preparation of the non-standard portions of the specifications. 

C. Special Provisions/Technical Specifications 

This section is vitally important to the contract as it contains additions and/or 
nlodifications to the Standard Specifications. Volunle IV as applicable to each pal-ticular 
contract. The Designer is to contact the DPW for advice on those itenls nosnlally placed in 
the Special Provisions and/or Teclmical Specifications. However. it is inculllbent on the 
Designer to include in this section all conditions to the contract and the work required not 
otherwise covered. such as special construction methods. materials. measurement and 
payment. etc.. so as to provide a conlplete contract document. 

D. Proposals 

The proposal form may be designed for a single lulllp sum payment. a series of unit 
priced itelns or a conlbination of the tlvo. Howard County employs a conlbillation 
type of proposal where some itenzs of work are bid and paid without regard to 
measurement. Other itenls are bid and paid on the basis of a unit of actual 
measurement nlultiplied by the correspondi~lg unit price bid by the 
Contractor or fised by the contract. The basis of nleasurenlent and payment is 
described in the Standard Specifications. Volullle IV andlor in the project 
specifications. 

2. Proposals are often divided into parts to facilitate cost accounting procedures 
required to allocate costs by projects. adnlinister charges and account for cost 
pal-ticipation b!- \-arious parties in\.ol\.ed in the financing. 

3.  The period of time in calendar days (to be determined b!- the Designer) permitted for 
the Contractor to conlplete the n-ork is stated on the fornl. The anloullt of liquidated 
dalnages to be charged per day. in the event the \\-orli is not colllpleted ~vithin the 
prescribed time period. shall also be @\-en. 

4. There are a nunlber of contingent items of uork or nlaterials to be employed. which 
may develop during the course of construction that cannot al~vays be anticipated or 
that can be anticipated n-ithout being qualified. To facilitate the elllploynlellt of 
additional lllaterials and the authorization of incidental itenls of ~vork. all contracts 
contain a list of fised price contingent itenls nhich are not bid items. which have an 
assigned unit price and quantity as applicable. These fised price items are utilized to 
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enable the Contractor to be paid an equitable sum of money when the particular item 
of work or the filmishing of nlaterials is authorized and directed during the course of 
construction. Modifications of this list or modification of tile fixed prices shall not 
be made by the Designer except with the fbll concul-sence of the DPW. 

1.11 Record Drawings 

A. General 

After the contract plans have been signed by the County, the original contract plans and 
prints thereof become the property of Howard County. During construction, the Contractor 
and the County's inspector, acting together: will nlaintain a set of "as-built" or redlined 
contract plans. Following construction' the original contract plans sl~all be revised to 
reflect the as-built conditions. 

By subnlitting the original contract plans for signature. the Designer agrees to allow the 
County or its representative to nlodify the contract plans to reflect the as-built conditions. 
At the County's option. the County may require the Designer to complete the 
~nodifications to the plans to reflect the as-built conditions. The Cou11ty will hold ha~nlless 
the Designer for as-built illfornlation if added to the drawings by others. 

Incorrect inforlnation shall be deleted and replaced ui th  the as-built inforlnation. The 
revision block shall be completed. initialed and dated bj- the individual making the 
modifications.. Each plan in the set shall bear the lvords -'AS-BUILT" in bold letters 
above the title block on the lower right-hand corner of the plan along with the date that the 
as-built nlodifications \\ere completed. All as-built infornlatioll and lettering shall be of 
the same style and qualit) as the original contract draxving. 

B. Electronic Files 

If the plans are prepared in electronic forlnat. in addition to the modifications to the 
original construction plans. the Countj- may require that the electronic files be nlodified to 
reflect the as-built conditions and delix.ered to the County. 

C. Replacement Drawings 

Plans bearing original signatures and dates of approlal are ilnportant for the DPW's 
historical records. Ho\\ e l  er. there maj be rare instances n here estensi\ e modifications to 
a plan maj render the plan illegible. 111 order to insure that the plans are clear and legible. 
the DPW nla) require that a completelj nen plan n it11 nlodifications be de\ eloped for the 
as-built plan. The plan shall be noted as .'AS-BUILT Replacenlent Sheet" a b o ~  e the title 
block on the loner right-hand corner of the plan and dated. Each nen plan sheet shall be 
circulated for all required signatures. 



HIGHWAY CLASSIFICATION CHARACTERISTICS 

Notes: 
( I )  Control of' Access - The conclition w!ierc tlic right ol'abutting owners to access in  connection with a highway is fi~lly or partially controllccl by public 

atttho~.ily. 
( 3 )  1 2 ~ 1 1 1  Acccss Cotit~ol - I lie author~ty is c\crcisccl to give prcfkrcncc to through trallic by providing access connections with selectecf pliblic roads only by 

prohibiting crossing at glxclc or direct privatc clrivcway connections. 
(3) I'ar~ial Acccs5 Colitrol - .l'lic attthority to control access is cxcrciscd to give preScrence to t l ~ r o ~ ~ g h  traffic to a degree that, in conncctions with selected + 

+u public roacls tlicrc may be some ctossings at gratlc uncl some private clrivcway connections. A highway with partial access control has the salnc 
+u 2 trl characteristics but tnclutlcs somc control of'acccss alo~ig all or most ofthe length but laclcs tlie complete grade separation treatment. 

,-. 
? z (4) 1,ocal Roacls consist oSAcccss Place. Accc5s Street, or Cul-cle-sac Roacls. 
2 
Id - 
2 X This table is to be ~rsecl ns a g~ticlc fbr cicsign purposes but riot as a incans for classifying roads. Classification shall be established by litnction as defined in the 
= > General I'lan. Rcfel.encc Table 2.0 1 Ibr rclatetl design criteria. 
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CHAPTER 2 
DESIGN OF ROADS 

2.1 General 

A. Introduction 

This chapter presents criteria and guidelines for the design of roads, driveways, entrances, 
parking, and solid waste container pads. The criteria have been developed considering the 
intended role of the road in relation to service function, land use, traffic demand, quality of 
service, vehicular and pedestrian safety, econolny and the environlment. Basic design 
criteria are included in Appendix A, "Roadway Design Criteria". For scenic roads, 
deviations from the basic design criteria set forth in this chapter may be warranted in order 
to preserve the scenic features of the roadway. 

For residential streets including lninor collectors, the design should consider the needs of 
all users, i.e., motorists, pedestrians and cyclists to travel calmly, safely and without 
inconvenience or delay. Residential street design standards pernlit roads to be designed so 
as to reduce speeds and allow for ease of maneuvering at those reduced speeds, w-11ile 
providing opportunities for greater flexibility and creativity for subdivision development. 

The oppol-tunities to enhance design relate to: inlproved pedestrianlbike safety and 
anlbiance; reduced impacts on sensitive environnlental features (streams, wetlands, 
floodplains, steep slopes. forests): preservation of site anlenities like specilnen trees, vistas, 
historic features; and creation of meaningful conlnlunity open spaces and visual focal 
points that will help define a unique: attractive neighborhood. Residential streets are to be 
designed to incorporate their primary f~tnctions which include discouraging the use as a 
thro~tgh traffic route fro111 externally generated traffic. At the same time, the design should 
limit the length of time local drivers spend in a low speed environment. The masim~un 
travel time should not exceed 2 mi~lutes from any driveway to a collector or existing 
roadway at the design speed. Speed is controlled by changes to alignment, masinluln 
tangent length andlor speed control devices. Speed control devices are introduced into the 
street design to encourage appropriate driver behavior. 

B. Residential Street Classifications and Functions 

The Public Access Place is a \er> lou speed environnlent nit11 nal-sou pavenlent widths 
serving a maximum of tueentj (20) dnelling units. The residential en\ ironlnent is dolninant 
and traffic is completelg subser\ient. The 101) speed allons for pedestrians to share the 
traveluay. The vehicle speed is colltrolled b~ alignnlent andlor speed control devices. The 
length should be kept to a minimum. 

The Access Street is a low speed environment nit11 narrow pa\.ement ~ ~ i d t l l s  serving up to 
50 dwellings in RR and RC zoning district and 100 d\vellings in others. Two-way traffic 
nloven~ent may be interrupted where on-street parking is pern~itted. The residential 
enriironnleilt is dominant and traffic is subser\.ient. Pedestrian movement nzay share the 
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roadway, however, a sidewalk is typically provided on at least one side of a closed section 
roadway to facilitate that use in accordance with the latest edition of the Subdivision and 
Land Developnlent Regulations. This classification of road generally acts as a road link 
between the smaller Public Access Place to a Collector Road. 

The Minor Collector collects traffic from Public Access Places and Access Streets and 
carries higher volu~nes of traffic. A reasonable level of residential amenity and safety is to 
be maintained by restricting traffic volumes and speeds. Vehicle speeds should be 
controlled by street alignment and intersection design. In the RC and RR zoning districts all 
roadways containing traffic volumes between 500 ADT and 1,000 ADT shall be designed 
to this standard. 

C. Traditional Neighborhood Design 

The Traditional Neighborhood uses a grid system of roadways with nlultiple routes \iihich 
residents can access. The road widths and other parameters can be customized with the 
permission of both DPZ and DPW. However, the design has many aspects that make up the 
whole. The resultant layout and templates must work together. The basic objectives of the 
Design Manual Volunle 111 nlust still be met, including safety, on-street parking, speed 
control. access. fire and rescue access. and trash pick-up. 

D. Design Controls 

The principal features controlling design of roads are design hourly traffic vol~un~es, 
average daily traffic, design speed, design vehicles, filture traffic volumes, roadway 
location and impacts to adjacent land. These features fornl the basis for the selection of the 
geonletric elenlents that are required to accollllllodate the anticipated traffic at a desired 
level of service. 

1 .  Design Hourlj. Volume 

Design hourly iolume is a volume determined for use in design representing traffic 
expected to use the road~vay. DHV is discussed in Chapter 5 and the designer is 
referred thereto for its deternzination and use. 

3. Design Speed 

Design speed is a selected speed used to determine the iarious geometric design 
features of a highnaq. The design speed should be an appropriate one n it11 respect to 
the topographg. anticipated operating running speed. the adjacent land use. and the 
functional classification of highnaq. Once the design speed has been selected. all 
elenlents related to highuaj features should be in balance. Horizontal and iertical 
aligni~lents. stopping sight distance and super elevation are among the highway 
elements that are controlled bj  design speed. For roadnaj classifications of major 
collectors and higher. above-mini mu^^^ design values should be used. nhere practical. 
Hoiiever. on local residential roads. including scenic roads designated bj the County 
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Council, the designer should develop a road design that encourages vehicles to operate 
at or below design speeds. 

3. Design Vehicle 

Vehicles have been divided into four general classes, including (1) passenger cars, (2) 
buses, (3) trucks, and (4) recreational vehicles. The passenger-car classes include 
passenger cars of all sizes, minivans, vans, sport utility vehicles of all sizes, pick-up 
trucks of all sizes. Buses include n~otor coaches, city transit including articulated, and 
school buses. Trucks includes single-unit trucks, tractor-semitrailer combinations, and 
tractors with selnitrailers in colllbination with fill1 trailers. Recreational vehicles include 
passenger cars with camp trailers, passenger cars with boat trailers, nlotor homes, motor 
homes with boat trailers, and rnotor homes towing a car. 

Typical design vehicles have been developed for each of the classes. The respective 
design vehicles have dimensions and a nlinimurn turning radius larger than lllost 
vehicles in its class. 

The design vehicles designations are as follows: 

P 
SU 
BUS-40 & BUS-45 
CITY-BUS 
S-BUS 36 
S-BUS 40 
A-BUS 
WB-40 
WB-50 
WB-62 
WB-67 
WB- 109 
MH 
PIT 
PIB 
MHIB 

(passenger car) 
(single unit truck) 
(motor coaches) 
(city transit bus) 
(school bus 65 passenger) 
(school bus 84 passenger) 
(articulated bus) 
(medium tractor-semitrailer combination) 
(large tractor-semitrailer combination) 
(tractor- fkll trailer combination) 
(tractor-semitrailer-semitrailer combination) 
(tractor-full trailer-full trailer combination) 
(motorhome) 
(passenger car-camp trailer) 
(passenger car-boat trailer) 
(motor 110111e nit11 boat trailer) 

Dinlensions and tunling characteristics of each design vehicles call be found in 
AASHTO. "A Policy on Geolnetric Design of Highways and Streets. 2004" or latest 
edition. 

In the design of roadways. the Designer should consider the largest design vehicle will 
nlost likely use the facility or a design vehicle that will use a specific feature in the 
facility such as turning movements at an intersection. 
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For residential developments, the design vehicle shall be BUS-40 which will represent 
a fire department emergency vehicle. For commercial developments, the design vehicle 
shall be a WB-50 except in areas where trucks are prohibited. 

Roadwav Design 

A. Introduction 

The design of roadways includes the combination of several features to meet the needs of 
the colnnlunity with an acceptable level of service and to be econoinical to construct and 
maintained with acceptable impacts to the adjacent land. Features include the general 
layout of the roadway, horizontal geometry, grades, grading, pavelnent widths, shoulders, 
pedestrian access, bicycle compatibility, pavement material, drainage facilities: etc. 

B. Determination of Typical Section 

The typical section shall be determined by Howard County Departnlent of Public Works 
Bureau of Engineering based on the Highway Classification System of Howard County and 
the General Plan. Transportation Map. 

C. Nlodification of Typical Section or Design Criteria 

Each project is unique and may require variability ill typical section including lane width. 
cross-slope. sidewalk. etc.. horizontal and vertical geometry. inclusioil of traffic calnling 
devices. To incorporate modifications to design standards or modifications to typical 
sections will require approval from the Chief. Bureau of Engineering. 

D. Sight Distance 

Sight distance is the length of visible roadway ahead of the dri\ er. There are three types of 
sight distance considered in design and include stopping sight distance. passing sight 
distance and intersection sight distance. Sight distance shall be made as long as feasible. 
but ne\.er less than the stopping sight distance. 

I .  Stopping Sight Distance 

Stopping sight distance (SSD) is the distance required for a 1-ehicle to stop before 
reaching an object in its path. It is the sunl of the distance tra\.eled from the moment the 
object is first visible to the driver to the nloment the brakes are applied. and the distance 
required to stop after the brakes are applied. 

Stopping sight distance is ~neasured between an eye height of 3.5 feet and an object 
height of 3.0 feet. 
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The equation for stopping sight distance: 

SSD = 1.47Vt + v 2  

Where V = initial speed (mph) 
t = brake reaction time, 2.5 s 
a = deceleratioll rate, fils" 1 1.2 ft/s2 
G = percent of grade divided by 100 

Table 2.01 cor~sists of computed distances for wet pavements for various speeds and 
grades. 

TABLE 2.01 
STOPPING SIGHT DISTANCE 

Design Downgrades Upgrades 
Speed Level 3% 6% 9% 3% 6% 9% 
(mph) (ft) (ft) (ft) (ft) (ft) (ft) (ft) 

Reference: A Policj on Geometric Design of Higlnvays and Streets. 2004. Exhibit 3-1. 
Sfoppir7g Sig11t Distcir7ce and Exhibit 3-2. Stopping Sig17t Disfcince 017 G~-c~n%s 

The relatior~ships betn-een horizontal curvature and sight distance. and vertical 
curvature and sight distance. are gi.i.er1 in Sections 2.3. 

2. Passing Sight Distance 

Passing sight distance (PSD) is the distance required for a \chicle to pass a~lother 
before meeting an opposing xehicle \vhich might appear after the pass began. It is 
applicable onlj to t.ii o-lane. t.ii o-\\ a) rural major collectors and lnillor arterial. Passing 
sight distance is ~neasured betnee11 an e j e  height of 3.5 feet and an object height of 3.5 
feet. 
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The rninirnum passing sight distance as reflected in Table 2.02 shall be provided at least 
once per mile. 

TABLE 2.02 
MINIMUM PASSING SIGHT DISTANCE 

Design Passed Passing Minimull1 Passing 
Speed Vehicle Vehicle Sight Distance 
(mp11) (mph) (mph) (ft> 

Reference: A Policy on Geollletric Design of Highways and Streets. 2004. Exhibit 3-7. 
Prtssing Sight Distol?ce.fo~ Design of T~ilo-La~ze Higl71t9ci~)s 

3. Intersection Sight Distance 

The sight distance required at illtersections is presented in Section 2.5 

E. Permanent Non-Through StreetsITemporaiy Non-Through Streets 

Perlnanent Non-Through Streets and Temporary Non-Through Streets Design criteria are 
discussed in Section 2.3. 

F. Alleys 

Alley Design criteria is discussed ill  Section 3.7 

G. Bus Stops 

For existing or proposed public transit service routes. a bus turllout lane shall be provided 
\\here directed by the Depart~llent of Public Works or Depart~nent of Planning and Zoning. 
The turnout lane shall be 13 feet \vide by 50 feet long with 75 foot trallsitioll to existing 
pa\ elllent edge on each end. 
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A 5 foot sidewalk shall be adjacent to the bus tun1 out lane. If required by Department of Public 
Works, a bus shelter pad shall be provided. 

H. Maintenance of Traffic 

Maintenance of traffic plan shall be in accordance the Federal Highway Administration's 
Manual on Uniform Traffic Control Devices 2003 or latest edition, Maryland Department 
of Transportation State Highway Adnlinistration Standards for Highways and Incidental 
Structures, and Howard County Standard Details and Specifications. 

2.3 Geometric Design 

A. Horizontal Alignment 

1. Horizontal Curves 

Horizontal curves are used to change direction at a safe rate and shall be used whenever 
the roadway centerline changes direction. 

The relationship of the design speed. curvature and superelevation. which nlust be 
established to provide a balanced design. is developed in Section 2.3.2.C. Also. see 
Appendix A for Roadbvay Design Criteria. 

Reverse curves and conzpound curves are conlbinations of sinlple curves. and criteria 
governing their use are included in the following section. 

a. Design SpeedIMinimum Radii 

The design speed and lllininlulll radii of horizontal curves for a selected roadway 
classification. shall be linlited as shown in Appendix A. 

b. Curve Data 

A sinlple circular curl e is a circular arc joining tlxo tangents. A t~ pica1 cur1.e. along 
it11 the pertinent definitions and the fornlulas needed to calculate the arious parts 

of the cur\ e is s110\111 in Appendi~ B. Horizontal Circular Curve and are based on 
the arc definition of a circular curl e. 

c. Minimum Curve Length 

The rnininlunl length of horizontal cur\ es. not used for speed control. shall be 100' 
on Public Access Place and Access Street. 150' 011 nlinor collectors. 300' on nlajor 
collectors and 500' on arterials. In no case shall the length of curve be less than the 
minimum superele~iation runoff. 
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d. Reverse Curve 

Where reverse curves are used, an abrupt reversal in aliglxnent shall be avoided and 
length of tangent sufficiellt for superelevation runoff, but in 110 case less than 100 
feet, shall be provided between the curves, except Public Access Place and Access 
Street.. 

e. Compoulld Curves 

In compoulld circular curves, the radius of the flatter curve should not be more than 
1.5 tiines greater than the radius of the shaiper curve. 

f. Horizolltal Sight Distance 

Another control on horizontal alignment is the sight distance across the inside of 
curves. Where there are sight obstructioils such as buildings, trees, hedges, walls, 
traffic barrier, or cut slopes, efforts shall be made to provide as long sight distance 
as feasible, but never less than the stopping sight distance. 

The relationship between horizontal curvature. distance to obstruction. and sight 
distance for those cases in which the curve is longer than the pertinent sight 
distance call be found in A Policy 011 Geometric Design of Highways and Street 
AASHTO. 2004. Exhibit 3-54. Dicig1.anz I/lusti.c~tirzg Coniyoizel~ts .for. Deteri?zining 
Hoi.izontcr/ Sight Distc~nce. Where this exhibit will not apply. a check for sight 
distance should be made by scaling dii~nensions on the plans and profiles. 

A height of 2.0 feet above the pavement shall be used as the height of cut slope at 
nhich sight is obstructed. This height shall be either the height of the cut slope 
itself. or. nhere there is expected to be \egetative coler. the height of such cover 
(nonnallj 1 foot). 

Where there are no sight obstructions \\ithill the right-of-\\a!. the right-of-naj line 
shall be used as the sight obstruction or alternatelj b! the inclusion of an easement 
on a record plat to lllailltaiil a clear line of sight zone. 

g. General Controls of Horizolltal Aligilmellt 

In addition to the specific criteria presented in previous sections. the followillg 
general colltrols shall be utilized: 

1 )  111 selecting the alignmellt for a given design speed. use of the maxim~~m 
curvature for that speed should be avoided. 

2) Collsideratioll shall be given to the aliglllllellt and its effect on operating speed. 
The speed at the bottom of a long donngrade. for example. wi l l  be higher than 
on a level grade. and this shall be considered nhen introducing a horizontal 
curve. 
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3) Sharp curvature should not be used at the ends of a long tangent. A series of 
curves should be used to introduce a shalp curvature. 

4) S11al-p curvature shall be avoided on long, high fills. The absence of reference 
items such as slopes, trees and buildings makes it difficult for the driver to judge 
horizo~ltal curvature. 

5) Broken back curves that is, two curves in the sanze direction separated by a 
short tangent, sl~ould be avoided. Such an al-sangement can usually be replaced 
by a series of colnpound curves or a single larger radius curve. 

2. Intersection Geometry 

Intersectioll Design criteria is discussed in Section 2.5. 

3. Special Design Elements 

If the Department of Public Works requires or the designer requests to incolporate any 
of the following features, the following criteria shall be met: 

a. Roundabouts - Rural and Urban, Including Lighting and Landscaping 

A roundabout is an unsignalized intersection with a center island with traffic 
circulating in counter clockwise direction. Traffic entering the roundabout s nu st 
yield to circulating traffic. Roundabout Design criteria is discussed in Section 2.14. 

b. Monunlental Entrances 

Monunlental entrances are divided r o a d ~ ~ a j s  constructed at a community main 
entrance. The nledian nidth shall be a nlininlunl 8 feet ~ ~ i d e .  the entrance lane 
nidth shall be a ~nininlunl 18 feet n ide and the esit lane n idth shall be a minimum 
18 feet nide unless the trafijc analjsis requires a t\\o lane exit in ~1hic11 the 
nlinilnulll I\ idth shall be 24 feet nide. The radii of the curb return shall confor~n to 
criteria set forth in the section entitled Intersectioll Design. 

The length of the entrance shall be a nlininluln of 100 feet long and transition back 
to the standard road n-idth \\-it11 a transition rate of 15: 1. 

Monunlental entrances that feature gateway signing. plantings. etc. shall not block 
sight distance. 

c. Divided Road\\-a)-s 

Generally. divided roadnays may be constructed for roads with Highway 
Classification of internlediate arterials or higher. The nledian width shall be 16 feet 
lninirnunl and 50 feet masimum \\-it11 36 feet desirable. A wide rnediarl nlay be 
planted except plantings shall not reduce intersection sight distance. The plantings 
shall be located outside the clear zone. 
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d. Grade Separated Interchange 

Althougl~ any of several factors may warrant the construction of a grade separated 
interchange: the most common warrants are high traffic volumes and safety 
considerations. When an intersection level of service analysis indicates a low level 
of service or the need for more lanes than can be feasibly provided, a grade 
separated interchange should be considered. 

Interchange design criteria can be found in AASHTO, "A Policy on Geometric 
Design of Highways and Streets, 2004" or latest edition. In addition: interchange 
ramps shall confolm to the criteria set forth for turning roadways in Section 2.5. 
Limiting value of grades are given in Section 2.3. 

The design procedure for interchanges is similar to that set forth previously for 
major intersections. The development of alternates and the selection of the optimum 
plan proceed in a similar fashion. More carefill attention: however: must be paid to 
profiles for interchanges than for at-grade intersections, even \vhen preparing study 
sketches. 

The intersection of interchange ramps with the crossroad should be designed as any 
at-grade intersection. including provision of adequate sight distance and storage. 
Special consideration should be given to bridge piers. abutments. and railings \\-hich 
can restrict sight distance if not properly located. and to the high speed of \iehicles 
on exit ramps whicl~  night result in rear-end accidents at the tellninal '~vit.11 the 
crossroad if the ramp is not properly designed. 

e. Perlnanent Non-Through Streets 

The maximum length of cul-de-sac roads is 1.200 feet. The minimum radius of the 
pa\ ed circular portion shall be 45' in 55' right-of-\va> in residential area and 47' in 
60' right-of-\\a> in non-residential area. The length of a cul-de-sac shall be 
measured from the flon line of the nearest intersection to the furtllest extrenle edge 
of pa\elnent and along the cul-de sac's longitudinal axis. A second access shall be 
pro\ ided x i  he11 traffic \ olulne exceed 1.000 ADT. 

Residential roads nllicll are permanentlq designed \\it11 onl> one (1) end open to 
\ ehicular traffic shall be terminated \;\ it11 a cul-de-sac turnaround. Loii \ oluine 
roads. hoiie\er. of less than 200 ADT ma) ter~ninate in a tee or a J-turnaround. 
Non-residential roads shall be terlninated \\it11 a cul-de-sac. The design shall be per 
Standard Details Volulne IV and shall permit drivema] connection(s) at the head of 
the tee or >-turn around. The legs of the tee or 9-turnaro~und shall not extend into 
dri\ ens) access. MJarning de\ ices at the end of the tee or ) -turnaround are required 
for safetl reasons in accordance wit11 Vol~ulne IV. 

The follo\ving shall be the lninilnuln acceptable radii for cul-de-sac bulbs: 
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Without Island: 
45 feet for residential 
47 feet for non-residential 

With Island: 
52 feet for residential 
52 feet for non-residential 

Note: Islands are permitted within cul-de-sac bulbs in confor~nance with Standard 
Details Volume IV and parking is prohibited in accordance with the Howard 
County Code along the island. Islands are required within cul-de-sac bulbs if the 
public road is continued by a use in common driveway. 

f. Temporary non-Tl~rough Streets 

In the event a road may be extended in the filture, a temporary tee tu~naround shall 
be provided. The legs of the tee or y-turnaround shall not extend into an existing or 
filture driveway access. 

4. Superelevation and Transitioning 

The relationship between design speed. curvature and superelevation is: 

Where: e = rate of superelevation in percent 
.f = side friction factor 
V = vehicle speed, mph 
R = radius of curve. feet 

The vehicle speed shall be the design speed set forth in Appendix A. 

Roads with design speeds of 30 mph or greater may be superelevated. 

Masinlunl superelevation rates are dependent upon the type of roadway, the effect of 
the superelevation upon vellicles operating at less than the design speed and drainage 
considerations. Vehicles operating at low speeds may have to steer against the curve to 
overcome the effect of superelevation. and erratic operation can result. On ice and 
sno\v. slow moving vehicles may slide to the inside of the curve if the superelevation 
rate is too high. In urban areas, the close spacing of intersections and driveways limits 
the superelevation development. The superelevation rates to be used in the \~arious 
roads based on design speeds are gi~.en in Table 2.03. Also included are ~nillimunl 
radius of curvature. 
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TABLE 2.03 
MINIMUM RADIUS USING LIMITED VALUES OF 

SUPERELEVATION RATES (e)  AND SIDE FRICTION FACTOR V) 

Design Speed . f Maxirnuln Mini l~~um 
(mph) e % Radius (ft) 

Reference: A Policy on Geometric Design of Highc~ays and Streets. 2004. Exhibit 3-15. 
Adininlzrilz Rcidilirrs Using Li??~itilzg J/crlzres of e u17n'-f: 

011 curves. values of superelevatioll and side friction must be distributed to produce a 
balanced design. The method used is to increase both superelevation and the side 
friction factor to the l~laximum values at the sharpest allocvable curvature. 

The lneans of trallsitionillg from a llormal cronn section to a f~ i l l j  superele\ ated section 
and then back to a ~lorlnal cronn section is the tangent runout and superelelation 
runoff. The runoff s nu st be sufficientlj long to pro\ide a smooth transition and not 
appear distorted to the driver. The length of tallgent runout shall be such that the 
outside edge of pa\ elllent has the same slope relati\ e to the cellterlille as that through 
the superelel ation r~unoff. TMO-thirds of the superelel ation runoff shall be placed on 
the tangent and one-third on the cur\ e. Ler~gths of Superelel ation Runoff are shonn on 
Exhibit 3-32. Szy~er.ele~~crtion Rzmoff for. Hot-izonfnl Crr~.x*e~. of AASHTO "A Polic) on 
Geolnetric Design of Highn a j  s and Streets. 2004". 

Methods of obtaining superelevation are shown in Appendix El  and E2. Though the 
inealls of changing cross slopes are presented in terms of straight lines. the angular 
breaks shall be rounded i11 final design to produce smooth pa\.emeilt edge profiles. 
Superele.i.ation tables shall be shown on the collstructioll draxiilgs for all subdivision 
and capital projects and reference all critical stations (P.C.. P.T.. P.I.. full 
superelevation. etc.). 
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B. Vertical Alignment 

Vel-tical aligim~ent shall be designed considerillg the design speed and road classification in 
order to provide a balance between all geometric elelnents of the road. 

The two colllpollellts of vertical aliglllnellt are grades and vertical curves. Minimum grades 
are established to assure adequate drainage: and ~naxill lun~ grades are established 
collsidering the operatioilal characteristics of the design vehicle. Vel-tical curves must be at 
least long enough to provide the required stopping sight distance. 

Vel-tical a l ig~m~ent  is controlled by a profile grade line (PGL) shown on the contract plans. 
The PGL shall coincide with the roadway centerline. For divided roadways, the PGL shall 
be the centerline of each travel way. 

5. Grades 

a. Minimum 

The minimum grade shall be 1.0%. Where a closed section is used, the spacing of 
inlets 11lust be carefully studied when utilizing the lninilnu~ll grade to avoid the 
spreading of storlll water across the pavement. Criteria lillliting drainage 
ellcroachllle~lt up011 the roadway are given in the Design Nlanual. Volume I. Storm 
Drainage. 

The maximum grade for Local Roads. Minor Collectors. Access Street. Public 
Access Place and Non-Through streets shall be 10%. The approach to the cul-de-sac 
bulb. J -  or t-tunlaround shall not exceed 8% for the 200 feet just prior to the bulb's 
linear profile or the j -  or t-tunlaround. A vertical curve ma] be used to loner the 
approach grade to the ~llaxilllulll required nithin the 200 feet specified in this 
section. The maximum pavement cross-slope measured radiallJ through the bulb 
shall be 6%. The minimum grade for the linear profile shall be 2%. 

With the above approach grade requirement. the 10% lilllit 111ay be extended to an 
absolute masimum of 12% on Local Roads. Cul-de-Sacs. Access Street and Access 
Place under the follo~ving conditions: 

1) Sufficiellt justification is presented. Justificatioll should focus 011 grading. 
clearing and ellvirolllnelltal inlpact reduction. 

2) No parking is pernlitted along this length. Coordillatioll is required with the 
Departnlerlt of Planrling and Zoilillg to affirlll adequate off-road parking is 
available. 

3) Laildiilg grade and related criteria are satisfled. 
4) Tangent length masimum 450 feet. 
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5) The length of grades may not exceed 450 ft. along the tangent section, and 
the intersection landing grades must meet AASHTO requirements. Thel2% 
masirnurn grade may be used in to\vllhouse or apartment developments if no 
driveway access is required. 

The rnasimum grade for Major Collectors and Arterials shall be the following: 

Design Speed (MPH) Desirable Absolute 

For illterchange ramps, the maximum upgrade shall be 6% and maximum 
downgrade shall be 7%. 

6. Vertical Curves 

The vertical curve. which is a parabola, is the lnealls by which transitiol1s are made 
between vertical tangents. A typical curve \vith the major elements identified is shown 
in Appendix C. Vertical Curve. 

The elevation of any point on the curve may be computed by using the follot\-ing 
formula: 

Lt'here: 
Y= Elevation of the desired point on the curve 

G2 -GI 
C l  = 

2L 
b = G 1  
c = Elel ation of PVC 
N = Distance from PVC to point on curve (in stations) 
GI = Grade tangent from the PVC (percent) 
G2 = Grade tangent fi.0111 the PVT (percent) 
L = Length of the curve (in stations) 

The \.ertical offset betnee11 the tangent and ally point on the curve can be deterlnined 
by the follon-ing formulas: 

I .  Bet\\-een PVC and PVI: y = as' 
2. Bet\\-een PVI and PVT: J- = a(L - s)(L - s )  
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The high or lotv point of a vertical culve can be found by the following forn~ula: 

The grade G, at any point on the vertical curve can be deternlined by the following 
fonnula: 

The six possible types of vertical curves are shown in Appendis D, Types of Vertical 
Curves. Types I through I11 are crest ve16cal curves, nleaning the PVI is above the 
curve, and Types IV through VI are sag vertical curves, nleaning the PVI is below the 
curve. 

Whenever vertical tangents change grade. tiley shall be connected by a vertical curve. 
011 special circunlstances such as critical clearance. the use of asyllzmetrical vertical 
curves may be appropriate. These curves are used infrequently and thus the curve data 
equations have not been included in this manual. Geonletrical curve data call be found 
in numerous 11igh.cvay engineering tests. The use of these cur\.es will require approval 
from the Departlllent of Public Worlts or Departnlent of Planning and Zoning. 

a. Crest Vertical Curves 

Minimull1 lengths of crest vertical curves are based on stopping sight distance 
criteria as shown in Table 2.04 when the height of eye is 3.5 feet and the height of 
object is 2.0 feet. 

The fornlulas for nl inim~~nl  length of crest \.ertical cur\.es are: 
When S<L When S>L 

L = Length of crest vertical cur\.e. in feet 
S = Stopping sight distance. in feet 
A = Algebraic difference in grades. in percent 

A graphical relationship betneen length of the crest cur\.e. algebraic difference in 
grades and design speed is shonn on Exhibit 3-71. Desigrz Corztr.01~ for. Cr.e.st 
J'e~.riccrl Cz11.1,e.s of AASHTO. "A Policj on Geonletric Design of Highltajs and 
Streets. 2004". 
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TABLE 2.04 
DESIGN CONTROLS FOR STOPPING SIGHT DISTANCE FOR CREST VERTICAL 

CURVES 

Design Stopping Rate of Vertical 
Speed Sight Curvature: K4' 
(mpll) Distance (ft) 

*: Rate of vertical curvature. K. is the length of cur1.e per percent algebraic 
difference in intersecting grades (A). K=L/A 

Reference: A Policy on Geometric Design of High\\-ays and Streets. 2004. Exhibit 3-72. 
Dcsigr? Conti,ols.fol. Stoyyir~g Sight Distcr17ce cir7d.fo1. Crzst T 21-ficcrl Cztr.\*es. 

Passing Sight Distance 

Design \-dues for crest \.ertical curves for passing sight distance will be different 
than those for a stopping sight distance based upon a different object height. The 
passing sight distance height uses an object height of 3.5 feet. 

The forlllulas for minim~un passing sight distance of crest 1-ertical cur\.es are: 

L = Length of crest vertical curve. in feet 
S = Stopping sight distance. in feet 
A = Algebraic difference in grades. in percent 

The design controls for crest vertical curves based on passing sight distance are 
presented in Table 2.05 Colllpari~lg these values with design co~~t ro ls  for stoppins 
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sight distance, these lengths are generally 7 to 10 times greater and are normally 
impractical to include in a project. Therefore, passing sight distance is generally 
provided at locations where roadway aligmnents do not require crest vertical 
curves. 

TABLE 2.05 
DESIGN CONTROLS FOR CREST VERTICAL CURVES BASED ON PASSING SIGHT 

DISTANCE 

Design Passing Rate of Vertical 
Speed Sight Curvature, 
(mph) Distance K* 

(8) 

+' Rate of vertical curvature. K. is the length of cur\ e per percent algebraic difference in 
intersecting grades (A). K=L/A 

Reference: A Policy on Geolnetric Design of Highnaj s and Streets. 2004. Exhibit 3-73. 
Design Coiztr.ols~for- Cr.est J kr.ticcil C'z~r-ves B~r.~eti  011 Pct~sirzg Sight Distnizce. 

b. Sag Vertical Curves 

Headlight sight distance (HLSD) is used to determine the length of sag lertical 
curl es. When a \ ehicle enters a sag \ ertical curl e at night. the road\\aj lighted 
ahead of the driver depends on the height of the headlight and direction of the 
headligl~t beam. 

Headlight sight distance is measured \\it11 a headlight height of 2 feet and a 1- 
degree upward divergence of the light beam. 

Minimum lellgths of sag vertical curves shall therefore be based upon a headlight 
sight distance equal to the stopping sight distance. 
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The fol~nulas for minimum length of sag vertical curves, based upon this criterion, 
are: 

For S<L For S>L 

L = Length of sag vertical curve, in feet 
S = Stopping sight distance, in feet 
A = Algebraic difference in grades, in percent 

The design controls for sag vel-tical curves are presented in Table 2.06. 

TABLE 2.06 
DESIGN CONTROLS FOR SAG VERTICAL CURVES 

Design Stopping Rate of Vertical 
Speed Sight Curvature: 
(mph) Distance K* 

(ft) 

:': Rate of \.ertical curvature. K. is the length of curve per percent algebraic 
difference in intersecting grades (A). K=L/A 

Reference: A Policj on Geollletric Design of Highways and Streets. 2004. Exhibit 
3 -75. D e s i p  Coi;lti.ols.for. Scrg T 'ei.tical Czrr.~~es. 

A graphical relationship bett\een length of the crest curve. algebraic difference in 
grades and design speed is sho~vn on Exhibit 3-74. Design Contr.ols.fbr- Scrg Trei.ticcrl 
C'zri+~.es of AASHTO "A Policy on Geo~lletric Design of Highways and Streets. 
3004". 
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7. Critical Length of Grade 

It is necessary to consider: in addition to maximum grade, the effect of length of grade 
upon vehicle operation. Though most passenger cars can climb fairly steep long grades 
with little difficulty, trucks generally undergo a substantial reduction in speed which 
can result in a reduced level of service and increased accident potential. The ~llaximurn 
length of designated upgrade that a loaded truck can travel without an unseasonable 
reduction in speed is tel~ned the "critical length of grade." Major collectors in 
commercial or industrial areas and all al-terials shall be checked for critical length of 
grade. 

The maximum permissible speed reduction shall nornlally be 15 mph. Where the 
tipgrade is preceded by a substantial dew-ngrade, vehicle speeds are likely to be higher 
at the bottom of the upgrade, and the lnaximun~ permissible speed reduction may then 
be as great as 20 mph. 

A relationship between speed reduction. percent of grade. and length of grade is shown 
on Exhibit 3-59, Cr-itical Lellgth of Gr.~-lcle *for. Desigr7 of AASHTO "A Policy on 
Geolnetric Design of Highways and Streets. 2004". Whenever a design exceeds the 
critical length of grade. the grade shall be reduced. the length reduced. or a climbing 
lane added. 

For grades steeper than shown on Exhibit 3-59 but within allowable criteria. the critical 
length of grade shall be 450'. 

Factors to be considered in designing the end of a climbiilg lane include average 
runllillg speed. topography and sight distance. In no case shall the clilllbing lane be 
ended prior to a point at which the truck call attain a speed of at least 30 mph. 

8. General Cor~trols for Vertical Ali, ~ n ~ n e ~ l t  

111 addition to the specific criteria presented in previous sections. there are a nunlber of 
general controls applicable to vertical alignment. 

a. In selecting the ~ert ical  alignment based on a $\en design speed. use of the 
maximum gradient and minimum length of cur\ e for that speed should be 
avoided. 

b. The length of a vertical curl e shall not be less than three times the design speed in 
mph. 

c. A srnooth profile grade. consisteilt nit11 the topograpll). shall be strived for in 
preference to a grade \.\ it11 numerous breaks and short lengths of tangent. 

d. The profile shall be such that hiddell dips. hazardous to passing maneuvers. are 
a\ oided. 

e. Short tangents betn een \ el-tical cur\ es should be a\ oided. A more pleasing 
aliglllnent call be attained b) lengthening the cur\ es to elilninate the tangent. 
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f. Where there is an at-grade intersection on a highway with a steep grade, the 
gradient should be reduced tluough the intersection to aid turning vehicles and 
reduce hazards. 

2.4 Typical Sections 

A. General 

Typical sections for the various functional road classifications are shown in the Standard 
Details of Volulne IV of the Design Manual and include: 

Residential Streets - Access Place, 
Access Street, Minor Collector (Closed Section) 

Residential Streets - Access Place, 
Access Street, Minor Collector (Open Section) 

Non-Residential Streets - Local Road, 
Minor Collector, Major Collector 

Minor Arterial 
Undivided Intern~ediate Arterial 
Divided Intermediate Arterial 

Typical sections for principal arterial freeways shall be developed specifically for each 
project and subnlitted to the Department of Public Works for review and approval. 

B. Pavement and Right-of-way Width 

1.  Roadway Right of Way 

Roadway right-of-way tvidths shall be as sho~vn on the typical sections. 

2. Pavement Widths and Cross Slope 

Roadnaq pa\ement nidths shall be as shonn on the tjpical sections. Turning lanes 
shall be 12 feet \bide. In closed sections. this v,idtll shall be measured to flonline. The 
designer nlust consider the presence of parked 1 el~icles. sight distance and the presence 
of pedestrians nhere no sidenalk is pro\ ided. The pa\ement cross-slope shall be as 
sho.v\n on the t~pica l  sections. All pavement \\idtl~s are floliline to flomline and not 
back of curb. Where sidenalks are not present. a minimum of 3' sl~oulders shall be 
pro\ ided on both sides. Outside lanes on curbed road~ia! s on nlajor collectors or abo\ e 
shall be a minimum of 14' nide to facilitate bicj cle use. 

C. Paving Section 

The Designer or Developer shall obtain the services of a consultal1t Registered Professional 
Geotechnical Engineer to prepare a Soils Evaluation and Pavement Design Report. The 
Geotechnical Engineer shall be licensed to practice in the State of Maryland. and shall sign 
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and seal the report. The report shall be submitted to the Departnlent of Public Works, and 
must be approved prior to base paving. 

The Designer or Developer shall submit, for approval, the Final Road Construction Plans, 
which specify the road classification, zoning district, and paveillent section, as sl~o\vn in the 
Typical Sections in the Standard Details Volun~e IV of the Design Manual. It is preferred 
that the Soils Evaluation and Pavenlent Design Report is perfornled during the design 
phase of the project, using the DPW "Geotechlical Data Required for Water, Sewer, Storm 
Drain and Road Design and Construction Guideline, and is submitted with the plans. If the 
soils evaluation and report is to be performed after construction begins, the plans shall 
include the following note: 

"Construction of road base pavement is not pel~nitted until DPW approves the 
pavennent design recommendations srtbmitted in the Soils Evaluation and Pavement 
Design Report required in Section 2.4 of the Design Manual Volume 111." 

The report shall contain the results of the follo.cving required tests that the Geoteclulical 
Engineer has performed on each of the predonlinant soil types to be used in the road 
construction: 

1. Califonlia Bearing Ratio (CBR) Test (AASHTO T-193) 
2. Sieve Analysis (AASHTO T-88) 
3. Liquid Limit & Plasticity Index of Soils (AASHTO T-89 & T-90) 
4. Modified Proctor (AASHTO T- 180) 
5. Standard Practice for Description and Identificatio~l of Soils (Visual-Manual 

Procedure) (ASTM-D-2488-84) 

The report shall identify the CBR used for the pavement design. The masimum CBR value 
for subgrade soils used in the design of pavement sections is 7. The CBR test shall be the 
soaked test at 95% compaction. 

The report shall identif) nlicaceous soils used for the pa\ ement subgrade. The description 
and identification of soils shall include the estinlated percentage of nlica content. Soils 
estimated to hal-e a r.nica content in escess of file percent (trace amount) of the total 
\.olume. shall be considered to be micaceous. h~licaceous soil subgrades require the use of 
aggregate base in the pax ement section. 

The report shall include pa\.ement design recommendations. based on the results of the 
soils analyses. based on an assunled 20-year pa.i.ement life espectancy. and based on the 
expected Equivalent Single Asle Loads (ESALs). The ESALs used for design shall 
account for construction loading and phase construction. The Geotechnical Engineer may 
recomnlend a pa\,ement design based on one of the follo\ving: 

1.  If the top 2 feet of subgrade soil has a CBR greater than 3. and meets the nlaterial 
requirenlents for unit weight and plasticity indices. the Geotechnical Engineer may 
recoilllllelld a pa\.ement section by selecting from the Standard Details. 
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2. If the top 2 feet of subgrade soil has a CBR less than 3, or does not meet the 
material requiremellts for unit weight and plasticity indices, the Geotechnical 
E~lgilleer may recolninelld relnovillg the unsuitable material and replacing it with 
suitable material, and may recommend a pavement section by selecting from the 
Standard Details. 

3. If the top 2 feet of subgrade soil has a CBR less than 3, or does not meet the 
material requiremellts for unit weight and plasticity indices, the Geoteclmical 
Engineer may recorninend improving the unsuitable material using Cement 
Modified Soil, and may recommend a pavement section by selecting from the 
Standard Details. 

4. If lzis reasons are indicated in the repost, the Geoteclmical Engineer may 
recommend a11 alternate pavement section of his own design. 

D. Curb and Gutter 

Curb and gutter shall be in accordallce with the Standard Details as shown in Volun~e IV. 

The followillg are the permitted uses for the various types of curb: 
Star~dard Combirlation Curb and Gutter: Any road. 
Modified Combillatioll Curb and Gutter: Cul-de-sac bulb. local roads. and millor 
collectors in residential areas. 
Bitumillous Curb: Shall only be used for temporary installatio11. 
Flush Curb: Shall be used or1 the illside of all open section curves with a radius of 

1.000 feet or less ullless an alternative edge treatmellt is approved by 
the Depal-tment of Public Works. 

Monolithic Curb: Private parking area only. 

Shoulders shall be as shon-11 on the typical sections. 

F. Medians 

Medians shall be as shonn on the Standard Details. Raised lnedialls 6 feet or less in midth 
should ha1 e a pa\ ed surface. nhile those greater than 6 feet in xvidt11 shall be seeded and 
mulched or lalldscaped nit11 IOU maintenallce xegetation. For special consideratioll of 
emergent) vehicle mo\Jements. mountable medialls or moulltable median noses ma) be 
considered on a case-to-case basis. For divided roads. f ~ ~ t u r e  widening shall be planned in 
the median area. 

October. 2006 



Section 2.4 Typical Sections Design of Roads 

G. Side~valks/Sidewalk Ramps 

Regulations governing the placement of sidewalks are contained in the "Subdivision and 
Land Developnlent Regulations". Those areas nolmally requiring sidewalks are so 
indicated on the typical sections. 

Adjacent to the curb the minimum sidewalk width shall be 5 feet. Sidewalks located two 
feet or more from the curb may be 4' in width. Sidewalks ranlps  nus st be in co~npliance 
with current ADA requirements. 

Where there will be a large nulnber of pedestrians, such as near schools and in some 
co~nmercial areas, the sidewalks shall be made sufficiently wide to accomlnodate the 
anticipated pedestrian demand. Sidewalks shall be constructed in concrete as shown in the 
Standard Details' Volume IV. 

Standard sidewalk locatiolzs are sho\iin on the typical sections. The designer may have the 
option to place a sidewalk at variable distances fkom the curb such as in a landscaped 
serpentine walk, or move the sidewalk close to the curb for some special reason such as the 
preservation of an existing stand of trees. 

Where sidewalks are not provided. a concrete pad will be pro\.ided per Howard County 
School Board requirements at anticipated school bus stops to allow students to assenlble 
while waiting for the bus. 

H. Side Slopes 

Side slopes for excavations and e~nballknlents should be as flat as feasible collsidering 
eal-thwork and right-of-way requirements. The nornlal maxinlum slope shall be 2: 1.  Where 
poor soil conditions exist. soil tests and a slope stability analysis shall be conducted to 
deter~nine an acceptable slope. 

Reference shall be made to "Standards and Specifications for Soil Erosion and Sedilnent 
Control in Developing Areas" for regulations concerllillg the treatnlent of slopes to provide 
erosion control. 

The intersection of a cut slope and the existing ground shall be rounded as sho\\n in the 
Standard Details. Volume IV. 

All slopes shall be covered with topsoil and seeded and mulched. Other stabilization 
materials beside grass may be used subject to Departnlent of Public Works. 

I. Traffic Barrier 

Traffic barrier is needed at certain roadside obstacles and along sonle embanhnents to 
reduce the severity of run-off-the-road type accidents. It should only be installed xiillere the 

October. 2006 



Section 2.4 Typical Sections Design of Roads 

severity of a collision with the traffic bal-rier will be less than that \vhich would occur were 
the traffic barrier not present. 

Combir~ations of embanlunellt slope and height warranting traffic bar-rier are shown in 
Appendix F. Wherever feasible, the elnballknlellt should be adjusted to eliminate the need 
for traffic barrier. Where traffic barrier is warranted, it shall be placed as shown in SHA 
Standard Details. 

Factors to be considered wherl determining the need for traffic barrier at fixed roadside 
objects include design speed, roadway functional classification, type of obstacle and 
distance from pavement edge to the obstacle. Traffic barrier shall conforrn to the standard 
details, except that scenic roads and along cul-de- sac roads, access place, access street and 
minor collectors in residential areas, weathered steel traffic barrier may be used. 

Traffic barrier W-beam shall normally be extended from the fill into the cut as shown in 
SHA Standard Details. Where a long low fill not requiring traffic barrier is adjacent to a fill 
that does wal-rant traffic barrier, the traffic barrier lnay be started or ellded on the low fill in 
accordance w-it11 SHA Standard Details. 

Placelnellt of traffic bal-rier guardrail adjacent to a closed sectior~ roadxvay shall be 
evaluated on a case-by-case basis when there is a roadside obstacle. a hazardous 
embankment. or as indicated in the typical sections. If any of these conditior~s bval-rant a 
traffic barrier. it shall be placed in accordallce with the. SHA Standard Details. 

Rail rider reflectors shall be installed on all traffic barrier W-beam at a spacing of two 
tilnes the design speed. 

Concrete Barrier may be used as an alternate to traffic barrier W-beam subject to the 
review and approval of the Department of Public Worlis. 

J. Pathways and Bikeways 

Pathnaqs shall be collstructed in subdivisions %here directed bq the Department of 
Planning and Zoning or under capital project ilnplelnentatioll b j  the Departnle~lt of Public 
Works or the Departlnellt of Education. 

Residential areas. school and open space areas and short routes connecti~lg residential and 
employment centers typically warrallt provisiolls for pedestrians and/or bicyclists. 
Bikeways Inay be separated from the roadway but within the road right-of-\\.a). such as 
through open areas. 

Cul-de-sac roads and local roads will not normall). have designated bikeways because of 
the lo\\- traffic volumes and speeds. 
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The location of all bikeway systelns should be compatible with the General Plan for 
Howard County. Bikeways may be illcolporated as part of a combined bikewaylpedestrian 
pathway systenl where they can be accon~n~odated with adequate safety. 

When planning a bikeway: the Depal-tlnent of Planning and Zoning shall be consulted to 
provide coordination between the planned bikeway and those in s~ul~ounding areas. 

The Department of Public Works shall be consulted \v-hen planning a bikeway within or 
adjacent to a road right-of-way. 
The design of bikeways shall be in conformance with the AASHTO Criteria for Bikeways. 

K. Utility Location 

The no~nlal locations for the placenlent of utilities within the road right-of- way are shown 
in the Standard Details of Volume IV of the Design Manual. Where conditions are such 
that the use of the nolmal location arrangements tvould be infeasible or for scenic roads, 
would have an adverse impact on scenic features such as roadside vegetation: 
embanlunents, wetlands and streams, an alternate arrangement shall be developed and 
submitted to the Department of Public Worlts for review and approval. All utility owners 
shall have their utility installation plans approved before any construction is initiated in 
accordance with the agreement executed between the County and utility company. 

Requirements for telephone. gas. electric and cable television submittals: 

1. All drawings lnust be acconlpanied by a transnzittal letter that includes the 
follo\ving inforlnation: 

a. Name of Development 
b. Location 
c. Election District 
d. Project N~ulnber 
e. Water and Se~ver Contract Nunlbers 
f. Type of Construction 
g. Alexandria Drafting Cornpan:. (ADC) hdap Number and Grid 

2. All existing and proposed sener lines. \later lines. house connections. fire hgdrants. 
stornl drains. manholes. related appurtenances and sidenalks must be s h o w  on all 
drawings submitted for appro\-al. 

3. All existing and proposed water and sewer lines must be identified by contract 
n~u~nber. 

4. The diarneter of all water lines. sewer lines and storm drains lnust be sl~o\vn. 

5 .  All plans submitted lnust be to scale. using a nlinimum scale of 1" = 50'. 
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6. The following infollnation is to be noted on all drawings: 

a. "Maintain a %foot horizontal clearance and a 1 -foot vertical clearance from all 
existing and proposed water lines, sewer lines, fire hydrants, storm drains and 
related appurtenances when installing cable, transfollller pedestals, gas lines, 
utility poles, and guide wires." 

b. "Any pedestal placed in conflict with sidewalk or county ownedlmaintained 
utility will be moved at the company's expense." 

c. Indicated at all fire hydrants "Do Not Disturb Buttress". 

7. Transforlners andlor pedestals should be located on property lines without twin 
waterlsew-er house connections. In those areas where a transfol-nler andlor pedestal 
is required at a property line adjacent to a water or sewer house connection, the unit 
shall be set back six to ten feet from the front of the property line. The drawing 
shall clearly indicate the potential conflict and a note referencing the setback shall 
be provided. 

8. Transfornlers andlor pedestals shall not be placed in storm water lnanagelnent 
access easements. 

9. Transformers. pedestals or other box-like equipment should not be visible from 
scenic roads. Use depressions. berms. or vegetation to screen. 

10. The location of all road trees shall be shown on all dracvings. Trees damaged or 
destroyed will be replaced at the utility company's expense. 

11. An application for a utility perrnit nlust be subnlitted concurrent with the design 
submission. 

L. Minimurn Edge Distance to Any Roadside Appurtenance 

The distance from the face of curb or edge of shoulder to any roadside appurtenance shall 
not be less than ;-feet. 

I .  Crossings Locations 

The crossing locations ii ithin the private or public right-of-waj. for golf cart paths shall be 
re\.ie\ved and approved b j  the Departnlent of Public Works or Departnlent of Plannillg and 
Zoning. 

N. Underdrain 

Longitudinal underdrain shall be used to drain the pavenlent section. Longitudinal 
underdrain shall be located at the outside edge of shoulder in open section and behind curb 
in closed section. 
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Underdrain is generally placed at low points along the roadway profile and along the low 
side of the superelevation. 

Underdrain shall outlet into side ditches or drainage inlet structures 

0. Ditches 

Roadside ditches shall confor~n to the Typical Sections of Vol~un~e IV and Volunle 1: Storm 
Drainage Design Manual. 

P. Staged Construction 

Consideration should be given to staged construction \?illen it is detesnlined by traffic 
analysis that a given road will initially require a nluch snlaller section than the ultimate. A 
typical example of this condition is a four-lane divided intermediate arterial. Four lanes 
may be needed in the design year but the construction of only one of the two-lane roadways 
might be sufficient for a number of years beyond initial construction. 

Factors to be considered include level of service provided by the initial construction. time 
until widening is required. cost of initial and ultinlate construction. ease with which the 
ultinlate section can be added to the initial section and nlaintenance of traffic problems 
which nlay occur during the ultinzate construction. 

Care illust be exercised that the change from the initial to the ultinlate section will not 
result in an undue anlount of reconstruction. An esanlple is a road over passing another 
road being built under staged construction. 111 such a case. the ultimate section. not just the 
initial. shall be spanned. 

As a guideline. staged construction should be considered onl) \\hen the time betueen 
initial and ultimate construction mould be greater than fi\ e 1 ears. 

2.5 Intersection Desien 

A. Staged Construction 

To assure that an intersection is designed to safe11 and efficientlj acconlmodate the traffic 
desiring to use it. certain procedures and anal) ses nlust be perforn~ed. This section contains 
the geonletric design elenlents applicable to intersections. the procedures to be folloned in 
de\ eloping the best possible design laj out and the infornlation required on the construction 
dram ings. A roundabout may be required at an intersection n it11 three (3) or nlore legs 

B. Geometric Design 

1.  Location and Spacing 
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Roads should be so located that sufficient length is provided between intersectiolls for 
weaving, storage and associated land uses. The minimum intersectioll spacing, 
~lleasured along the tlxough roadway between centerline of i~ltersecting roadways. shall 
be as indicated in Table 2.07. 

TABLE 2.07 
MINIMUM INTERSECTION SPACING 

F~ulctional Classification Minimu111 Intersection Spacing 
of Thsough Road (Centerline to Centerline) 

Principal Arterial 
Intermediate Arterial 

Divided 

Undivided 
Minor Al-terial: 
Major Collector 
Minor Collector 
Access Street 
Public Access Place 

To be in accordance with MSHA Criteria 

Median Crossover: 1600' 
Tee Intersection: 750' 
750' 
750' 
500' 
250' 
3 50' - 
N.A. 

Notes: 
1. Intersection spacing is the distance between any two public or private roads as 

located 011 the specified through road 

3. Skew Angle and Horizontal Curvature 

Roadway centerlines shall intersect between 80 degrees and 100 degrees and continue 
through the intersection without offset or break. 

In order to prevent drainage problenls along the fillets of t ~ v o  intersecting road\\-ays 
from being created. spot elevations and flow arrows should be provided to ensure 
positive drainage along the fillet. 

3. Design Vehicles and Turning Paths 

Man) intersection design details. such as curb radii and island locations. depend upon 
the choice of the design .i ehicle. The larger design \ ehicles require larger curb radii and 
n ides lane n idths betueen islands than do the snlaller \ ehicles. Selection of the design 
~ e h i c l e  depends upon the f~~nctional classificatiolls of the intersecting roads. adjacent 
land use. and \ olunle and t jpe of \ ehicles that nil1 use the intersection. Turning paths 
for the \ arious design ehicles are shonn in AASHTO. "A Policj on Geonletric Design 
of Highna> s and Streets 2004". or latest edition.. For non-standard intersections or road 
terminus. a turning template shorn ing adequate turning radius of the design \ ehicle shall 
be provided. 
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4. Minimum C~~rvature for turning Movements 

The mi~zinlum fillet radius (either curb or edge of roadway) which will permit a design 
vehicle to make a 90 degree turn shall be consistent with those specified in Exhibit 9- 
19: Edge-of-Trcn~eled-PFic~y Design .for. Tzrrns at Iilter.sections and 9-20. Edge of 
Tr.cri~eled PTfc~ji.for. Tzrrr;7s at Iuter.sections of AASHTO. "A Policy on Geonletric Design 
of Highways and Streets 2004". 

It must be remembered that these radii specified in AASHTO, "A Policy on Geometric 
Design of Highways and Streets 2004", are minimums and result in tul~ls  being made at 
extremely slow speeds. Though provisio~~ of larger radii is desirable for ilnproved 
traffic movement: it should be weighed against the resultillg increase in pedestrian 
walking distance across the intersection roadways. 

In the absence of specific knowledge of the type of vehicles making a turn, the radii 
listed in Table 2.08 shall be used at 90 degree ilztersectioils. 

TABLE 2.08 
MIMUMUM CURB FILLET RADIUS in FEET 

Functiollal Classificatioll Residential Area Non-Residential 
Illtersection Roads Area 

Cul-de-sac. Local. 
Access Place. Access Street 

Cul-de-sac - Minor Collector 
Local-Local 
Local-Minor Collector 
Local-Major Collector 
Minor Collector-Minor Collector 
Millor Collector-Major Collector 
Major Collector-Major Collector 
Collector-Minor or I~lternlediate 

Arterial 
I\ / l i~~or or I~lterlnediate Arterial- 

Minor or Illterlnediate Arterial 
Principal Arterial-Any 

Classification 

2 5 
2 5 
25 
3 0 
3 5 
3 5 
3 5 
3 5 

3 5 

3 5 

Consult D.P.W 

The above radii are based on a 90 degree turning angle. Reference shall be made to 
Eshibit 9-19 and 9-20 of AASHTO. "A Policj on Geolnetric Design of Highways and 
Streets 2004". for illfornlation co~lcernillg ske~ved intersections. 

Solne vehicles turning from higher classification roads rn it11 u ides paveinellt sections 
onto Access Place and Access Street roaduajs. maj find it difficult to stay in the 
appropriate lane n ithout crossing the centerline. due to the relati\ ell narron residential 
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road standards. It is expected that the driver will use caution when making these 
maneuvers and wait until there is a sufficient gap in traffic to safely negotiate the turn. 

Curbing shall be provided at intersections in which the design vehicle must encroach 
upon adjacent lanes when making turning maneuvers. 

With the relatively low volume and local nat~lre of the traffic associated with Access 
Place and Access Street roadways, there should be sufficient gaps to safely allow this 
type of turning maneuver. In some instances, the intersections shall be required to flare 
the pavement width for a short distance in order to allow the design vehicle to nlake the 
turn and stay on the pavement. The designer shall demonstrate that there is sufficient 
pavement width where encroaclunent into adjacent lanes occur. Roadways with 
classifications of nlinor collector and above should have sufficient pavement width to 
prevent encroaclullents into adjacent lanes from occul-ring. 

Auxiliary Lanes 

Auxiliary lanes at intersections are used to increase capacity of the tlu-ough movement, 
provide storage for turning vehicles and provide sufficient space for vehicles to 
decelerate from the design speed of a new roadway or 85"' percentile operating speed of 
an existing roadway to either a stop or the safe speed for the turn. 

Auxiliary lanes shall be required under any of the following conditions: 

a. Ausiliary acceleration lanes are not recomlnended unless needed to ~naintain 
intersection capacity as indicated in Chapter 4. 

b. The design speed of a nen roadway or 85"' percentile operating speed of an esisting 
roadn-a! is 40 mpl1 or more and vehicles lvaiting to turn left or right would pose a 
hazard to through traffic. Either a channelized additional lane or a lane \\iithin a 
raised protecti1.e median may be required. 

c. At bus stops or \\-here a large nunlber of passengers load or unload from passenger 
cars. 

cl. For \\asrants for ausiliar! lanes at dril-eivays. see Section 3.6. 

In an! of these cases. a free right turn with a directional island combined with an 
acceleration lane or left turn lane are desirable and may be required by the Department 
of Public Works or the Department of Planning and Zoning. 

Ausiliary lanes shall be 13 feet n-ide. 111 closed sections. this ~vidth shall be lneasured to 
flou line. 

The length of an auxiliary lane is composed of three parts: entering taper. deceleration 
lane and storage length. Though the total length should be the sum of the lengths. The 
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minimum length for acceleration and deceleratioll lanes shall be in accordance with 
AASHTO, '-Policy on Geometric Design of Highways and Streets 2004". Exhibit 10-70 
ibfi17ii71~1r71 A c c e l e ~ ~ c ~ t i o ~ ~  Lellgths .for Erttr.cr~zce Te~.n~ir?nls ~vi th Flcrt Gsudes of Two 
Per-cent or Less and 10-73. i\diir?inzun~ Deceler.atior1 Lengths.fo1. Exit Tel.n~ir~crls ~c-ith Flcrt 
G~.ndes of Two Per-ceilt or Less. respectively. 

On closed sections, the taper of an auxiliary lane shall be collsistent with AASHTO. 
The taper shall consist of reverse symmetrical curves and be approximately the length 
required by AASHTO. The design speed of the entrance or exit curve shall be 15 mph. 

The lllinimum length of auxiliary lane required for storage depends upon traffic 
volumes, type of vehicles, speed and signalization. To be fully effective, the turning 
lane must be sufficiently long to assure that vehicles in it do not block the tluough lanes 
and at signalized intersections, a line of stored though vehicles does not block its 
entrance. The length shall be consistent with the traffic study evaluation. 

At unsignalized intersections where tulni~lg traffic cannot make a free turn, the length 
of storage in right-tulning lanes shall be sufficient to accolllllzodate the average number 
of vehicles al-siving during a two- minute period bvithin the design hour, and the length 
of storage in left tur~~ing lanes shall be sufficient to accollllllodate the average number 
of vehicles al-siving in a 5 minute period within the design hour. 

At signalized intersections. the ~nillirnuln lellgth of storage of right- turllillg lanes shall 
be that required to accolnlnodate the average llurllber of turning \.chicles ar-siving per 
cycle and the minimum length of storage of left-turning lanes shall be that required to 
accollllllodate twice the average ~lulnber of tunling \.chicles al-siving per cycle. In the 
absence of definite kno\vledge of the cycle length. it shall be assumed to be 75 seconds. 

Also. at signalized intersections. to ensure that the entrance of a11 ausiliarj- lane is not 
blocked bj- stopped through vehicles. the length required to store 1.5 tilnes the average 
llulllber of through \~elzicles arriving per c)rcle shall be deter~nined. and if it is greater 
t1za11 the length of ausiliarj lane otherwise required. it should be used as the lllillilllulll 
lerlgtll. The taper shall be in addition to this length requirement. 

The results of a detailed queue analysis may be substituted for the above lellgth 
requiremeilts. 

The length required to store each passenger car is 30 feet and each truck and bus 50 
feet. Traffic volumes shall be deterlnined bj. methods contained in Chapter 5 .  

6. Turning Roadways 

The illaill colltrols on the design of turrling road~vays (connecting roadways for traffic 
turning between two illtersection legs) are radius of the inside edge of pavelnent and 
width of roadway. The relatiollship between roadway width. curvature and design 
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vehicles is specified in AASHTO "A Policy on Geometric Design of Highways and 
Streets 2004". Exhibit 3-5 1, Design PtGclths of Pc~venzer7ts for. Tzrrning R o c r h ~ ~ c ~ ~ ~ s .  

Widths of turning roadways shall be based on A Policy on AASHTO "Geometric 
Design of Highways and Streets 2004", Exhibit 3-5 1 in accordance with the following: 

1. Traffic condition B shall nonnally goveln design. 
3. Case 1 may be used to dete~lnine the width of turning roadway only \?illere the 

island follned by the roadway is less than 25 feet long. 

The minimurn sight distance on turning roadways shall be equal to the stopping sight 
distance. 

The length of crest and sag vertical curves needed to satisfy this sight distance 
requirement shall be in accordance with Section 2.3. 

7. Median Lanes and Openings 

A nledian lane is a left-turning auxiliary lane located within the median. and the 
deternlination of its need. as \yell as its geometric. such as length and width. shall be as 
for any auxiliary lane. 

Where the turni~lg volume is sufficiently high, as deternlined by a level of service 
analysis. queue analysis, and if the nledian width is large enough. two left-tun1 lanes 
may be provided, each being the width of a norrnal turning lane. The receiving leg of 
the double left-turn shall be sufficiently wide to receive the two turning lanes of traffic 
without undue hazard. This width is dependent upon type of tunling vehicles and angle 
of the turn. but sl~all not be less than 30 feet. 

Barriers shall not be used to separate the througl~ and left-turn lanes. 

Though nledian openings should usually be located at intersections with cross roads 
and nlajor traffic generators. such factors as close intersection spacing or long left-turn 
lanes may ~nake  this infeasible. An analysis of the projected traffic \.olumes and the 
road network shall be conducted to deternline the recommended location of median 
openings. 

The design of the lnedian opening shall nornlally be based upon a 50 foot radius \ i l ~ i c l ~  
is tangent to the nledian edge and cross road centerline. The nledian opening \\idth 
shall be as defined b j  AASHTO "A Policj on Geonletric Design of Highnays and 
Streets 2004". Eshibit 9-79 and 9-8 1. i\i(iriir72~1171 Desigr~ ofl\ledicrr~ Oper7ing.r. 

The nledian opening design should be checked to assure that opposing left turns can be 
made n-ithout conflict. 

A semicircular end shall be used on all nledian islands 6 feet or less in width. 
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For widths greater than 6 feet. a bullet nose shape. as showrn in AASHTO -'A Policy on 
Geonletric Design of Higln\vays and Streets 2004". Exhibit 9-87. Abo~?e-ibfiir~in~zrllz 
Design of iC1eclicrn Oper?ir7gs. slnall be used. 

The ends of median islands shall be depressed to 2 inches above the pavement using the 
Maryland SHA details and slnall have a radius equal to M x 15: .cvlnere M is the median 
width. In no case shall the minimum length of the median opening be less than the cross 
street width plus 8 feet. 

8. Traffic Islands 

Traffic islands are areas between traffic lanes used for controlling vehicle movements 
or for pedestrian refuge. All islands with an area of at least 75 square feet shall be 
raised and bounded by a standard curb or combination curb and gutter. Islands with 
areas less than 75 square feet slnall have a norrnal pavement section and be marked by 
paint. 

Divisional islands: .cvlnich are islands separating opposing traffic flows within the 
intersection area, slnall be a lninirnun~ of 4 feet wide. The offset from the edge of travel 
lane to the approach nose shall be at least 3 feet. 

The approach noses of traffic islands slnall be depressed to 2 inches above the 
pavelnel~t. 

On islands adjacent to turning roadways. the approach nose shall be offset at least 4 feet 
fronl the edge of tlne adjacent through lane and a nlininnulnn of 2 feet from the edge of 
the turning roadway. 

The nose radii of triangular islands slnall be 2 feet. except the right-angle corner. which 
slnall have a 5 foot radius. The approach nose of dix isional islands shall hax e a I -foot 
radius. offset as discussed ab0.i e. The end of a dix isional island shall be in accordance 
xx~ith ~nedian openings. 

All dix isional islands. six feet or less in uidtln. as xxell as triangular islands of less than 
approximatel> 150 square feet. shall be pax ed or planted xx it11 ion nnaintenance 
landscaping ex ergreens. pro] ided that tlne ultimate height does not conflict xxitln line of 
sight and ultinlate spread does not conflict xxi t ln  gutter drainage. 

Divisional islands wider than six feet. and triangular islands greater than 150 square 
feet in area shall be seeded and ~nnulclned or sidewalks shall be included where directed 
by the Department of Plall~ling and Zoning or deenled necessar). for a safe pedestrian 
crossing by the Departnnent of Public Works. 

All road\\a~s separated b~ islands shall pro\ ide a clear turning radius for the design 
x ehicle or slnall hax e nlountable paj ers at noses for emergency x ehicle access. 
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Traffic circles at intersections shall provide a minimum radius for the design vehicle. 

9. Intersection Sight Distance 

The maneuvers occurring at an intersection are different from those occurring at other 
points along a highway and sight distance needed to ensure safety at intersection is 
consequently different. 

Areas along the intersection approacll should be cleared of obstructions w-hich could 
interfere with the driver's view. These areas are called clear sight triangles. In 
intersection design, two types of clear sight triangles are used: approach sight triangle 
and departure sight triangle. 

The approach sight triangle pertains to vehicles approaching an uncontrolled or yield- 
controlled intersection. The triangular area at each quadrant should be clear of 
obstructions so that drivers approaching the intersection can see a potential conflicting 
vehicle and have adequate time to slow down or stop. 

The departure sight triangle provides sight distance for stopped vehicles on the minor- 
road to depart the intersection and enter or cross the major road. Departure sight 
triangles should be provided in each quadrant of each intersection approach controlled 
by yield or stop sign. 

The sight triangles varj. ~vith the different type of traffic control. AASHTO. A Policy 
on Geonletric Design of Highways and Streets have categorized intersections with the 
follo~ving different t j  pe of traffic control. 

Case A - Intersection n it11 no control 
Case B - Intersection it11 stop control on minor street 

Case B 1 - Left Turn from minor street 
Case B3 - Right turn f ron~ nlinor street 
Case B3 - Crossing maneuver fro111 the nlinor street 

Case C - Intersections \\ it11 ;\ ield control on nlinor street 
Case C 1 - Crossing maneu\ er from the minor road 
Case C2 - Left or right turn frolll the nlinor road 

Case D - Intersections \\ it11 traffic signal control 
Case E - Intersections ith all-naj stop control 
Case F - Left turns from the ma-ior street 

Procedures to determine sight distances at the various types of intersections can be 
found in AASHTO. "A Policy on Geonletric Design of Highways and Streets. 2004" or 
latest edition. Operating speed (85"' percentile) along the existing road shall be utilized 
for the analj-sis. 

For residential area. stopping sight distance may be used up to a point where the road 
being entered or crossed is a minor collector or below. Sight distance is 11leasured from 
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an eye height of 3.5 feet at a point on the centerline of the access 10 feet back from the 
edge of travel way of the intersecting roadway where a point 2 feet above the roadway 
surface is visible. For all other intersections, intersection sight distance must be met. 

Where a roadway can not nzeet intersection sight distance, a request to waive 
intersection sight distance may be submitted. The request shall include stopping sight 
distance comp~ltations showing the proposed intersection located at the optimum 
location to achieve masirnum sight distance and meet the requirement of Section 2.3. 
The request shall also include a measurement at \vhich point the driver stopped at the 
intersection and the approaching driver can see each other. 

Intersection sight distance is nzeasured using a height of eye of 3.5 feet and height of 
object of 4.5 feet. The distance is measured fro111 a point 10 feet back from the edge of 
paving. 

10. Intersection Vertical Alignment 

Typical section pavement slopes of the road with the higher functional classification 
shall be carried through the intersection without deviation. The pavenlent slopes of the 
road with the lower classification shall be warped to meet the pavement edge of the 
through road. Where two roads of the same classification intersect. they shall be 
co~ulected by transitioning both roadways. 

As discussed above. one of the intersecting roads shall be deternlined to be the more 
inlportant and its grade carried t luo~lg l~  the intersection without interruption. The grade 
of the other road as it descends to the tlxough road shall be considered a landing grade. 
Landing grade shall meet the criteria in Table 2.09. 

TABLE 2.09 
iVIAXIi\/IUi\/I INTERSECTION LANDING GRADES AND DISTANCES 

Fu~lctional Masinzulll Landing Distance From 
Classification Grade I~ltersection'~ 

Arterial -53 .O% 
Collector +3.0% 
Local. Cul-de-sacs +4.0% 
Access Street. Access Place 

"'Distance ~~leasured from pavenlent edge of intersection road to the PVC of the vertical 
curve 
::::!:N~ landin_ 9 + grade is required if the tangent is not greater than 4% 

The vertical alignlnent of roads intersecting with State high\\-ays is discussed in Section 
2.5.F. 
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1 1. Pedestrian Facilities 

Provisions shall be made in the intersection design for the pedestrian needs as discussed 
in Chapter 5 .  

Pedestrian ramps shall be provided at all locations llaving sidewalks. Pedestrian ranlps 
shall include a detectable warning surface. Typical ramps and detectable warning 
surface details are contained in the Standard Details, Volume IV. 

C. Right-of-way 

The right-of-way lines at intersections shall be adequate to accornlnodate all the required 
design features but shall not be less than that required by the latest "Subdivision and Land 
Development Regulations". 

D. Minor Intersection Design Procedures 

All intersections not requiring a level of service analysis as indicated in Chapter 4 are 
considered to be nlinor intersections. They are the intersection of Access Place or Access 
Street and any other road. and the intersection of two nlinor collectors or roadways whose 
projected volumes do not esceed 3.000 ADT on each road. All others are considered to be 
nlajor intersections. 

The design procedure for nlinor intersections is sinlilar to that for inajor intersections but 
with sonle modifications. No level of service analysis is required because continuation of 
the typical section through the intersection will ensure adequate traffic operation. Fewer 
alternates will 11a.i.e to be developed than for nlajor intersections because volumes wiill be 
lighter and channelization and tunling roadways will seldonl be ~varranted. 

The same elements of geonletric design and evaluation of alternate designs that apply to 
nlajor intersections also apply to nlinor intersections. 

E. Major Intersection Design Procedures 

1.  General 

The folloi\ing procedure is intended to be used as a guide for the design of nlajor 
intersections. It pro.iides a frame\\ork nithin nhich the traffic and geonletric design 
elements. as \\ell as an) other pertinent factors. can be studied in an orderl~ fashion. 
The nlajor steps are: 

1 .  Collection of data 
2. Establishment of applicable design criteria 
3. Traffic studies 
4. De\ elopnlent of alternates 
5.  Selection of optimum plan 
6. Final design 
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2. Collection of Data 

a. Traffic Data 

The types of traffic data required, and the methods by which they are to be obtained 
are included in Chapter 4. 

b. Existing Physical Conditions 

Existing field nln topography, road conditions, utilities and right-of-way limits 
should be shown on an up-to-date map of the site. Information regarding flood 
levels, drainage problems, and soil conditions should also be obtained. Any 
buildings, walls, or other features which might conflict with the proposed 
intersection should be carefully noted on the plan. 

c. Future Highway and Land Developnlent 

The Department of Planning and Zoning. the Department of Public Works, and the 
State Highway Adnlinistration should be contacted to determine what land 
developnlent is plalllled for the area as well as any planned road or utility 
improvelllents. 

3. Establishment of Applicable Design Criteria 

Prior to the development and analysis of various layouts. certain design criteria nlust be 
established to assure all alternates are designed on the same basis. The functional 
classification is to be used as a guide for design. ho\\-ever. specific design hour volunles 
shall be used for the actual roadway design. right-of-\.\.'a). and pavement width. These 
design criteria shall include: 

1. Design j ear and ultinlate pro-jected traffic \ olumes. 
2. Design speed of each intersecting road. 
3. Acceptable level of service 
4. Design \-ehicle 
5 .  Design speed of turning m o ~  enlents 
6. Special features (such as need to accommodate the handicapped or pro\ isions 
for bus stops) 

4. Traffic Studies 

The traffic studies required and the methods b). \\-hich they are to be conducted are 
presented in Chapter 5 
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F. Intersection with State Highways 

Criteria for design and infolmation related to acquisition of pelnlits for intersections with 
State High\vays are contained in "Rules and Regulations for Commercial: Subdivision: 
Industrial, and Residential Entrances to State Highways". 

Information regarding traffic signals at intersections with State Highways is included in 
Chapter 5 of this Design Manual. 

G. Intersection with Existing Roads 

A sight distance analysis shall be required for intersecting roadways with existing 
roadways and includes proposed driveways access to existing roadways. 

2.6 Driveways 

A. General 

Control of driveway location and design is essential in assuring that a road will be capable 
of perforlning its intended role through and even beyond the design year. Driveways ln~lst 
be so located as to lnininlize inlpact on traffic flow and still provide access consistent with 
the road's classification and projected volulnes. 

The control of access shall be in accordance with the f~lnctional classification of the road 
and refined traffic studies. 

There are three t)pes of drivenays: residential. colnmercial and industrial. and high 
1 ol~ulne. Residential and use-in-common dril em aq s are those sen  ing single-familq houses 
\x it11 no lnore than six (6) dnelling units. Conllnercial and industrial dri\ emaq s serve 
prilnaril~ emp1o)ment and shopping areas. and are consequently used b> lnore trucks and 
larger number of \ ehicles than residential drix elvaj s. High volume drivenaq s are those 
nit11 anticipated \olumes exceeding 200 peak hour vehicles (total volume for both 
directions for a t ~ \  @-I\ a) entrance or the total olunle for a one-n a j  entra~lce). 

The design of residential and comn~ercial and industrial d r i ~  e n  aq s is discussed herein. 
High 1 olulne drix ella) s shall be designed in accordance .v\. it11 illtersection design criteria. 
High x ol~ulne driven a) s must be anal) zed in the same Inanner as roadu a j  s. Depending on 
the mo\ ements that the hig11 1 olulne driven aq supports (i.e.. 1 -naq or 2 -~va j )  the anal) sis 
ma) require an examination of queuing acceleration/deceleration criteria. level of sen  ice. 
signal narrants or all of these factors. 

B. Residential 

The desired 11idt11 of residential driveuays and easements. when required. is as shoxvn in 
Table 2.10 
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TABLE 2.10 
REQUIRED MINIMUM DRIVEWAY WIDTHS 

Lots Served Driveway Col-sesponding 
Width Easement (min) 
(ft) (ft) 

<:If a shared residential driveway crosses a 100-year floodplain as defined by Volume 1 of 
the Howard County Design Manual: then a Public Access Place shall be required 

Residential driveway entrances shall be in accordallce with the Standard Details, Volullle 
IV. 

Driveways serving one residential lot or shared driveways for up to six (6) lots shall consist 
of a minimum standard of six (6) inches of crusher run base wit11 tar and chip coating. All 
others refer to the Standard Details. Volullle IV. 

Drainage elelllellts (e.g. culverts. bridges) shall be provided at all driveways where the 
waterway discharge meets or exceeds 5 cubic feet per second for a 10-year storl-~~. The 
drainage elenlent witlzin a 100-year floodplain shall be designed to pass the 100 year storm 
with no Illore tharl 1 foot of water over the driveway. 

C. Commercial - Industrial and Nlulti-family 

E~ltrallce openings and curb radii shall be in accordance with the Standard Details. Volume 
IV. The angle of illtersectioll shall be radial or 90 degree unless other\vise approved by the 
Department of Public Works or Departnlent of Plallnirlg and Zoning. 

Co~nnlercial entrarlces shall be designed for WB \.el~icles and be collstructed in accordance 
\\.it11 the Standard Details. Volunle IV. 

D. Spacing and Corner Clearance 

In designing dril-en-ays near intersections. the effects on th rou~h  traffic of vehicles e~lterillg 
and leaving the driven-ay 11lust be considered. Volumes. flow patterns. sig~lalization. 
channelization. and sight distatlce are anlong the factors in\-olved. 

Each dril-elyay shall be designed considerillg anticipated traffic conditions and the 
dril-en-ay's effect upon the traffic operation. The clearances shall not be less than shou-11 in 
the following: 
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Minimum Co111er Clearar~ce 
Driveway to Intersectioll Distance 

Residential 2 5' 

Colnlnercial and I~ldustrial 
Minor Arterial 75' 
Major Collector 75' 
Minor Collector 50' 
Local 50' 
High Volume Treated as an Intersecting Road 

Note: Driveway clearance measured from edge of entrance opening to the PC of the curb 
circle of the illtersectilzg road 

For driveway spacing between driveways of different classifications, the higher spacing of 
the different categories shall be used. 

The nor~nal minilllum distance between ally driveway and property line shall be 2 feet 
measured at the right-of-way line. This does not apply to two adjoilli~lg driveways serving 
pipe stem lots. 

Distance Required between Drive\vavs 

Distance Between Dri\.eways (Min.) 

Residential 4.:!: 
Corlllllercial and I~ldustrial 

Minor Arterial 350' 
Major Collector 250' 
Minor Collector 110' 
Local 110' 
High Volu~ne Treated as ail I~ltersecti~lg Road 

"'Measured betneen edges of dri~re~vays at right-of-n.ay lines. 

E. Sight Distance 

The sight distance shall be provided at all clriveways per Section 2.5.9.The choice of design 
vehicle is dependent upon the type of land use to be served by the dri\.en-ay. 
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F. Grade 

Maximum grade of single-family residential driveways shall be 15% and millimum turning 
centerline radius shall be 45 feet. Overhead clearallce shall be a milzimuln of 12 ft. 
Maximum grade of multi-family residential driveways (travel ways) shall be 12%, and 
limited to 6% when parking is adjacent thereto. 

The grades for commercial and industrial and high volume multi-family residential 
driveways (200 vph) shall be a maximum of tell (10) percent. The ver-tical and l~orizontal 
alignment for these types of driveways shall be designed using a minimum design speed of 
twenty-five (25) miles per hour. Overhead clearallces shall be a lnillilnum of 16 ft. 

Recommellded driveway profiles are included in the Standard Details, Volume IV. 

G. Auxiliary Lanes 

An auxiliary lane may be required at high volume driveways (>200 vph) along major 
collector roads with a pavement width less tllall 40 ft. or along any major collector roads 
because of high traffic volumes. ullusual collditiolls or for safety pul-poses. or related to 
truck use and the percent and length of grade. 

All auxiliary lanes shall be designed in accordance with Section 3.5. 

A l l e ~  s shall generally follon the pattern of adjoining roads. Alle! s in all residential areas shall 
have a m i ~ l i m ~ ~ l n  xvidth of 16 feet and in all commercial or industrial areas. a minimum lvidth of 
25 feet. Alle) s shall ha\ e a masim~um grade of 10 percent \i it11 ertical clearallce of 13.5 feet and 
have a minimum stopping sight distance of 120 feet. The elelation of the outside edges of the 
allel shall be t n o  inches loner than the finished grade of the adjoining propert). The angle of 
illtersectioll betneen an alle) entrance and a road. measured betlieen the allel centerline and tlle 
road edge of pax ement. shall be 90 degrees unless othern ise appro\ ed per Section 2.5. 

2.8 Private Roads 

Where alloned by subdivisiorl regulatiol~s. prix.ate roads ma! be utilized. They shall be 
constructed to public road standards. 

2.9 Parking Requirements and Off-Street Parking lots 

A. General 

The need to provide sufficient parking space is critical to the effecti~ e use of these roadway 
design standards. This parking needs to be pro\-ided at locatiolls that are collsistellt 1bit11 
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Section 2.9 Parking Requirements & Off-Street Parking Lots Design of Roads 

these design standards and the provisions of the Zoning Regulations and the Subdivision 
and Land Development Regulations. 

B. Residential Parking 

The provision of adequate parking space is a function of zoning density, minimum lot size: 
and the availability of front yard setback areas. These elements should be evaluated to 
develop the design ~ n i s  between off-street (i.e., on lot) and on-street parking. Where 
possible. effort should be made to create side by side driveways on adjacent lots to 
masinlize on-street parking. 

To meet zoning requirements, 2.0 spaces per unit off-street parking shall be provided which 
can be accolnnlodated by garage space, driveway spaces, parking pads, and courts. Garages 
count as a full space. For the Access Place and Access Street standards to be effective: 
additional overflow and guest parking shall be required. This call be accommodated on or 
off- street, with on-street treated according to Table 2.1 1. 

TABLE 2.11 
OVERFLOWIGUEST PARKING 

Zoning Overflo~v/Unit Access Place Access Street & 
Classification Minor Collector 

SFD:RC.RR.R-20 0.5 No Restriction No Restriction 
SFD: Other Districts 0.5 Parking one side Indented* 
Except R-MH 
R-MH. SFA. Apts. 0.3 Indented*' Indented* 

::: Indented parking is not required \vl;hen the road width. is increased to 28 feet for access 
place and access street 

C. Off-Street Parking Lots 

Off-street parking lots must be designed to accomlnodate the anticipated demand. pro1 ide 
parking stalls of sufficient size to acconlnlodate the \chicles and prolide a circulatioll 
s j  stem \ihich i l l  minimize the delaj 11 ithin the parking lot and pre\ ent ox erflon 
congestion onto the adjacent roads. The factors involved in projecting parking denland are 
discussed in Chapter 5 and the minimum requirelnents for various land uses are gi\ en in 
the Zoning Regulations. Dimensions of the \ arious components of a parking lot shall be in 
accordance \\ it11 current Institute of Transportatioll Engineers (ITE) guidelines. The basic 
dimension of a standard size parking stall shall be 9' b j  18.. Adjustlllents to this size can 
be made for designated conlpact car parking spaces (8.5' b j  16') and other designated 
parking conditions. The minimu111 aisle xiidths betueen sons of parking shall be 24 feet. 
See Append i~  G. Parking Stall Laj out elelllents for aisle and stall dinlensions for I arious 
parking arrangements. 
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Section 2.10 Solid Waste Containerization Design of Roads 

The parking lot design shall discourage random rnovernents and, tluough the use of traffic 
engineering aids such as signs and islands, provide positive guidance to the motorist and 
shall be made to lnininlize vel~icular and pedestrian conflicts. Parking lot islands, 
landscaped with deciduous trees are desired to provide shade in warn1 weather and reduce 
the temperature of the roadway's stol~n water runoff. It is also reco~mnended to chalmel 
pedestrian access and ensure that any olllarnental landscaping does not limit incidental 
surveillance and become a detriment to safety. Lighting of the medians is also impostant to 
enhance the safety of both pedestrians and vehicles. Efforts shall be made to minilnize 
vehicular and pedestrian conflicts. 

Reserved parking for persons wit11 disabilities shall be provided in all off-street parking 
areas in accordance with current Maryland Accessibility Code Guidelines for Building and 
Facilities requirements. One in every four of the reserved spaces, but not less than one, 
shall be designated "Van Accessible". The reserved parking spaces and access aisles shall 
be level with surface slopes not exceeding 2% in all directions. Refer to the Americans 
with Disabilities Act Accessibility Guidelines (ADAAG) for ful-ther details. The number of 
off-street parking spaces reserved for persons with disabilities shall be provided in 
accordance with the Howard County Zolling Regulations. 

Pedestrian ranlps should be located so as to provide easy and direct access between the 
reserved parking spaces for persons wiith disabilities and the building entrance. 

The paving section of parking lots shall be in accordance with the Standard Details. 
Volunle IV. 

D. Perpendicular Parking 

In single family semi-detached or single fanlily attached de\.elopments. pel-pendicular 
parking along public roads will only be allowed on roads l~here  the ADT is 1.000 or less. 

2.10 Solicl Waste Containerization 

A. General 

To adequate11 acconlnlodate the storage. collection. and remoi a1 of ref~ise at commercial. 
industrial or institutional delelopment. multi-fa mil^ residential complexes. single familj 
detached residential on a conlmon driven a1 and mobile home parks. the folloning criteria 
lnust be met. 

B. Definition 

1.  Refilse Storage Area is defined as that space on the prelnises where refuse is deposited 
by occupants and stored until it is transfessed to a collection or processing vehicle and 
removed fronl the premises. 
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Section 2.10 Solid Waste Containerization Design of Roads 

2. Maneuver Space is defined as that portion of the premises up011 which the collection 
vehicle IIILIS~ travel on its trip from the road to the reftlse storage area(s) and exit. 

C. Bulk Container Service Pad 

Where required, the container nlust be placed on a level area easily accessible to a front end 
loader to allow for uninterrupted service access at any time. The location and ali, ~ i m e n t  
shall be approved by the Depal-tnlent of Public Works or Department of Planlling and 
Zoning. 

Each bulk container shall be placed 011 a concrete pad with concrete apron, see Standard 
Details, Volume IV. 

D. Maneuver Space Requirements 

Minilnuin overhead clearance: 24 feet unobstructed. Ivlinimum width: 15 feet, unobstructed 
straight approach for tender truck. 

Minilllun~ length: 42 feet. unobstructed straight approach for tender truck. 

The maneuver space shall acconlnlodate a truck with a 300 inch \\-heel base and 38 foot 
turning radius with an access drive not to esceed 8 percent. The area shall be designed to 
al~oid backing the truck into a traffic lane of a public thoroughfare. 

Where nlultiple containers are grouped a ~llinirnulll space of two (2) feet IIIUS~ be 
nlaintained between adjacent containers. Visual screens are not required: 11oci-ever. if used. 
at least three (3) feet of clearance space on the sides and rear is required. 

E. Design Unit Size and Location 

Each indi~idual duelling unit in a multi-family residential area or nlobile home park shall 
be provided either nit11 an individual or centralized reft~se storage area nithin 
approsimatel~ 200 feet of the d\~elling unit or occupancq it series. For a single familq 
detached residential on a Psilate Access Place or use in a conlnloll drivenay. a collection 
area that is screened from adjacent properties bq landscaping shall be pro\ ided along the 
public road. 

Residential coinples units consistiilg of more than ten (1 0) indi\.idual residential units shall 
obtain and use bulk containers for reft~se within approsilllately 200 feet of the dwelling unit 
or occupancy it ser\.es. 

Onlq six (6) cubic q ard and eight (8) cubic yard gra\ it) type. stationar) containers n ill be 
approved bq the Count). (One (1) six cubic 4 ard container 1~ ill ser\ e approximatel) fifteen 
(15) dnelling units and one (1)  eight (8) cubic yard container nil1 serve approsimatelq 20 
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Section 2.1 1 Road Trees Design of Roads 

dwelling units. However, it must be taken into consideratioll whether the units are 1, 2, or 3 
bedrooms and whether trash compactors are used.) 

Each container shall be of a design that can be serviced by Howard County Contractor's 
Container Tender Truck. Bulk containers shall have sliding metal doors in lieu of swinging 
doors with spring latches. 

2.11 Road Trees 

See the How-ard County Landscape Manual for requirements. 

2.12 Signals, Signs and Pavement Markings 

A plan(s) shall be included wit11 final design sublnittals for all capital and land development 
projects addressing required signals, signs and pavement markings. The plan shall be consistent 
with the operational intent of the roadway, applicable chapters in this manual and current 
acceptable traffic engineering practice such as outlined in the Manual of Uniform Traffic Control 
Devices. All such elements are to be installed in a timely fashion following final paving and 
prior to dedication and shall be so specified by a note on the plan(s). For scenic roads. signs 
should be kept to the minimum necessary for safety and consolidated bv-henever possible to 
lnininlize visual clutter. The cost of traffic signals. signage and pavenlent nlarkings shall be the 
responsibility of the developer. Traffic Signal plans shall be drawn on a scale of 1" = 20'. Traffic 
signals. traffic signs and pavelnent nlarkings design are discussed in Chapter 5. 

2.13 Roadwav Lighting 

Street lights shall be inco~porated into the design as per the follo\ving: 

Street lights shall be installed at e\.erJ Count) intersection. Street lights shall also be installed at 
500 foot intervals along roadxvays with intersections spacing exceeding 1.000 feet and lights 
shall be installed midnaj. bet~xeen intersections nit11 spacing betlieen 800 feet and 1.000 feet. 
Street lights shall be installed at the ternlinus of dead end streets longer than 300 feet. 

Street lights for all intersections shall 11al.e luminaries units consisting of 150 M'att High Pressure 
Sodium Vapor. All other installations shall have lunlinaries of 100 Watt High Pressure Sodiunl 
Vapor. 

Street lighting design is discussed in Chapter 3. 
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Section 2.14 Speed Control Devices Design of Roads 

2.14 Speed Control Devices 

A. General 

The introduction of speed control devices should be part of the total street environment. 
Isolated devices, especially in streets where there is general expectation of higher speeds 
can cause accidents. The use of speed control devices should be carefully considered 
because of the potentially negative impacts to property access and the availability of on 
street parking and the potential for vehicles to collide with them. 

It is the intent of these road standards to design roadways that do not encourage speeding. 
Typical past practices that encouraged long tangent sections of road: long sweeping curves 
and wide pavement only sellle to invite speeding. These standards require the use of short 
tangent sectionst tight curves and narrow pavements to keep speeds down to design levels. 
This design also encourages vellicles to travel the roadways at almost constant speeds. 

Speed control devices are placed at predictable spacing with appropriate signage and 
generally should reduce speeds to the design speed. It is up to the design professional to 
place a variety of speed control options within the site that best suit the layout and 
topography of the development. The design professional should use judgement concerning 
the placenlent of all calming devices as not to impede driveway and intersection access or 
conflict with sight distance requirements. It is recornmended that the design professional 
nleet with the Department of Planning and Zoning. 

B. Definitions 

Speed control devices can be classified into categories according to their geometry and 
horizontal deflection. These horizontal deflection devices include such thirlgs as: 

1 .  Roundabouts 
2. Lateral Shifts 
3. Center nledian islands 
4. Chicane 

Each t jpe of dexice has different engineerillg design criteria \\hich helps to determine 
nhen it is appropriate. The designer needs to be a n  are that the t j  pe and placenlent of speed 
control dex ices n i l l  ha\ e a significant inlpact on the visual character of both the streetscape 
and subdi\ision lajout. Some conlbinations will create a nlore formal streetscape that is 
genesall) appropriate for higher densit) developments. Other conlbinations will appear 
nlore informal and be suitable for rural and lo\\ densit) developments. 

C. Design Characteristics 

Properly located and designed horizontal deflection devices are highly visible. and alert the 
driver from sonle distance away to slow do~vn. They have less physical effect on traffic and 
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Section 2.14 Speed Control Devices Design of Roads 

contribute to the generation of less traffic noise and residential complaints than vertical 
devices. They need to be illuminated for safety. 

1. Roundabouts 

Roundabouts are primarily used at intersections to reduce the ~zunlber of conflict points 
in turning movements. Due to their symmetry, roundabouts create a more fomal 
character to the streetscape. Ro~uldabouts inten-upt the line of vision and prepare a 
driver to reduce speed. Roundabout design shall be based on criteria set forth in the US 
Department of Transpostation, Federal Highway Adlninistration Publications. Howard 
County may require other design consideratioll for roundabouts. 

2. Lateral Shift 

This type of speed control device utilizes a single curve ~neeting the Minimum Curve 
Radii shown in Appendix A, or a reverse curve with lninimulll deflection angles of 30 
degrees. It can be designed so a small open space will be developed. The open space 
can be streetscape and used for directional signing. Street lighting on the outside is 
required for safety. 

3. Center Median Islands 

Center ~nedian islands offer great flexibility. They can be designed to perfor111 different 
f~~nctions and to create either very fornlal or informal streetscapes. Large islands can be 
landscaped. thereby restricting visibility of the street beyond them promoting driver 
caution. Snlall islands can be used but need directional signing to increase their 
\.isibility. Street lights are required for safety. 

Central llledialls and nledian islands are generally located to control speeds along 
tangent of roadm-ay by 1.isually intessupting the pave~nent surface. 

Center Median Islands shall be nlininlunl 8 feet in width. Entrance and exit fillets shall 
not be designed below a nlininlu~n radius of 45 feet. Travel lane width through the 
de\.ice shall be nlaintained at 12 feet and 14 feet 

4. Chicane 

This type of speed control device utilizes a critical bend or a series of reverse curves 
into the horizontal alignment of a roadway. If used in series in conjunction with snlall 
open space areas. the streetscape effect can be 1-ery for~nal. If chicane occurs around 
stands of trees. rock outcrops or other natural features. a 12ery infornlal natural 
streetscape can be created. 

October. 2006 



Section 2.14 Speed Control Devices Design of Roads 

5 .  Street Narrowing 

This strategy is reserved for retrofit situations on existing roadways where problelns 
may exist such as vehicles speeding near pedestrian crossings. There is no general 
design for this type of retrofit. Each street narrowing must be evaluated on a case by 
case basis. In those cases where this is a developer plan strategy, a Traffic Study shall 
be submitted to the Department of Public Works addressing the existing conditions and 
the impact of the modifications. 

D. Major Street Element Use 

The use of the major street elements suc11 as directional changes in the horizontal alignment 
to create slow points is the preferable use of speed control devices. For each type of traffic 
callning or speed control device or method used, turning templates must be provide 
depicting the movements required. It must be shown that the design vehicle can make all 
turning nlovenlents tvithout adversely impacting the roadway or other vehicles. These 
templates shall be provided at the prelinlinary design stage to insure that the road layout 
will f~~nction adequately. Parking may be restricted along these areas of control if needed to 
insure adequate vehicle movements. 
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Notes: 
I. ResidentialStreets Design Criteria Summary - Open Cross Section 

a. Flush curb on inside o f  ollcurves. 
b. Standard curb required a t  oilstreet intersections. 
c. Roads leading t o  cluster development areas may be designed as o Minor 

Collector with a t r a f f i c  colrning feature a t  the beginning o f  an access street.  

PUBLIC ROADWAY DESIGN CRITERIA 

I. RESIDENTIAL STREETS DESIGN CRITERIO SUMMARY - OPEN CROSS SECTION 

2. Assume residential dwelling : I0 ADT. For o more occurote definition see ITE Trip Generation Manual, Lotest Edition. 

3. Pavement r id th  shallbe increased a t  intersections as needed per turning templote of design vehicle. 

4. Maximum Distance Between Speed ControlDevices 
a.Speed controldevices ore n o i  required on roadways less than 1,200'iong. 
b. Speed controldevices are not required on poriions o f  roadways with less than 1,200' 

between intersection controllstop signs, yield signs, roundabouts, t r a f f i c  signalsl. 
c.Roadwoys and portions o f  roadwoys not meeting Item 40. or 4b. shalladhere t o  the 

Moximum Distonce between Speed ControlDevices requirements. 

Curb 

N/A 

N/A 

CIassiiic0:ion 

5. Any Access Ploce and/or Access Street in townhouse, condominium/aportment development willrequire 26' o f  pavement width. 

Right 
o i  

Way 
Width 
lft.1 

24 

50 

Design 
Speed 
lmphl 

Maximum 
volume 
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T r o i i i c  

IADTI 
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2. RESIDENTIAL STREETS DESIGN CRITERIA SUMMARY - CLOSED CROSS SECTION 

N/A 28 
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DEFINITIONS AND SYMBOLS 

PSI ,  - POINT OF INTERSECTION 
THE POINT AT WHICH TWO TANGENTS TO THE CURVE INTERSECT. 

P,C. - POINT OF CURVATURE 
THE POiNT AT WHICH THE TANGENT ENDS AND THE CURVE BEGINS, 

P.T, - POINT OF TANGENCY 
THE POiNT AT WHICH THE CURVE ENDS AND THE TANGENT BEGINS, 

D - DELTA OR INTERSECTION ANGLE (D=Dc*L/ l00)  
THE DEFLECTION ANGLE BETWEEN THE TANGENTS AT THE P,I. THIS I S  EQUAL 
TO THE CENTRAL ANGLE SUBTENDED BY THE CURVE. 

Dc - DEGREE OF CURVE (Dc= l00*D/L)  
THE CENTRAL ANGLE SUBTENDED BY AN ARC OF 1 0 0  F E E T - T H I S  I S  THE ARC 
DEFINITION OF A CURVE AND SHALL BE USED FOR A L L  ROAD AND STREET PROJECTS. 

R - RADIUS (R=5729.578/Dc)  
THE DISTANCE BETWEEN THE CENTERPOINT AND ANY POINT ON THE CURVE, 

T - TANGENT DISTANCE ( T = R * T a n ( D / 2 )  ) 
THE DISTANCE BETWEEN THE P.C. AND THE P.I. OR BETWEEN THE P.I. AND THE P.C. 

L - LENGTH OF CURVE (L=100*D/Dc) 
THE ARC DISTANCE BETWEEN THE P.C. AND THE P.T. 

LC - LONG CHORD ( L C = 2 * R * S l n ( D / 2 ) )  
THE STRAIGHT L INE DISTANCE BETWEEN THE P.C. AND THE P.T. 

E - EXTERNAL DISTANCE ( E = T * T a n ( D / * )  ) 

THE DISTANCE BETWEEN THE P.I. AND THE MIDDLE OF THE CURVE. 
M - MIDDLE ORDINATE ( M = R ( ~ - C O S ( D / ~ ) )  

THE DISTANCE BETWEEN THE MIDDLE OF THE CURVE AND THE MIDDLE OF THE 
LONG CHORD. 

C.P. - CENTER POINT OF THE CURVE 
APPENDIX B 

HOWARD COUNTY, M A R Y L A N D  H O R I Z O N T A L  C I R C U L A R  CURVE 
D E P A R T M E N T  OF P U B L I C  WORKS 

CHECKEO BY 

NO SCALE 



I - 
. . 

/ P.V.I. 

DEFINITIONS 

P.V,I, - POINT OF VERTICAL INTERSECTION 

P,V,C, - POINT OF VERTICAL CURVATURE 

P.V.T, - POINT OF VERTICAL TANGENCY 

GI & G r  - GRADE OF TANGENTS, I N  PERCENT, WITH UPGRADES I N  DIRECTION OF 
STATIONING BEING POSITIVE AND DOWNGRADES BEING NEGATIVE 

L - TOTAL LENGTH OF VERTICAL CURVE, I N  STATIONS 

E - VERTICAL OFFSET FROM P.V.1, TO THE MIDDLE OF THE CURVE, I N  FEET 

y - VERTICAL OFFSET I N  FEET FROM A POINT ON THE TANGENT TO AN 
INTERMEDIATE POINT ON THE CURVE 

x - HORIZONTAL DISTANCE FROM THE P.V.C. TO ANY POINT ON THE CURVE, I N  
STATIONS 

APPENDIX C 

DRAWN BY WR&A 

HOWARD COUNTY,  M A R Y L A N D  
D E P A R T M E N T  OF P U B L I C  WORKS 

V E R T I C A L  CURVE CHECKED BY 
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CREST VERTICAL CURVES 

v 

SAG VERTICAL CURVES 

GI & Gz - GRADE OF TANGENTS, I N  PERCENT 
A - ALGEBRAIC DIFFERENCE I N  GRADE 
L - LENGTH OF VERTICAL CURVE 

APPENDIX D 

ORCIWN BY 

CHECKED BY 

WR&A 
WR&A 

N o  SCALE 

HOWARD COUNTY, MARYLAND 
DEPARTMENT OF PUBLIC WORKS 

TYPES OF 
VERTICAL CURVES 
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. . 

CA3E 3 6 I A ~ ~ E  ROADWAY ( ~ ~ 3 6 1  

CROSS SECTfON 
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f? C.- POINT O f  C(Ji?YATURE NC - NORMAL CROWN 

RT,- POINT OF TANGENCY 
TRO- TANGENT RUNOUT 
W3.k  PROFILE GRADE LINE 

APPENDIX E.1 

DRAWN BY WR&A 
CHECKED BY WR&A 
No S C A L E  

10/2006 

HOWARD COUNTY, MARYLAND 
DEPARTMENT OF PUBLIC WORKS 

METHOD OF ATTAINING 
SUPERELEVATION 
(CASE 1, 2 8( 3) 



HORIZONTAL CURVE 
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' EX-- P.O]Nf OF TAfiGENCY - 

TRO- TANGENT RUNOUT 
RG,Lr PROFILE GRADE LfNE 

APPENDIX E.2 

DROWN BY 

CHECKED BY 

WR&A 
WR&A 

No SCALE 
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HOWARD COUNTY, MARYLAND 
DEPARTMENT OF PUBLIC WORKS 

METHOD OF ATTAINING 
SUPERELEVATION 

(CASE 4 & 5) 



TRAVELED WAY 

DRAWN BY 

CHECKED BY 

WR&A 
WR&A 

No SCALE 

HOWARD COUNTY, MARYLAND 
DEPARTMENT OF PUBLIC WORKS 

TRAFFIC BARRIER REQUIRED FOR 
EMBANKMENT GEOMETRY 
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APPENDIX G 

HOWARD COUNTY, MARYLAND 
DEPARTMENT OF PUBLIC WORKS 

PARKING STALL 
LAYOUT ELEMENTS 

I NO SCALE I 
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Section 3.1 Introduction Design of Bridges, Retaining Walls and Small Structures 

CHAPTER 3 
DESIGN OF BRIDGES, RETAINING WALLS AND SMALL STRUCTURES 

Introduction 

A. Responsibility of the Designer 

This chapter addresses the selection and use of design and evaluation criteria and practices 
applicable to the design and maintenance of Public Works structures including bridges, 
retaining walls and small structures in Howard County. The subject matter presented herein 
includes specifications and guidelirles for the selection, analysis and design of Public 
Works structures and their individual subcomponents. While the require~nents described for 
the various aspects of design will include and cover the majority of conditions encountered, 
there is no intention to relieve the Designer of the responsibility to recognize when 
conditions are not favorable for the application of these design guidelines. The Designer 
shall be continually alert to those conditions that cannot be satisfied by the application of 
these design guidelines. 

The design specifications to be used for various types of Public Works structures are 
identified and referenced herein. Guidance and interpretations of the design specifications 
and specific standard design requirements of the Bureau of Engineering are also presented 
in this Chapter. 

B. Limitations of Topics Presented in the Design Manual 

It is not possible to include in this nlallual all features and topics of design and drafting 
necessarq to accomplish the de\- elopment of structure designs and construction doc~ulnents 
for all projects incorporating bridges. retaining ualls and small structures. The topics 
addressed herein are limited to those that \\ill assist the Designer in perfornling 111ost 
engineering design tasks in an efficient rnanner and conlply nit11 currentll accepted 
engineering practice as uell  as Mo\\ard Countq practice. Although it is the Designer's 
responsibilitl to esercise professional judgnlellt in the acceptance and/or use of the design 
guidelines included herein. the Designer shall recognize that the) are being provided to 
assist in the de\ elopment of the project in the nlanner prefel-sed bq Howard Countq. 
Hone\er. pro-jects that are funded b) Federal andlor State Aid nlaq require colnpliance 
\\it11 the design criteria and standards set forth b j  the funding agenc). Anq de\ iations fronl 
these design guidelines shall be brought to the attention of Houard County immediately. 
An) naix ers of this design manual shall be Justified to Honard Co~lnty in writing. from an 
engineering el  aluation. and shall include relevant considerations of life cq cle costs and/or 
~l~aintenance requirements. Appro1 a1 or denial of the \\ail er requests n ill be bq return 
letter signed bq the Chief of the Bureau of Engineering. 

For standard abbre\.iations. refer to Section 1.2. "Abbreviations". of this design manual. 
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Section 3.2 General Features of Design Design of Bridges, Retaining Walls and Small Structures 

D. Definitions 

Bridge: A structure designed to carry vehicular, pedestrian and/or bicycle traffic having a 
roadway surface comprised of a structural element such as reinforced concrete or timber. 

Culvert: A structure designed to cany vehicular, pedestrian and/or bicycle traffic having a 
roadway surface placed atop earthen fill and/or a structure designed as a continuous unit 
between the superstructure and substructure. 

Slnall Structure: Any bridge or culver structure that lneasures less than 20' clear between 
abutments (measured parallel to the roadway centerline). 

Retaining Wall: Any structure that is built to retain a fill section or a roadway as a means to 
eliminate or minimize impacts to adjacent properties or structures. 

3.2 General Features of Design 

A. Coordination with Road and Street Planning 

Bridges. small structures and retaining walls are required for grade separations. stream 
crossings and earth retention usually as elelnents of a road or street facility. Planning and 
design of these structures lnust be coordinated m-it11 the road or street planning for overall 
project purpose as well as agreelnent in alignnlent. grade and. typical section. For 
structures in historic districts and along scenic roads. aesthetics is also an impol~ant design 
consideration. 

B. Design Specifications 

1.  A.A.S.H.T.O. 

For highnay and pedestrian bridges. retaining \valls alld snlall structures. the basic 
design specifications to be used are those of the latest edition of the "Standard 
Specifications for Highway Bridges" of the Associati011 of State Highway and 
Transportation Officials (A.A.S.H.T.O.. Ref. 1). including subsequent interim 
specifications. 

The design method to be used shall be that which is customarily used by the Maryland 
State Highway Administration. i.e. Service Load Design Method. 

3. A.R.E.M.A. 

The basic specifications to be followed in the design of railroad bridges or walls 
retaining railroad e~nbank~nents are the current specifications of the A~nericall Railway 
Engineering and Maintenance-of Way Association (A.R.E.M.A.. Ref. 2). 
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Section 3.2 General Features of Design Design of Bridges, Retaining Walls and Small Structures 

3. Howard County Storm Drainage Design Manual 

Hydrologic and hydraulic design of structures shall be in accordallce with the "Howard 
Coullty Stol-~n Drainage Design Manual Volullle I" (Ref. 7). 

C. Technical References for Design 

1. Capital Projects 

Capital projects will be designed using Maryland State Highway Adlllillistration Office 
of Bridge Development Policy and Procedure Manual (Ref. 10) and Structural 
Standards Manual (Ref. 1 1). 

2. Other Prqjects 

Other projects shall be designed sinlilarly as Capital Projects unless w-ritten 
autl~orization is granted by the Chief of the Bureau of Engineering. 

D. Basic Information Required for Design 

1. General Infor~nation 

To determine the overall collfiguratioll of a structure. the designer lllust obtain or 
establish the project alignment. profile and typical section and impose them on the 
existing physical topography. 

2. Studies and Reports 

Previous studies. eilgilleerillg reports and preliminary plans. if any. shall be reviewed 
before beginning any new work on the project. 

3. Record Plans 

Records of utilities. existing structures. streall1 flolv. and subsurface in.i,estigations at or 
near the proposed structure lllust be obtained. 

4. Topography 

Existing topographic inaps such as those available from the United States Coast and 
Geodetic Survey and the Howard County Department of Public Worl;s lnay be used for 
preliminary studies. Hydrologic studies shall be based upon the best available 
topographic mapping. Existing mapping must be supplemellted by aerial 
photogrammetry aildlor ground surveys to provide adequate detailed topography at the 
project site. 
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Section 3.2 General Features of Design Design of Bridges, Retaining Walls and Small Structures 

E. Selection of Retaining Wall Type 

The type of retaining wall to be collstructed usually is deternlined by the cost of 
construction. However, some other factors such as critical clearances or right-of-way cost 
may affect the decision. The most economical type of wall to construct is prinlarily a 
function of the height of the wall. A gravity type wall is the most economical for low walls: 
a cantilever type wall for intermediate heights and a counterfort type for high walls. Other 
factors that shall be considered in the comparison of altel-nate wall types are the lateral 
ear-th pressure, the type of foundation, the depth of piles, and the allowable bearing 
pressure. The simplicity of constructioll and the durability of a gravity wall must also be 
considered in the final decision. See Sectior~ 3.4.A.1 for a description of retaining wall 
types. 

In the historic districts and on scenic roads the aesthetics of a stone facing, colored and 
impressed concrete brick or wood trim may merit consideration. The approval of aesthetic 
amenities andlor special landscaping shall be subject to the review and approval by Chief 
of the Bureau of Engineering. 

1. Proprietary Walls 

Proprietary \;\ialls are patented systems for retaining soil. Depending on conditions, they 
can be more econonlical when colz~pared to conventional retaining wall types. These 
walls are often more ecollolllical for long abutments and where high wall heights are 
dictated by field conditions. This type of wall construction can also save on bridge 
superstructure costs by reducing span lengths. 

The detailed design and associated drawings are the responsibilitj. of the proprietary 
wall firnl. and wall products are typically provided through licensed regional 
manufacturers. The Maryland State Highway Adnlinistration requires that proprietary 
~valls considered for use on capital projects must be on the list of Approved Proprietary 
Retaining Walls provided in the SHA Policy and Procedure Manual (Ref. 10). 

a. MSE 

Mechanicallj stabilized earth (MSE) nalls are comprised of a reinforced soil mass 
and illodular precast concrete facing panels \\ hich are 1 ertical or near 1 ertical. 
MSE nalls maj be used nhere con\entional gra] it]. cantileler. or counterforted 
nalls are considered. and are \tell suited for supporting fills and \\here s~tbstantial 
total and differential settlements are anticipated. The precast facing panels are 
adaptable to a x ariety of architectural finishes. MSE ualls should not be used nhere 
utilities other than highnaj drainage nould be constructed in the reinforced soil 
zone. nhere erosion or scour ma) undernline the reinforced soil zone. or \\here 
gall anized reinforcements maj be exposed to surface or ground nater contalllinated 
b j  pollutants characterized b j  lo\\ pH and high chlorides or sulfates. 
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Section 3.2 General Features of Design Design of Bridges, Retaining \Tails and Small Stmctures 

b. Precast Gravity 

Precast gravity walls, also known as seglllelltal or modular retaining walls, consist 
of interlocking, soil-filled concrete units, and depend or1 dead weight for stability. 
The precast units can also be used with soil reir~forcements to collstruct taller walls 
tlzan those that resist loads by gratrity alone. The stacked prefabricated units offer 
fast, easy installation, with the flexibility of cul-ved and corner alignnlents and 
tei~aced walls. The collcrete units nlay be colored and the wall face fabricated in a 
variety of shapes and textures. 

Precast gravity walls should not be used on curves with a radius of less than 800 ft 
unless the curve can be substituted as a series of cl~ords, or kvllere the longitudinal 
differential settlement along the face of the wall is greater than 11200. 

c. Gabions 

Gabions are stacked. stone-filled wire baskets that are ilzterconnected to form 
gravity-type walls. Gabion walls are sinlple to install and are well suited for use as 
chanrlel linings. slope protection. and low-height retaining walls. T11ey are 
pern~eable. \vhich allows for backfill drainage and also permits the grokvth of 
natural vegetation. Once vegetation has been established. these walls blend well 
into the natural environmeilt. Gabion walls are inherently flexible and are able to 
tolerate differential settlement that may result from unstable foulldatioll soils or 
underlllining due to erosion or scour. 

F. Selection of Bridge Type 

1. Site Collditiolls 

Since no trio bridge sites are esactlj equivalent. the designer must dex elop a particular 
span arrangement and bridge tqpe for each individual site. Collditiolls at the proposed 
site such as existing grading. t j  pe of crossillg and subsur-tjce collditiolls l~lust be taken 
into consideration. The constraints of li~nited right-of-naq are rele\,ant to solne sites. 
Bridges in historic districts and on scenic roads should be designed to presene or 
enhance the appearance of the road and to afford passengers viens from the bridge. 

2. Materials 

The t jpe of lnaterial to be used in constructiol~ \ \ i l l  depend on a varietq of factors 
including suitabilitj of ~llaterial to load requirements. atailabilitq of material. 
corlstructio~l procedures. maintenance of traffic. collstructioll time. unusual site 
corlditions and relatile life cqcle cost of the t arious tjpes of materials. Tile County 
precludes the use of prestressed concrete bos bealns and planks \\ithout the expressed 
ttritten perlllissioll of the Chief of the Bureau of Engineering due to the difiicultj in 
maintai~ling these tjpes of structures. Wooden bridges in Countj park propestq maj  be 
acceptable subject to the re] ie\i and appro] a1 b j  both the Chief of the Bureau of 
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Section 3.2 General Features of Design Design of Bridges, Retaining Walls and Small Structures 

Engineering and Director of the Department of Recreation and Parks. 

3. Cost 

Since the relative econorny of structure types callnot be generalized, it will be necessary 
to prepare ecollo~nic comparisons of alternate bridge types suitable for a given situation 
in order to determine which type is most suitable from a cost standpoint. Future 
rnailltella~zce costs should be considered in addition to initial costs to insure that the 
structure with the lowest life cycle cost is used. 

To prepare these economic comnparisons, it is first necessary to determine the structure 
quantities that are associated with each type of bridge. These may be obtained from 
preliminary designs, from quantity charts, from historical data, or by a combillatioll of 
these methods. 

Unit prices for application to the esti~nated quantities should be deterlnined based on 
recent bid tabulations for comparable projects in the Howard County area. These unit 
prices lnust be adjusted by judg~nellt on the basis of project size, location and 
construction difficulties. 

4. Safety and Aesthetics 

I~nporta~lt  considerations are safety and aesthetics. Maximum traffic safety is provided 
by deck type overpass structures with adequately designed safety barriers and open 
span undel-pass structures \vithout piers or other structural elements adjacent to the 
roadway. 

Bridges on scenic roads or in historic districts merit special design consideration. The 
ividth of the deck should be consistent with the adjacent roadbvay. Barrier parapet lvalls 
should illcorporate open railings at passenger eye level to perlnit views of the river 
crossing and adjacent scenery. Abutment embankmentslslopes and piers shall be 
positioned to retain the ~latural stream channel adjacent to the bridge. If erosion is of 
col~cem. co~lsider bio-engineering rather than rip-rap. gabions or a concrete channel. 

Arcl~itectural treat~nellt and other embellishmeilts such as xvider sidenalks for 
pecdestrian use. bicqcle lanes. open railing and special lighting should be considered 
\\here it is appropriate to ilnprove the appearance and utilitq of the bridge to make it 
more colnpatible \vith the other elements of the surrounding communit> especially in 
historic districts along a scenic road. Modest use of special treatmeilt can be done 
\\ithout a significant increase in cost. but such aesthetic requiretnellts as an increase in 
span lengths. special finishes and special structural shapes call result in sig~lificant cost 
iilcreases. The added cost resulting from special treatlnellt must be e\.aluated to 
deterllli~le that the improved aesthetics are morthy of the increased cost. 
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Section 3.2 General Features of Design Design of Bridges: Retaining Walls and Small Structures 

5 .  Maintenance Requirements 

Future ~nai~ltenance is another important corlsideration in the design of new bridges and 
existing bridge rehabilitations. All bridge colnpollellts must be accessible for routine 
biennial illspectioll as well as maintenance, either by a snooper or some other means. 
Designs should provide for s~lperstructure jacking to facilitate servicing, repair: or 
replacemellt of bridge bearings. 

Key itelns to minimize future lnaintena~lce include: 

Mini~nize the llumber of exparlsion joints. 
Design sealed joints to prevent deck runoff from draining onto the bearings and 
beam seats below. 
Provide joint colnponents that can be maintained. 
Avoid unusual joint details. 
Avoid details that trap dirt in splices, joints or other components. 
Locate scupper outlets below the bottom flange of beams to prevent water damage 
fro111 splash-back. 
Provide downspouts andlor splash blocks \vl~ere scupper outlets \\iould cause 
erosion or durnp water on roadways from overpasses. 
Eliminate or lnillilnize the existence of deck drainage systems. If required, design 
deck drainage systems with sufficient size and adequate slope to prevent clogging 
and ponding. Provide clean-outs and avoid s11al-p bends in piping. 
Protect strealn cha~lllels from erosioll and piers and abutlnellts fro111 scour. 
Provide roadway drainage at abut~nellts and bvirlg \;\;ails to prevent erosion. 
Provide adequate vertical and horizontal clearallces to prevent vehicle damage. 
Consider the feasibility of painting structural steel. and evaluate the suitability of 
weathering steel. 
Consider using precast prestressed concrete structural members. 
Investigate the feasibility of using integral or semi-integral abutlnellt construction. 

G. Selection of Culverts 

1.  General 

Culverts are genesall! cost effecti\e solutiolls for relati\ el) slnall stream crossings. A 
single culxert can be used for the s~nallest crossing. Larger streall1 crossings can utilize 
multiple cell box cul\el-ts or a batter) of pipe cul~erts .  111 each case. all factors of 
hjdraulics. topographj. ecollo~nics and en\ironmental factors rnust be collsidered 
before a cu l~e r t  altematixe is selected. It mill be necessarj to compl! wit11 the policies 
of all perlnittillg agencies co~lcerllillg the need for perlnits and the lnailltellallce of the 
~latural ent ironment. Design of cul\erts shall meet all the requirelnents of bridges. 
illcluding those for foulldatioll design and scour design. For slnall cull erts I\ it11 in\ erts. 
subsurface borings tahen for the roadx~aj nil1 usually be sufficient for the foundation 
design. 
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Section 3.2 General Features of Design Design of Bridges, Retaining Walls and Small Structures 

Bos culvel-ts are generally made of concrete with mild reinforcing. These can be cast in 
the field or precast at a factory in units which are then shipped and placed in the field. 
When precast concrete box culvel-ts are used. the box culvert ends and all wing walls, 
headwalls and toe walls shall be cast in place; refer to Volunle IV Design Manual. 

Pipe culvel-ts are available in a large range of shapes, sizes and materials. Steel pipes 
call consist of pipes rolled at the mill such as corrugated metal pipes (CMP's, etc.) or 
pipes made from steel plates asselllbled at the job site such as structural steel plate 
pipes (SPP's, etc.). Steel pipes less thall 4' in dianleter may be either the CMP or the 
SPP type. Steel pipes larger than 4' in diameter must be of the SPP type. 

Culverts without paved inverts, such as structural plate pipe arches and precast concrete 
arches, are also commonly available. These types of structures are very dependant on 
the foundation conditions and their use may require extensive foundation and scour 
investigatioll work. 

Refer to Volullze I Design Manual for additional infornlation collcel-ning cul'iierts. 

2. Advantages 

For streams of a size within the hydraulic capacity of a culvert. the culvert is usually 
less costly to design. construct and nlaintaiil tha l~  a bridge. A culvert structure is less 
susceptible than a bridge to structural defects due to differential settlement. 
undermining and scour. 

In most cases. culverts tend to have the following disad.irantages: 

The design opening is mider than the esisting channel requiring undesirable channel 
nlodificatiolls 
Silting occurs during Ion flou. 
Multiple cells tend to obstruct f1o.i.i and accumulate debris during flood f1oj.i. 
Water velocity increases in the c u l ~  ert causing doi.instrealn scour. 

H. Structures over Watei~vays 

1.  Hydrologic Studies 

Hg drologic studies shall be performed for all structures crossing matern a) s. Streail1 
flon for these studies shall be calculated in accordance \\it11 procedures described in 
the -.HoM ard Countj Storm Drainage Design h/lanual". Vol. I (Ref. 7). Existing stream 
gauging data. observed high nates nlarlis and obserx ations of local residents shall be '., 

used to check the hgdrological calculatio~ls based on elnpirical methods. 
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2. Hydraulic Studies 

a. Bridges 

Analysis of the effect of the bridge on the strean1 flow and establishment of the 
design high water at the bridge site or at other critical points shall be in accordance 
with the procedures described in the Federal Higl~way Administration booklet 
"Hydraulics of Bridge Waterways" (Ref. 6). 

A freeboard of one (1) foot from the design high water to the underside of the 
superstructure shall be maintained. Refer to the "Howard County Storm Drainage 
Design Manual" (Ref. 7 )  for specific freeboard requirements. 

b. Box Culvel-ts 

The effects of flow in the design of box culvel-ts shall be analyzed in accordance 
with the procedures described in the Federal Highway Adnlinistration Circular 
"Hydraulic Design of Highway Culvel-ts" (HDS - 5) (Ref. 8) or similar 
publications. Due consideration shall be given to both inlet control and outlet 
control. 

3. Hydraulic Design Criteria 

a. Highwater Elevation 

A strean1 crossing structure shall be designed to interfere as little as possible bvith 
the natural strean1 channel and shall confornl to the "Howard County Stornl 
Drainage Design Manual'. Vol. 1 (Ref. 7) and other State and Federal requirements. 

b. h4aximum Velocities 

Discharge xelocitj shall be collsistent ui th  channel materials. For maxinlum and 
mininlurn \ elocities. refer to the '-Houard Co~untj Stornl Drainage Design Manual". 
Vol I (Ref. 7) .  

I. Clearances 

1.  Horizontal Clearances - Highiva>.s 

a. Bridge Roadxay Width 

The roadway width of bridges shall preferably be the full width of the approach 
roadway section including the sl~oulders. Minimum bridge roadway widths are 
discussed in the MSHA "Policy and Procedure Manual" (Ref. 10) for various 
classifications of highways. If the approach roadway section includes a sidewalk: 
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the sidewalk shall be cal-sied across the bridge. 

b. Underpass Clearallce 

For an open section roadway or a bridge: the piers or abutnzents shall be set to 
provide clearance for the full shoulder plus a guardrail or concrete barrier. The 
roadway face of the guardrail shall be at least 5'-0" from the face of the pier or 
abutment. The face of the guardrail or bal-sier shall be at least 2'-0" outside of the 
llorlnal shoulder line. For closed section roadways, the face of pier or abutlllellt 
shall be set a minimum of 8' -0" back of the curb line. Piers and abutnlents shall be 
protected by guardrail or crash walls. 

2. Horizontal Clearances - Railroads 

Horizolltal clearances fsom railroad tracks to piers, abutllle~lts or walls of an overpass 
structure shall be in accordance with the requiremellts of A.R.E.M.A. (Ref. 2) and the 
policy of the particular railroad for the class of track involved. In the case of privately 
owned spurs. the clearances shall be at least equal to the requirements of the hlfaryland 
Public Safety Laws and meet the approval of the railroad operating over the spur. 

3. Vertical Clearance 

a. Highways 

Vestical clearallce to highway or railroad structures over highways shall be 16'-0" 
minimum over any usable portion of the roadway and shoulder. 

b. Railroad 

Vertical clearance o\.er railroads shall be 24'-3" (top of rail to underclearance) for 
electrified railroads. and 23'-0" for all others. Cleara~lce shall be approved by the 
railroad owner. 

c. Pedestrian 

Vertical under cleara~lces for pedestrian bridges shall be: 16'-0" o\.er streets or 
high\vays: 24'-3" over electrified railroads: and 23'-0" over other railroads. 

J. Bridge Roadway Section 

1.  Curbed (Closed) Section 

The f l o ~ ~  line of a curbed roadnaj section shall be colltilluous across the bridge. If the 
approach road\\ ay section includes side\\ alks. the side\\ alks shall be carried across the 
bridge. If the approach roadmay section does not include sidenalks and there is 3' 
minimum betnee11 the curb and edge of traffic lane. then a traffic barrier shall be 
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located at the flow line. If the approach roadway section does not include sidewalks and 
there is less than 3' between the curb and edge of traffic lane. then a sidewalk shall be 
carried across the bridge. 

2. Rural (Open) Section 

The shoulder of a rural section shall be carried across the bridge. The cross slope 
collfiguration shall conform to that of the approach roadway except that the cross slope 
in the shoulder area on the bridge shall be an extension of the adjacent traffic lane (i.e.: 
no shoulder breaks on bridge). The approach roadway shoulder slope shall be 
transitioned to meet the shoulder slope of the structure beginning at a nlininluin 
distance of fifty (50) feet from the ends of the structure. 

3. Barriers 

All barriers on bridges and approaches. including transitions: shall meet or exceed 
Maryland State Highway Ad~~~inistration and A.A.S.H.T.O. specifications: including 
crash testing requiren~ents. Selection of the appropriate barrier. with or without nzetal 
railing. should be made with consideration given to the type of roadway facility 
(controlled access or non-controlled access). whether pedestrians and/or cyclists are 
expected to use the bridge. and whether sidewalks are required on bridge. Safety fence 

0s or shall be provided in accordance with SHA requirements. Decorative barriers/railin, 
bridge lighting app~~rtenances shall be subject to the approval of the Chief of the 
Bureau of Engineering. 

Careful attention shall be given to the treatlnent of railing at the bridge ends. Exposed 
rail ends. posts and sharp changes in the geonletry of the railing shall be avoided. A 
s111ooth transition by means of a continuation of the bridge barrier. flared end posts. 
roadnay guardrail anchored to the bridge barrier. continuation of bridge guardrail. or 
other effective means shall be provided to protect the traffic fro111 direct collisio~l lvith 
the bridge rail ends. Guidelines for these transitions are specified in the MSHA "Book 
of Standards for Highway and Incidental Structures" (Ref. 15). 

K. Horizontal and Vertical Alignment 

1. Bridges 

The horizontal and vertical alignment of the bridge nlust be coordinated \\.-it11 the 
oxerall plan and profile of the approach roadn-a;\. Geonletric design requirenlents 
concerning sight distances. minimum curl-e radii. superelevation. etc.. shall be in 
accordance ivith Chapter 2. --Design of Roads". Methods and criteria for maintenance 
of traffic are contained in Chapter 5. "Traffic Studies". 

2. Horizontal Alignnlent of Box C~1ve1-t~ 

a. Alignment with \Vater\\;ay and Road 
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Culverts shall generally be located and aligned as closely as possible to the natural 
drainage course for \v11ich they are being designed. The skew angle shall be kept as 
close to 0 degrees as possible: while providing a nlinimunl stream relocation, if any. 

b. Maintenance of Flow 

The designer must consider the requirements for maintaining stream flow during 
construction. It may be necessary to provide a telnporarp channel in order to 
provide for maintenance of flow. Maintenance of steam flow plans shall be 
prepared in accordance with the latest edition of the MDE "Maryland Waterway 
Construction Guidelines'' (Ref. 9). 

L. Subsurface Investigations 

In order to deternline the type of foundation and allowable bearing pressures. borings \vill 
be required at the proposed locations of walls. culvel-ts and bridge foundations. The 
infollnation obtained should include elevation of the existing ground at the baring. a 
descriptioll and depth of the nlaterial encountered. nulnber of blows per six (6) inches on 
the sampling spoon. recovery of cored rock. total depth of boring. the water table level and 
the time of observation. For snlall culverts with inverts. subsurface borings taken for the 
roadway will usually suffice for the foundation design. 

Split spoon sanlples shall be taken at every change in nlaterial at intervals not exceeding 
five ( 5 )  feet. All borings should be drilled to refusal and cored a nlinilnunl of 5 feet into 
rock. 

Fo~mdation borings shall generally be located as folloi\-s: one boring at each end of each 
substructure unit for nlultibeanl bridges: one boring at each end nlinin~urll with 
internlediate borings as required to maintain 100' nlaxillluin clc spacing for culvert type 
structures and retaining walls. 

All of the boring log information must be shown on the plans. 

M. Foundation Reports 

A fornlal Fo~uldation Report is required for all retaining kvalls 3' or greater in height 
lneasured from the top of wall to the gro~und line at the front face of nail: all box c u l ~  erts: 
all pipe culverts with individual spans greater than 8' lneasured perpendicular to the pipe: 
all hydraulic structures Lvithout inverts: and all bridges. For structures not meeting these 
requirements the designer shall perfornl sufficient subsurface in\.estigations and anal! sis to 
insure the stability of the structure. 

The formal foundation report shall provide all information and calculations documenting 
that the subsurface investigations and foundation design have been nlade in accordallce 
with the requirements of this Vol~lme I11 Design Manual and A.A.S.H.T.O. In addition. the 
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foundation report shall address the settlement of approach fill embankment on bridge 
foundation design as well as pertinent foundation construction considerations. The 
Foundation Report shall be accolllpanies by boring logs plotted on a plan sheet and 
prelilninary structure plans. 

For all new or replacenlent bridges, detailed Foundation Repol-ts shall be prepared for 
review and approval by the Chief of the Bureau of Engineering. Foundation Reports shall 
include copies of all boring and laboratory testing infornlation including a project map 
noting the location of all test borings. For Capital Projects, Foundation Reports shall be 
prepared in accordance with applicable sections of the MSHA Policy and Procedure 
Manual" (Ref. 1 0). 

N. Scour Reports 

Cul~ent  regulations require that the construction. replacelnent or rehabilitation of any 
bridge structure which uses either fill1 or partial funding from the Federal Government be 
accolnpanied by an approved Scour Analysis Report. Reports for such projects will be 
reviewed by the Maryland State Highway Adlnillistration Office of Bridge Development 
(OBD). All scour reports shall be developed ill accordance with the OBD "Interinl Manual 
of Hydrologic and Hydraulic Design" (the Interim Manual) (Ref. 12). and in particular. 
Clzapters 9 and 1 1. 

All scour reports shall be prepared and sealed by a registered professional engineer in the 
state of Mar)-land. Personnel invol\ed in the evaluation of scour need to posses the 
technical qualifications. including practical experience. education and professional 
judgment. to perform the individual tasks assigned. Interpretation of results and 
conclusions of scour anal) ses shall be accomplished b) registered engineers qualified in 
the appropriate disciplines. Because of the complexity of bridge scour. the evaluations 
shall be perfornled b j  an interdisciplinar) team of engineers with the requisite knouledge 
in structural. 11) draulic. ri\ er mechanics and geotechnical engineering. 

For non-federally funded pro-jects. scour reports may not be required if any of the following 
criteria applies: 

The project scope is limited to the rehabilitation of the bridge superstructure and/or 
minor rehabilitation of the substructure. h4inor rehabilitation of the substructure shall 
be linlited to abutment (or pier) repair and shall not include any changes to the overall 
geometrj of the substructure units. nit11 the exception of minor fascia treatments that 
do not reduce the total \vater\ia\ opening b) lnore than 10%. 
The project is a replacement or rehabilitation of a bridge or bottonlless culvert where 
evidence of scour is minimal either through illspection or previous inspection reports 
and \\-here the proposed abutment footings. or deep foundations such as piles. are 
founded in non-erodible rock. Rock \vhere borings indicate a Rock Quality 
Designation less than 50% shall be assumed to be erodible (FHWA Memorand~un on 
Scourability of Rock - June 19. 1991). 
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The project is a new, replacelnent or rehabilitated bridge or culvert along a private road 
or drive not governed by any county, state or local nzunicipality easements, right-of-way 
or right-of-entry. 

The county reserves the right to request that a formal scour report be prepared in accordance with 
MSHA standards for any project within county right-of-way or along a roadway nlaintained by 
the county by virtue of easement: right-of-entry or prior agreement. A formal Scour Report shall 
be required for all bridges and small structures without integral paved inverts and which carry 
waterways. A formal Scour Repol? shall also be required for retaining walls which could be 
subject to stream action and which require a formal Foundation Repol?. The Scour Repoi? shall 
be submitted in conjunction with the Foundation Report. The county may also request that a 
scour report be prepared for a structure for the purpose of re-evaluating the Structulre Inventory 
and Appraisal Item 113. If a scour report is not requested by the county, the engineer of record 
shall still have the responsibility of ensuring that the bridge or culvert is designed in adequate 
consideration of the effects of scour. 

Contraction, abutnlent and pier scour depths resulting from scour analyses shall be used in the 
assessment of the bridge stability in accordance with Chapter 11 of the Interim Manual. For the 
Design Flood for scour, the material in the resulting scour prism shall be assumed tb be removed, 
and the bridge shall be analyzed with stability factors as dictated by the A.A.S.H.T.O. "Standards 
Specifications for Highway Bridges" (Ref. 1). For the Check Flood for scour, the material in the 
resulting scour prisnl shall be assumed to be renloved and the bridge shall be analyzed with a 
stability factor of 1 .O. 

0. Bridge Inspection 

Howard County nlaintains an i~z\~entory of bridges and the larger -'small structures". To assist the 
County. designers are required to provide the follom-ing infornlation for culverts with spans 
Greater than 10' and for all bridges: b 

- Design Year Storm 
- Run-Off Q in cfs 
- Drainage area in acres 
- High Water Elevation for the Design Stornl 
- Year of Maryland State Highway Specification used 
- Year of A.A.S.H.T.O. Specification used. 

3.3 Design Loading - Highwav Structures 

A. General 

Loads. loading colnbinations and adjustments to the allo~vable stresses for loading collditions 
shall be in accordance \\..it11 the provisions of A.A.S.H.T.O. (Ref. 1). 
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B. Dead Load 

1. Future Wearing Surface 

In addition to the dead load of the structure, an allowance shall be made in the design 
analysis for a filture wearing surface. This shall be 25 lbs./sq. ft. for all except moveable 
spans and exceptionally long spans. Tlle additional deck load for these spans shall be 
determined on an individual basis depending on the type of construction. 

2. Unit Loads on Culverts 

The dead load on culverts shall include the dead load of the box and the weight of earth 
above the box. Loads shall be calculated in accordance with A.A.S.H.T.O. Specifications, 
(Ref. 1). Except for box culverts on piles, the dead load of the bottom slab and water within 
the box should be neglected in design of slabs and walls. These dead loads shall, ho\vever, be 
included when determining foundation pressures. In the absence of more exact infor~nation, 
the density of the soil shall be taken as 120 lbs./cu. fi. and 150 1bs.Icu. ft. shall be used for tile 
weight of the concrete. 

3. SIP Forms 

An additional allowance shall be nlade in the design analysis when the use of steel stay in 
place fornls is required. This loading shall be 15 lbs./sq. ft. of deck for111 plan area. This value 
includes the weight of the fornls plus concrete in the col~ugation valleys of the forlns. 

C. Live Load 

1. Design Loadings 

For all bridges 35 feet and over in span length. and all other structures. an HS 25 loading 
shall be used. For all bridges less than 35 feet in span length an HS 27 loading shall be used. 
The concrete bridge deck portion of bridges n-it11 longitudinal stringers shall be designed 
with HS 25 loading. For additional infornlation concerning Design Loadings. see the MSHA 
-'Policy and Procedures Manual" (Ref. 10). The loading for temporary structures \\-ill be 
deternlined by the Departnlent of Public Works on the basis of the duration of time the 
temporas). structure is expected to be in place and the anticipated traffic characteristics 
during that period. It shall not be less than H-15 tbith standard ot-er-load prot-isions. as 
specified in the A.A.S.H.T.O. Specifications (Ref. 1). 

D. Wind Loads 

Wind loads calculated in accordance with A.A.S.H.T.O. Specifications (Ref. 1) shall be applied 
to the bridge substructure and superstructure as indicated therein. 
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E. Thermal Forces 

Thern~al forces shall be as specified by A.A.S.H.T.O. (Ref. 1) for nloderate climate. 

F. Force of Stream Flow 

The effect of flowing water on piers shall be calculated in accordance with A.A.S.H.T.O. (Ref. 
1). 

No static or dynamic pressures shall be applied for ice-floes, ice-sheets or ice-jams except under 
special circunlstances for public structures sucll as pedestrian bridges in public parks. The 
cons id era ti or^ of occasional cost and safety must be considered in the structure's life cycle cost 
and this determination shall be made by the Chief of the Bureau of Engineering 

G. Earth Pressure 

Structures ~vhich retain earth shall be propol-tioned to withstand pressure as given by Rankine's 
fornlula. In the absence of more specific information. an equivalent fluid pressure of 35 1bs.Icu. 
ft. shall be used. This pressure is based on the assulnptioil that a layer of porous backfill and a 
drainage system with weep holes will be provided to insure a low ground water elevation at the 
rear face of the structure. 

If conditions are such that it is not possible to control the Dater table behind the structure. the 
structure shall be designed taking into account. belom the n ater le\ el. the full 115 draulic pressure 
in conjunction nit11 pressures of the submerged soil. 

A sloping finished grade line behind the structure may be acco~unted for by conlputing the 
pressure on the basis of the depth of earth in a vertical plane at the heel of the footing. 

1. Water Pressure 

If conditions are such that it is not possible to control the nates table behind the structure. the 
structure shall be designed taking into account. belon the \\ater table. the f~lll l~\draulic 
pressure in con-junction n it11 pressures of the subnlerged soil. Belo\\ the \Later table the unit 
\\eight of the retained soil is reduced to its submerged or buolant \ d u e .  As a result. the 
lateral earth pressure belon the nates table is reduced. nhile the retained \\atel exerts a 
horizontal 111 drostatic pressure. 

When ground water le\ els differ on opposite sides of a retaining nall. the upuard b u o ~  ant 
force beneath the \I\ all foundation tends to 01 erturn the n all. Unequal ground n ater 1e.i els 
also result in seepage beneath the nall. The effect of seepage forces is to increase the load on 
the back of the nall  (and decrease anj p a s s i ~ e  resistance in front of the \\all). Pore pressures 
in the backfill soil call be approsinlated through the de\elopment of a flou net or other 
analjtical nlethods. and then added to the horizontal earth pressures acting on the nall. 
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H. Earthquake Forces 

Structures shall not be designed to resist earthquake forces. 

I. Pedestrian Bridge Loading 

Pedestrian bridges shall be designed for the some loads as highway bridges except for live 
load and impact. For pedestrian bridges: live load shall be in accordallce with A.A.S.H.T.O. 
(Ref. 1). 

J. Distribution of Loads 

For distribution of loads refer to A.A.S.H.T.O. (Ref. 1) 

3.4 Substructures and Retaining Walls 

A. Retaining Walls 

The primary structural function of a retaining mall is to counteract the lateral forces caused 
b j  earth pressure. These forces have tmo principle effects on the wall. First. they tend to 
ovel-turn the \\-all and secondly. these forces tend to push or slide the wall. Before designing 
specific parts of the \\all. such as the footing. stem. etc.. overall stability of the wall and the 
earth Inass must be satisfied. The total earth Inass containing the wall and its foundation 
lnust be in equilibrium. A subsurface in.iestigation should be made to detelmine the 
possibilitj of a slip plane failure that nould affect the stabilitj of the entire installation. The 
ove~-turning lnonlent about the toe of the footing. caused b j  the earth pressure and 
surcharge. must be resisted b j  the stabilizing ~nonle~l ts  of the dead load forces. Unless a 
structure is kejed into rock or is restrained b j  an adjacent structure. the horizolltal earth 
pressure force must be resisted b] friction betnee11 the footing and the foundation. 
Retaining nalls used in subdil isions and site development plans shall use the retainillg mall 
checlilist .c\ hen submitting designs. 

Reinforced fills and proprietarj retaining nalls \\-ill be considered on a case b j  case basis. 
No collsideratio~l for use shall be gi\ en unless the s j  stem has been appro1 ed for use b j  the 
IvIarj land State Highn a) Administration. 

1. Types 

There are f i ~ e  principal tjyes of retaining ~valls: gra.i.ity walls. semi-gravity walls. 
c a~ l t i l e~  er \I alls. counterfort \ialls and buttress nalls. 

a. Gravity Walls 

Gral it) Walls resist sliding and o\ erturning b j  nleans of their ~nass. the resultant of 
all forces being v, ithin the ~niddle tllird of an) horizontal section through the mall. 
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Reinforcing is required only to resist sluinkage and temperature forces and shall be 
the minimum required by the governing design specification. 

As a guide for initial design, the width of the base of the wall should be 
approximately 0.45 times the total height. The final size used varies with tlze type of 
material, the slope of the backfill surface, tlze surcharge and the allowable bearing 
pressure. 

Gravity walls may be used under any condition where foundation nzaterial is 
reasonably good, and are often the most econonzical type for use where the wall is 
quite low. Because of its massive construction, this type of wall is more resistant to 
destructi\~e agents and partial disintegration of tlze concrete is not as serious as for 
the heavily reinforced types. 

b. Semi-Gravity Walls 

By introducing a relatively slzlall amount of reinforcing steel in the back face of a 
gravity wall. a more slender stem can be used. This type of wall is colzz~lzonly 
L- 

known as a senzi-gravity wall. The semi-gravity wall is more econolnical t l~a~z  the 
solid gravity wall and has the same advantage of durability due to massive 
construction. although to a lesser extent. 

c. Cantilever Walls 

Cantile\.er walls consist of a continuous stem supported on a continuous footing. 
Resistance to overturning results from tlze stabilizing action of the w-eight of 
concrete in the wall and tlze block of earth supported directly 0.i-er the heel of the 
footing. The stem. the heel of tlze footing and the toe of the footing act as cantilever 
slabs resisting the applied loads. 

The stem slzall be designed to resist the moments and shears caused by the earth 
pressure above the top of footing and tlze surcharge applied to it. The weight of the 
stern itself shall be taken into account and the critical sections designed for direct 
stress and bending. 

The heel of the footing shall be designed to resist its on11 neight and the total 
\\eight of the earth supported directly on it. nit11 or without a reductiorl for up~vard 
foundation pressures. 

The toe shall be designed to resist the foundation pressure acting on it. less its own 
\!eight. but no reductiolz is to be made for backfill over the toe. 

Cantilever lvalls are tlze lzzost widely used type and can be used in heights to 
approximately 30 feet. This type of wall is by nature more flexible than the other 
types. and considerable deflection can be expected at the top of tlze higher walls. 
Consequently. cantilever walls should not be tied to other types of walls wit11 shear 
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keys. Rather: architectural offsets or pilasters should be ir~col-porated into the design 
at such junctures so that differential deflection will not be noticeable. 

For the most ecollomical al-railgement, a cantilever wall stell1 should be located over 
the point where the resultant of the loads pierces the plane of the footing. This 
means the toe of the footing for the typical wall should be about one-third the total 
width of the footing. However: the stel11 may be located anywhere on the footing as 
required by right-of--way requirements, collflict with structures and utilities, or for 
other reasons. 

As a guide for initial design, the footing width ~lormally ranges between 0.5 and 0.7 
the total height of the wall, depending on allo\.vable bearing pressures, desirable 
bearing differentials and superimposed loads. 

d. Counterfol-t Walls 

Counterfol-t walls consist of a face wall spanning colltinuously between coullterforts 
which extend into the backfill. Counterfol-ts are spaced at some constant interval: 
usually in the range of from 8 feet to 16 feet and are supported on either individual 
or contilluous footings. 

The face wall may be either full height or. ill the case of deep footings. extend only 
2 i feet below filzished grade at the fro~lt of the wall. 

Face walls shall be designed as conti~luous slabs in illcrelnellts of height. Each 
illcrelllellt shall have the proper thiclaless and/or rei~lforcelllellt to resist the average 
earth pressure over that increment. If the face wall is tied to the footing. the bottom 
illcrelllellt call be designed for vertical and llorizolltal bending. 

The heel portion of continuous footings shall also be designed as contilluous slabs. 
The toe. which c o l l ~ ~ ~ l o ~ ~ l y  is rather short. shall be designed as a cantilever as 
previously described. Coullterforts shall be designed as tee- bealns to resist the 
overturning forces for the fbll counterfol-t interval. 

Counterfort nalls are usuall> most eco~lolllical for heights over 30 feet and in 
illstances where the footing must be placed \ ery deep. 

Widths of coullterfort footings to satisf~. stability requirelnellts are usually at least 
0.5 the height of the \?-all. The heel dimension is normally go\.enled by the 
counterfort design. 

It is necessary that coullterforts be of sufficient size to pernlit proper placing and 
vibrating of the collcrete and to perlnit proper cleallillg prior to placing the concrete. 
They should not be less than 2 feet in thickness. 
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e. Buttress Walls 

A variation of the counterfort wall is the buttress wall. This type of wall resenlbles 
the counterfort wall except that the members sulppol-ting the face slab are on the 
exposed face of the wall and are called buttresses rather than counterfol-ts. The face 
slab is designed in the same rnanner as a co~1nterfo1-t wall and the buttresses are 
designed as rectangular beams. Since the buttresses are exposed and therefore 
reduce the clearance in front of the wall: the buttress w-all is rarely used. 

f. MSE 

Mechanicallp stabilized earth (MSE) walls resist lateral loads through the dead 
weight of the reinforced soil nlass behind the wall facing. Wall heights of up to 40 
ft can be constructed. MSE walls are often used at bridge abutments, with a stub 
abutment supported on piles behind the wall. 

MSE wall systems are designed to meet the requirements for overall stability, 
illcluding ove~-tu~-ning and sliding. bearing capacity, and deep stability. as well as 
the internal stability requirements of the reinforced soil mass. Lateral pressures are 
deterlnined from active earth pressure acting on the back of the reinforced soil 
nlass. 

The reinforced soil Inass consists of select granular backfill placed in lajers 
betneen reinforcement. nhich is collzprised of either rnetal or gees) nthetic strip or 
grid sjstems. Steel soil reinforcenlents and connection harduare shall be 
gall anized. Geuerallj. the soil reillforcen~ent length is about 70 percent of the 
o\ era11 nall  height. and is uniforln throughout the entire height of the \I all. 

Facing elelnellts are designed to resist the horizontal force of the reinforcement. 
Tjyicallj precast concrete facing panels are used. but cast-in-place. shotcrete (i.e.. 
pneumatically applied mortar). or metal mesh panels are also used. T>picall> the 
panels are set onto a cast-in-place leveling pad at foundation l e ~  el. 

Internal drainage must be provided to pre\.ent saturation of the reinforced baclifill 
and infiltration of damaging elelnellts from the surface. In cut areas. drainage 
blanliets are pro\.ided behind and belo\\- the reinforced soil mass. For road~ia>.s 
subject to chemical dicing agents. an impervious nlenlbrane ab0I.e the first layer of 
reinforcenlent may be necessary. 

g. Precast Gravity 

Prefabricated  nodular wall sjstems are designed to resist lateral earth loads as a 
grax itj retaining n all. T n o  s j  stems are generallq used: interlocking soil filled 
concrete bins and segnlental masonrj concrete units. Soil filled bin s> s te~ns can be 
used to construct \\ails up to 45 ft high. Segnlental mall s>stenls maj be used to 
construct nalls four to six feet high uithout soil reinforcements. The> can also be 
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used wit11 soil reinforcements, typically metal or geosynthetic nleshes, for wall 
heights up to 45 ft. 

For overall stability against sliding and ove~- tu~~~ing,  the nlodular units are 
considered to act as a rigid body. For ove~-tullling, 80 percent of the soil-fill unit 
weight within the modules is effective in resisting overturning moments, as not all 
of the soil can be expected to arch \vithin the module. The fill1 weight of the soil-fill 
may be considered to resist sliding. Stability shall be evaluated at every module 
level. 

Modular units are installed on either concrete or gravel leveling pads, depending on 
soil conditions. Soil shall be sloped away fronl the wall base to prevent erosion and 
eliminate water from running along the wall base. Where groundwater behind the 
wall is expected, the backfill is typically drained with a continuous drainage blanket 
consisting of crushed stone immediately behind the wall and a contilluous 
perforated drain pipe near the footing level. Additional subsurface drainage may be 
required behind reinforced soils. It is also important to provide adequate grading or 
drainage systenls at the top of the wall to direct surface flows away from walls. 

Gabion nails are constructed from stone filled mire mesh boxes. which are stacked 
and nired together. The backfill can be placed behind the nall as each level of 
boxes is installed. Gabion nalls can be economic all^ constructed to about 30 feet in 
height. Gabions can also be used as a nall facing with soil reinforcements. typically 
galvanized ~1 ire mesh. for \\all heights up to 45 feet. 

Gabion boxes are constructed fi.01~1 hexagonal mesh woven fsom soft galvanized 
wire. The wire may be PVC coated to protect fro111 acidic soils or ~narine 
environn~ents. The nominal size of the mesh openings is tlxee to four inches. The 
boxes are usually constructed kvith internal \\-ire mesh diaphragms or wire cross-ties 
for increased strength. Standard gabions are available with the following 
dimensions: 

Nolnillal Length - 6. 9. or 13 feet 
Nominal Width - 3 feet 
Nolnillal Height - 1. 1.5. or 3 feet. 

The stone used to f i l l  the gabion baskets should be non-friable. ueather resistant. 
and preferabll high densit;\. Gabions ma) be filled b;\ hand or machinery. but in 
either case it is inlportallt that the;\ be filled caref~lllj to lnaintain the box shape to 
ensure proper alignnlent of the \\all. 

Gabion walls are designed to resist lateral earth loads as a mass gravity structure. in 
which the additional tensile resistance of the \vise mesh is ignored. Gabion 
structures are permeable. allo~ving for free drainage. and are not designed for water 
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pressure loads. While gabion w-alls are self draining; it is advisable to provide a 
backfill drain above footing level to collect drainage and protect the wall 
foundation. Snlaller height gabions are used at the base of walls, and the boxes are 
arranged such that the longest dimension is perpendicular to the wall to reduce 
shear deformation. The front wall face may be either stepped of flush, but a stepped 
front face is preferable, especially for taller walls. Gabion walls are constructed 
tilted back toward the retained soil at about a 6 degree angle for stability. 

i. Noise Abatenzent Walls 

Noise Abatement Walls shall be designed and constructed in accordance with the 
MSHA Sound Barrier Policy and Noise Program Guidelines. All components shall 
meet or exceed the requirelnents set forth in these policies and guidelines and will 
be subject to the same level of review and design standard. General design 
guidelines and references for noise abatement walls are as follo\vs: 

FHWA Guidelines for Noise Abatement Walls: 
* FHWA Highway Noise Fundarnentals. 1980 
* FHWA Highway Traffic Noise Sources. 1980 

FHWA Traffic Noise Model Technical Manual. 1998 
* FHWA Measurelnent of Highway-Related Noise. 1996 
* FHWA Highway Construction Noise: Measurement. Prediction: and 

Mitigation. 1977 
AASHTO Guide on Evaluation and Abatenlent of Traffic Noise. 1993 
FHWA Highway Traffic Noise Analysis and Abatelnent Policy and Guidance. 
1995 
FHWA A Guide to Visual Quality in Noise Barrier Design. 1976 
FHWA Noise Bal-rier Design Handbook. 1975 
COM624P (Caisson Analysis). Latest Version 

* AASHTO Guide Specifications for Structural Design of Sound Barriers 
AASHTO Standard Specifications for Highwiay Bridges 
FHWA Traffic Noise Model (TNM). Latest Version 

h4SHA Guidelines for Noise Abatenlent Walls: 

* MSHA Statelvide Highxvay Noise Progranl Guidelines and Procedures for 
Program Adnlillistration and Technical Analysis and Reporting 
Sound Barrier Policy. 1998 
Structural Standard Details for Noise Abatelnent Wall Posts. Panels. Caissons. 
Access Doors. and Fire Departlnent Connections 
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2. Retaining Wall Design Guidelines 

a .  General Items 

The purpose of these guidelines is to establish the nlinirnuln requirenlents 
necessary to provide plans and details for the construction of retaining walls in 
Howard County. 

These guidelines shall be adhered to when practical and applicable, but the 
responsibility of providing a complete design ultimately belongs to the design 
engineer. Innovative designs are not meant to be discouraged by these guidelines. 
Corm~lon sense and good engineering judgment are essential elements of any good 
design. 

In order to facilitate the review process, these guidelines are intended to pronlote 
consistency and expediency by standardizing the requirements that are necessary in 
order to provide acceptable retaining wall construction documents. 

If a retaining wall exceeds three feet in height at any point. the following criteria 
will apply. otherwise it is exempt from review by the Development Engineering 
Division and only the Departnlent of Inspections. Licenses. and Perinits (DILP) 
and the Division of Land Development (DLD) regulations apply. The height of a 
retaining wall for this purpose is nleasured from the finished grade at the front of 
the wall to the top of the n-all. Grades above or below the wall shall not exceed a 2: 
1 slope. 

All horizontal dinlensions in the plan \.iew shall be taken from the bottonl face of 
the wall at the proposed grade. 

Retaining walls shall not be constructed upon fill materials. Exceptions may be 
granted via the Design Manual Waiver Request process. 

All retaining walls. regardless of height. shall not be constructed xvithin a Howard 
County Right of Way or Easement. The only exception is if written pernlission has 
been granted by the Director of Public Mrorks. 

All construction docunlents for retaining lvalls three feet in height or higher shall 
be designed. signed. and sealed by a Registered Professional Engineer. 

b. Construction Dra~vings - Plan Views 

All retaining walls shall be sho~vn in plan view showing all of the proposed 
conditions at a nlaxinlunl scale of 1 " = 50'. 
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Show enough grading around the retaining wall to clearly demonstrate all flow 
patter-11s in the vicinity of the retaining wall. Provide spot elevations every 50 feet 
along the length of the wall at the top and bottonl of the wall. 

Provide flow arrows along the top of the wall to indicate flow paths along the 
length of the wall. It is not desirable for run-off to be allowed to cascade over the 
top of retaining walls. This will be permitted if run-off approaching the wall is 
sheet flow and adequate scour protection is provided. 

For all walls, a minimum ten foot wide construction easementlsetback shall be 
required from the face of the wall. If the wall is greater than ten feet in heigllt the 
width of the easement shall be equivalent to the height of the wall. This easenlent 
shall be clear of floodplains, buffers, wetlands, property boundaries, structures 
andlor other envirolmentally sensitive areas. 4:l is the nlaxilnum slope allowed 
within this easement in front of the wall. 

A permanent wall mailltenance easenlent shall be provided behind each wall that is 
equivalent in width to the height of the wall plus the length of the geogrid. No 
structures may be placed within this easement. 

For "CRITICAL" walls ten feet or Illore in height. the design engineer shall 
appropriately address the issue of global stability for the slope and provide an 
acceptable nlaintenance easement based upon the conclusions of the analysis. 

For all block and timber retaining walls. a ten foot wide "NO TREE" planting zone 
shall be delineated behind the top of the wall. 

Under no circunlstances shall the nlaintellance easenlent for any wall encroach 
upon the building envelope of any residential lot. 

c. Collstruction Drawings - Elevations 

The elevation. or front view. of the proposed retaining nall is considered to be the 
nlost inlportant detail for the purposes of constructing the nall. 

The follo~ving scales are recommended. but good judgment is necessar! to ensure 
that this detail is readable and reasonablj. dra~vn. 

VERTICAL: 1" = 1' to 1" = j' : 1 " = 21 preferred 

HORIZONTAL: 1" = 5' for lengths up to 50' 

1 " = 10' or as appropriate over 50' in length 

Provide a vertical scale bar and horizontal stationing across the bottonl of the 
elevation. 
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For the purpose of constructability, the front view shall have each typical section 
identified by a letter or a number. Provide section breaks shown as heavy vertical 
lines indicating where each section begins and ends. Variation from one section to 
the next should be n~inilnized in order to reduce the number of typical sections. 

Essential elements of the elevation are as follows: 

- A co~nplete outline of the wall 

- Show the finished grade line superilnposed over the wall at the top and at the 
bottom 

- Show the locations of the weep holes (40' on center) and other utilities in 
proximity to the wall 

- The vertical placelnent of the geogrid must be identified by which block layers 
the geogrid is to be inserted between 

- Indicate the required allowable bearing strength for each typical section or as it 
varies 

- Show with a dimension the maximum height allowed by design for each typical 
section 

d. Construction Drawings - Cross Sections 

Sho\x a tl-pica1 cross sectional detail for each section of the kvall as it varies by 
height and geogrid placement andlor other significant design features. The 
lnasilnunl x'ertical scale is 1" = 5':  1 " = 2' is preferred. 

Show the maxilnuln height of the \I all for each typical section. 

For block or tinlber nalls. shon the n~unber of blocks or timbers. \.el-tically placed. 
graphically. 

For reinforced concrete ualls. she\\ the typical reinforcelnent design including 
notes to indicate proper horizontal spacing along the length. 0 f the \\-all. 

Indicate the maximum slope abo\.e or belo\\ allo\ied b] the design. The nlaxinlunl 
slope allo\\ ed is 2: 1. 

For each typical section silo\\- the allonable bearing strength that is required for the 
soil beneath the base of the xvall 
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Show the drain placement behind the base of the wall, entrenched in stone for at 
least one foot of depth, then covered with filter fabric to prevent clogging. More 
stone should then be placed in a one foot wide vertical layer to 90% of the walls 
height to facilitate water flow to the drain. Weep holes nlust daylight tlu-ough the 
wall every 40 feet. 

Geogrid place~nent by layers and length for nlanufactured block walls must be 
shown in the cross sectional detail 

e. Construction Details - Felzces/Guardrails 

Retaining walls that exceed thirty inches in height at any point and present an 
inherent falling hazard require a fence along the entire length of the wall. 

The fence must be a minimum of thirty-six inches in height, and the openings in the 
fence or rail must be small enough to prevent the passage of a four inch sphere. 

Fences nlust be stable enough to withstand 200 Ibs of concelltrated loading applied 
horizo~ltally at any point. 

A typical footing detail shall be provided. 

If the fence is set back from the face of the wall. the fence shall be tapered at the 
ends of the n-all to prevent children fro111 accessing the ledge. 

If the fence is not directly above the n-all. show its location in the plan view. 

For x~alls in prosilnity to vehicular traffic. guardrails. per the Hon-ard County 
standard guardrail details are required. 

For roadways and parking lots. the face of the curb  nus st be a minimum of two feet 
in front of the face of the guardrail or the retaining wall. The Hon-ard County 
sta~ldard 7" curb is required. 

The location of a guardrail. if required shall be three feet from the face at the top of 
the uall  to the side of the guardrail facing the n-all. 

f. Design Calculations / Failure Analysis 

All retaining ~ i a l l s  shall be designed to resist the three possible lnodes of failure: 
sliding. 01-erturning. and bearing failure. Sufficient analysis shall be provided to 
confirm that the appropriate factors of safety have been achieved. 

2.0 for sliding failure (1.5 for nlanufactured block) 

2.0 for o\.ertunling failure 
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2.0 for bearing failure - block or timber walls 3.0 for bearing failure - concrete walls 

Any likely or anticipated surcharge loads shall be included in the failure analysis. If 
none are included in the design, add a note to the cross sectional details stating "this 
wall is not designed for surclzarge loads". 

For ~nanufactured block walls: supplenlental design booklets may be subnlitted to 
satisfy the failure analysis requirelnent but they may not be considered as part of the 
construction drawings. The plans shall contain all of the relevant information 
required to construct the wall. 

For reinforced concrete walls, provide a complete set of design calculations for the 
wall, including the placement and spacing of steel reinforcement. 

g. Construction Drawings - Required Notes 

"Retaining walls shall only be constructed under the observation of a Registered 
Professional Engineer and a (NICET, W ACEL or equivalent) certified soils 
technician." 

"The required bearing pressure beneath the footing of the wall shall be verified in 
the field by a certified soils technician. Testing doculllentation lnust be provided to 
the Hokvard County Inspector prior to the start of construction." The required test 
procedure shall be the Dynamic Cone Penetronleter Test ASTIVI STP-399." 

"The suitability of fill material shall be confirnled by the on-site soils technician. 
Each eight inch lift nlust be conlpacted to a minim~un oB5% Standard Proctor 
Density and the testing report shall be nlade available to the Howard County 
Inspector upon conlpletion of construction. " 

"For "CRITICAL" walls. one soil boring is required every 100 feet along the length 
of the \\-all. copies of the boring reports shall be provided to the Howard County 
Inspector upon completion of construction." 

,411 other miscellaneous infornlation required for the construction of the retaining 
wall shall be included somewhere on the construction drawings. Items may include: 
material specifications. recommendations fro111 the mallufacturer of block wall 
systems. notes from the design engineer. specific instructions for non-typical 
desi, ens. etc. 

Each design package shall include the designer's seal and signature on the cover 
page along with the name. address. and telephone number of the consulting firln he 
represents. Also provide the name. address. and telephone number of the 
ownerldeveloper. 
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11. Policy On Retaining Walls In Sto11n Water Management Facilities 

The Howard County Design Manual Volunle I requires under section 5.2.4.1. that 
"A pond buffer shall be provided in accordance with the criteria set forth in the 
Maryland Stol~nwater Design Manual, Volunles I and 11. The minin~~un distance 
from the end of the outlet structure, including the rip-rap exit channel, to the 
downstream property line shall not be less than 25 feet. Along other parts of the 
facility, the minimum distance from the toe of the embankment or top of cut to the 
property lines, rights-of -way, and structures shall be 25'. For structures adjacent to 
the facility, the distance from the 1 DO-year water surface elevation within the 
facility shall be 25 feet ininilnum horizolltal and two feet minimum vertical to the 
lowest floor elevation of a habitable structure." 

This specification applies for all new retaining wall construction plans to be 
submitted for review. Through the Alternative Compliance request procedure the 
following provisiolls will govern. 

In general the Department of Public Works discourages the use of retaining walls in 
stosnl water management facilities due to the increased ~llaintenance costs and long 
ten11 liability of the structures. The Depastment recognizes. however. that in some 
instances retaining xvalls may be required as other viable altelnatives may not be 
available. If the Department or its designee deems that retaining walls are the only 
viable solution within a stol~ll water nlanagenlent facility. the following criteria 
shall govern: 

1) For all facilities. both public and private. retaining nalls shall not be alloned 
mithin the enlbanlinlent area. either inside or outside the facility. unless the toe 
of the retaining nall and an) tie-backs are bejond the phreatic line of the 
facilitj. These walls shall haie a height not to esceed three feet. Tiered xxalls 
shall not be alloned u~lless the) are designed so that the intluences of the upper 
~i alls do not impact the loner n alls. 

2) For public15 o~kned and nlaintained facilities or psilatell, onned and jointlj 
maintained facilities. nlinor retaining \\ails. less than three feet in height. 
111easured form the top of the \\all to the ground along the face. shall be alloued 
on cut slopes abole the uppernlost maintenance bench of anj stornl nater 
nlanagenlent facilitj . These \;\ alls shall not be located in the ponding area of the 
facilitj . These n alls shall be psi\ atelj o\\ ned and maintained. The constructioil 
and nlaintenance of these nalls shall be made part of a d e ~  eloper agreement for 
the facilitj . 

3) For privatelj o~vned and nlaintained facilities. the masinlunl height of an) uall. 
\illether single or tiered. shall not exceed ten feet. These \\ alls ma) be located in 
or adjacent to pooling areas pro\ ided the nalls are reinforced concrete and shall 
be designed to n ithstand the 111 drostatic pressure and saturated ground 
conditions 011 the footing of a flooded condition. 
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4) All retaining walls in excess of thirty inches in height shall have an appropriate 
safety railing or fence. 

i. Tiered Walls 

For tiered walls where the total cumulative height of the tiers is ten feet in height or 
greater, the provisions for "CRITICAL" walls apply. 

The set back from one w-all to the next in a series of tiers shall be equivalent to the 
height of the lower wall or greater. 

The slope between tiered walls shall not exceed 4: 1. 

3. Wall Thickness 

The thiclmess of the top of a wall shall be sufficient to accomnlodate any railing or 
appurtenance to be placed or1 it. However: for ease in placing concrete: it shall not be 
less than 1 foot. 

4. Passive Pressure 

Passive pressures 011 the front face of a wall are unpredictable and shall be neglected for 
nornlal wall footing depths Shear keys shall be sinlilarly avoided. Passive earth 
pressure shall not be considered in any case if the cover in front of the wall may be 
subject to scour or if the ground slopes at nlore than 4: 1 rate. 

5 .  Wall Elevations 

Top of tvall elevations shall be computed at joints and alignnlent breaks and at vertical 
curve control points. The ele\.ation shall be tied to Howard County control where 
available within one mile. 

6. Batter 

For ~valls o\.er 15 feet in height. consideration shall be git-en to pro\.ide a batter on the 
front face of nall. The back face of the wall sllall be battered if required for the stein 
design. 

7. Joints 

Walls shall be detailed ~vith expansioll points through the portion above the footing at 
approximately 90 fi. intervals. Gravity. semi-gra\.ity and cantilever walls shall have two 
equally spaced contractioll joints located between the expansion joints. The face walls 
of counterfol-t and buttress ~valls are designed as continuous beanls and they cannot 
have colltractioll joints within a continuous unit. Counterfort and buttress walls shall be 
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designed in continuous units not over 60 feet in length tvith expansion joints between 
units. 

8. Drainage and Weep Holes 

Drainage systenls sl~ould be provided behind retaining walls to reduce hydraulic 
pressures. which could result in failure of the wall. Retaining walls are typically drained 
by means of either continuous back drains or weep holes, along with porous backfill, 
\vhicl~ allows water to flow behind the wall. Weep holes extending through the wall 
stem with a pocket of gravel backfill on the back, are inexpensive. but often become 
clogged. Continuous back drains are preferable to weep holes and may be outlet into 
nearby st01111 drainage systems, if available, to rnininlize aesthetic impacts. 

For retaining walls and larger wing walls, sloped perforated PVC pipe drains shall be 
placed along the back face of walls. The perforated pipe drains are placed below a full1 
height porous backfill blanket and are supported on a continuous concrete ledge 
extending from the back of the wall. Drain outlets. consisting of 4 in. non-perforated 
PVC pipe. spaced at no more than 15 fi along the wall. are located 1 fi above the 
fillished groulldline at the frollt of wall. Outlet drain pipes are to be extended 3 in. from 
the face of wall. where visible to the public. to minimize staining. Where sidewalk 
areas are located along the front of walls. outlet drain pipes are to be placed below the 
side\\-alk and outlet into the adjacent gutter. 

For box culvert wing walls and wing walls less than 30 ft. long and 16 ft. tall, use weep 
drains with 2 cu. fi. of porous backfill behind each drain. The requirements for outlet 
drain pipes are the same as for the continuous back drains. 

B. Abutments 

Abutments support the ends of the bridge beams and provide for the transition from the 
bridge structure to the approach roadnaj pavement. All abutments retain the earth of the 
adjacent roadnaq and are subject to live load surcharge. Some tJpes of abutments retain 
substantial amounts of fill. The abutment design 111ust satisfy the requirements of a 
retaining all. In addition. the o\ erall stability and the foundation loads must be checked 
both \\it11 and nithout the dead and li \e loads from the superstructure. Provision shall be 
made for surcharge due to construction loads. 

1 .  Tq.pes of Abutments 

a. Gra\.ity Abutments 

As nit11 gravity retaining walls. gravity abutnlents resist loads imposed on them by 
means of their mass. The resultallt of forces lllust be within the middle third of any 
horizontal section through the abutment. both with and without the loads inlposed 
by the superstructure. 
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b. Spill-Tlu-ough Abutments 

This type of abutment is designed wit11 ope~lillgs between the supposting legs to 
allow the elnbankrnent material to spill through and fos~ll a slope in front of the 
abutment. The abutment must be designed for the earth pressure on the backwall 
and cap and on the fill face of the supporting legs. The asea of the legs shall be 
multiplied by a shape factor, usually 2.0, to allow for arcl~ing of the soil. If the 
ernbanlu~lent slope in front of the abutme~lt is not subject to scour: passive earth 
pressure may be collsidered on the front face of the legs. The legs and cap shall be 
designed as a fraine to support the loads imposed by the superstructure. 

c. Stub Abutment 011 Piles 

This type of abutmellt is si~llilar to a spill-tl~ough abutillellt except that the piles are 
very flexible compared to the stiffhess of the concrete stub. The piles shall be 
considered pinned at the footing and shall be designed for axial load only. Batter 
piles shall be provided to resist horizontal forces. The lateral resistallce of the soil 
surrou~lding the piles will provide lateral stability and can resist an unbalanced 
shear wl~ich will depend on the nature of the soil. 

d. Cantilever and Cou~lterfort Abutments 

Cantilever and counterfo~~ abut~llents resist loads ill a rrlallller similar to their 
retaining wall counterparts. 

e. Integral and Semi-Integral Abutnlents 

Integral abutments eliminate the need for abutment roaduaq joints and hence 
provide a structure that ill require minimal. if anj. maintellallce to the abutments 
and associated bearings. Integral abutments should be collsidered for nen bridges 
~ x h e r ~  the project site conditions and geometr) are suitable for these tjpes of 
elements. Key co~lsideratioils to be evaluated include soil tjpe and psofile. span 
aligilment. length and slten. superstructure tq pe and the presence of utilities on the 
bridge. 111 general. for integral abutme~lt design to be considered. the soil tjpe shall 
be a reasonablj graded col~esionless soil nit11 110 defined rock line. Soil profiles 
suitable for d r i ~ e n  pile fo~mdations are also suitable for the illstallatioll of integral 
abutments. Integral abutmellts shall not be used nhen there is the possibilit) of pile 
donildrag forces. Integral abutments shall onlj be considered for use on tangent 
superstructure alignment nit11 a change in vertical grade less than 5% betnee11 
abutments. Maximum span length for use \\it11 integral abutillents is 200' and 
ma\imum sken (measured as the angle betu een the centerline of bean1 and a line 
normal to the centerli~le of bearing) is 30 degrees. Superstructure t ~ p e s  that ma) be 
used nit11 integral abutments include concrete slab supported b> a redundant steel 
bean1 system or adjacent or spread prestressed concrete I-beams. boy beams or slab 
beams. The use of timber superstructure compollents shall not be used nit11 iiltegral 
abutments. Norn~all>. integral abutmeilts are discouraged \+11en the bridge carries 
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utilities due to the required opening in the abutment sten1 to facilitate utility conduit 
expansion. This opening is a potential source of f~iture deterioration and should be 
avoided, if possible. 

Only cast-in-place concrete piles or steel H-piles shall be considered for use with 
integral abutments. If steel H-piles are selected: they shall be installed with the 
weak axis parallel to the centerline of bearing (i.e., driven to allow bending from 
therlnal ~novements to be about the weak axis). Depending on the soil type and 
profile, consideration shall be given to pre-auguring a hole that extends a ~ninilnum 
of 10 feet below the bottom of abutment. The pre-augured hole shall be at least two 
times the pile diameter and filled with well-graded sand or a bentonite s lu l~y  mix. 
Piles shall extend to a sufficient depth to provide adequate structural stability (i.e., 
110 "stilting" effect) and end fixity even when the adverse effects of scour are 
considered. A minimum of one pile per steel girder or spread prestressed concrete 
beam member shall be used. 

Bearings shall be selected to resist the temporary loading imposed by the 
superstructure prior to encapsulating the ends of the beams and bearings with the 
deck closure pour. Minilnalist bearings such as plain elastonleric pads should be 
considered. 

Concrete approach slabs shall be used ui th  all integral abutment designs and shall 
be structurallj tied to the bridge deck slab and abutment stern \ ia  hinge 
reinforcement. If the end of the approach slab abuts rigid roadnaj approach 
pavement. pro! isions for expansion shall be ilnplelnented at this location. If the 
roadnaj approach pax enlent is flesible. the ends of the approach slabs maj butt up 
against the section nithout espansioll pro\isions being proxided. The ends of 
approach slabs adjacent to flexible pa~elnent shall be protected by steel angle 
armori~lg embedded in the slab nit11 studs. Approach slabs shall be poured atop nell 
graded aggregate and dual laj  ers of poljethylene curing sheeting. 

Semi-integral abutments also eli~ninate the need for abutment roaduay joints. but 
since thej are founded on a rigid foundation (e.g.. spread footing. multiple rons of 
piles. etc.). expansion bearings will be required. Criteria for the use of semi-integral 
abutlnents are silnilar for that specified for integral abutments. Semi-integral 
abutnlents should be considered \\hen the soil profile is not fa\ orable (i.e.. presence 
of rock. clayey soils. etc.) or if span lengths. geometr> or aligllnleilt issues preclude 
the use of integral abutments. 

2. Design Guidelines 

a. Lateral Earth Pressure 

The lateral east11 pressure shall be computed in the same manner as for a retaillillg 
\vail. 
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b. Other Loads 

In addition to lateral earth pressure, the abutment shall be designed to withstand the 
dead load of the abutment and superstructure, live load over any pol-tion of the 
superstructure or approach fill: wind forces, longitudinal forces from the 
superstructure when the bearings are fixed and longitudinal forces due to friction or 
shear resistallce of the bearings when the bearings are not fixed. The design shall be 
investigated for all co~nbillations of these forces which may produce the most 
severe loading case. 

c. Drainage 

It is not necessary to provide drainage behind the stelns of perched abutments when 
they are placed atop granular fill. 

C. Piers 

1.  Types of Piers 

a. Rigid Fralne Piers 

Rigid franle piers consist of a continuous pier cap. colulnns and a continuous 
footi~lg or independent footings. Rigid frame piers are generally used on bridges 
spa~lning high\x-aj-s and railroads. 

b. Single Colunl~l Piers 

Single colulllll piers. or hammer head piers. consist of a pier cap supported by a 
single column. Single column piers are generally used for bridges spanning rivers or 
strea~ns or where the]. are ~lecessitated by space requirements. 

c. Solid Sten1 Piers 

The cap and colunlrl of a solid stem pier is a single unit supported by a continuous 
footing. The!. are used for short or narron. piers. 

d. Pile Bents 

Pile bent t jpe piers consist of a single or double ron of piles driven to act as both 
foundation and substructure elements. Superstructure loads are distributed to the 
piles \ ia  a rigid structural pile cap. Pile tlpes normallj collsidered in a pile bent 
t jpe pier include timber. steel H-pile and cast-in-place concrete. A structural cap. 
norrnall! collstructed of reinforced concrete. encases the top portion of the piles to 
distribute superstructure loads. Pile bent piers shall be designed to account for the 
adverse effects of scour as it ma) create a longer unbraced pile length. Pile bents 
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shall be checked against the ultimate scour condition. Both structural stability and 
pile stresses should be investigated. 

Pile bent piers are llormally utilized for stream crossings to minimize the impacts to 
the waterway during and after construction as well as minimize the reduction in the 
available hydra~llic opening. Appropriate scour countel~neasures shall be 
incol-porated into the detailing of this pier type as required by the existing or 
proposed conditions. 

2. Design Guidelines 

a. Loads 

Piers shall be designed to withstand the dead and live loads super-imposed thereon; 
wind pressures acting on the pier, the superstructure and on the lnoving live loads; 
slxillkage and temperature forces; forces due to stream current: and longitudinal 
traffic traction forces. These vario~ts forces shall be di~iided into components that 
are normal to and parallel to the centerlille of the pier. 

b. Application of Loads 

Longitudinal forces are transferred to the substructure mainly tlxougl~ the fixed 
bearings acting at the hinge of the bearing. However. some longitudinal force will 
be transfel-red through the expansion bearings by virtue of friction. The maximum 
longitudinal force. due to superilnposed loads or telnperature effect. wihich is 
transferred to the pier at an expansioll bearing. is equal to the bearing friction. 

Transverse force may also be assumed to act at the hinge of the bearing. The total 
transverse force on the superstructure will be transferred to the piers and abutments 
in proportion to the length of the adjacent spans. 

Rigid frame colunln spacing shall be in the range of from 12 feet to 20 feet. The 
spacing shall be set so that positive and negative rno\.ements in the pier cap are 
approsimately equal. All colu~nns shall be designed using Load Factor Design as 
specified in the A.A.S.H.T.O. Specifications (Ref. 1) .  Service load design may not 
be used for col~unns. Circular pier columns whose diameter is 5'-0" or less shall be 
designed using spiral reinforcing. 

D. Foundations 

1. Depth 

Footings of all piers in the floodplain shall be founded on rock or on piles driven to 
rock. except as approved by the Chief of the Bureau of Engineering. 
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All other footings in the floodplains, including those for abutments: wing walls, and 
culvel-ts shall be founded below the estimated depths of scour, or 3' below the thalwag, 
whichever is lower. 

Footings outside the floodplain shall be founded on a suitable uniform foundation 
below the frost line and not less than 3:-0': below finish grade. Refer to the 
A.A.S.H.T.O. Specifications (Ref. 1) for footings on slopes. 

Footings on rock shall be keyed into the bedrock a depth of 12 inches when they are 
designed to transfer lateral forces. When a bedrock foundation is required for scour 
protection or design bearing pressure: footings shall be carried into bedrock a minilnuln 
of six inches. Spread footings on soil shall have the lower 1: in depth poured against 
undisturbed earth. 

Plan sheets on which footings are shown shall include a note giving the allowable soil 
pressure or pile loads. 

2. Loads 

Footings shall be designed to transnlit to underlying stratu~n all forces transnlitted to 
and acting on the substructure component. 

3. Pile Foundations 

a. Types 

Available pile types that may be considered for use include timber. cast-in-place 
concrete and steel H-pile. Each pile shall be elraluated for the project site conditions 
based on the available soil information. drivability. loading and structure location. 

4. Drilled Shafts 

Allowable stress design (ASD) methods shall be used to size and ex-aluate drilled 
shafts. Design of concrete drilled shaft foundations shall be done in accordance with 
AASHTO "Standard Speciiications for Highnaq Bridges" (Ref. 1) and utilizing 
COivI624P or another industrj- acceptable drilled shaft design program. 

3;. Design Guidelines 

a. Location of Resultant Loads on Spread Footings 

Footings founded on ~naterials other than bedrock shall be proportioned so that the 
resultant intersects the bottom of the footing b~ithin the ~niddle third. The resultant 
force on footings founded in bedrock ma).- be outside of the nliddle third pro\,ided 
that the ~nasimunl allou able bearing pressure is not exceeded. 
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b. Pile Foundations 

Pile foundations shall be so proportioned that no pile receives Inore than the 
maximum allowable pile load and no pile is subjected to uplift under ally 
combination of design loads. All pile foundations shall have batter piles to resist 
horizontal forces transmitted to the foundation and to increase the rigidity of the 
entire structure. Pl~ulnb piles may be assumed to resist 2 kips of lateral load per pile. 

E. Substructure Protection 

The selection and design of substructure protection to resist the effects of scour shall be in 
accordance with MSHA guidelines and FHWA circulars and nlenlorandulns associated 
with scour countermeasure design. FHWA Hydraulic Engineering Circular 23 (HEC-23) 
(Ref. 18) shall be used in the design of countermeasures at piers and abutments. 

Class I1 riprap is the preferred material for scour countermeasures. The Djo of the riprap 
shall be confirnled in accordance with HEC-23. Velocities used in the design of 
counterlneasures shall be based upon the 100-year or incipient overtopping storn~ event. 
~\ihichever yields a higher velocity. and shall be derived by using the hydraulic nlodelillg 
techniques described in the MSHA "Interim Manual of Hydrologic and Hydraulic Design" 
(Ref. 12). Configuration of the riprap blankets. including depth. distance fro111 
abutments/piers. toe dimensions. etc.. shall be in accordance with MSHA memorandunl 
"Scour Counternleasures at Bridges" (November 25. 1992). 

F. Slope and Bank Protection 

Slope and bank protection (revetments) for roadway approach embanliments. retaining 
lvalls and stream channel banks shall be selected and designed in accordance ~vith FHWA 
Hydraulic Engineering Circular 11 (MEC-11) (Ref. 19). Class I1 riprap is the preferred 
~naterial for revetments. 

Where applicable. re\ etments shall be designed to accommodate \\.a\ e height and \i a\ e 
run-up as described in HEC-11. For the purpose of determining the total height of the 
reletment. the engineer should assunle that the masimum n a \ e  height occurs 
coincidentall) \-J it11 the ~llasinlunl nater surface elel ation generated bq the design storm. 

3.5 Bridge Superstructure 

The bridge superstructure includes the slab. beams or girders and bearings. The f~lnction of the 
superstructure is to distribute and transnlit loads to the substructure. Bridge superstructure shall 
be designed in accordance with A.A.S.H.T.O. Specifications (Ref. 1). 
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A. Slab on Beams and Girders 

1. Concrete 

All superstructure concrete including parapets, abutment backwalls and parapet portion 
of wingwalls but excluding concrete overlay sl~all be air entrained concrete with a 
minimum 28 day compressive strength of 4500 p.s.i. Slab concrete shall be low slump 
concrete. 

2. Wearing Surface 

Concrete slabs shall have an extra 112 inch concrete which will serve as a wearing 
surface. This wearing surface shall be considered sacrificial and shall not be included 
when deternlining member strength. 

3. Reinforcing 

Epoxy coated reinforcing bars shall be used for the entire superstructure, including top 
and bottom mats of slabs. abutment backwalls and parapet portion of wingwalls. 

4. Forms 

Concrete slabs shall be poured on stay-in-place 111etal forms. 

5 .  Concrete Cover 

Slabs shall have 2 112 inches of coxer oxer the top reinforcing mat (nhich includes a 
112 inch concrete nearing surface) or 1 inch of coler betneen the bottom reinforcing 
mat and the sta) -in-place forms. Parapets and baclinalls shall ha1 e 2 inches of cover. 

6. Slab T h i c l i ~ ~ e s ~  

Slabs shall be designed to cars) the dead and li\e load loading in accordance with the 
A.A.S.H.T.O. Specifications (Ref. 1 )  lvith an allonable \\orking stress f ,  equal to 1350 
p.s.i. The minimuun slab thicliiless including the concrete o\.erIaj. shall be 7-112 inches. 

7. Deck Pour Sequence 

Construction plans shall include a suggested pouring sequence including the order and 
limits of each pour. For co11.i-entional superstructures (i.e.. non-integral or non- 
jointless). p0siti.i.e moment regions of the superstructure shall be poured first followed 
by the pours in the negatije monle~lt region(s). For integral abutment bridges. the 
pouring sequence shall be configured to minimize dead load rotation at the abutnlent to 
pre~xnt  U ~ M  anted transverse deck cracking. 

October. 2006 



Section 3.5 Bridge Superstructure Design of Bridges, Retaining Walls and Small Structures 

In developing the pour sequence: consideration shall be given to accounting for the 
temporary stresses on the in place portions of the structure that may not have been 
considered such as lateral flange buckling of the longitudinal girders supporting the wet 
concrete. Individual concrete pours shall not exceed 100 cubic yard per day without 
written authorization of the Chief of the Bureau of Engineering. 

B. Beams and Girders 

1. Con~posite and Non-Composite Design 

In superstructures consistirlg of concrete slabs supported on prestressed concrete beallls 
or steel beams or girders, colnposite designs shall be used for simple spans exceeding 
35 feet, and generally for continuous spans exceeding 50 feet. Because of the effect of 
span ratios, no specific linlits for colnposite design can be established for contilluous 
construction. 

Contilluous steel beam or girder spans shall be designed as conlposite for positive 
moven~ent regio~ls olllyj however, shear connectors shall be provided at n~asilllurn 
allowable spacing tlwough the negative lllovenlellt regions even though camposite 
action is not considered. 

a. Spans Less than 50 Feet 

Steel beans \\-it11 a span of less than 50 feet shall not be canlbered for dead load 
deflection or vertical curve col~ections. If the beams are not rolled esactlj- true. they 
shall be fabricated and erected with their natural canlber up. 

b. Spans 50 Feet or More 

Steel beans and girders with spans of 50 feet or nlore shall be cambered to 
compensate for dead load deflection and \-ertical curve col-section. Ca~nber 
tolerance shall be zero (0) inches under to one-half (112) inch over. 

3 .  Bearing Stiffeners 

Stiffeners shall be placed at all bearings. The stiffeners shall be designed to carry the 
total reaction acting as a column. 

C. Steel Beams and Girders 

Steel plate girders shall be designed. where econonlically feasible. to elilllinate trans\.erse 
and longitudinal web stiffeners. The use of A.A.S.H.T.O. M270 Grade 50W steel must be 
approved on a case by case basis by the Chief of the Bureau of Engineering. 
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D. Prestressed Concrete Beams 

In lieu of steel beallls or girders, precast prestressed concrete beams may be used for silllple 
spans. The length and weight of any prestressed concrete menlber shall not exceed the State 
of Maryland limitations for highway shipment without perrllits. 

E. Bridge Drainage 

Scuppers on bridges shall be avoided if possible. On closed systems inlets shall be placed 
immediately off the bridge at the upgrade end of the bridge to prevent acculnulated gutter 
flow from entering the structure. On open section roadways inlets shall be placed 
immediately off the bridge at the downgrade end to control water acculnulated on the 
bridge. On closed section roadways, inlets shall be placed downgrade from the bridge as 
required by the gutter flow design. 

Scuppers shall be placed on the bridge only if the ponding encroaclzmel~t exceeds the limit 
permitted by the Howard County S t o m  Drain Design Manual. (Ref. 8). Where required, 
scuppers shall be MSHA standard scuppers. Scuppers shall be a lninin~uln of 10' from any 
substructure unit. Do\vnspouts shall extend 8" below adjacent stringers and shall outlet into 
streams, slope protectioll or splash blocks. 

F. Expansion Joints 

Watel-tight roadway expansion joints shall be provided at all abutments and at all piers 
supporting sinlple spans. These joints shall prolride for the total therl~lal ~ l ~ o v e n ~ e n t  for a 
tenlperature range of 0 F to 120 F. 

Abutnlents integral with the superstructure should be considered where appropriate in lieu 
of expansioll joints. 

G. Bearings 

The selection of bearings shall consider length of span contributing to expansion. 
superstructure nlaterial type. applied loading. bridge skew and degree of curvature (if 
applicable). Consideratio~l should be $1-en to selecting bearings that require nlinilllal 
nlaintenance including plain and steel la~llinated elastonleric pad bearings \\-it11 or without 
polytetrafluoroetl~ylene (PTFE) - stainless steel sliding surfaces. Bronze sliding bearings 
shall be considered for steel structures. Refer to the MSHA "Structural Standards Manual" 
(Ref. 11) for suggested bronze sliding bearings. The use of steel rocker bearings is 
prohibited. 

Elastonleric bearings are generally used to support precast prestressed concrete slabs or 
beanls. Plain pads are preferred ~mless structure rotation and therll~al translati011 require 
steel lanlinated bearings. Elastonleric bearing shall be adequately attached to the bearing 
seat via an appropriate epoxy bonding compound. Provisions shall also be considered to 
prevent the elastollleric pads fro111 "b~alking" by using restrainer bars. plates or angles or by 
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inserting an anchor dowel tfirough the ends of the precast prestressed concrete me~llber and 
e~nbedded into the beam seat. 

H. Drainage Troughs 

Drainage troughs shall be investigated for use on new structures or rehabilitated structures 
where open joints (e.g., finger joints) are located in the bridge deck. Troughs shall also be 
collsidered as a way of providing a redundant system to protect specific bridge elements if 
the roadway joints begin leaking. Fiberglass drainage trouglls shall be used under~leath all 
open joint syste~ns and shall be installed using a cross slope no less than 1" per foot. 
Adequately sized catch basins shall be incolporated into the system to collect all drainage 
water and efficiently disperse it away from the structure by mealls of downspout piping. 
Suitable caulking material shall be used along the interface between the structure and the 
trough to prevent water seepage. 

Neoprene drainage trough material may be used in other locales assuming that the 
anticipated drainage flow will not exceed the capacity of the trough. Troughs placed 
underneath closed joint systems shall be installed at a cross slope of no less than '/?" per 
foot. Stiffening bars shall be incolporated into the system to keep the neoprene material 
flush up against the structure to prevent water seepage. 

Stainless steel hard\xare shall be used to affix the drainage trough to the structure. 
Donllspout piping shall be illcorporated into the drainage trough s] stems \v11e11 necessary 
to conveq drainage anaq from the structure. PVC conduit shall be used for the piping 
material and it shall be adequate attached/braced against the structure to ~llailltaill the 
integrit) of the s> stem. Stai~lless steel hardmare shall also be used to brace the do\~nspout 
piping. Discharge from any do~knspout piping shall be directed a\xay from structure 
foundations and/or adjacent road.c\ay surfaces. Refer to the MSHA Structural Standards 
Manual (Ref. 1 1)  for suggested drainage trough details. 

I. Elevations 

Bridge declc elexations shall be computed and indicated on the plans at each girder 
centerline. PG/L of the road~xaq. at anq r o a d n a ~  break lines and along the gutter flon 
lines. Elex ations shall be provided at 118"' points. 

3.6 Bos Culverts 

A. Analysis 

Box culverts shall be analqzed as closed rigid frames. The dead and superimposed earth 
loads. the lateral earth pressures and the live and impact loads are to be a~lalqzed 
separately. The results of these separate loading collditio~ls shall be assembled in \ arious 
combillatiolls to give 11lasimum ~l lo~l le~l t s  and shears at the critical points: i.e.. the corners. 
and the positile momellt areas. Appropriate live load positions shall be used to produce 
m a x i m ~ m  positive or negative moments. A maximum of one-half of the momellt caused by 
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lateral earth pressure, including any live load surcharge: may be used to reduce the positive 
moment in the top and bottonl slabs. The weight of the bottom slab of a box culvert will be 
resisted by an equal and opposite soil pressure and the weight of the slab will cause no 
bending in the structure. The structure should therefore be analyzed for a net soil reaction: 
excluding the reaction to the weight of the bottom slab. 

B. Design Guidelines 

The thickness of walls and slabs of a box culvert shall be not less than 8 inches for 
members with single reinforcing and not less than 12 inches for members with 
reinforcing in both faces. 

2. Minimum Reinforcing Cover 

The ~lli~linlunl cover shall be as follows: 

a) Bottom of bottoill slab - 3 inches 
b) Top slab used as riding surface - 2 112 inches (including 112 inch concrete wearing 

surface) 
c) All other faces - 2 inches 

a. Epoxy Coated Reinforcing 

When the distance from the riding surface to the top slab is less than 2'. all 
reinforcing in. or extending in. the top mat of reinforcing steel for the entire 
length of the culvert shall be epoxy coated. 

3. Wearing Surface 

If the top slab is to be used as a road\iaJ riding surface. it shall have a !A" integral 
concrete wearing surface. This nearing surface shall be considered sacrificial and shall 
not be included \\-hen deternlining nlenlber strength. When the top slab is not the riding 
surface. the earth col-er provided shall be no less than 9 inches (in addition to paving) at 
the minim~un point. 

4. Contraction and Expansion Joints 

Contraction joints shall be proxided at a spacing of approsinlately thirty (30) feet. 
Expansion joints sl~all be pro\ ided at approxinlatel~ ninet) (90) foot inter] als. 
Reinforcelllent shall be stopped t n o  ( 2 )  inches clear of joints. 
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5 .  Headwalls 

Headwalls shall be provided at the exposed ends of box culverts: to retain the earth 
cover and to act as edge distribution beans on skewed alignments. The headwall shall 
be constant height. 

6. Cut-Off Walls 

In order to provide for effects of scour: cut-off walls, a n~inimum of three (3) feet deep, 
shall be provided at the exposed ends of the culverts. Wing wall footings shall be set at 
the elevations of the bottolll of the cut-off walls and securely tied to the111 with 
reinforcement. 

7. Provisions for Future Extension 

If the culvert is to be placed under a road\;vay which could be widened in the 
foreseeable future, provisions shall be made for extension of the culvel-t by placement 
of appropriate joint keys on the exposed inlet and outlet faces. 

C. Bottomless Box Culverts (Rigid Frames) 

Bottolllless culverts should be considered when it is desirable from a perlllittiilg stalldpoillt 
to put in a cul.irert nit11 a natural chal~nel and the span length is such that using a structural 
plate pipe arch is uneconomical. Since the foundatioi~ loads on a bottolllless cullert are 
relat i~~el j  higher than a four-sided box. the existing subsurface information lllust be closely 
analjzed to deterlllille if the culvert can be supported b j  spread footiilgs. If the resultant 
bearing pressure is too high when conlpared to the allomable. or the ad\erse affects of 
settlement is a possibilig. placing the structure on piles should be considered. Regardless 
of the fou~ldation slstem. the bottoill of footing for ally rigid frame shall be placed a 
lnillillluln of 3 feet belon proposed groundline. 

Bottolllless cul\.erts shall be analyzed for scour in accordallce with currellt MSHA 
guidelines. The Designer should co~lsult with the MHSA Office of Bridge Development 
for guidance on the selectioll of botto~nless culverts and the preferred anal>.sis and 
countermeasure design procedures. 

3.7 Pipe Culverts 

The 11) draulic design and anal) sis of roadnaj cross culverts should be perforlned in accordance 
nit11 the guidelines colltained in the Honard Count) Stor111 Drainage Design Manual. FHWA 
HDS-5. Chapter 13 of the MSHA Interim IvSa~lual and applicable MDE and ASACE regulations. 
This section deals specificall) \\it11 larger culvert crossi~lgs of waternaj s n it11 base f-lou . 
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A. Geometry 

Pipe culverts shall be designed to cany the full ultinlate roadway section including safety 
grading, guardrail backing, etc. 

The layout of any pipe culvert sl~all be configured prinlarily to preserve existing drainage 
patterns and watercourses, while integrating the overall geometry of the roadway 
embankment. Significant guidance is available in Chapter 13 of the Interim Manual and in 
HDS-5 regarding the optimal configuration of the culvert to acconzmodate different 
channel types. 

When culvel-ts are used singularly at crossings, the pipe invest shall be set 1' below the 
planned bottom of stream bed. When nlultiple pipe culvel-ts are used in a single crossing, 
one pipe shall be considered the low flow cell and have its invert set 1 ' below the planned 
bottonl of stream bed; the remaining pipes shall have their inverts set 1' above the low flow 
invert. Natural siltation will fill the bottom of the pipe to the planned stream bed level. 

For pipe culvert crossings of Non-tidal Wetlands and Waterways, including Water of the 
U.S., the Designer shall be thoroughly fanliliar with the regulations of COMAR Section 
26.17.04.06, Bridges and Culverts. The engineer should be aware that, for any such 
crossing, culvert lengths are typically linlited to 150 feet by COMAR 26.17.04.06.B.3. In 
addition, this section of COMAR also requires that culverts conveying such waters have 
inverts buried by at least 1 foot. For any such crossing. the Designer shall coordinate with 
regulating agencies at the concept stage in order to confirnl the basic type. size and location 
of the cu1ver-t prior to proceeding with final design. 

B. End Treatment 

Steel pipe culvel-ts derive their strength from the interaction of the soil with the pipe. At 
pipe ends. this interaction no longer applies and the end treatment nlust be detailed to 
stiffen the pipe as well as to protect against hydraulic and erosion forces. 

1. Headwalls 

For cull erts nit11 greater than 5' of fill nleasured at the start of the fill slope. head\\alls 
shall genesall) be the nlinim~un height possible. There shall be 9" of col er from the top 
of the pipe to the ground line at the back face of headnall and there shall be 9" 
freeboard from the ground line to the top of headuall at the back face of \\all. 
Regardless of \\hether the headmall is perpendicular to the culxert or parallel to the 
road\\ a). the top of the head\\ all shall be lei el. 

For culverts with less than 5' of fill measured at the start of the fill slope. the headwall 
shall generally be placed so that the barrier on the headwall lines up with the traffic 
barrier on the approach roadway. 
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The front and back faces of the headwall shall extend a ~llinin~uln of 1' horizolltally 
beyond the pipe prior to the start of the wingwall. The portion of the headwall over the 
pipe shall be designed as a horizol~tal beam carryillg the horizo~ltal loads to either side 
of the pipe. The portions of the headwall imnlediately beside the pipe shall be designed 
as a cantilever, fixed at the footing, and shall carry the horizontal loads from the area 
over the pipe as well as loads placed on it directly. The pipe shall be attached to the 
headwall by J bolts at 18" c/c around the perimeter. No load from the headwall shall be 
assullled to be carried by the pipe. 

Details of the headwall shall include a plan view drawn to a scale of 3/8"=1'-0" or 
larger depicting placelnellt of the headwall reinforcing. 

The bottom of the headwall and wing wall footings shall be a minimum of 3' below the 
low flow pipe i1nie1-t elevation. A toe wall may be placed below this if required but a 
bottoln of footing less than 3' below the low flow pipe invert in conjunction with a toe 
wall shall not be acceptable. Shear keys and/or passive pressure to increase the sliding 
resistance shall not be considered. 

Headwalls on large pipe culvel-ts sliould gelzerally be oriented parallel with the roadway 
embankment. For smaller culvel-ts and headwalls not visible frol~l the roadway. 
headwalls nlay be oriented perpelldicular to the cellterlille of the pipe. 

Headwalls for large culverts should have the edges beveled at a rnilli~nuln angle of 45 
degrees around the entire pipe circumference. The use of flared wing\valls may be 
required to reduce erosioll at culvert inlets and outlets. 111 general. upstream n-ingwalls 
should be flared at 1:l fronl parallel with the direction of flolv. A 4:l flare is 
recolnmellded for do\\nstrearn \ving\valls (4 in the directio~l of flow to 1 perpendicular 
to the direction of flow). 

Cul\el-t headnalls that are to be used for earth retainillg in excess of standard 
diine~lsioils (i.e. greater than 6 inches aboxe the top of the pipe) \\ill require special 
design. The concept of using a standard headnall in colljullctio~l uith a slnaller 
dia~neter pipe. such as a 36-inch pipe used nit11 a standard headnall for a 48-inch pipe. 
nil1 not be acceptable. The Designer shall haxe the responsibilitj of designing such 
retaining-tjpe head\\alls in accordailce nit11 the A.A.S.M.T.O. "Staildard Specifications 
for High\\a> Bridges" (Ref. 1). 

2. Other End Treatments 

End treatlllents other than head \\ails are gellerall~ allo\\ed if the) conforn~ to the pipe 
manufacturer's recommendations. Step be\ eled ends are preferred 01 er fullj be\ eled 
ends for their added stiffhess h o n e ~ e r  both require concrete collars/slope protection 
\\it11 J bolts at 18" c/c and toenalls extending 3' belo\\ the lon flon pipe in\ el?. 
Particular care lnust be taken with bexeled ends for pipe arches due to their stiffness 
requirements. 
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It is structurally preferred for pipe ends to be on an axis pel-pendicular to the pipe 
centerline. For pipes not perpendicular to the centerline of the roadway, this may 
require wai-ping the fill slopes. This structurally prefei-sed solution may entail excessive 
cost for large culvei-ts; may present aesthetic concenls for culverts with limited fill or 
may be impractical due to the right of way limitations. Each culvel-t site shall be 
examined in ternls of end treatment. 

Exposed square ends are not pel~nitted except as temporary structures for aesthetic 
considerations. 

Reinforced concrete or corrugated metal end sections are acceptable for use on single 
pipe culvei-ts up to 36-inches in diameter, depending upon the application. When riprap 
is specified in conjunction with an end section, the riprap shall extend to the 
intersection of the end section and the pipe. End sections shall not be substit~ited for 
headwalls if the skew of the pipe is greater than 60 degrees to normal or if the pipe 
cai-sies base flow. 

Large-diameter culvel-ts 1vit11 extremely high outlet velocities (typically in excess of 20 
feet per second) may 'require the design of specialty energy dissipaters. These 
dissipaters are typically cast-in-place or precast concrete. The methodologies presented 
in FHWA Hydraulic Engir~eering Circular 14 (HEC 14) (Ref. 20) shall be used in the 
design of any such dissipaters. The structural design of these units shall be in 
accordance with the A.A.S.H.T.O. '-Standard Specifications for Highway Bridges" 
(Ref. 1). 

3. Stream Protection 

Where required due to high outlet velocities or strean1 instability. channel protection 
shall be designed in accordance n-it11 the lnethodologies of FHWA Hydraulic 
Engineering Circ~llar HEC 1 1  (Ref. 19) and HEC-20 (Ref. 21) and the guidance 
presented in Chapter 10 of the MSHA Interinl Manual (Ref. 12). 

Severe stream instability at culvert outlets should be assessed by qualified engineers 
esperienced n it11 flu\.ial geornorpl~ology and Rosgen stream restoration techniques. 

Foundation Requirements 

Large culverts in escess of 48 inches in dianleter shall be bedded in a concrete cradle 
\vhich will support the pipe for at least 10 percent of its o\.erall height. 

Multiple-cell pipe cul1-erts shall be spaced so that adjacent outside surfaces are as follows: 

Dia~neter less than 48 inches: Not less than 2 feet apart. 
Diameter greater than 48 inches: One-half the clialneter or 3 feet apart. whiche\.er is 
less. 
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This section applies to steel pipe culvel-ts with spans greater than 8' measured 
perpendicular to the pipe. 

A nornlal foundation report shall be required, refer to Section 3.2.M. 

3.8 Utilities on Bridges 

A. Telephone Lines & Cable 

Galvanized steel conduits will only be allowed to be placed in the sidewalk slab of the 
bridge. 

B. All Other Utilities 

No utilities other than telephone conduits will be permitted to be placed on a bridge. No 
conduit shall be placed closer than ten (1 0") inches fro111 the face of the curb and t h e e  (3") 
inches from the inside face of the parapet or twelve (12") inches from the edge of the slab 
if no parapet is provided. 

3.9 Rehabilitation of Existing Structures 

A. Introduction 

This section addresses the rehabilitation of existing structures as part of an o\ era11 pro, oral11 
to repair various Public Works structures. The goal of rehabilitatiol~ is to nlaintain the 
safet) and structural integrit) of the structure as well as extend its useft11 senice life. The 
focus of an) rehabilitation program is to effect repairs to ke) or critical structure elenlents 
in a timel) manner to elinlinate the need to replace the entire unit. 

The rehabilitation design of existing structures shall be perfornled in accordance \\-it11 
applicable sections of the latest edition of the AASHTO "Standard Specifications for 
Highn a! Bridges" (Ref. I).  including subsequent inter in^ specifications. The design 
methodolog> shall be based on that customarilj used b j  the Mar~land  State Highway 
Administration. i.e.. the Sen  ice Load Design method. The design of temporar~ \\arks (e.g.. 
falseuork) shall be perfornled in accordance with applicable sections of the latest edition of 
the A.A.S.H.T.O. "Guide Design Specifications for Bridge Temporas) \JJorks" (Ref. 16) 
and the A.A.S.H.T.O. "Construction Handbook for Bridge Temporary Worlis" (Ref. 17). 

B. Superstructure Repairs 

Superstructure repairs include rehabilitating those bridge elelllents located above the 
abutment or pier bean1 bearing seat. The elenlents to be addressed include decks. road.~\a\: 
barriers and side\\all\s. roadna) joints (transverse and longitudinal). drainage dejices 
(including scuppers. troughs and do.v\nspout pipes). approach slabs. structural framing 
S) steins and bearings. 
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Bridge Decks 

In general. the rehabilitation of bridge decks will consist of maintenance repairs of the 
roadway surface (or soffit). relnoval of the top portion of the deck and placing a 
specialized concrete overlay or a cornplete deck replacement. The scope of 
rehabilitation should be based on the latest inspection infol~nation and all available 
testing data as appropriate. If illspection and testing infor~nation is unavailable, it is 
desirable to obtain this data tluough an in-depth inspection of the bridge deck and an 
adequate testing program. The in-depth inspection should focus on determining areas 
containing concrete defects that require repair including delaminations, spalling and 
cracking. All areas shall be tl~oroughlp documelzted by defect type and location. The in- 
depth inspection shall include visual and tactile inspection methods including hall~rner 
tapping, chaill drag and other nondestructive tests to evaluate the deck condition. Based 
on this infommation. concrete cores should be taken to evaluate. at a minimum, the 
con~pressive strength and chloride ion content of the deck concrete. Cores shall be 
taken in areas contaillillg observed deterioration as well as areas in relatively good 
condition (as a control). A millinluln of two (2) cores shall be taken for any bridge 
including a minimum of one (1) per span for multi-span structures. Cores shall not be 
taken directly over any main lollgitudillal or transverse structural rnembers. Pending the 
results of the in-depth illspection and testing. a rehabilitatiol~ scheme can be 
recolnlnended to repair the deck in place. install an overlay or replace the deck. 

An estilnate of the relnaining service life should be made accounting for the current age 
of the deck. its current strength as cornpared to the original design strength. chloride ion 
content. location and extent of any obser\.ed structural cracking and the location and 
extent of concrete deterioration. The renlaiilillg service life estilnate should be 
considered in the final decision to rehabilitate or replace the deck. 

Concrete deck repairs involve placing an adequate concrete patching nlaterial in an area 
that has been first properly cleaned and prepared. An) area to be repaired shall have all 
deteriorated and loose concrete rerno\ ed. esposed reinforcing steel cleaned of all rust 
(and replaced if it has lost Inore than 20% of its original section). and the area air blast 
or ~vater-jet blast cleaned. Concrete patch nlaterial shall be chosen based on factors 
includillg durability. suitability of the nlaterial for the repair location. curing time (as it 
relates to opening lanes back to traffic) and cost. 

If it is deternlilled that the deck has adequate overall strength and some remaining 
service life left: a specialized concrete overlay may be considered. A concrete overlay 
will help to protect the relnailling portions of the deck as well as extend the relnaining 
service life of the bridge deck. Generally. only 1'' to 2'' of the existing concrete deck 
surface is removed (where the potential for delanlinations or a high concentratioll of 
chloride ions exist) and the surface prepared to receive the overlay material. As part of 
the surface preparatioil process. localized collcrete repairs Inay be required to insure 
that the rehabilitated deck is a sound and integral element. Material(s) used in the 
patching process discussed previously are suitable for this repair. The overlay nlaterial 

3 - 4 7  October. 2006 



Section 3.9 Rehabilitation of Existing Structures Design of Bridges, Retaining Walls and Small 
Structures 

shall be a dense cen~entitous type material suitable for placing in relatively thin 
applications. Materials such as latex modified concrete, micro-silica concrete and very 
early high strength latex concrete should be considered depending on the application 
needs. The structural capacity of the deck should be verified if nlore than 2" of concrete 
is removed from the top surface. 

If the selected rehabilitation alter-native is for complete replacernent of the concrete 
deck, several issues shall be evaluated, including, but not linlited to: studying and 
developing stages of construction for nlaintenance of traffic, maintenance of utilities, 
checking the existing framing system for the new deck weight including the 
consideration of the effects of composite action and differential camber in adjacent 
beams (as a result of staged construction) and the rehabilitation needs for the 
substructure and those superstructure elements to remain. 

Other rehabilitatioll work associated with the bridge deck will be the repair or 
replacement of existing roadway joint systems. The failure of transverse (and 
longitudinal) roadway joints may lead to substructure deterioration. bearing failure and 
section loss at the ends of the main su~perstructure suppol-tiing members. Depending on 
the severity of the joint deterioration. only the replacement of the seal nlay be required. 
Field ~neasurenlents of the joint opening sllould be taken along nit11 the ambient 
tenlperature to insure that the correctly sized seal is installed. If the condition of the 
joint s j  sten1 is such that replacenlent is required. the existing joint configuration should 
be contillned in the field and checked against a\ ailable plans. If plans are unavailable. 
Geld ~neasure~nents and details of the existing joint sjstem shall be recorded for 
subsequent use in preparing joint replacenzent plans. As part of anj  joint modification 
scheme. consideration should be given to installing drainage troughs in accordance with 
Section 3.5.H of this Design Manual. The replacenlent joint sjstem chosen (armored 
conlpression or strip seal. asphaltic plug. silicone. elastomeric. etc.) shall take into 
consideration such factors as cost. s e n  iceabilitj . durabilitj (i.e.. resistance to truck 
traffic) and constructabilitj . 

As part of a deck nlaintenance program. consideration should be gi\.en to elinlinating 
bridge scuppers. If feasible. eliminating scuppers will nlininlize the deterioration of the 
deck fsom standing n-aterldebris resulting from clogged scuppers. An analgsis of the 
scupper(s) shall be perfornled and if the design spread for a ten-gear storm el ent does 
not encroach more than 6 feet into the tra\-eled \ \a \ .  Scuppers to be eliminated shall be 
filled n it11 a lean concrete mis. 

2. Barriers 

Traffic barriers include railings and parapet systems. Barriers inadequately attached to 
the superstructure (as a result of deterioration. accident danlage or substandard design) 
shall be rigidly connected to the deck andlor fascia beams to pro\.ide sufficient strength 
to resist vehicular impacts. 
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These repairs enconlpass lllany different types of repairs and will include all work to 
rehabilitate girders, beams and trusses. 

There are Inany types of repairs that may be per fo~~ned on steel bea~ns/girders. Rusted 
webs can be repaired by welding or bolting plates across the deteriorated areas. 
Deteriorated flanges may be repaired by welding or bolting cover plates across the 
deteriorated or damaged areas. Care 11lust be taken when welding to ensure that 
allowable fatigue stresses are not exceeded and that weld quality can be obtained under 
field conditions. 

For bridges wit11 high volulnes of truck traffic, repairs nlay involve the retrofitting of 
bearns/girders at intermediate diaphragms or cross frame connectiolls to prevent and/or 
mitigate problems at fatigue-sensitive connection details. Cracks in welds, as well as, 
cracks in the web and colmectior~ plates, have resulted from these fatigue-sensitive 
cormection details. Retrofit details to consider include bolting angles or tees to the 
conllection plates and flanges to prevent and/or lnitigate out-of-plane bending or high- 
stress concentrations. In addition to this retrofit. welds may be repaired via grinding, 
drilling crack ends and replacing ally cracked conllection plates. Each situation must be 
caref~llly studied to ensure that the retrofit detail can be properly constructed in the field 
and that it will be achievi~lg its intended purpose of elinlinating and/or reducing out-of- 
plane bending or high-stress concentrations. 

Although ~llost projects will involve the repair andlor replacelnent of select members. in 
some cases. it nla) be desired to upgrade the load-cars) ing capacitj of a structure. This 
can be accomplished b) se.i era1 methods. i~lcluding applling illore advanced analysis 
methods. rating the structure using load and resistance factor design. replacing the deck 
vcitl~ lightc~eight concrete or a different t j  pe of l ight~eight  deck (e.g. exoderniic. etc.). 
making lllultiple simple spans colltilluous oler  the piers. post tensioning. or adding 
shear studs to make non-composite beams composite. When adding studs for the 
de.i elopnlent of conlposite action. the t j  pe of steel being stud n elded 11lust be carefully 
elaluated. Older steels (e.g.. A7) are not as ductile as current steel and special care 
nlust be utilized n hen attaclli~lg anj elenle~lt ia I\ elding. 

Trusses often need to be strengthened because of deterioration at the loxxer chord and 
connections. Strengthening can be accomplished b j  the addition of stressing cables or 
splicing of the chords themsel\ es. Care lllust be taken in these repairs because of the 
lack of structural stabilitj nhen a locxer chord nle~llber is disconnected. On nlany 
trusses. the floorbeamlstringer framing s) stem. including connections. may need 
rehabilitation andlor upgrading. Manj of these repairs can be handled as stated ab0x.e 
for steel beamslgirders. 

Tinlber bea~lls deteriorating as a result of deca~ing  nood or insect attack can be 
rehabilitated b) replacing indi~idual members or strengthening b~ thru-bolting 
galvanized steel cha~lnels to each side. 
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Rehabilitation of concrete tee-beam bridges typically involve bean1 repairs to address 
spalling, cracking and ally exposed reinforcing steel that has lost cross sectional area. If 
the extent of deterioration does not compromise the ability of the melnber to safely 
carry load, cosmetic repairs using pneumatically applied mortar may be utilized to halt 
filrther deterioration. If the extent of col-rosion adversely affects the load carrying 
capacity of the member, and the bridge cannot be load restricted, external 
reillforcement such as carbon fiber reinforced polynler sheets can be bonded to the 
sides and bottonl of the beam to upgrade the live load capacity. 

Prestressed rnenlbers with concrete spalling can be repaired after cleaning of the 
strands. Some preloading of the beam may be necessary to prevent filture cracking of 
the concrete patch. If prestressing strands are damaged or severed to a point where the 
load-carrying capacity of the member is inadequate, the nlember can be repaired by 
providing external post-tensioning. This method can also be used to increase the 
strength of under-designed prestressed beams. In addition, the use of external 
reinforcelllent such as carbon fiber reinforced polymer sheets can be bonded to the 
sides and bottom of the beam to upgrade the live load capacity in shear and/or bending. 

4. Bearings 

Deteriorated bearings may need to be cleaned and painted. reset or replaced wit11 a 
similar or better f~~nctioning bearing device. To reset or replace bearings. the bearing 
load must be released t l~rougl~ the use of hydraulic jaclts and tenlporary jacking beallls 
suppor-ted bq the existing girders. Steel colun~ns anchored to the face of the 
substructure ma): also support the jack(s). Or. if space allons. the jack(s) can be placed 
on the bean1 seat behind the end of a girder. The design plans shall clearl): state the 
limits of the jacking sq sten1 with respect to load. the anlount of girder displacenlent that 
can be tolerated and nhether traffic can be maintained on the bridge during the jacking 
operations. The esisting structural components 111ust also be checked to confirnl their 
abilit): to x i  ithstand the jacking forces. 

For bearings exhibiting estensive and ad\.anced paint deterioration and base rlletal 
col-rosion. complete cleaning and repainting may be necessary to restore fill1 
operational capacit) to the bearings. 111 addition. these bearings may 11al.e to be jacked 
and temporaril) supported to facilitate a Illore thorough cleaning. Reference the 
follon ing section for the cleaning and painting of steel bearings. 

5 .  Painting 

The painting of steel superstructure elements (beams. girders. diaphragnls. bearings. 
etc.) encompasses the cleaning and painting of all esposed surfaces as part of a 
nlaintenallce or rehabilitation project. Depending on the condition of the paint system. 
either spot cleaning and painting or conlplete rellloval and replacement of the paint 
system ma): be required. Honex~er. if the paint systenl condition is relati\.ely good. 
nlinor cleaning and olercoating may be a nlore econonlically viable alternative to full 
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removal and coating. Spot cleaning shall extend a rninimunl of 10' from the bean1 ends 
on simple spans and 10' from the centerline of bearing on colltinuous spans. Steel 
bearings and associated end diaplu-agms should be included tv-ithin these limits. Other 
areas of additional spot cleaning (e.g., exterior sides of fascia girders) shall be included 
as necessary. 

The existing paint systeln should be evaluated for adhesion in accordance with ASTM 
D4541 as well the coating thickness and the compatibility of the existing coating with 
the new coating. Evaluation of the paint system shall be in accordance with the current 
edition of the "SSPC Painting Manual, Volunle 2" (Ref. 13). 

Prior to cleaning and painting, the existing paint systeln shall be evaluated for the 
presence of lead paint. If lead paint is present, contract specifications shall be prepared 
for proper and adequate lead paint removal and contaimlent and worker protection 
(reference Volume 4 - Specifications for more information). 100 percent containment 
of blast by-products shall be contained. The design of the containnlellt system shall be 
borne by the Contractor perforlning the work. 

The new paint system(s) shall be in confor~nance \vith the Volume 4 Specifications 
assuming that it is compatible with the existing paint systenz. 

C. Substructure Repairs 

Substructure repairs include rehabilitating those bridge ele~nents located at or below the 
abutnlent or pier bean1 bearing seat. The elelnents to be addresses include beam seats (and 
pedestals). abutnlents and wing walls. piers. slopes and foundatioll elements. 

1. Concrete Repairs 

The repair of concrete substructures generally involves both cosnletic and structural 
rehabilitation. Cos~netic repairs include superficial concrete deterioration such as 
shallow spalling (defined by no exposed reinforcement) and delanlinatillg concrete (i.e.. 
incipient spalling). Structural repairs include flexural or shear craclting. cracks wider 
than 1/16" and deep spalling n-here reinforcenlent is exposed (regardless of the 
condition of the reinforcement). 

Concrete repair linlits shall be based on the latest field inspection documentation. This 
illfornlatioll shall be field verified if it is older than one year or if the lilnits of concrete 
deterioration are not kvell defined. When deterlnining the linlits of repair for both 
shallow and deep spalling. the outside dinlensions of the defect sllall be increased by a 
~ninirnunl of 6" 011 all sides to insure that the deteriorated portion is encapsulated within 
the repair. 

All concrete repairs shall include provisions to rernove all loose and deteriorated 
concrete and thorougl~ly clean the remaining surfaces prior to placing the repair 
material. Any exposed seinforcemer~t shall be blast cleaned and inspected for section 
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loss. Any bar reinforcenlent that has sustained more than 20% section loss shall be 
replaced by reinforcement of equal size and adequately lappedlspliced to develop tlze 
f~lll  strength of the bar. 

The material used to repair deteriorated concrete shall be selected based on the location, 
type and volurne of the proposed repair. 

2. Pile Repairs 

Repairs to piles will consist of a combination of structural enhancement and/or 
protection. For existing steel piles with section loss resulting from corrosion. steel 
plates or rolled channel section shall be field bolted to increase the capacity of the pile. 
Unless the pile has significant section loss. the addition of these steel elements can be 
affixed under fill1 traffic load. The length of these newly bolted menlbers shall extend 
well beyond the limits of the deteriorated portions so that the bolted connection is fully 
developed within the fill1 original section of the pile. For concrete piles. additional 
concrete section may be added in a sinlilar Inallner utilizing reinforcenlent doweled into 
the existing pile and trenlie concrete placed. Repairs to timber piles that have lost 
section can be accomplished using timber pile splices. Concrete and steel pilings shall 
be repaired by cleaning the exposed surfaces and placing fiberglass jackets from the 
channel bottom to up above the splash zone. or just in the vicinity of the splash zone if 
that distance is prohibitively long. Grout or a specialized concrete nlix shall be placed 
between the existing pile and the jacket. wit11 reinforcenlent added as needed to provide 
additional strength. Substantial cross sectional losses can be strengthened by adding 
nlaterial to the pile and extending the concrete pile strut to the mudline. The foundation 
unit must be analqzed v,ith this additional dead load to insure that none of the piles are 
being 01 erstressed b j  this additional neight. 

3.  Scour and Ulldernlilling 

Channel degradation and/or scour can adl~ance to the point of exposing the piles. In 
addition. strong n atern aq currents or ii etldrj cq cles can reduce the cross section of the 
piling at the channel bottom or nludline or uater surface (common to timber piles and 
steel pipe piles). The foundation should be analqzed to determine the pileisoil 
interaction affects from lateral and vertical loadings and incorporate this infornlation 
into a structural model to detern~ine the oxera11 structural integrit~ andlor stabilit! of 
the foundation unit in question. Inspection obser~ations and nleasurenlents or 
subsequent structural analqses nil1 dictate if pile repairs should be perfornled in 
accordance uith the pre\ ious section. 

If scour countermeasures are deemed necessarq . scour computations and evaluations 
shall be performed in accordance with HEC-18. In addition. an undernates inspection 
(including soundings) should be perfornled as nell  as a re\ ieu of pre\.ious undernater 
inspection reports and other scour evaluation reports. Generallj. scour countermeasures 
for bridges over streams. creeks and rivers will include riprap or grout bag blankets 
placed around piers and abutments. Strean1 instabilit) counternleasures. if required. 
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shall include riprap or gabion bards protection, spur dikes and check dams. Scour 
counterlneasures for bridges over tidal waterways will include riprap aprons around pile 
bents and riprap revetme~lts around abutnzents and approach roadways. 

During the developnlent of scour counternleasures, all permitting require~nents shall be 
deter~nined and applied for at the Preliminary Design phase. 

In extreme cases of under~nining, a substructure unit nlay lose sufficie~lt bearing, w-llich 
could result in the structure collapsing. In the case where a substructure unit has rotated 
or settled, it may be necessary to jack the substructure unit back into proper position 
prior to underpinning the foundation. The nlethod used to underpin a foundation 
depends greatly upon the amount of undermining and whether the unde~pinning is 
required to provide structural support. For severely unde~mined foundations, the 
underpinning must be performed in such a manner as to provide bearing. This can be 
acconlplished by placing either a temporary form or a permanent fiberglass jacket 
around the substructure footing and pumping concrete or grout in the void between the 
substructure footing and the fo1111. Reinforcing steel shall be doweled into the existing 
foundation or a rock foundation below. The form shall be high enough to provide 
sufficient head pressure so that the concrete or grout is forced into all voided areas and 
up against the bottoln of the existing foundation. Constructing a cofferdam. dewatering 
the area. and constructing temporary fornls is also another method which may be 
considered: however. this method results in considerable disturbance within the 
waterway and is generally nlore costly and sensitive to pernlitting regulations. 

For foundations where the undernlining is nlinor and it has been deternlined that the 
renlaining bearing area provides sufficient bearing capacity. punlping grout behind 
placed grout bags can be perforlned. The grout bags \\-ill prevent future undernlining of 
the foundation while the grout punlped behind the grout bags will fill voids in which 
the bags could not fill. 

D. Retaining Walls 

The rehabilitation of retaining nalls should consider the material and tjpe of \\all. For 
concrete retaining nalls. repairs nil1 generallj on14 be made to the surface areas unless 
wall alignnlent is in question. Concrete repairs for retaining malls shall generally follow 
those stipulated for bridges under Section 3.9.C.1. 

For the repair of MSE or other proprietarj t ~ p e  precast \\ails. rehabilitation nleasures 
should be discussed nit11 the mall manufacturer prior to implementing repairs. Typical 
problems in.iol\ ing MSE nalls include the failure of the soil reinforcenlent strap attached 
to the nall facing panel. Grouted tie-back anchors maj be considered to stabilize the nall 
panel and elinlinate future local erosion of the fill. 

October. 2006 



Section 3.10 Load Ratings Design of Bridges, Retaining Walls and Small Structures 

Since gabion walls can tolerate substantial settlement and/or rotation prior to failure, 
repairs may only be necessary when the wire basket cages col-sode or break. Retying the 
wires is an acceptable measure to repair the baskets. Gabion walls with substantial 
settlement and/or rotation shall be analyzed for stability to determine if the wall can remain 
or if reconstruction is required. 

E. Maintenance of Traffic 

Maintenance of Traffic (MOT) for the rehabilitation of existing structures shall conform to 
applicable portions of Section 5.6 as contained later within this volume. 

3.10 Load Ratinvs 

A. Introduction 

This section addresses the calculatiolz of load ratings for new or existing str~~ctures as part 
of a design project to rehabilitate or replace an existing bridge. Load ratings may also be 
required for existing structures that have incurred structural deterioration observed during 
routine biennial il~spections. Load ratings shall be calculated for all bridges carrying traffic 
including cul\~el-t type structures covered with less than 8 feet of earthen fill. As part of the 
final design of new or replacement bridges. the designer shall conlpute the load ratings for 
the structure and include these with the Final Plans submittal to the County. 

Load ratings shall be calculated using the load factor design nlethod as outlined in Chapter 
6 of the latest edition of the A.A.S.H.T.O. "Manual for Condition Exaluation of Bridges" 
(Ref. 14). Note that for timber bridges. the service load design method shall be used for 
load rating purposes. At a minimum. the three standard Maryla~ld legal live load vehicles 
shall be rated. including the H-15 (15 tons). HS-20 (36 tons) and Type T-3 (33 tons) trucks. 
The 3s-2 modified (40 tons) truck shall 01114 be rated (for existing structures 0111)) if 
prel ious rating calculations included a check of this vehicle. In addition. load ratings ma) 
be required for an\ special \ ehicles (e.g.. scl~ool buses. emergencj- vehicles. special pernlit 
\.chicles. etc.) as directed b) the Count). 

Both in\entor) ancl operating load rating \.slues shall be computed for each truck 
considered. Material \ alues shall be based on any available record plans or field testing. as 
applicable. If no plan or testing infornlation is available. material properties shall be 
estimated based on the pro\ isions contained within Chapter 6 of the latest edition of the 
A.A.S.H.T.O. "Manual for Condition Evaluation of Bridges" (Ref. 14). 

The in\ entor) load rating \ alue shall be considered as the load le\ el that can safelj cross 
the structure for an indefinite tinle period assuming that the structure reillains in its current 
condition. The operating load rating ~ a l u e  shall be considered as the maxirl~um load level 
that can d e l i \  cross the bridge. Alloning this maximum load to cross the bridge 
indelinitel) ma) col~lpronlise the structural integrit) and limit the service life of the bridge. 

October. 2006 



Section 3.1 1 Plan Preparation Guidelines Design of Bridges, Retaining Walls and Small Structures 

Load ratings shall be computed based on the known section properties of each lnenlber 
accounting for any section loss or member deterioration that could adversely affect the load 
rating values. Load ratings may be hand-calculated or computed using appropriate 
comp~lter software written specifically for structural load ratings. For rigid frames and box 
culvert type structures, structural models based on plane frame analysis lnethodologies 
shall be used. In addition to the application of dead and live loads, earth pressure loads 
(vertical and horizontal) shall be also be applied. Earth pressure loads shall be additive to 
the dead loads when computing the available nlember capacity to resist the applied live 
loads. For paved inverts that are structurally connected to the side walls (e.g., four-sided 
box culvert), the structural model shall ir~colporate the effects of the bottonl slab loading on 
the subbase by utilizing spring constants in the model. These spring constants shall be 
based on an evaluation of the existing soil conditiolls to deternline an appropriate 
coefficient of subgrade reaction. Each nlenlber within a four-sided culvert structure (i.e., 
walls, top slab and invertslab) shall be analyzed and load rated. Headwalls on rigid frame, 
four-sided culverts and pipes need not be load rated. 

C. Posting 

Structures that do not rate out for the minimum vehicle weight at the inventory level (i.e., 
the rating factor, RF < 1 .O) shall be recomn~ended for posting to the Chief of the Bureau of 
Engineering. All postings shall include both the Gross Vehicle Weight (GVW) for the H-15 
and Type T-3 trucks and the Gross Combination Weight (GCW) for the HS-20 and Type 
3s-2 nlodified (if applicable) trucks. The acceptance and ilnpleinentation of the 
reconlnlended load posting shall be at the discretion of the Chief of the Bureau of 
Engineering. 

3.1 1 Plan Preparation Guidelines 

A. Introduction 

This section provides guidance on the proper lnanner to prepare plans for bridge 
replacenlent and/or rehabilitation pro~jects. CADD guidelines related to the production of 
plan sheets using Microstatioll is covered under applicable sections of Chapter 1. Plan 
preparation guidelines for retaining \\-all projects are co\.ered under Sectioil 3.4.A. 

B. Sheet Layout and Order 

Bridge plan sheets shall be generated and prepared using co~nn-~only accepted engineering 
and drafting techniques and practices. 111 general. plan sheet layout shall be developed to 
include only those view-s. sections and details pertinent to a particular bridge component. 
Mixing of various details from different portions of the structure (e.g.. substructure and 
superstructure) shall be avoided where\.er possible. 

The order of bridge plan sheets for new structures shall confornl to the follouiing: 

General Plan and Elevation 
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Hydraulic and Hydrologic Data Sheet (if applicable) 
Geometric Layout (for substructure footings or piles) 
Substructure Unit Plan and Elevation (for abutnlents, wing walls and piers) 
Substructure Typical Sections (of ab~~tments:  wing walls and piers) 
Bridge Typical Section(s) 
Franling Plan Layout 
BearnIGirder Details (includes elevation: camber information, splice details, etc.) 
Diaphragm Details (end and intermediate) 
Bearings 
Deck Elevations 
Roadway Joint Details (includes plan layout, sections and any necessary details) 
Bridge Railing Details 
Approach Slab Layout and Sections (if applicable) 
Miscellaneous Details 
Boring Logs (including plan layout of locations) 

T11e order of plan sheets for a rehabilitation project will follow this general order as 
applicable. Highway plan sheets and any necessary nlaintenance of traffic plan sheets shall 
be placed ahead of the bridge plans when they are made a part of the project. 

References 

"Standard Specifications for Highma) Bridges". Anlerican Association of State Highma) and 
Transportation Officials (A.A.S.H.T.O.) 

"Manual for Railbvay Engineering". Anlerican Railway Engineering and Maintenance-of-Wayray 
Association (A.R.E.M.A.) 

-'Manual of Steel Construction". Anlerican Institute of Steel Construction (A.I.S.C.) 

"ACI Manual of Concrete Practice". A~nerican Concrete Institute (A.C.I.) 

"Structural Wayielding Code". AWS D 1.1. Anlerican Welding Society (A. W.S.) 

'-Hydraulics of Bridge Watern ays". Hydraulic Design Series No. 1. U.S. Department of 
Transpol-tation. Federal High\\ a). Adnlinistration 

"Honard Count) Stornl Drainage Design Manulal". Departnlent of Public LVorlis. Bureau of 
Engineering. Honard Couunt). Maryland 

'-Hydraulic Design of Highnay Cul\e~-ts". Hydraulic Design Series No. 5. U.S. Department of 
Transportation. Federal Higlnbay Adlllinistration 

-'Maryland Water~vays Construction Guidelines". Maryland Depal-tnlent of the Environment 
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(1 0) "Policy and Procedure Manual": Maryland Depal-tment of Transportation, State Highway 
Administration, Office of Bridge Development 

(1 1) "Structural Standards Manual (Volumes I and II)", Maryland Department of Transportation, 
State Highway Administration, Office of Bridge Develop~nent 

(1 2) "Interim Manual of Hydrologic and Hydraulic Design", Maryland Department of Transpostation, 
State Highway Administration, Office of Bridge Development 

(13) "SSPC Painting Manual, Volurne 2": Society for Protective Coatings 

(14) "Manual for Condition Evaluation of Bridges", American Associatioll of State Highway and 
Transportation Officials (A.A.S.H.T.O.) 

(15) "Book of Standards for Highway and Illcidelltal Structures", Maryland Department of 
Transportation, State Highway Administration, Office of Highway Development 

(16) "Guide Design Specificatiolls for Bridge Temporary Works", A~nerican Association of State 
Highway and Transportation Officials (A.A.S.H.T.O.) 

(17) "Construction Handbook for Bridge Temporary LVor1;s". Alnericall Associati011 of State 
Highway and Transportatioll Officials (A.A.S.H.T.O.) 

(1 8) --Bridge Scour and Streanl Instability Coulltermeasures Experience. Selection. and Design 
Guidance". Hydraulic Engineering Circulars No. 23. U.S. Department of Tra~lsportation. Federal 
Higl~xxiay Adrninistratioll 

(1  9) --Design of Riprap Revetment". Hydraulic Engineering Circulars No. 1 1. U.S. Departnlellt of 
Transportation. Federal Highxvay Administratioil 

(20) "Hydraulic Design of Energy Dissipators for Culxerts and Channels". Hjdraulic Engineering 
Circulars No. 14. U.S. Departnlent of Transportation. Federal Highn ay Administration 

(21) "Stream Stabilit) at Highn-aj Structures". Hjdraulic Engineering Circulars No. 20. U.S. 
Departnlellt of Transportation. Federal High\\ a) Administration 
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CHAPTER 4 
ADEQUATE ROAD FACILITIES TEST EVALUATION REQUIREMENTS 

4.1 Purpose 

This chapter of the Design Manual provides the guidelines for the preparation of the portion of 
the Traffic Study required pursuant to the Adequate Public Facilities requirelnents of the 
Subdivision and Land Developnlent Regulations. The purpose of this portion of the Traffic Study 
is to determine the level of service of intersections and critical roadway segments within an 
inlpact area of a proposed subdivision or land desieloplnent when the project is phased or 
completed. 

The intent of the Adequate Public Facilities requirenlents is to direct new development to areas 
where road facilities are adequate and to require mitigation where deficiencies exist. The 
developer is required to analyze the intersections and critical links in the vicinity of the proposed 
developlnent and pass the test for adequate road facilities as a condition of subdivision and land 
developlnent approval. 

4.2 Requirements 

A. Projects Requiring EvaluationITraffic Study 

A11 Adequate Road Facilities Test E\~aluation is required in   no st cases for property going 
through the subdi\ ision andlor land development process and is to be submitted ui th  the 
first submission to the Count:, . The de~elopnlent must pass the test or have an approved 
mitigation plan. if necessar:,. to proceed through the process. This evaluation  ill show the 
traffic conditions on the collector and higher classified high\\a:, intersections in the \ icinity 
of the project. The el  aluation nil1 be based upon the scheduled phase andlor conlpletion 
:,ear of the project. All projects that are not classified as comprehensi.i/e or phased are 
classified as Con\entional Projects and the analjsis time frame  ill be three :,ears (e.g.. 
2005 - 2008) fronl the first submission to the Countj. Projects that are zoned neu town. 
planned golf course cornmunit). nlised use. R-A- 15. and an) zoning district m it11 a planned 
development (P.D.) olerla:, are considered comprehensi.ie projects andlor phased. For 
comprehensi\e and phased projects. the dexeloper is required to submit a phasing and 
completion schedule. 1\11ich \\ill be the basis for establishing the test >ears. 

B. Level of Senice 

The intersection le\ el of sen  ice (LOS) standard for this evaluation for County-controlled 
intersectiolls is LOS D and the standard for State-controlled intersections is LOS E. The 
intersection 1e.i el of ser\.ice criteria is for the o\ era11 intersection. 

C. Study Area 

Projects are required to e\.aluate the designated intersections in the impact area of the site. 
The inlpact area of a project is defined as follo\vs: 
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IN PLANNED SERVICE AREA FOR PUBLIC WATER AND SEWER - In that 
portion of the County in the Planned Service Area for Public Water and Sewer: an 
"Impact Area" nleans an area up to one and one-half road miles in all directions from 
each project entrance on a County or State road, but not beyond the intersection of a 
nlajor collector or higher classified road with a major collector or higher classified 
road. The first intersection in all directiolls that meets this definition shall be evaluated. 

IN NO-PLANNED SERVICE AREA FOR PUBLIC WATER AND SEWER - In that 
portion of the County in the No-Planned Service Area for Public Water and Sewer, an 
"Ilnpact Area" means an area up to two road miles in all directions from each project 
entrance 011 a County or State road, but not beyond the intersection of a minor collector 
or higher classified road with a minor collector or higher classified road. The first 
intersectioll in all directions that meets this definition shall be evaluated. 

When a project's impact area crosses the Planned Service Area Boundary: the boundary 
limitations and intersection evaluation criteria will change to the applicable standards of the 
service area entered. 

Classifications of the roadway segments in the intersections will be governed by the 
General Plan Highways Map. The General Plan Highways Map will be used to establish 
which intersections will be analyzed in the Adequate Road Facilities Test Evaluation 
except as pro\.ided in Section 4.4. 

1.3 Traffic Volumes 

An Adequate Facilities Test Evaluation will be conducted in accordance with the procedures and 
technical standards identified in Chapter 5 .  Each intersection is required to be analyzed for the 
end of each scheduled phase and/or scheduled conlpletion year of the project. The intersectioll 
~vill be tested \\-it11 the traffic volunles that consist of the following components: 

A. Existing Traffic Volumes 

Esisting traffic volumes that 11aj.e been field counted at the intersection as of the date the 
developer submits the application for appro\-a1 of the pro-ject to the Department of Planning 
and Zoning. 

B. Projected Site-Generated Traffic Volumes 

The project's projected site-generated traffic \-olumes at the intersection in the scheduled 
phase andlor conlpletion J-ears. 
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C. Projected Background Development 

1. Unsecorded Previously Approved Developnlent 

Traffic volurnes projected for the intersection from other proposed subdivisions and site 
development plans that have passed the test for adequate road facilities prior to the 
subnlission of the application for approval of the project but yet recorded (if not 
previously counted). 

2. Recorded Previously Approved Development 

Traffic volumes generated by subdivisions or site developlnent plans that were recorded 
or approved prior to subn~ission of the application for approval of the project and are 
scheduled to be completed before or during the scheduled phase and/or conlpletion year 
of the proposed project (if not previously counted). 

3. Background Traffic Growth Rate 

Background traffic gronth of 3% per year compounded for up to three years or other 
rate if adequate traffic data exists to support a change. Comprehensive or phased 
projects will use a backgro~uld traffic grout11 of 6% conlpounded per year beyond year 
three in the study. The developer nlay propose or the Department nzay require different 
background traffic gronth rates if validated field counts and other traffic data about the 
intersection support a different rate. 

1.1 Roadwa~l Conditions 

The analy-sis of the intersections shall be based upon: 

A. Existing Roadway Conditions 

Actual existing intersection conditions in existence as of the date the developer subnlits the 
application for approval to the Department of Planning and Zoning for the project. 

B. Proposed Roadway Conditions 

New road facilities or improi-ements to existing road facilities that are included in 
developer's nlitigation plans subnlitted prior to date of application of the project to the 
Department of Planning and Zoning. These plans shall be included in the e~.aluation if they 
are scheduled to be conlpleted before or during the scheduled phase. and/or conlpletion 
year of the proposed pro-ject. 
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C. Proposed Capital Program Improvements 

New road facilities or improvements to existing road facilities identified in the County's 
c~ul.ent Capital Progranl or extended Capital Program as defined in Title 22 of the Howard 
County Code and/or the Maryland Consolidated Transpo~-tation Progranl for which 
sufficient funds have been included so that the facilities will be substantially completed 
before or during the scheduled phase andlor conlpletion year of the project: unless the 
Director of Public Works dete~lnines that such facilities or improvements are not likely to 
be completed by that time. 

4.5 I'Iitigation Requirements 

When the analysis of an intersection indicates that the level of service will be below the adopted 
level of service standard: the developer shall revise the project with one or more of the following 
actions: 

A. Project Schedule Deferment 
Defer the project until a future date when the Adequate Road Facilities Test Evaluation 
indicates that the level of service standard will not be exceeded. 

B. Project Scope Reduction 
Reduce the scope of the proposed project to meet the level of ser\.ice standard. 

C. Roadway/Intersection Mitigation Plan 
Dexelop a nlitigation plan for the intersection(s) that nill  increase the capacit) on road 
facilities in the inlpact area so that the level of senice after construction of the project 
nould be equal to the le\ el of s en  ice if t11e project had not been constructed but not Illore 
than the nlininlun~ level of s en  ice. Mitigation means the f~mding of impro\ enlents b) the 
de\ eloper. appro\ ed b) the Department. to off-site road facilities. Mitigation measures ma) 
include an) intersection capacit) improvenlent except grade-separation of the roadi\a)s 
and ranlps within the intersection or improlements to the through lanes of internlediate 
arterial and higher classified roads. Please note the follou ing: 

Existing Traffic Signal Modification: For existing traffic signal(s). nlitigation ma) 
initially appear possible bj- adjustnlents in the signal phasing andlor timing. In realit). 
this is rarely possible due to signal coordination. storage of queued 1-ehicles. etc. Tile 
developer is required to obtain advance approval from the agenc! responsible for the 
existing traffic signal nlaintenance prior to proposing nlodification to signal as a 
nlitigation measure. 

Grade Separation: When grade separation of the intersection is the 0111) \iable 
nlitigation alternati~ e. full nlitigation nill  not be required. \\Then grade separation of an 
intersection or improlement to the through lanes is the onl! feasible alternatile to 
pro1 iding mitigation. the Count) mill progranl these impro\ements into the Capital 
Impso\ enlent Budget request for consideration of adoption. This request n i l l  be based 
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upon receiving a payment in lieu of the cost of the pal-tial nlitigation fronl the 
developer. 

1. Shared Developer Mitigation Plan 

When two or inore developers are proposing nlitigation plans for the same intersection, 
the Department will appol-tion the ir~lprovements between the parties based upon their 
proportion of the critical movements in the intersection. 111 the event that the timing of 
the development, technical infeasibility, or other factors do not allow the appoi-tionrnent 
of tlze improvements, the Department shall collect from each developer the 
proportionate cost of the inlprovelnents corresponding to the development's proportion 
of the critical movements in the intersection. The filnds collected will satisfy the 
developer's obligation for mitigation for the affected intersection. These funds will be 
collected on the basis that these funds \xiill be progranlnled into a filture Capital Project 
for the purpose of improving the intersectioll to mitigate the traffic generated by the 
~nultiple projects. 

2. Capital Project Inlpact 

When a developer's lnitigation plan is proposed miit1-1 a time frame that shows that a 
f~lture capital project by the State and/or County will senlove or negate the intersection 
improvements. the Depai-tnlent may waive the inlprovements and collect the estimated 
construction costs of the mitigation. These f~lnds will then be progralnnled into a future 
Capital Project. Alternately, tlze improvements may be delayed to a certain date if a 
major facilities agreenlent is executed guaranteeing the inlprovenlents and the time 
schedule. If a proposed nlitigation plan provides only temporary improvenlents due to 
proposed improvement plans for the road facility by others. a waiver nlay be granted 
for the improvements if the waiver does not cause traffic safety problems. In the event 
that a ~vaiver is granted. the developer u.ill be required to enter into a inajor facilities 
agreement to pay the cost of nlitigatio~l to the County. which will be used to help fund 
the cost of a Capital Project for future road facility improvements. 

3 .  Constrained Roadu.ay 11npact 

Li;hen a dex eloper is required to el  aluate a trafiic capacitj -constrained road facilitj. the 
Adequate Road Facilities Test E\ aluation is still required. In the el ent that the 1e.i el of 
s en  ice is beloli the standards in this manual. a mitigation plan is required. Honever. 
nlitigatioll \\ ill be required to the extent that the nlitigation plan improvements do not 
ha\ e a negatil e impact on the ph: sical and right-of-\\ a\ characteristics that have 
caused the constrained road facilitq to be designated. The de\ eloper maq obtain the 
listing of constrained road facilities from the Department. The listing of constrained 
road facilities nil1 be established bq a resolution of the Ho\\ard Countj Council. 
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4.6 Transitional Requirements 

If a project in the subnlission process llas received sketch plan, prelilninary plan, or final plan 
approval prior to the effective date of the Adequate Public Facilities Ordinance, an Adequate 
Road Facility Test Evaluation is not required provided that the project continues to meet the 
milestones established in the subdivision regulations. 

If a project passes the test but is deferred because it cannot receive a school allocation, the 
Department may require an update of the data for Adequate Road Facility Test Evaluation and 
accompanying mitigation plan provided that the changes to the plan do not increase the cost of 
mitigation. 

Once a subdivision has passed the Adequate Road Facilities Test Evaluation, no f~urther approval 
for adequate road facilities for that project is required provided that the project's lllilestolles are 
met, the developer executes a developer agreement and/or major facilities agreenlent for the 
proposed mitigation plan, the project is recorded, and in the case of site development plans, the 
traffic volume fro111 the project does not exceed the traffic volume in the traffic study that formed 
the basis for passing the test during the subdivision plan approval process. If the traffic vol~ume 
exceeds the volumes in the subdivision traffic study, the site developnlent plan will be tested for 
the excess traffic. 

4.7 Esemptions 

Projects i \ l ~ i c l ~  do not generate anj traffic are exelnpt from the requirenlent of subnlitting and 
passing the Adequate Road Facilities Test Evaluation. Site Delelopment Plans nhich do not 
increase the traffic bejond nhat is alreadj generated fro111 the site at the time of application are 
exempt from subnlittinp and passing the Adequate Road Facilities Test El aluation. In order to 
obtain the e~emption. an affidalit nlust be sublnitted and approled u l ~ i c l ~  pro\ides an 
esplanation of \\11q 110 additional traffic is generated. 

The follouing projects are eselnpt frorn tlze requirelnents of passing the Adequate Road 
Facilities Test E\.aluation: 

A. Esempt Non-Residential Projects 

1 .  Non-Residential Subdivision Plans 

a. A non-residential resubdivision (see subdivision regulations) 

b. An esenlpt Go\.ernment Facility. as follows: 

1 )  A facility to be o\\ned or operated by the Federal Go\.emment. State 
Go\.ernnlent. Howard County Public Scl~ools. or any agency thereof. 
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2) A facility owned by Howard County or any agency thereof where essential 
County Govermnellt services are provided, including police services, fire 
prevention and suppression services, enlergency nledical services, highway 
maintenance, detention facilities, water treatment and supply, sewage disposal 
and treatment, and solid waste disposal. 

2. Non-Residential Site Developnlellt Plans 

a. An exempt Gover~~nen t  Facility as defined in Section 4.7.A. 1 .b.2). above. 

B. Exempt Residential Projects 

1. Parcel Divisions (see Subdivision and Land Development Regulations) 
2. Exempt Divisions (see Subdivision and Land Development Regulations) 
3. Subdivisions in agricultural preservation districts for dwellings of the owner or the 

owner's child(ren). 
4. Residential Resubdivisions (see Subdivision and Land Developlllent Regulations) that 

do not increase the unit of housing units allowed. 
5 .  Minor Subdivisions 
6. Residential Site Development Plans for single family attached and detached housing. 

4.8 Approval Requirements 

A. Subdivision Approval 

Once a subdivision has been approved for Adequate Road Facilities. no furtlier approval 
for Adequate Road Facilities for that project is required during the subdivision or site 
developnlent plan approval process. provided that: 

1. The de\ eloper continues to meet all required milestones: 
2. The de.ireloper executes a nlajor facilities agreement for an;\ proposed mitigation: 
3. The project proceeds to recordation and is recorded: and. 
4. The traffic xolume from the project in the site de\ elopnlent plan traffic stud;\ does not 

exceed the traffic 1 olunle in the projected traffic stud;\ that fornled the basis for passing 
the Adequate Road Facilities Test during the subdil ision plan appro\ a1 process. If the 
traffic \olume in the site de~elopme~l t  plan exceeds the traffic ~ o l u m e  in the 
subd i~  ision traffic stud>. the site de\,elopment plan 11 ill be tested for the escess traffic 
only. 

B. Site Development Plan 

1. Once a site developnlent plan has been approked for Adequate Road Facilities. no 
further approval for Adequate Road Facilities is required. provided that the de\ eloper 
executes a developer agreenlent andlor a nlajor facilities agreement for an>- proposed 
mitigation. 
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CHAPTER 5 

TRAFFIC STUDIES 

Traffic Studies 

5.1 Introduction 

The prime filnctions of roads and intersection are the movement of traffic: both vel~icular and 
pedestrian, and the provision of access to adjacent land. If a road or intersection is designed 
without consideration of these functions and the degree to \v-l~ich it \\Till be required to perform 
them, it may quickly become obsolete. The purpose of this chapter is to provide principles and 
guidelines for the design of safe, efficient: and coordinated road and street systems. 

The road and street classification system set fort11 in Chapter 1 contains criteria for classifying 
roads based on their filnction and includes info~lllation c o n c e ~ ~ ~ i n g  traffic control and typical 
roadway sections. This chapter presents methods of predicting the traffic volume and the 
analysis techniques for evaluating the impact on roads and intersections. Roads and intersections 
are discussed and procedures are outlined for analyzing and designing the intersection to provide 
safe traffic operations at an acceptable level of service. Guidelines are set forth to assure 
adequate acco~llmodation for pedestrians and bicyclists: parking facilities. and noise impacts for 
the intended land use. Requirements for traffic control devices. such as signs and signals. as well 
as streetll~igh~~aylintersection lighting and at-grade railroad crossings. are presented. Problems 
associated with lllaintenance of traffic during construction are also discussed. 

5.2 Traffic Studies 

A. General 

There are four types of traffic studies: (1) level of service. (2) safety. (3) pedestrian/bicyclist. 
and (4) parkinglaccess. Level of service studies attempt to balance the traffic sulpply and 
demand inlposed on road and street intersections. Safety studies are conducted to detel-mine 
the pattern of past traffic crashes (accidents). identify the cause. and develop means to 
alleviate the problem. Pedestrian/bicyclist studies are concerned with the nunlber of 
pedestrianslbicyclists and their safety. Parkinglaccess studies identify the need for parking 
spaces and parking regulations. both on and off-street. and evaluate access tolfrom the 
adjacent roadway. 

In combination. when conducted properly. these studies ensure that proposed roadways and 
intersections. whether designed as part of a capital inlprovenlent project or a subdivision. \\-ill 
be capable of perfornling their intended purpose safely and efficiently and uill become a part 
of a balanced and coordinated transpostation system. 

Project plans shall be consistent \vith the approved traffic study. If a change in land use or a 
~llajor revision to the project's plans is made. a revised traffic study is required. 

1.  Scope of Studies 

Not all projects miill require a detailed traffic study. Certain capital inlprovenlent projects. 
such as the realignnlent of a two-lane rural minor arterial. may not require any parking 
studies. New developments will not generally be concerned with safety studies because 
the roads are proposed rather than existing. so there will be 110 crash history to study. 
Some developments such as snlall residential subdivisions may require only very limited 
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studies to evaluate known specific problems. However: all projects are required to 
conduct an Adequate Road Facilities Test Evaluation as outlined in Chapter 4. 

As there is considerable variety in the scope and purpose of capital improvement 
projects, so will there be considerable variety in the traffic studies required. Resurfacing 
and minor widening projects will not normally require traffic studies, whereas a thorough 
analysis may be needed for the relocation or reconstruction of a lnajor existing 
intersection. Each project should be judged individually and the Department shall have 
final authority as to the determination of which studies are appropriate and are to be 
perfor~ned. 

All projects, regardless of size, require that sufficient provisions are made for pedestrians, 
bicyclists, and vehicular parking. Colnpliance with Howard County's "Subdivision and 
Land Development Regulations'' provides requirements for these needs and consequently 
pedestrian and parking studies are not required to be submitted. Ho\vever, level of service 
and accident studies, w-here appropriate. shall be performed for those projects which w-ill 
generate sufficient traffic to have a significant impact on existing facilities. These will 
include, but not be limited to. all subdivision and/or land developlnents of an ultilnate 
size that generate greater than 100 peak hour trips in the lnol-ning or evening. 
Subdivisions and/or land developn~ents which generate less than 100 peak hour trips may 
be required to perfornl a traffic study if the level of service (LOS) of intersections within 
the study area is below (worse than) LOS D. 

Site development plans do not have to provide an additional traffic study if the study 
approved with the original subdivision is still valid. All traffic studies shall be required to 
include Level of Service Analysis for intersections within a 112 mile radius from the 
development. Local street intersections generally do not ha\-e to be analyzed unless 
known operational problelns exist at those intersections. Lon- .i-olume intersections with 
no known operational deficiencies do not 11al.e to be analyzed. 

2. Study Report Forlnat/Presentatio~~/Content 

Though the extent and content of traffic studj reports \\ill \arq nit11 the needs of the 
projects being studied. cel-tain guidelines are applicable to all such reports. 

The follo\ving infor~nation. when applicablelappropriate. shall be included in the report: 

Cover Sheet (include name and location of project. developer. Design Professional. 
date. etc.) 

Table of Contents 

Scope and Purpose 

Summary of Existing Conditions and Description of Proposed De\.elopment 

Design Criteria - design data shall be within one ( 1  ) year of Sketch Plan submittal 
with school in session 

Level of Service Study of Intersections and Lin1;s- include volumes. le.i.el of service 
and required geolnetrics (number of lanes. length of turning lanes. etc.) 
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Safety Study (if appropriate) - include accident history, analysis: conclusions and 
proposed ilnprovelnellts 

PedestrianIBicyclist Study (if appropriate) - include projected pedestrian needs and 
lnethods proposed to provide for them 

Parking Study (if appropriate) - include projected parking demand and proposed 
accommodatio~~s 

Sulnmary of Collclusions and Recomlnendations - roadway classifications, traffic 
signals, auxiliary lanes: etc. 

Appendix - include calculations, sketches: backup data, etc. 

All reports shall be typewritten and reproduced on 8-112" x 11" paper. Maps, charts, 
tables, diagrams: and other supposting data often help clarify the presentation and should 
be included as needed. Maps showing existing and proposed streets and traffic data: 
major traffic generators, accident locations, and parking areas add greatly to the clarity of 
the report. The scale of maps may vary to meet their intended pul-pose. 

For Capital Projects: five ( 5 )  copies of the report shall be sublnitted to the Department of 
Public Works. Developers shall sublnit reposts to the Depal-tmerlt of Planning and Zoning 
at the time of the first sublnission to the County. 

All traffic study reports lnust be signed by a Registered Professiollal Engineer and are 
subject to re\.iew and approval by the Chief. Bureau of Engineering for Capital Projects 
and/or Chief. Development Engineering Division for Developer Projects. 

The developer's Traffic Engineer should consider the folloxving itenls during the 
preparation of the traffic study. If relevant. these iterns  nus st be discussed. and a remedy 
to any probleln detailed. Items for co~lsideration include but nlay not be lilnited to: 

Level of Service Anall-sis 

Conflict Analysis 

Signalizatio~l Analysis 

Additional Right-of-Way Needed 

Additional Pavement 

Acceleration and Deceleration Lanes 

Analysis for Additional Turn Lanes 

Storage Requirements 

Queuing Analjsis 

Crash Mitigation 

If phased del-elopment is iilvolved. each of the above itelns shall be analyzed for each 
phase and the t\\-entj (20) year plalllling horizon. The planning horizon analysis is used 
for deterlnillillg and resen-ing ultimate right-of-way needs. 
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3. Design Year and Ultimate Development Year 

To ensure that a roadway and intersection are able to fillfill their intended purpose, they 
shall be planned to meet the traffic demand which is expected at various given tilnes in 
the filt~lre. Traffic studies shall evaluate the scheduled phase and/or colnpletion years of 
the project and the twenty (20) year planning horizon. 

Volunle characteristics of County road classifications are sulnmarized in Appendix A: 
Chapter 1. The volume characteristics are provided as a guide for design purposes and 
should not be used for classiijiing roads. Classificatioll has been established by function 
in the General Plan. 

Table 5.01 indicates the daily service (average daily traffic) volume that specific 
classifications of roadway are expected to convey in the ultimate (20-year planning 
horizon) scenario. LOS D is the general County requirelnent except for constrailled 
roadways. 

The design year for capital improvelnent projects will be designated by the Depal-tnlent 
of Public Works. 

When appropriate, consideration should also be given to conditions expected to exist at 
various tine intervals between the scheduled phase and/or con~pletion years so the 
possibility of staged construction can be evaluated. 

Table 5.01 - Daily Senrice Volume for County Roadway Classifications 

Intermediate & 
Minor Arterials 

Minor Arterials & 

High standards. no 

S o ~ ~ r c z :  :\daptzd from tliz 1980 f-lonard County Network Study with interpolation for LOS D and the addition of' more 
specitic classification titles. 
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The purpose of Table 5.01 is to relate a projected average daily traffic (ADT) volurne for 
the 20-year planning horizon to the cross-section of a representative County classification 
of roadway whicl~ in general can convey the expected traffic flow at a desired level of 
service. The functional classifications described In the General Plan and the Design 
Manual serve as a guide for roadway width, lanes, and right-of-way. More specific detail 
is needed as a foundation for design. Typically, this is presented in Capital Projects' 
alignment studies and/or approved traffic analyses. 

B. Level of Senrice Studies 

1. General Requirenlents 

When analyzing intersections in the study, the latest version of the Maryland State 
Highway Administration's (MSHA) Critical Lane Volume (CLV) analysis procedures is 
the 111ethod to be used. 

Level of Service (LOS) is a qualitative measure of operational conditions within a traffic 
stream, generally in tern~s of such service measures as speed and travel time, freedom to 
maneuver, traffic intel-ruptions, and driving conlfol-t and convenience. Six Levels of 
Service, lettered A through F, have been established to represent a range of operating 
conditions and the driver's perception of those conditions. Level of Service A is 
characterized by free-flow speeds and.freedom to maneuver, while Level of Service F is 
characterized by stop-and-go traffic and excessive delay. Safety is included in the 
nleasures that establish service levels. 

The minimum level of service to be used in planning of roads and intersections shall be 
Level of Service D. The standards for design are different from the requirenlents of the 
Adequate Road Facilities Test Evaluation as outlined in Chapter 4. When a design is 
proposed as part of a nlitigation plan for passing the test for Adequate Road Facilities 
Test Eval~lations. the applicable provisions of Chapter 4 should be used. The Traffic 
Engineer should clearly differentiate in the traffic study the separate analysis. 

B) specif) ing a le1 el of sen  ice and the traffic \. o l ~ i n ~ e s  desiring to use a gi\ en road. the 
geornetrics required to pro\ ide that le\el of senice can be detern~ined. There are three 
steps to be conducted in the stud) as follons: Collection of current data. projection of 
trafiic data. and lei el of s en  ice anal) sis. Llrl~en these studies are properl~ conducted and 
their results are talien into consideration in design. the road sl~ould be capable of s en  ing 
its intended purpose. 

2. Collection of Existing Data 

When the project being studied i n ~ o l ~ e s  a11 existing road facilitj. the first step in the 
level of service stud! is the deternlination of existing conditions. This includes not onl) 
volumes but. nhere appropriate. the t jpe of traffic (trucks. buses. cars). directional 
distribution. turning molements. and roadnaj  data (tkidth. etc.). This inforlnatioll is 
necessar) to deternline the existing le\ el of service and the expected l e ~ e l  of sen  ice in 
the future if no improx enlents are made. 

Roadway Infornlation Required: 

a. Pavement & Lane Widths 

b. Nunlber of Lanes & Lane Configuration 
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c. Presence of Parking 

d. Grades 

e. Distance to Lateral Obstructions 

f. Average Highway Speed 

g. Percent of passing sight distance greater than 1500 feet (on two-lane high\vays only) 

11. Intersection Signal Timing & Phasing 

The above infol-nlation can be obtained from the Departlnellt of Public Works and/or a 
field inspection. 

Traffic Information Required: 

a. ADT (Average Daily Traffic) - total number of vehicles passing a given point on an 
average day (if needed). 

b. DHV (Design Hourly Volurne) - the number of vehicles passing a given point during 
the peak hour of an average day (or weekday in industrial areas). On two-lane roads, 
the DHV is the total nunlber of vehicles: bi-directional: whereas 011 other highways, it 
is divided into directional flou-s. 

c. PHF (Peak Hour Factor) - the ratio of the design hourly volu~lle to the peak rate of 
flow (PRF) expanded to one hour. For intersections, the peak rate of flow is llleasured 
in fifteen-minute periods, while on roadways it is ~lleasured in five-minute periods; 
1.e.. 

15 lllillute peak volullle = 200 \.chicles 
PRF = 200 veh. s 60 min./hour/l5 min. = 800 ~.ehicles/hour 

PHF = DHVIPRF 

d. D (Directional Distribution) - percentage of the DHV oriented in the predollli~lallt 
direction. The directiollal distribution is needed on all existing intersectio~~s and shall 
be detenllilled by actual counts. 

e. K-Factor = DHVIADT - this i~lforlllatioll shall be supplied ~i.llen appropriate. 

f. T (Truck Percentage) - percentage of trucks in the DHV. The trucl.; percentage shall 
be applied when appropriate. I11 residential and other areas not strictly influenced by 
collzlllercial or industrial land use. the truck percentage shall be assumed to be 5%. I11 
commercial and industrial areas or in anj location \\-it11 a large number of trucks. the 
truck percentage shall be deterlllilled by actual counts. 

Sources of traffic illforlllatioll include: 

a. State High\vay Administration 

b. Departmerlt of Public Works 

If traffic data are not a\ ailable from the abo\ e sources. cou~lts \ \ i l l  ha\ e to be 11lade 
and converted to an ADT and DHV. A useful source to con\ert is MSHA Highnag 
Illfor~llatioll Services  division*^ *'Mar~land Higll~\a> Traffic Trends" (go to 
l~ttp://~w~v.1~~arylandroads.co11~/traffictrends2). The factors for the station in 
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"Maryland Highway Traffic Trends" nearest to the study site should be used (unless 
the nearest station is 011 an interstate route). 

Though the Departnlent of Public Works will furnish any current data available in its 
files: the assernbly of the data for analysis is the responsibility of the applicant. 

3. Projection of Future Traffic Volunles 

To ensure that an intersection will be capable of accolnlnodating the demand imposed on 
it at an acceptable level of service for a number of years beyond its construction: it is 
necessary to predict future traffic volun~es. Changes in the trends of development and 
inconle are but a few of the factors that can alter traffic patterns and consequently change 
projected volumes. Therefore: a necessary requirement is to carefillly consider the 
anticipated future needs in determining traffic volunles for the scheduled phase and/or 
colnpletion year of the project. 

There are three primary components associated with traffic projections: existing traffic 
volume. background traffic gro\.\.th, and traffic volume generated by new development. 
Background growth is that attributable to a generally increasing population and income, 
overall development, and increased use of the automobile. When considering future 
volulnes, each of these categories must be analyzed individually and then combined for 
their total inlpact on a facility. 

Existing traffic volumes can be deternlined by methods set forth in the previous section. 

Background traffic gro\\-th shall be projected at 3% per year conlpounded for the first 
three 1 ears of a project. In q ear four and beyond. background traffic growth shall be 
projected at 6% per )ear compounded. Other background traffic gro\vth rates may be 
proposed b) the de\eloper or required bq the Bureau of Engineering or Department of 
Planning and Zoning if alidated field counts exist and other traffic data exists to support 
a different projection. 

Traffic \ olunles generated b j  nen de\ elopnlent shall be based upon the inedia~l \ alues in 
the most current edition of the Institute of Transportation Engineers (ITE) publication 
"Trip Generation" that inost closel) reflect proposed subdi\ isions and land de\ elopment 
plans. These \ol~uines shall be based on those projects nhic11 l~a\te been recorded but not 
~ e t  built and an) other pro-jects \\hich ha\ e been submitted to the County at the time of 
subnlission of the traffic stud) to the Count>. 

Caution and judginent must be esercised in applying the trip generation rates. The 
availabilitj. of inass transit. estensi\e carpooling. scl~ools niithin walking distance of 
homes. and multiple shift industries ma)- \\arrant their modifications. In addition. the 
orientation of trips must be considered. 

The use of trip generatioil rates other than those in ITE's "Trip Generation" is subject to 
re\ ie\i and appro\ a1 b) the Chief. Bureau of Engineering or Departnlent of Planning and 
Zoning. 

When projecting trafiic from projects. accurate determination of the n~ulnber and type of 
generation units (i.e.. duelling ~units. floor area. etc.) is of the utnlost iinpol-tance though 
the inforination is generallq readily a\ ailable. when considering a specific subdivision. 
there may be a multiplicit) of proposed land uses along the road under consideration 
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wl~ich are in various stages of development, and the detellnination of the nunlber and 
type of generation units for the scheduled phase and/or completion year of the project is 
then not such a straight-forward procedure. The Department of Public Works and/or 
Departnzent of Planning and Zoning slzall be consulted when making this projection. 

4. Level of Service Analysis 

a. General 

The level of service analysis can be used in several ways. The existing level of 
service, the level of service at some future date if no ilnprovelnents are made, and the 
geolnetrics required to provide a desired level of service for a specific volun~e of 
traffic can be determined. 

A complete level of service analysis may require the study of Inore than one time 
period. The peak flow normally occurs twice per day: once in the nlorning (AM) and 
once in the evening (PM). The predominant movement during the AM peak is away 
from residences and toward enlployment areas, whereas the opposite occurs during 
the PM peak. Consequently, both of the peak periods should be considered. Nollnally 
the hours of peak traffic to and from a developlnellt will coincide with the hours of 
the adjacent peak high\vay traffic, but cases in which this does not occur are fairly 
comnlon. An example is a shopping center located along a n1inor arterial. Though tile 
peak flow on the arterial nlay occur between 5:00 and 6:00 PM on weekdays, the 
shopping center's peak nlay occur on a Saturday afternoon between 2:00 and 3:00 
PM. Such a situation nlay require analysis for several time periods. The normal 
procedure. however, is to analyze the DHV's developed by traffic projection for the 
AM and PM peak hours. 

b. At-Grade I~ltersection (Interrupted Flow) 

At-grade intersections can be controlled by several rneans. such as basic right-of-way 
rule. yield. tno-way stop. four-kvay stop. roundabout. and signalization. The level of 
service analysis assures signalization. but is also applicable to intersections controlled 
by other lneans (e.g.. roundabout. continuous flon- intersection). 

c. Level of Service Studies Results 

The primary func t i~n  of a level of service study is the deternlination of the 
intersection geonletrics required to provide a desired le\-el of service in the design 
).ear. 

The n~unlber of lanes required on either a through road or at an intersection can be 
deterlnined and the need for auxiliary lanes as well as their length can be established. 

The need for signalization can be deternlined from the projected traffic \.olumes and 
the intersection designed to acconlnlodate it. 

'CVhen used in conjunction with the parking study. the level of sen-ice stud> indicates 
here on-street parking will have to be eliminated and thus nhere additional off- 

street parking ma) be needed. 

Where a development in a given area is projected to be phased 01 er a long period of 
time. staged construction should be considered and the le\.el of service study used to 
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detel~nille when the various stages of constructioll should be proposed for 
completion. 

C. Safety Studies 

Often a proposed project: either subdivision or capital improvement, will be in an area of 
frequent past craslles: the study of which can help minimize any detrimental effect the 
proposed desieloplnellt might have: as well as make possible the incorporation of design 
features which may alleviate the existing hazardous conditions. 

Crash records are available from the Howard County Department of Public Works' Traffic 
Division and the State Highway Administration's Traffic Safety Analysis Division. The 
records from at least the previous tluee (3), and preferably five (5): years should be obtained 
and cover all sections of road that may be directly ilnpacted by the proposed project. 

Upon accumulation of the records: the data must be organized in a rnalxler to facilitate 
analysis. The most common method of presentation is the collisioll diagram, which includes 
pertinent roadway characteristics together wit11 sufficient infollnation regarding the crashes 
to recognize any patterns that may exist. 

The collisioll diagra~n should be carefblly studied to deteurnine the cause or causes of crashes 
and possible remedies. Crashes involving rear-end collisions with left-turning vehicles or 
vehicles swerving to avoid left-turning vehicles may indicate the need for a separate left-turn 
lane. Nurnerous right angle collisio~~s at a stop-co~ltrolled intersection may reflect inadequate 
sight distance or the need for signalization. Crashes occull-ing under certain er~virolunental 
co~lditions. such as during the  light or rain. may indicate the need for lightil1g or special skid 
resistalzce treatment of the pavement. 

The results of such an analysis call be used to design safety impro\iements to be cornbilled 
w-it11 the proposed project. The) may indicate a better location for a development's prilnary 
access illtersectioll with an existing road than origillally plarx~ed. or the County may decide 
to build a left-turn lane on an esisting road in colljunction with impro\iements platlrled for a 
development. 

When a safet3- study cor~cludes that sigilificalltly high crash rates esist at a pro-ject site 
because of roadway alldlor illtersectioll deficiencies. an ilnprovelnellt plan must be sublnitted 
to col-rect the proble~ll as part of the traffic study. 

D. Pedestrian/Bicyclist Studies 

Safetl and general communit~ \\ell-being is greatlj enhanced b) consideration of and 
pro\ ision for pedestrian and bicj clist needs. Caref~tl planning and design of side\\ alks. 
separate na1k~aq.s  andlor bikeipedestrian pathsltrails. and the illtersectioll of pedestrian and 
\ehicular paths benefit not on11 pedestrians but also lnotorists due to the remo\al of 
pedestrians from the road\\ a) . 

111 general. all curbed road\\ajs shall be flanked \kith at least one sidenalk to prexent 
pedestrians from using a \ehicular travel w a 4  For Deleloper projects. collsult the 
"Subdivisioil and Land Dex elopment Regulations" for sidewalk requirelnents on Subdivisio~~ 
Roads. 

The needs of pedestrians can be determined in several ways. Review of the zoning map and 
submitted de~~elopnlent plans should give il~sight as to what areas may be subject to heavy 
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pedestrian activity. Existing problems can be identified by the safety study. Regulations 
pertaining to sidewalk construction by developers are presented in the "Subdivision and Land 
Developmer~t Regulations". 

Sidewalks shall be collstr~lcted where required by the "Subdivision and Land Development 
Regulations". 111 addition to requiring sidewalks in residential areas, these regulatiolls state 
that sidewalks map be required withill colnlllercial and irldustrial subdivisions "011 advice of 
the Department of Public Works." Sidewalks in such locations will nommally be required 
because of the substantial nunlber of pedestrians involved and the collflict they experience 
with vel~icular traffic, especially where on-street parking occurs. 

Consideration shall also be given to the collstruction of side\valks in areas of large pedestrian 
generators, such as schools, churches, 11leeting halls, and transit stops. 

The "Subdivision and Land Development Regulations" state that collsideratioll shall be given 
to the provision of pedestrian walkways. Such walkways can improve an area's enviromnent 
and provide an imnproved "people" circulation system, especially where facilities along 
streets are not adequate or where pedestrians can be better accommodated by separated 
routes. Examples of locations that warrant consideratioll of walkways are schools where 
walkways can improve safety and floodplains where they call enhance recreatiollal 
opportunities. Final determinatiorl concerning the land division of a developlllent project 
with respect to pedestrian ~valk~vays will be made b;S' the Department of Plailllillg and Zoning 
in accorda~lce with the "Subdivision and Land Development Regulations". 

The iiltersectioll of pedestriar~ and vehicular paths requires special attention. The intersectioll 
should be located so as to rllaxilllize the pedestrian sight distance. The crosswalk should 
norlllally be located directly in line with the sidewalks on the approach streets. Where there 
are long radius curbs or flare treatment. the crosswalk should be offset to lni~linlize walking 
distance within the roadway. For excessively wide streets, nledialls may be needed to provide 
pedestrian protection. The crosswalk must be clearly delineated and visible to both driver and 
pedestrian during both day and night. 

Pedestrian o~erpasses and underpasses are \\asranted onlj \illere there are high pedestrian 
and/or xehicular volumes. such as at industrial plants. schools. athletic fields. or theaters. 
Factors to be considered in addition to \olumes include age of pedestrians and accident 
histor). As there is a reluctance on the part of pedestrians relati~e to con\enience and 
securit> to use these structures unless the) are estremel> u ell designed and take ad\ antage of 
the natural topography. each location nlust be studied indi\ iduallj . 

Though existing pedestrian-vehicle conflicts can nonnall~ on13 be controlled b) the means 
discussed abox e. the design of nen subdix isions offers an excellent opportunit~ to minimize 
these conflicts. The protisioll of ualkna>s. use of cul-de-sacs and looped streets. proper 
design of street patterns. and Judicious location of high pedestrian generators shall be 
considered in the site planning process. 

Consideration shall be given to the disabled in all projects. The intersections of all streets 
nit11 curb and sidebalk. and all pedestrian olerpasses and underpasses. shall be provided 
nit11 accessible ranlps in conforlnance nit11 the Americans nit11 Disabilities Act (ADA) 
"Standards for Accessible Design" and Standard Details shonn in Volunle IV. Rural 
pedestrian crossing traffic signal indicatiolls ma) be narranted at sonle locations. Special 
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problelns such as the difficulty of the driver to see a conilnon \vheelchair occupant must be 
recognized and studied. 

E. ParkingJAccess Studies 

The provision of adequate and properly located and designed parking is vital to the proper 
operation of the street network. Poorly designed entrances and esits, or an insufficient supply 
of parking spaces, can create congestion on what would otherwise be an adequate street: 
increase crash potential, and lead to reduced sales in business districts. 

Off-street parking is often needed to assure an adequate s~lpply of parking, promote traffic 
flow, and increase safety. Regulations indicating the number of off-street parking spaces and 
loading facilities needed for various land uses are given in the Zoning Regulations of 
Howard County. 

The design of a parking lot must be such that sufficient off-street reservoir space is provided 
to store vehicles waiting to enter the facility. Minimum inbound off-street reservoir 
requirements are given in Table 5.02. 

Where refuse containers are required. such as in multi-family developlnents and industrial 
areas, sufficient area for thein and the trucks serving them shall be included in the parking 
area. 

Prillciples of off-street parking design (aisle LV-idth. stall arrangement. entrance and exit 
location. etc.) are presented in Chapter 2. 

Table 5.02 - Minimum Inbound Off-Street Reservoir Requirements1 

Land Use I Reservoir Requirements" 
1 1 5 spaces per lane or 8 spaces / 

1 Drive-In Bank (ATM) 1 f i r  firstwindow and 4 for 11 
/ each additional window 

Mechanical Car Wash / 10 suaces uer bav or lane 

/ /  Parking Facility 1 / /  

1 
1 

11 Free-Flow Entry / 1 space per entry driveway 11 
/ /  Ticket Dispenser Entry 1 2 spaces per entry driveniay // 

Fast Food Restaurant 1 10 spaces per bay or lane 

I Manual Ticket 

Auto MaintenanceiSen~ices 

8 spaces per entry driveway 
10% of that portior~ of parking 

3 suaces uer bav or lane 

/ /  Attendant Parking / capacity ser\;ed by attendant- /I 
I - I'hese rcser\ oir reqc~ire~ncnts ma? be charlged. \\hen deemed necessar>. b\- the Department of Public 

\\'arks. No \ ehicle queuing I\ i l l  be allo\\ecl on ac!iacent roaci\\a>. 

I 
- 

Each space shall be 2:! feet long - Source: 'frarlsportation Research Board P~/.lii/~g P/.itlciples. 1971 
Special Report 125. 

controlled driveway 
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F. Noise Studies 

The health, safety and general collllnullity well-being is greatly enhanced by the 
colzsideratiol~ of and provision for noise abatement or mitigation measures as appropriate in 
the plamlilzg for and developllzellt of residential land uses. 

1. Noise Level Thsesllold 

A11 average level of 65 dBA (A-weighted decibels) at the building cul-tilage is the 
tl~reshold beyond which the ambient noise level is collsidered to be unacceptable to the 
human ear in a noise-sensitive land use enviro~m~ent. It is the responsibility of the 
developer of any property in Howard County to ascertain that the noise level, based upon 
ultinlate traffic volumes for the General Plan horizol~ year or 20 years into the filt~u-e: 
whichever is more: .tvithin and adjacent to the proposed development: shall be below this 
tlueshold. 

2. Future Noise Level Analysis 

The lllealls for projecting future noise levels shall be based upon the Noise Assessment 
Guidelines published by the U.S. Depal-tmerlt of Housing and Urban Development, or 
Federal Highway Administration's Traffic Noise Model (TNM) as appropriate. 
Concull-ent wit11 submissiorl of a Prelilninary Plan: a developer shall be required to 
subnlit a noise analysis report to the Departnlent of Planning and Zollillg if ahy of the 
existing or proposed buildi~lgs or their c~ustilages within or adjacent to the subdivisiol~ fall 
\\iithin the followillg locational guidelines: 

1.  Located within 1000 feet of an existing right-of-kvay line of Interstate Route 1-95 or 
that seglllellt of U.S. Route 1 fro111 MD 100 to MD 32 or ally other roadway where 
heavy truck traffic is expected to esceed an ADT of 10.000 vehicles. 

3. Located within 500 feet of any other existing or proposed Principal or Interlllediate 
Arterial highway right-of-way line. 

3. Located \\-ithin 250 feet of anj- existing or proposed Minor Al-terial right-of-way 
line. 

4. At the discreti011 of the Chief. Bureau of Engilleering or Department of Plallllillg 
and Zoning a noise study maj  be required for any proposed delelopment nhere. 
based on unusual conditions. it is deterlllilled that noise inlpacts from an existing or 
proposed higll\\a) or rail line are likelj to esceed an a\ erage of 65 dBA. 

5. Located within 500 feet of a11 existing or proposed rail line. 

6. Located \vitl~iil the approved Airpor-t Noise Zone as established by the Maryland 
A\.iation Administration. 

3. Noise Mitigation Requirelnents 

As a prerequisite to Preliminas) Plan appro\ al. ~llitigation measures shall be proposed b j  
the del eloper to louer the anlbiellt noise level belon the 65 dBA threshold \\ ithin the 
building curtilage. Building curtilage shall generally be defined as that area of the site 
nhich is used for prolollged humarl a c t i ~  itj (see Figure 5.01). The Departil1ellt of Public 
Worhs or Department of Planning and Zo~ l i~ lg  shall re\ien the noise analjsis and 
lllitigatioll nleasures to determine their adequacj and appropriateness. Such nleasures 
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may include, but not be linlited to, noise buffers, noise barriers: building orientation, or 
the use of acoustical insulation for buildings other than residences. 

The following are the noise lilllit requirements for residential development: 

1. The 65 dBA line call come up to the front of the structure; 

2.  The 65 dBA line can come up to the sides of the structure; 

3. The 65 dBA line may not be located 011 the backyard of a lot with area less than 
10,000 square feet; 

4. The 65 dBA line nlay be located at a minimum of 25 feet fronl the rear building 
restriction line on lots with area 10.000 square feet or greater. Decks may project 10 
feet beyond this envelope; however, applicable zoning restrictions prevail. 

In the event that these nlitigation nleasures are not feasible, alternate measures shall 
be evaluated. Such nleasures may include increasing unit distances from the noise 
source, reorienting buildings, their openings, and yards away from the noise source, 
earth bernls: soullds walls. heavy evergreen landscaping. etc. 

Sound 1%-alls shall at a rnininlunl meet construction and product specifications for 
"Plywall Sound Barrier" by Hoover Treated Wood Products. Inc.. or an equivalent. 
Construction and product specifications shall be included on the appropriate plan for 
County review and approval. 

Building construction nlaterials maj. be used to reduce interior soulzd to 45 dBA in 
residential units if it is agreed by the County that exterior abatement cannot be 
perfornled to the 65 dBA standard. 

In situations where the Bureau of Engineering or Departnlent of Plalming and Zoning 
deternlines that lesser setback is allowed. the following standard note shall be added 
to the record plat or site de\-elopment plan: 

"The corztoln. li17e ~ l r - a ~ ~ ~ r ?  or? this ylcrr7 is uh'isor3. c1.s r 'eq~~i~.e~J bj. the H O I I ' N J . ~  
Cozrrltj. Desig11 .\lcrr~r~crl. Cl~cipter. 3. i.el~isecl.4yi.il 2003, c[r?d ccrrlnot be coi7sicki.ed 
to excrctlj* loccrte t37e 65 dB,4 exyoszrr.e. The 65 clBi-l exyosirre 11-c[.s. estcrbli.s.hec1 L?. 
Ho~~.cri*d Colrr?tj. to c[lei.t ~ie~.eloyer.s. b ~ ~ i l ~ l e i , . ~  crnd .firtirr.e i .esi~le~~ts t31ut uiqec[s 
bejlond this thr~esl7oltl ~ T I C I J -  excee~l gei~ei.crIIj- crcceytecl r7oise lei-els estcrblisl~e~l b ~ .  
the US .  D ~ I J C [ I . ~ I T I ~ ~ ~ ~  c!f'Holr.rir?g and CTr.bc[i7 De\-elo1~171ent. " 

5 .  All noise e\.aluation locations shall be measured 5' (average ear lelel) abo.i,e the 
proposed grade or deck elex ation at the defined lilnits found in this section. 
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5.3 Intersection Traffic Control Devices 

A. Traffic Signals 

Traffic signals should be installed where it has been clearly demollstrated that they will 
significantly increase the efficiency of an intersection. The basis for such a determination 
will be FHWA "Manual on Uniform Traffic Control Devices for Streets and Highways 2003 
Edition" or later edition. 

T l~oug l~  both the determination of need and design of traffic signals is a function of either the 
Howard County Department of Public Works or the Maryland State Highway 
Administration, consideration should be giver1 to their requirements during design of the 
intersection. The Department of Public Works may require installation of underground 
conduits and signal supports during the initial construction so as to reduce the cost of and 
disruption caused by installation of the signal system when it is installed in the filture. 

Cul-rent procedures to be followed and cost responsibility for traffic signals are set forth in 
the policy directive of the State Highway Administration entitled "Installation and 
Mailltenallce of Traffic Signals on the State Highway System" and the latest "Subdivision 
and Land Developlneilt Regulations". The actual cost responsibility for each proposed signal 
will be determined by the Chief, Traffic Division, Bureau of Highways. 

B. Roundabouts 

Ro~uldabouts are circular intersectiolls with specific design and traffic control features. These 
features include Yield colltrol of all entering traffic. cl~annelized approaches: and appropriate 
geometric curvature to ellsure that travel speeds on the circulatory roadway are typically less 
than 30 mph. The advantages of a properly located and designed roundabout over other 
i~ltersection traffic colltrol devices include: 

Improved illtersection operation - roundabouts can acco~llmodate higher left-tun1 
\.olumes than other illtersection control devices. 

Lower crash rates and crash sel-eritl - rouildabouts reduce the number of traffic 
conflict points and ehicle speeds. and pro\.ide a clearer illdication of the dri\ier's right- 
of-n-aj compared to other iiltersectioll traffic control. 

Cost - roundabouts that do not require significant roadnaj realigllment tjpically 
require similar pa\ement area and right-of-naj to a four-legged intersection. nhile 
ha\ ing lo\;\ er operating costs than a traffic signal. 

1mprot.ed i-\esthetics - roulldabouts also provide an opportunity to improve the 
aesthetics of an intersection \\-it11 landscaping in conllectioll wit11 coillmunity 
enhancement projects. 

It is important to distinguish that these distinct features of a roundabout are a applicable to 
other circular intersections. such as rotaries and neigl~borhood traffic circles. All ro~uldabout 
studies and design shall be conducted in conformance \\-it11 MSHA's "Roundabout Design 
Guidelines June 2004" or latest edition and the Federal Highway Administration's 
"Rouildabouts: AII Infornlational Guide" Publication No. FHWA-RD-00-067. 
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C. Alternate Traffic Control Devices 

Evaluation of alternate traffic control devices (e.g.. turn restrictions. channelized left-turn 
"Florida-Tn/half signals: continuous flow intersections) shall be conducted only at the 
discretion and under the direction of the Howard County Depal-tnzent of Public Works. 
Traditional intersection traffic control devices such as traffic signals and roundabouts shall 
be initially studied prior to consideration of any altenlate traffic control devices. When 
considering such alternate traffic control: grade separation shall also be evaluated as an 
option for comparison purposes. 

5.4 Traffic Signing; and Pavement Marking 

A. General 

Signs and pavement markings, which warn, guide, and regulate traffic: both vehicular and 
pedestrian. are required to ensure the maxilnum efficiency of the street system. To do so, 
however, they must be properly designed and installed. All signs and pavement markings 
shall be designed according to the FHWA "Manual on Unifol~n Traffic Control Devices for 
Streets and Highways 2003 Edition" or latest edition. 

B. Standards and Guidelines for Traffic Signs and Pavement Markings in New 
Subdivisions 

These Standards and Guidelines are designed to ilnpleinent the '-Subdivision and Land 
Development Regulations" that state: 

'-the developer shall be responsible for.. . and traffic-control devices." (Section 
1 6.1 1 9. Paragraph 10) 

'-Traffic Control Devices: Signs. signals. markings. and other del-ices prescribed to 
regulate. guide. or wan1 traffic." (Section 16.108(b). Paragraph 6 1). 

--The de\.eloper shall erect street nanles signs and traffic-control d e ~  ices at each street 
intersection. These signs and devices shall be consistent n-it11 this Code and the 
Design Manual and shall be appro~.ed by the Department of Planning and Zoning. 
after consultation \\;it11 the Director of Public Works." (Section 16.137) 

The de~eloper  shall be responsible for the ~naterial and labor costs in connection nit11 
installing all traffic signs on !leu streets n ithin the de\ eloprnent. The de\ eloper sllall also be 
responsible for all maintenance costs inc~iued prior to acceptance of the street into the public 
street s) stem. The cost of installing an) traffic signs or pax ement lnarhings on existing 
Count) roads or streets that ma> be required as a result of the de.i eloplnent nil1 be borne by 
the dex eloper. 

The d e ~  eloper shall submit the signing and pavement marking layouts to the Departlnent of 
Public LVorks for rei.ien and approval. Upon approval. the developer shall install the traffic 
signs and lnarkings at hislher o\vn expense. The developer has the option to pay the County 
to install the trafiic signs. The street nalne signs \tiill be installed by the Department of Public 
LVorks. at the expense of the developer. 

The follon ing requirelnents of Howard Count)- shall also be met: 
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1. All intersections shall be controlled by either stop signs or signals. Traffic entering 
intersection roundabouts shall be controlled by yield signs, that is: entering traffic shall 
yield to circulating traffic .cvithin roundabout. 

2. All pavement markings shall be at least five inches wide. 

3. Double-yellow centerlille stripes are required on all roadways except local streets and 
cul-de-sac streets. 

4. The minimum R1-1 "STOP" sign size is 30" x 30" and the lnininlum R2-1 "SPEED 
LIMIT" sign size is 24" x 30". 

5. All sign post used for traffic control signs installed in the County Right-of-way shall be 
mounted on 2" galvanized steel. perforated, square tube post (14 gauge) inserted into a 
2-112'' galvanized steel, perforated, square tube sleeve (12 gauge) - 3' long. A 
galvanized steel pole cap shall be mounted on top of each post. 

C. Capital Improvement Projects 

The signing and ~narking of capital improvement projects will be designed by the 
Department of Public Works unless otherwise directed. 

5.5 Street Lighting 

Street lighting. where properll. designed and installed. can greatly enhance a community's 
environment. Though lighting is desirable at virtually all locations. econoinics and concern for 
energy requirements dictate that it be restricted to those areas which will experience the greatest 
benefit. 

A. Street Lighting along RoadwaysIStreets 

Street lighting installations in ne\v subdivisions shall be in accordance with both the 
Standards and Guidelines for Street Lighting in Neb\- Subdivisions. presented in Section 
5.5.A. 1 and the current "Subdil-ision and Land Development Regulations". 

When requested. the deterinination of need for lighting of capital inlprovenlent projects shall 
be made by the Traffic Division. Bureau of High\vays. Factors to be considered include 
road\\-ay width. roadside obstacles. speed. pedestrians. and accident history. 

The reconlnlended ratio of a\ .erage-to-minill~~~~l lu~ninance shall not exceed 3 to 1 on 
arterials. 4 to 1 on collector road\\ ays. and 6 to 1 on all other roadnays. 

Break-away poles shall be used along arterial roadways. At all other locations. the light poles 
can be the non-breakaway type. 

The street light pole shall be designed to nithstand an SO mph nind. Acceptable street light 
poles and fixtures for each roadnal classification are shonn in Table 5.03. 
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Table 5.03 - Acceptable Street Light Pole and Fixture" 

Minimum Roadway Pole Height Classification 

I 
Residential 14' 

Minor Collector 
14' 

- - - - - 

Major Collector 
23' 

Arterials 
1 30; 

Pole Type 1 Fixture 1 Lamp Size 

Post-top: Prelllier 
1 0 0 ~  HPS 

Black Fiberglass 
or ACOIII 

Black Fiberglass 
or Acorll 

150w HPS 

Bronze Fiberglass 1 5 0 ~  or 250w HPS 

" Ttle actual t ~ p e .  spacing and size of lanip nil1 be determined b) the Traffic Di\ision/Burea~i of I-ligl~\\a\sIDP\V 

The lightillg system should be designed in colljullctioll with the roadway so that the result 
will be a coordillated facility in which each elelllellt colllplellleilts the other. The relatior1 
between lighting and signs and potential obstacles must be carefully considered. Roadside 
obstacles call often be reduced by the utilization of "joint-use" poles. w-hich can. for example. 
support both a lulllillaire and a traffic signal. 

1. Standards and Guidelines for Street Lighting in New Subdivisior~s 

These Standards and Guidelines are designed to implement the -'Subdivision and Land 
Development Regulatior~s" that state: 

"U~lless the Departllleilt of Plallllillg and Zoni~lg. after consultation \\-ith the Director of 
Public LVorl<s. detennir~es that adequate street lighting already exists. the dei-eloper of 
subdi\.isions and site developments shall provide street lighting in accordance \\-it11 the 
Design Manual.. .".(ART 111. Section 16.135 Street Lighting) 

The de\ eloper shall be totallj respollsible for the lnaterial and labor costs in connection 
nit11 installing street light poles and luminaires. including relocations andlor changes 
~nade  to nen or existing lighting slstems. The deleloper shall also be totall) respo~lsible 
for all energ! and lllaillteilallce costs incurred for a period of trio ( 3 )  )ears. 

Procedure 

a. After the Road Construction Plan has been appro\ed and signed. the Department of 
Planning and Zoning. Developlllellt Engineering Di\.ision (DPZIDED) shall prepare a 
cost estimate based on the lighting s) stem designed. The lighting sjstelll shall be in 
colllpliallce with the guidelines set forth herein and shall be selected in accordallce 
with BGE's approved Hardware List. 

The cost estimate shall include the follon-ing: 
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(1) Hardware and Installatio~l costs; and, 

(2) Energy. Inspection and Maintena~lce charges for two (2) years (based on the size 
of the lamp). 

b. The street lighting layout along with a description of the hardware shall be forwarded 
to BGE for processing by the Traffic Division, Bureau of Highways. 

c. The Department of Public Works: Real Estate Services Division upon receipt of a 
cost estimate from the DPZIDED, shall begin the Development Agreenlellt process 
by notifying the developer of all costs associated with the proposed street lighting 
system. 

d. Upon receipt of a certified check in the amount of the estimated costs prepared by the 
DPZIDED, the Depal-tment of Public Works shall authorize the utility conlpany to 
install the street lighting system in accordance with the street lighting layout. 

e. When the developer fornlally petitions the Department of Public Works to accept a 
roadway(s) and associated inlprovements into the public system, all damage to any 
street light pole(s) and fixture(s) as a result of construction or vandalism prior to such 
acceptance. must be satisfactorily col-rected. Personnel of the Department of Public 
Worlts shall inspect for damage and col-rection of same. 

2. Street Liglzt Location and Spacing 

Along nlinor collectors and residential r o a d n a ~  s street lights shall be installed to provide 
a lateral clearance of 3 feet from the back of curbs. Along major collector and arterial 
road\vaj s the lateral set-back shall be a ~llininlunl of 4'. 

The placenlent of street lights along County roadnays shall be determined by the Traffic 
Division. Bureau of Hig11na~-s/DPW based upon the road type. horizontal and vertical 
alignment. \.chicle vol~un~e. intersection design. accident history. pedestrian usage. and 
area zoning (when applicable). 

3. Street Light Illumination Levels and Glare 

The site plan shall indicate the location and design of outdoor lighting facilities with 
provision for shading. shielding. or directing lighting fixtures so as not to adversely affect 
the operation of \.chicles or reflect into residential buildings. All lighting facilities shall 
use standard BGE hard\vare. 

4. Street Lighting at Speed Control De\.ices 

Speed control devices shall hale  a minimum of one street light as required by the 
"Subdivision and Land Development Regulations" or as required by the Departnlent of 
Public Worlts. 

B. Street Lighting at Intersections 

All illtersections shall have a minimum of one street light. The determination of need for 
additional lighting. as \\ell as the design of a lighting sj.stem. shall be subject to review and 
appro1 a1 by the Departnlent of Public Works. 
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C. Parking LotIArea Lighting 

The minimum illumination levels for all parking areas (public or private) shall cornply with 
the values stipulated in Table 5.04. 

Table 5.04 - Parking Areas (Public or Private) - Average Maintained Horizontal Illumination 

5.6 NIaintenance of Traffic During Construction 

IlJ11en designing either an impro\ement of an existing road or a completelq neu road. 
consideration nlust be gi\ en to lnaintaining traffic during construction. The high traffic volunles 
often fo~und in areas of construction. coupled xxith uhat is nornlall) a long construction period. 
can result in a conlplex problenl \\hich can make an other\\ise acceptable design infeasible. The 
maintenance of traffic. therefore. must be carefullq studied during the design process. 

Commercial 
Nlinimum Uniformity Zoning IlIumination Ratio (footcandles) 

H - 0  0.9 6: 1 
H-C 0.9 6: 1 
POR 1 .O 6: 1 
CC 1.2 4: 1 
B- 1 1.2 4: 1 
B-2 1.2 4: 1 

1 sc 0.9 4: 1 

Three methods of maintaining traffic are available. The first is to stage construction so that the 
existing facilit) can be used to acconllnodate traffic during construction. A four-lane highnay. 
for esample. call often be reconstructed by nlarking on no inore than trio lanes concurrently. 
During peal< periods. it maq be necessarq to remo1.e equipnlent and open inore than trio lanes. 

Residential 
Minimum 

Zoning Uniformity Illumination 
(footcandles) Ratio 

R Not Applicable Not Applicable 
R-ED Not Applicable Not Applicable 
R-20 0.4 6: 1 
R-12 0.4 6: 1 
R-SC 0.9 6: 1 

R-SA-8 0.6 4: 1 
R-A-15 0.6 4: 1 

The second means of maintaining traffic is to di\ ert it to adjacent streets 01 er detour routes using 
existing road\\ aq s. One-11 a) patterns. limitation of parking and certain turning 11101 ements. 
rerouting of transit routes and coordinated signals are sonle of the nleans by nhich such a 
transfer can be succes s f~~ l l~  accomplished. 

Where traffic cannot be satisfactorilq accomnlodated bq the first t n o  methods. construction of 
temporar> detour routes nil1 be necessary. An exanlple is the constructior~ of a nen brid, oe ox er a 
strean1 to replace the existing structure uith no change in the road alignment. This situation 
\~ou ld  require a temporarq run-around detour road either over other existing roads in the area or 

ia a special]) constructed temporarq road\\aq. 

I M-1 0.9 6: 1 I R-MH 0.9 6: 1 
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1 ID 0.6 6: 1 
/ PEC 0.9 6: 1 
1 NT 0.9 4: 1 
/ PGCC 0.6 4: 1 

R-HR 0.4 6: 1 
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As each collstruction project is somewhat different than ally other, no set rules call be given 
governing the development of the maintenance of traffic plan. Certain principles, however, apply 
to all situations. 

The t h e e  means of maintaining traffic should be studied and a plan developed utilizing some 
combillation thereof. Traffic volumes and speeds, capacities of existing roads, the existing street 
pattenl, availability of land for detour routes: and scheduling of collstructioll activities are among 
the factors that need to be considered. 

The roadway, whetlzer in a collstruction area or a detour: shall be satisfactory to accolnmodate 
traffic at a reasonable speed, which is dependent upon speed approaching the roadway and length 
of project, but normally not less than 30 mph. 

Where rail traffic is inter-supted: the railroad affected shall be contacted and a maintenance of 
traffic plan developed which is acceptable to both the railroad and the Department of Public 
Works. 

The signing and marking of all roadways associated with rnailztellallce of traffic shall be in 
accordallce with the FHWA "Manual 011 Ulliform Traffic Colltrol Devices for Streets and 
Highways 2003 Edition" or latest edition. and shall conform to County or MSHA "Book of 
Standards Temporary Traffic Colltrol Devices Typical Applications." \vhere possible. 

The complete ~llailltellallce of traffic plan. including but not linlited to the schedule of 
collstructioll operatiolls as related to traffic maintenance. the llumber and widths of lanes to be 
open during various periods of the daj-. and the alignment. grade. typical section. and 
constructioll details of temporary detour roads. shall be included in the contract documents. 

Where pedestrians will be affected by road construction. provisio~ls shall be made for them in a 
mallner similar to that for vehicles. 

The mailltellance of traffic plan is subject to review and approval by the Departmellt of Public 
Works. 

5.7 At-Grade Railroad Crossings 

Protective devices at railroad at-grade crossings shall be in accordallce with FHWA's "Manual 
on Ulliform Traffic Col~trol Devices for Streets and Highways (MUTCD)" 2003 Edition or latest 
edition. 
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