

This course is the beginning experience in transportation engineering with emphasis on highway engineering.  It contains elements that develop and reinforce the student’s knowledge of the transportation system in the United States. Concepts developed in the lecture part of the course included:

General Information and formation of the transportation system in the United States
Route Location and Earthwork 
Geometric Design 
Highway Drainage 
Pavement Design 
Traffic and Vehicle Characteristics 
Traffic Studies 
Highway Capacity 

The course lectures are supplemented with a design problem that includes the location, alignment, earthwork and estimates associated with a typical county road project. 
Additional information related to the lectures and road design project can be obtained at the links on the Home Page.  



Book Title: Traffic and Highway Engineering 4th Edition by N. J. Garber and L.A. Hoel 
 
Figures and Tables refer to Traffic and Highway Engineering by Garber and Hoel

All photos obtained at the link Photos
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Lecture 1- Introduction to Course


(The first day I spend going over the course Syllabus and asking the students where they worked and for what company. I was trying to find out the type of experience the students have and the applications to highways)

Transportation and highways in particular are a very important part of or lives.  Almost everyone over 16 years of age has a driver’s license and has driven a vehicle of some kind.  All are critics of good and bad driving experiences related to design of roads or behavior of other drivers.  

To illustrate the importance of the highway system in the US, consider the information below obtained from the Bureau of Transportation Statistics (BTS). Transportation Statistics
 Vehicle mile traveled versus year

 Vehicle miles traveled and gas mileage versus time

 Highway indicators versus time 

 Road and street mileage by surface type

 Jurisdictional control of US roads and streets

 Highway funding and expenditures

 Travel congestion and the urban interstate system and urban NHS

 Motor vehicle fatalities and travel

Other information related specifically to the highway component of transportation can be found on the internet.

Two sites of interest are FHWA and MDOT .
For a little added information and some elementary examples of road design try this site. Road Design Example 

Many of the problems related to road design require calculations.  In most cases these involve routine calculations and to assist the reader there are included many problem Calculators.  The Calculators can be activated from an inserted link.  For example, the link to a Calculator for finding the minimum radius of a horizontal curve is Calculator Minimum Radius .  The results are shown below.  Note the input is inserted in yellow fields and the results are shown in blue fields. In a few cases it may be necessary to save the file to disk before it can be activated. 

  

[image: image4.png]o

| Minimum Radius

€ Metic )y f

1
Speed,
mphZkmph

0113

R minimum
Sliding, ft/m

R minimum
Overturning,

Height o CG.
ft/m





For a little road history go to the following 
Ancient Roads
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Early Roads

		The first indications of constructed roads date from about 4000 BC and consist of stone-paved streets at Ur in modern-day Iraq. In addition undesignated caravan routes were spread throughout the region

		





*

The first indications of constructed roads date from about 4000 BC and consist of stone-paved streets at Ur in modern-day Iraq (26 ) Any one that has been in this part of the world realizes that the terrain allows a good deal of meandering for the roadways and tracing the ancients routes is difficult at best. A typical route with caravan travel is 









Satellite photo of roads radiating from Tell Brak, an ancient site in Syria. 





*

The roadways in some cases were 200 to 400 feet wide and compacted 20 to 24 inches deep ( ). They were made by early people who herded their livestock to fields for pasture and between towns as part of the emerging economic system. Continual traffic by people, animals and vehicles hardened the surface and caused the roadway to sink into the landscape. Some of these routes can still be seen from satellite (22 ). The figure below show many roads radiating from Tell Brak an ancient site in present day Syria. 









                   Egyptian Roads

Many of the roads were a result of canal digging: the embankment of excavated earth serving as road even in times of inundation. They were paved only when there were special circumstances. Thanks to the scarcity of rain even ordinary roads were passable all year long. 

Typical mode of transport shown below. A day's march was between 20 and 40 kilometers



*

Egypt is rich in limestone and it was used extensively in constructing their buildings and roads Basalt was also used in paving roads and laying lower courses of buildings. In the Fayum an Old Kingdom road paved with flagstones facilitated the transportation of stone from the basalt quarries at Gebel Qatrani to Lake Moeris, where it was loaded onto ships. This perfectly straight road was 11.5 kilometres long and had a width of more than 2 metres. At Buhen in Lower Nubia some roads were paved with burnt-clay tiles (17 ) 









Kings Highway connecting Pharaoh to middle east neighbors



*

In terms of major routes the King’s Highway is mentioned frequently in discussions of ancient transportation. The King referred to is the king of Egypt and the highway is the route used to spread the influence of the pharaoh to areas under dominance of the Pharaoh. It is a multi-path route spreading through out the Middle East from Heliopolis (Cario) to Resafa (an ancient road on the way to Baghdad). ( ) 









Biblical Roads

		EVERY RAVINE WILL BE FILLED,

AND EVERY MOUNTAIN AND HILL WILL BE BROUGHT LOW;

THE CROOKED WILL BECOME STRAIGHT AND THE ROUGH ROADS SMOOTH; (Luke 3:5).





*

follow the terrain and may requires embankments and excavation to make a good road. In addition the suggestion that the road should be made straight suggest the choice for alignment and the command to make the roads smooth suggest an improved wearing course. All of these topics are discussed in modern highway design manual is great detail. (this is Roman road building at its best and bit of knowledge by Luke could be the bases for this verse). Another related passage is (Jeremiah 31:21) 21 

"Set up road signs; put up guideposts. Take note of the highway, the road that you take. Return, O Virgin Israel, return to your towns. 

This quote is a clear instruction to provide road markings and signs A common practices even at this early date. Shown below are Roman mile markers found in the desert along the Via Trajan (Ref). 









Biblical Roads  - Roman Mile Post

	Jeremiah 31:21 

	Set up road signs; 

 	put up guideposts. 

       	Take note of the highway, 

      	 the road that you take. 

      	 Return, O Virgin Israel, 

      	 return to your towns.









India Grand Trunk Road



Over the centuries, the road, which was one of the most important trade routes in the region, facilitated both travel and postal communication. Even during the era of Sher Shah Suri, the road was dotted with caravansarais (highway inns) at regular intervals, and trees were planted on both sides of the road to give shade to the passers-by.The road was well planned, with milestones along the whole stretch. Some of these milestones can still be seen along the present delhi ambala highway. On another note, the road also facilitated the rapid movement of troops and of foreign invaders. It expedited the looting raids, into India's interior regions, of Afghan and Persian invaders and also facilitated the movement of British troops from Bengal into the north Indian plain.

The Grand Trunk Road continues to be one of the major arteries of India and Pakistan. The Indian section is part of the ambitious Golden Quadrilateral project. For over four centuries, the Grand Trunk Road has remained "such a river of life as nowhere else exists in the world".[1]

*









Chinese Roads

	Ancient Tea and Horse Road – 	extreme topography



*

Great civilizations such as the Chinese must have developed many road building techniques that would be of historical interest. However much of this information is lost in the haze of the past. There are some routes that are justifiably famous including the Silk Road and the Ancient Chinese Tea Horse Road The great wall of china could also be considered a road as it had a military purpose and troops used it to move from point to point along its length.

From the little evidence known, Chinese engineers laid out their roads as straight as possible and frequently were 50 to 60 feet wide ( enough space for five chariots to pass). They did not use surface stone and thus there are few remaining samples of their road building efforts. (2) In the pictures below it can be seen that the terrain is difficult and road building took a high level of skill. 









Chinese Roads

	Great Wall



*

The Great Wall is the world's longest man-made structure, stretching over a formidable 6,352 km (3,948 miles),  [1]. Along most of its arc, it roughly delineates the border between North China and Inner Mongolia. 

The materials used are those available near the wall itself. Near Beijing the wall is constructed from quarried limestone blocks. In other locations it may be quarried granite or fired brick. Where such materials are used, two finished walls are erected with packed earth and rubble fill placed in between with a final paving to form a single unit. In some areas the blocks were cemented with a mixture of sticky rice and egg whites.

In the extreme western desert locations, where good materials are scarce, the wall was constructed from dirt rammed between rough wood tied together with woven mats.









Chinese Road

	Silk Road – Little topography



*

The Silk Road was a route that was famous for trade and cultural exchange but has little technical information related to construction or planning. It is redundant to say that this route was primarily developed to increase trade between the east and west, but it was also used for military purposes. The great Genghis Klan‘s army use this route to control their adjacent territories. Note the alignment and the mode of transport in the picture below. For a detailed description of the route geography see the web site http://www.ess.uci.edu/~oliver/silk.html#1

. 









Ancient Greek Roads – 

	Note grooves and large stone blocks



*

Greece is a country that does not lend itself to development of major road networks because of geography and political reasons. The country is mountainous and roads are likely to be expensive to build and hard to maintain. In addition the city states politics did not provided the basis to develop a country wide roads system. Most roads were single tracks following stream beds or the path of least resistance. Typically the roads would be muddy, narrow tracks with a few exceptions paved with slabs of fieldstone. (4) 

One innovation traced to Greek technology is the use of carved ruts in the road path. In order to make roads as safe as possible the Greeks cut grooves ( 3 to 6 inches deep) in the road. Evidence points to the fact that much of Greece was covered with these roads. One can only imagine the disputes that would erupt as opposing traffic met and tried to pass each other. (12) 

The reason for using this type of road is usually given to be a way to reduce the effort to make a serviceable road. The groves were true and level but the remaining part of the traveled way was rough and unleveled. (2). It might also be possible that in critical situations a lubricant could be poured in the grove to lower friction at the interface. It is also conceivable that on steep grades it would be easier to place rocks or other wedges behind wheel to prevent the wagon from going backward. On the other hand concentrating the wheel loads at a particular point on the travel way would lead to premature failure because of the stress concentrations.. Typical dimensions for the ruts were 4 in deep and 9 in wide with a space between of approximately 4 to 5 ft. 









Roman Roads – Extent of system at maximum approximately 50000 miles



*

Ah! Romans- the great builders of ancient time. Their road building provides many examples both from their literature and on the ground such as the well know Appian Way. If ever advanced civilizations are associated with transportation infra structured Rome is a prime example. Roman roads were an expression of roman might and the ability of man to overcome nature. As such they had much to say about roman cultures as well as there construction abilities. 

. At its peak the Roman Empire covered most of the Mediterranean and included large portions of present Europe as well as the Middle East. The map shows the extent of the roman road system at its largest with approximately 50000 miles of routes which compares with the 45000 miles of Interstate routes in the United S 









Roman Road – Pompeii 

Note alignment and grooves



*

Intentional ruts are an interesting feature of some ancient Roman roads as they are for early Greek roads. While there are some ruts that developed from general use, there are others that are purposeful, between 6 and 30 centimeters deep, with sharp edges shaped by a pick or a point and hammer. Also it was noted that there are places where grooves are marked in the road to prevent horses from slipping (3 ). The same type of road groves were also noted in the Greek roads constructed prior to the major road building efforts of the Romans and is an example of early technology transfer.. 









Roman Road Construction

	Basic cross section



*

The road building techniques used by the Romans is a good model for present techniques. The basic idea is to provide a structure that has successively stronger layers as we proceed from the sub grade to the surface. The major difference is in materials that were used. Present day surface materials like asphalt and concrete are superior in ease of construction compared to the rock slabs used by the Romans. In fact the major difference between then and now is in the amount of human labor where slave labor is used instead of Caterpillar excavators. The typical Roman road was a layered system as shown below and is described by (1,2) 









Roman Road 

	 Cross section detail



*

The builder would first clear and grub the area as is typical in the modern construction sequence. The Romans then cut a trench and that was filled with large stones. This composed the statum or basement layer. Next, was a layer of cemented pebbles and finer stones composing the rudus. The third layer of fine cemented sand called the nucules was followed by the top course of paving stones called the pavimentum. Curb/Kerb stones were put at the sides of the road to hold in the paving stones and to make a channel for the water to run away. 

The reference to cement above might lead the modern reader to think of modern Portland cement used in concrete roads. In fact it was not too different. Adam (1 ) stated that the concrete was a mixture of lime, pozzalan and water. The ancients hand mixed their components (wet lime and volcanic ash) in a mortar box with very little water to give a nearly dry composition; carried it to the job site in baskets placing it over a previously prepared layer of rock pieces; and then proceeded to pound the mortar into the rock layer. The close packing by tamping reduced the need of excess water for workability purposes, which in turn reduced the water/cement ratios a source of voids and weakness. Again, we have a similarity in the ancient material versus modern roller compacted concrete practices, which is that of tightly compacting (with modern compactors) the materials placed at low water/cement ratio.. 









Modern road for comparison







Roman Road – Construction

	Detail in swampy areas



*

The way in which the Romans dealt with the problem of unstable or marshy ground in constructing roads is particularly interesting. Especially on marshy land, roads were given “a proper causeway, and not just an earthen ridge” (3). Such roads are based on a wooden framework, 

Two rows of unconnected cross-beams were placed on the marshy soil for the whole length of the road. Each beam was 2 meters from the next one and there was a gap between the rows. Each beam came out 40 cm from the road and this projection had slots to pound stakes through the beam and into the ground. These beams supported two continuous rows of joists on top of which were laid a solid series of tree trunks. On top of the tree trunks were large, flat limestone flags, covered by road metal of gravel and pebbles (9). 









Roman Construction Surveys

	Alignment determination with a groma

 	Modern total station for comparison



*

Roman measures were of course different then the present English system of measurements the following table is provided to allow conversions the reader to convert from Roman distance to modern distance. 

Roman Mile = 1000 passus =1618 yds or 1480 m = 4854 ft 

Passus ("pace"; pl. passus) = Closest Roman approximation to our yard or meter measurement = 5 pedes = 4' 10.25" or apx 1.48 m 

Roman Foot= 12 unciae =apx 11.5" or 29.4 cm 

Uncia (pl. unciae) = Roman Inch 

It is known that Romans constructed many facilities that required a knowledge of angles and distances however, ancient literature is virtually silent on the subject of road surveying although there are reliefs on a grave markers that depict a Roman engineers with a gromas. (24).: The groma which is shown below. The groma is used to establish a straight line forward by sighting along a line established by the opposing vertical strings and a forward marker. At is also possible to establish a right angle to the forward line of sight and use offsets to carry the line around sight obstacles 









European 19 th Century-Road Cross Section	

	Tressaguet in France 

	Macadam in England



*

After the fall of the Roman empire, Roman roads fell into disuse and wheeled vehicles more or less disappeared throughout Europe until they began to make a slow comeback nearly a thousand years later during the middle Ages. During this time period movement of goods and people were largely on foot or by pack animal and earthen tracks were sufficient. Bridges, usually the responsibility of the religious orders, were the main priority as water crossings were often hazardous. Tolls and public contributions were sometimes used to affect repairs.. By the thirteenth century with consolidation of national states the crown took over road responsibilities. The medieval states built roads much like the Romans with blocks cemented with mortar on sand foundations. There were also roads of gravel or broken stone on a sand base. (6) 



continued to use the Roman model. However, certain basic principles began to be enunciated. Around the middle of the 18 th century, Tressaguet in France and Metcalfe in England proposed a method of construction relying on a firm well-drained foundation of fitted large rocks topped by layers of progressively smaller ones, forming a convex surface allowing surface drainage making it more impervious to water. 

Macadam at the beginning of the 19th century proposed a far more economical road section by getting rid of the large stones altogether and replacing them with much smaller sized stone. He still required good subsoil drainage followed by layers of relatively fine stones to keep the roadbed firm. This resulted in a road much thinner and cheaper to build. In fact he insisted that thickness should be dictated only by the need to protect the roadbed and keep it dry rather then to provide the high load bearing capacity. Macadam discovered that the best stone or gravel for road surfacing had to be broken or crushed, and then graded to a constant size of chippings. 









Indian Trails - Michigan







*

Native Americans tended to avoid difficult terrain and as a result Indian trails generally followed ridges and drainage divides to minimize stream crossings and swampy bottomlands. When large creeks and rivers couldn't be avoided, the Indian trails often led to rocky shoals or shallows that could be easily crossed or safely forded. 

As the trails became worn from human use, they were marked by Indians for future travelers. A broken twig served as a pointing finger; a stroke of the axe or blaze on a tree served as a signal to turn in that direction; a sapling bent across the trail was a warning signal; a stick in the mud meant that there was no bottom; and a feather on a bush or located along the side of the trail meant that there were friends ahead or nearby (13). 

Records of trips by the settlers reveal that much of their travel followed established Indian trails. As such, the trails, together with the region's waterways, served as the earliest corridors of travel, communication, trade, and warfare. 

Although the locations of many of the old trails are unknown, remnants of a few trails are known. The illustration below shows some known trails in the state of Michigan. 









Indian Trail in Western United States







Pioneer Roads- Western United States







*

The journey west  was exceptionally difficult by today's standards. One in 10 died along the way; many walked the entire two-thousand miles barefoot. The common misperception is that Native Americans were the emigrant's biggest problem en route. Quite the contrary, most native tribes were quite helpful to the emigrants. The real enemies of the pioneers were cholera, poor sanitation and--surprisingly--accidental gunshots. 









Oregon Trail – Wagon Track







*

That 1843 wagon train, dubbed "the great migration" kicked off a massive move west on the Oregon Trail. Over the next 25 years more than a half million people went west on the Trail. Some went all the way to Oregon's Willamette Valley in search of farmland--many more split off for California in search of gold. The glory years of the Oregon Trail finally ended in 1869, when the transcontinental railroad was completed.

Actual wagon ruts from the Oregon Trail still exist today in many parts of the American West; and many groups are working hard to preserve this national historic treasure.









Plank Road – Western US

	early 20 th century







*

 Plank roads were typically constructed of wood planks two inches thick and eight feet long, which were nailed to four-inch-square stringers at a 90-degree angle.  Tolls were charged for traveling on the roads, usually one-cent per mile for single animal vehicles and an additional half-cent per animal hauling a vehicle.  A typical drive from Milwaukee to Green Bay with a team would cost $3.78. (18)









Plank Road – China

	Note: difficult terrain











Plank Road - Construction











Plank Road











Stage Roads in United States







*

Stagecoach service began as road networks were extended from town to town across the states and were available during the early colonial periods.  In the book, John Adams (  ) it is noted that Abiligail Adams made the trip from Quincy MA to Philadelphia (  340 mi) in a two week period.

The stagecoach reached its height of popularity during the period of private turnpikes and plank roads. Numerous stage companies obtained franchises and provided regular service throughout the States. 

 The majority of stage companies had obtained contracts from the federal government for transporting the US mail in addition to passengers and freight. 

As the stagecoach system gained popularity, it expanded into all areas of the state. Stagecoach service remained an important secondary link to more remote areas of the state until the late 19th century, when the expanding railroads offered faster and more comfortable travel to extended areas of the state. 









Early Highway- US







*

Around the beginning of the 20 th century the design of roads began to be put on a more engineered basis.  Particularly with the advent of the Bureau of Public roads (1919) and the advent of the American Association of State Highway Officials (1914) standards of practice began to be published and engineering concepts were incorporated into the road building process.  Alignment, cross section and traffic control all be came subjects of interest to the highway engineer.  This evolution has continued to the present time and present day road design is becoming more of a science and less of an art as time passes aon. The figures below show the progress of American roads from the early 20 th century to the present.  Discussion of the design principals of modern roads is a far reaching subject and is the subject of many publications and text,









Early Highway – US66











Modern  Rural Highway – WI 23











Modern Urban Highway – I 105











Future Highways – Areas

	of expansion

		Renewal: Accelerating the Renewal of America's Highways

		Safety: Making a Significant Improvement in Highway Safety

		Reliability: Providing a Highway System with Reliable Travel Times



		Capacity: Providing Highway Capacity in Support of the Nation's Economic, Environmental, and Social Goals









Future roads – General Areas











Future Highway

	Automatic guidance of vehicle platoon











Future Highway

	Vehicle Communication











Future Highway

	Automated Ramp and Roadway











The Future is Ours to Make
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4) Paving stones formed the surface 5) Kerb stones at the
of the road. These were cut so they sides held in the paving

fitted together tightly. ‘stones and made a channel
— o waer 0y
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1) At the botto of the trench, make a fim base.

the Romans put a big layer of stones.




pavimantum

nuceus

rudus

















THREE LAYERS OF 2'STONES > INPERVIOUS





MAJOR INDIAN TRIBES AND TRAILS
- 1760

‘Cheboygan Trail

Saginaw Trail

1. SAUK
2. MASCOUTIN

Shiawassee Trail

St Joseph Trail
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Figure 9-32. Plank-tread road
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