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A strain gage is attached horizontally to the cylindrical surface of a pressure vessel of
600 mm outside diameter and 7.50 mm wall thickness. Knowing that £ =200 GPa
and v=0.25 and the strain gage reads 120x107°, determine

(a) the three principal strains on the cylindrical surface of the vessel,

(b) the principal stresses in the wall

(c) the pressure inside the vessel

= 0




1. Plot a graph of bending moment M, at the midpoint of the beam as a function of the intensity w
of the uniform load. (EI =1x10'? N-mm®)
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A reinforced concrete short column is subject to an eccentric load P as
shown below. Find the maximum allowable P if the maximum usable

compressive strain of concrete is 0.0035. Ignore the contribution of

concrete tensile strength. Ay = Ap =45 in.?
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Please translate the following paragraphs into Chinese, and briefly elaborate your thoughts
on each paragraph.

1. The fundamental purpose of scientific discourse is not the mere presentation of
information and thought, but rather its actual communication. It does not matter how
pleased an author might be to have converted all the right data into sentences and
paragraphs; it matters only whether a large majority of the reading audience
accurately perceives what the author had in mind. Therefore, in order to understand
how best to improve writing, we would do well to understand better how readers go
about reading. Such an understanding has recently become available through work
done in the fields of rhetoric, linguistics and cognitive psychology. It has helped to
produce a methodology based on the concept of reader expectations.

2. Scientific research offers many other satisfactions in addition to the exhilaration of
discovery. Researchers have the opportunity to associate with colleagues who have
made important contributions to human knowledge, with peers who think deeply and
care passionately about subjects of common interest, and with students who can be
counted on to challenge assumptions. With many important developments occurring
in areas where disciplines overlap, scientists have many opportunities to work with
different beople, explore new fields, and broaden their expertise. Researchers often
have considerable freedom both in choosing what to investigate and in deciding how
to organize their professional and personal lives. They are part of a community
based on ideals of trust and freedom, where hard work and achievement are
recognized as deserving the highest rewards. And their work can have a direct and
immediate impact on society, which ensures that the public will have an interest in the
findings and implications of research.
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1.Please translate the following paragraph into Chinese. (15%)

Based on the findings of the comprehensive analytical and field study,
propagation of surfaceinitiated longitudinal wheelpath cracks is a Mode I
tensile failure mechanism and occurs only under critical conditions. Finite
element analysis of a cracked pavement was conducted to define the critical
design conditions at which crack growth will occur, as a function of several
pavement structural factors that were varied to determine their individual
effects on crack propagation. Results indicated that it is necessary to model
cracks and discontinuities and predict stress redistributions at the crack tip, as
well as compute the direction of crack growth. The analyses showed that crack
growth must be analyzed using realistic load spectra to adequately predict
pavement performance since load positioning was found to be the overriding
contributor to crack growth. In particular, to predict failure and to determine
future design conditions, load wander must be considered along with the use of
measured tire contact stresses.

It may also be concluded that additional factors must be included in a
future approach to pavement design, such as crack length and
temperature-induced stiffness gradients in asphalt concrete, because of their
significant effect on the tensile response of surface cracks. Therefore, a
sensitivity analysis should be developed for determining the rate of crack
growth relative to time. Once the crack-growth rate relative to time is a defined
parameter, it may be adopted as a pavement management strategy. It is
suggested that the period of time when the crack rate slows down should be
defined; however, additional field and mixture information is needed to define
this length of time in order to establish guidelines for pavement management.

2.How would you design a pavement thickness with the figure shown below to protect subgrade
soil from vertical damage? (10%) -
o5 vertical stress in subgrade at depth z ; q: loading pressure; a: radius of loading
:—z <100 (%)
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Figure 2.2 Vertical stresses due to circular loading. (After Foster and Ahlvin
(1954).)
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Although pavement design has gradually evolved from art to science, empiricism still plays
an important role even up to the present day.

What do you think that which parts of the pavement design belong to art? And which parts
of the pavement design belong to science?
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TECHNICAL NOTES

Highway Route Optimization Based on Accessibility,
Proximity, and Land-Use Changes

Manoj K. Jha, P.E., MAASCE'; and Eungcheol Kim?

Abstract: Accessibility, proximity, and land-use changes over time are important considerations in highway route selection. Highway
users while benefiting from living closer to highways also pay a price for living close to them due to increased noise and pollution.
Although noise and air pollution considerations have long been emphasized in land-use planning, their relative impacts in selecting
a highway route are not fully understood. This research is motivated by a recent Federal Highway Administration initiative in which
a national workshop involving participation from Departments of Transportation is proposed to understand current practices of including
noise and air pollution in land-use planning. Formulations for accessibility, proximity, and land-use changes are developed and incorp-
orated into a previously developed highway alignment optimization model by our research team. An example problem is presented to
check the sensitivity of alignments to accessibility, proximity, and land-use change. The results indicate that accessibility, proximity, and

land-use changes can greatly influence the selection of highway routes.

DOI: 10.1061/(ASCE)0733-947X(2006)132:5(435)

CE Database subject headings: Highway design; Alignment; Optimization; Air pollution; Routes.

Introduction

The highway development process is a complex and time-
consuming process. It consists of five key stages: (1) planning; (2)
project development; (3) final design; (4) right-of-way; and (5)

-construction. In the planning stage the project scope and changes

in land-use patterns due to the proposed development should be
carefully considered. While accessibility of highways may be
thought of as an incentive to the highway  users there
is also a disutility associated with living closer to the highways
due to increased noise and pollution. A new highway can attract
new housing developments, business, and industry due to im-
proved access, resulting in significant changes in land-use pattern.
Effects of these changes over time should be considered in the
planning stage since the decisions made at this stage could result
in considerable time and money savings.

Federal Highway Administration Initiatives

The Federal Highway Administration’s (FHwA) 1998 National
Strategic Plan contains the strategic goal, “Protect and enhance

' Assistant Professor, Dept. of Civil Engineering, Morgan State Univ.,
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the natural environment and communities affected by highway
transportation.” Thus the abatement of highway traffic noise is a
FHwA priority, linked directly to the strategic planning process.
Emphasis should be given to mitigating highway traffic noise
through land-use controls. :

The federal government has essentially no authority to regu-
late land-use planning or the land development process. However,
the FHwA and other federal agencies can encourage state and
local governments to practice land-use planning and control in
the vicinity of highways. The FHwA advocates noise-compatible
land-use planning, i.e., local governments using their power to
regulate land development in such a way that noise-sensitive
land-uses are either prohibited from being located adjacent to a
highway, or that the developments are planned, designed, and
constructed in such a way that noise impacts are minimized.

Some state and local governments have enacted legislative
statutes for land-use planning and control. For example, the state
of California has legislation on highway noise and compatible
land-use development. This state legislation requires local gov-
ernments to consider the adverse environmental effects of noise
in their land development process. In addition, the law gives local
governments broad powers to pass ordinances relating (o the
use of land, including, among other things, the location, size,
and use of buildings and open space. Although other states
and local governments have similar laws, the entire issue of land-
use is extremely complicated, with a vast array of competing
considerations entering into any actual land-use control decisions.

In this work we extend our highway alignment optimization
(Jong et al. 2000; Jha 2003; Jong and Schonfeld 2003;
Jha and Schonfeld 2004; Jha et al. 2006) research by considering
accessibility, proximity, and land-use changes in the highway
planning process. We formulate two costs associated with
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accessibility: cost of accessing the proposed highway (we call it
access cost) and disutility associated with the proximity of the
highway (we call it proximity cost).

Model Formulation

The access and proximity costs are formulated and used in the
optimization algorithm previously developed by our research
team (Jha and Schonfeld 2004; Jha et al. 2006). The description
of highway alignment optimization approach, justification of
genetic algorithms for optimization, as well as geographic infor-
mation system application for working directly with real land-use
maps are well-documented in our previous works (Jong and
Schonfeld 2003; Jha and Schonfeld 2004). The accessibility cost
($), C4, can be specified as

C.\=C“+Cb ([)

where C, =proximity cost ($), i.e.. disutility of living close to the
proposed highway; and C,=access cost ($).

C, and C, can be intuitively defined as the dollar value of
negative utility of living close to a highway and accessing a high-
way, respectively. They can be represented as functions of the
access distance, o, which is defined as the instantaneous distance
of a moving point along the proposed highway from the centroid
of a property P; (Fig. 1). It is noted that the actual distance to be
traveled by users residing on property P; may be longer since they
may have to travel through an actual street network in order
to access the highway. However, realistic formulation of d; will
require the availability of all design details of the highway, which
is generally not available in the planning stages. If a sufficiently
developed road network of the study area was available d, can be
calculated using standard geographic information system software
with spatial analysis capability [see Samanta et al. (2005)]. There-
fore consideration of the minimum distance as described in Fig, |
may be reasonable for planning applications. However, it needs
further refinement in our future works.

Conceptually, the disutility of living closer lo a highway, C,,
will be higher for smaller d’s and will decrease with increasing d
{Fig. 2). The access cost, C,, will increase with increasing d up to
a maximum value after which it will become almost insensitive to
d (Fig. 2). Thus, C, can be expressed as

n

Cn: 2 g(sir"-sic*‘s‘)

.
Pi=t %

where

8,=1 ifi=r (0 otherwise)

8,.=1 if i=c (0 otherwise)

@

du=1 ifi=u (0 otherwise)

« =disutility cost coefficient r  ($ per km)

In Eq. (2) r, ¢, and u denote residential, commercial, and
industrial properties, respectively. We use four land-use patterns
in this work: commercial (c), rural (r), agricultural (z), and
industrial (u). It is assumed that only residential, commercial,
and industrial land-use types incur accessibility costs. Further, it

search space

Fig. 1. Measurement of accessibility distance

is assumed that access and disutility costs only depend on the
instantaneous distance and do not vary for different land-uses.
Based on the above explanation, C, can be expressed as

n

Cp= 2, BIn(d)8, +3,+8,}
Pri=t

where

3, =1 ifi=r (0 otherwise)
3,.=1 ifi=c (0 otherwise)
8, =1 if i=u (0 otherwise)

B =access cost coefficient t  ($ per km)

Substituting Egs. (2) and (3) in Eq. (1) the total accessibility cost,
C,. can be expressed as

n

CA = 2 {8i1'+ 811' + siu}lig' + B In(dx)jl (4)
Pyi=1 d;
The variations in access cost, disutility cost, and total accessibility
cost with distance are graphically represented in Fig. 2.
The above formulation does not yet consider changes in land-
use pattern over time. When a highway is constructed it is
imperative that some of the agricultural or barren lands may be

Total Accessibility Cost

Cost (3}
o
Proximity Cost
* >

Distance (km)

Fig. 2. Variation of access, proximity, and total accessibility costs
with distance
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Fig. 3. Optimized alignment for Case 1

used for new residential, commercial, or industrial developments
in the future. The model, therefore, should also account for effects
of future changes in land-use pattern on accessibility cost. Also,
the proposed methodology is only suitable to optimize alignments
with access points and may not be appropriate for optimizing
closed or semiclosed highways. Let n' be the total number of
properties in year 1. [t is assumed that only four land-use types
are available: residential. commercial, industrial, and agricultural.
Now let us define the following terms:

n

l’l: = 2 (Sir+ Sic + 8iu)

i=]
ny = number of agricultural properties in year 1 =n! —n}(=0)

2_ 1 2 2l
ny=n; +max(x).0), x;<ng

)

m =} + max(x3,0), xi<(n)-x})

-1
n'l :n'l_‘ + max(x’l,O), x[] = n(')_ E x‘i
k=1

where n}=number of residential, commercial, and industrial prop-
erties in the current year; and x>=agricultural or barren properties
whose land-use pattern is changed to residential, commercial, or
industrial in the second year. In general, x{=agricultural or barren
properties whose land-use pattern is changed to residential,
commercial, or industrial in the tth year.

Thus the net present worth of total accessibility cost over
T years can be expressed as

1
ny

o
Ca= > (3y+08,+ aia)h +B 111((1,.)}
Pri=l i

-1
T x)

1 o«

where r= interest rate.

Fig. 4. Optimized alignment for Case 2

In order to test the sensitivity of a new alignment to the acces-
sibility cost, C,, as described in Eq. (6) above, we perform an
example study using the real Geographic Information System
(GIS) database from Anne Arundel County, Md.

Example

First, an ArcView GIS compatible property map is obtained
(background map in Fig. 3) for the study section, which contains
the geographic features and properties in the region of interest.
The land-use types are also contained in the map. The study
section contains 2,329 properties and occupies an area of about
1.94 km?. Of those properties 31 are zoned agricultural and
the remaining are zoned either residential, or commercial, or
industrial. In the background map in Fig. 3 centroids of agricul-
tural and nonagricultural properties are represented as rectangular
and circular points, respectively. Dense residential, commercial,
and industrial regions can be seen as clustered points. The given
endpoints for alignment construction are shown as two thick
points. The following four cases are designed:
« Case 1. Optimization using current year's land-use pattern,
which considers the minimization of total accessibility cost;
+ Case 2. Optimization using current year’s land-use pattern,
which considers the minimization of access cost only;
+ Case 3. Optimization using current year's land-use pattern,
which considers the minimization of proximity cost only; and
+ Case 4. Optimization using future land-use pattern changes.
which considers minimization of total accessibility cost.

Case 1

In this case we only consider current year’s land-use patterns and
perform an optimal search to minimize total accessibility cost.
The search is performed for 200 generations. The optimized
alignment at the 200th generation is shown in Fig. 3. It has
a length of 3.41 km and its total accessibility cost is $1.07133
million. The optimized alignment atiempts to enhance access-
ibility of as many nonagricultural properties as possible while
minimizing the disutility cost. The « and B values in Eq. (4) are
taken as 50 and 80, respectively. It is noted that configuration
of the optimized alignment may have been different if different ot
and B values were used since it will change the sensitivity of
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Fig. 5. Optimized alignment for Case 3

access and proximity costs on alignment selection. The algorithm
attempts to obtain the best trade-off between access and proximity
costs that minimizes the total accessibility cost.

Case 2

The model is run for 200 generations in this case to obtain an
optimized alignment, which minimizes access cost only. The B

Table 1. Changes in Land-Use Pattern over Time for Example Study

Year
Land-use
type 1 2 3 4 S
Agricultural (A) 31 23 17 8 3
Commercial {C) 2,298 2,306 2312 2,321 2,326

+industrial (1)
+ residential (R)

value is taken as 80. The optimized alignment which is shown in
Fig. 4 has a length of 3.68 km and access cost of $1.063 million.
A comparison of the alignment configuration with that obtained
in Case | indicates that the alignment attempts to serve as
many nonagricultural properties as possibie. The Case 1 opti-
mized alignment is slightly different since proximity cost is also
considered in that case.

Case 3

The model is again run for 200 generations in this case but only
proximity cost is minimized this time. The a value is taken
as 10,000. A higher value of o will force the alignment to stay
as far as possible from residential, commercial, and industrial
neighborhoods. The optimized alignment obtained after 200
generations is shown in Fig. 5. It can be seen that the aligmment

2orm naya
g

Fig. 6. Changes in land-use pattern over time: (a) land use pattern at the end of the second year; (b) land use pattern at the end of the third year;
{c) land use pattern at the end of the fourth year; and (d) Jand use pattern at the end of the fifth year
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Fig. 7. Optimized alignment for Case 4

has a tendency to stay away from denser communities since
the objective was to minimize proximity cost. The alignment
length and proximity cost are found to be 2.4 km and $6,939.54,
respectively. The alignment is much shorter in this case because it
attempts to avoid impacts to larger residential, commercial, and
industrial regions.

Case 4

In this case we consider the changes in land-use pattern over time.
It is assumed that the changes occur over a 5-year period. The
assumed interest rate is 6%. The changes in land-use pattern over
time are shown in Table 1, they are also shown in Fig. 6. The
centroids of agricultural properties at the end of every year are
shown.in dark. The total accessibility cost which is represented as
Eq. (6} is used to perform the optimal search for 150 generations.
The « and § values are taken as 80 and 10,000, respectively. The
higher B value is taken to make the alignment selection more
sensitive to proximity cost, to be able to clearly see its effects.
The optimized alignment is shown in Fig. 7. The background map
in Fig. 7 is the land-use pattern at the end of the Sth year, The
length and accessibility cost of the optimized alignment are
3.29 km and $5.12 million, respectively. The higher accessibility
cost is due to the consideration of future changes in land-use
patterns.

Conclusions

The examples demonstrate that one can select different highway
routes depending on the relative weights of access and proximity
costs. The results also demonstrate that change in land-use pattern
over time should be considered in alignment selection as its con-
sideration may significantly change the alignment configuration.
In future works we will use a more realistic calculation of access
distances using an actual street network in the analysis region and
using ArcView GIS’s network analyst extension for performing
spatial analysis for access distance calculation (Samanta et al.
2005). A more realistic value of unit access and proximity costs
will also be considered in future works.
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