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Statistical Analyses on the Collisions with Roadside Obstacles
and Development of Roadside Hazard Model

Kazuo SAITO *, Yuzo MASUYA ** and Kennichi ISHII ***

Abstract

Single-vehicle accidents, especially collisions with roadside hazards are a major highway safety problem in many
countrles Accident statistics indicate that the probability of occupant fatality in these accndents is significantly
hlgher than most other accident types. However, this problem has been paid little attention in the highway safety re-
search in Japan.

In this paper, therefore, some attempts are made to idenify the magnitude and nature of the problem by reviewing
the findings of recent studies in many countries, to perform some statistical analyses on the collisions with roadside
objects in Hokkaido, and to develop a simple roadside hazard model for estimating the hazard for particular road-
side object.

A limit study on the roadside accidents in Hokkaido reveals that nearly two-third of the fatalities are caused by a
striking a utility pole and a longitudinal guardrail. The effects of alignment on roadside accidents and deperture
location are defined. In discriminant analysis, it is found that the most important factor contributed to the fatal acci-
dent potential is an impact speed, and the second contributor is the kind of vehicle. Based on the results, logit model
is developed for estimating the probability of fatal accident in roadside impacts.

The simple roadside hazard model is developed for the conditions that vehicles will encroach to the left-side and
collide with particular object on a tangent section of two-lane highway. This model consists of accident model, en-
croachment model and fatal probability model. This model is applied for the simulation in case of electric pole and

the results suggest that an estimated accident rate is almost similar to an actual one in National highway sygtem in
Hokkaido.

1. Introduction

Single-vehicle accidents, especially collisions with roadside hazards involving “man-made” ob-
jects, are a major highway safety problem in many countries. The typical roadside contains many
features that are potentially hazardous to encroaching vehicles and their occupants. The problem
increases with growing traffic volumes and increasing man-made or planted objects such as fences,

lighting standards, utility poles, bridge abutments and trees.
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Highways, however, cannot expect to exist in a vacuum. They are an integral part of any highways
and many roadside objects are needed for the control, management and aesthetic enhancement of
the highway and its traffic. On the other hand, it is desirable to provide a roadside clear zone for
stopping of encroached vehicle. The run-off-the-road type accident resulting in a collision with a
fixed object is an expression of the conflict of problem which results from this conflicting require-
ments.

Accidents involving fixed roadside objects, as compared with other types of traffic accidents, in-
volve not only the responsibility of the driver, but also that of the highway and traffic engineer.
Despite the importance of the problem, this typé of accidents has been paid little attention in the
highway safety research and has not been studied on their highway-related aspects in Japan. The
lack of the study is probably attributable in part of traditional beliefs that single-vehicle are the
fault of the driver rather than the roadway. As a consequence, engineers have remained compla-
cent with respect to their responsibilities for this type of accident, and have justified their inac-
tion on the assumption that appropriate remedial action is beyond their control.

In this study, therefore, it was attempted to make a comprehensive study on the collisions with
roadside objects in Hokkaido Prefecture, Japan. Based on the findings of the study, it was also

attempted to develop a simple roadside hazard model for evaluating the risk of roadside objects.

2. An Overview of The Problems

The fact that collisions with fixed roadside hazards are more severe than most other accident
types has been a well-established finding of accident reserch and investigation in many countries.
For example, a report of OECD Road Research Group in 1975 showed an accident statistics of
OECD Member countries that approxmately 10—20 percent of all persons killed in traffic acci-
dents are victims of roadside obstacles, and synthesized the research on roadside obstacles [1]. A
“Fixed Roadside Hazards Symposium” was held in 1977 in Australia to emphasize the problems
and suggest possible means of overcoming the increasing trend in the number and severity of run-
off-the-road type accidents [2]. More recently, Mc Carthy [3] indicated the importance of the prob-
lem by examination of the traffic fatality distribution in the United States for 1984 by most harm-
ful event that on all highways, over 36 percent of the fatalities were caused by striking roadside
objects such as trees, poles, and embankments. Similarly, a roadside object was judged to be most
harmful event in 47 percent of the fatalities on the Interstate System. Similar problem in Japan is
illustrated in Fig. 1, which shows the distributions of all personal—injury accidents and fatal acci-

dents in 1985 [4]. The serious consequences of single-vehicle accidents is shown in this figure
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A1l Accidents (Fatal and Injury) Fatal Accidents
Railway crossing 0.1 Pedestrian Railway crossing 1.5

Numbers are expressed as percentage Numbers are expressed as percentage

Fig. 1 Percentage Distribution of Accidents by Type

that over 27 percent of fatal accidents were caused by single vehicle accidents which were only in
5.5 percent of all personal-injury accidents. Furthermore, an examination of fatal single-vehicle
accident reveals that 56 percent were caused by collisions with fixed objects and 24 percent were
caused by vehicle rollover. Clearly, single-vehicle accidents represent a major highway safety
problem with massive social costs.

A number of studies have sought to investigate the characteristics of roadside accident. Pioneer-
ing studies of roadside encroachments and accidents were conducted by General Motors [5]. A
study conducted by Wright and Robertson [6, 7] analyzed more than 300 fatal accidents in Geor-
gia which involved roadside objects to determine correlating conditions within 528 feet of the col-
lision site. It was found that over one-half of the collisions with roadside objects occurred at or
near horizontal curves greater than six degrees. Hall et al. [8] also studied the nature of single-
vehicle accidents involving fixed objects along the roadside and found that these accidents occur-
red most frequently during darkness and / or on horizontal curves. Hutchinson and Kennedy [9]
studied the problem of roadway departures; they investigated vehicle enchroachment into median
areas and developed distributions for angular deperture from the roadway. Perchonok et al. [10]
reviewed accidents on divided and undivided roadways according to many aspects of alignment.
They found there was a pronounced tendency for vehicles to depart the right side of the road. A
reasonable explanation is that if a vehicle leaves the travel lane to the left, the adjacent lane often
provides room for recovery. Many findings of these and another studies are summarized by Tignor

et al. [11].
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The most desirable roadside is one that is relatively flat and free of obstacles. If ample recovery
room is provided, the errant vehicle driver may be able to return to the travelway or stop safely.
Therefore, eliminating all roadside hazards is the most desirable alternative. If it is impossible to
eliminate, next would be to move objects further from travelway. If it is unable to be removed or
relocated, then it may be necessary to make objects breakway or to shield them [12]. Idealy, every
altenative engineering solution to every fixed roadside hazard should be evaluated in order to de-
termine the best solution. Glennon [13] suggested an evaluation procedure based on a detailed in-
ventory of every roadside hazard along a particular route and evaluation of a number of engineer-
ing solutions relating to that hazard. Koike [14] reported the development and application of the
Roadside Hazard Simulation Model (RHMS) which was developed in Canada for comparing road-
side designs and obstacles.

Cost-effective treatment for roadside hazards require warranting criteria based upon accident
and/or encroachment models and an effectiveness estimate of the palnned countermeasure. That is,
to quantify the expected benefits of a safety improvement, estimates are needed as to the expected
number and type of vehicle impacts with the roadside object. To develop warrants for the roadside
object, the encroachment or run-off-the-road accident rate and type must be defined as a function
of highway geometry and traffic distribution. As a minimum, these data should include vehicle
speed, vehicle departure angle, and the lateral distance traveled from the edge of the roadway [3].

Based on an overview of the problems described here, it is emphasized that there has been an
intensive effort to make the roadside of highways more safely, but much is still to be done both in
design concepts and implentations. It is also emphasized that more information on the road user,
vehicular and highway enviromental factors contributed to roadside accidents would be interna-
tionally provided. Another emphasized is a need for development of roadside hazard model to ev-

aluate the risk of roadside objects and to estimate an expected benefit of a safety improvement.

3. Analysis of The Characteristics of Roadside Accidents

In order to determine characteris- Table 1 A Number of Accidents Analyzed and Their Severity

tics of personal-injury roadside acci-

dents, the StUdy was de31gnd to com- Fixed Object Accident Rollover Accident

pare fixed object accident and rollover Severity Accidents Persons Accidents Persons
Fatal 182 202 133 139
accident in Hokkaido for 1983 and Serious 263 367 249 350
. Light 472 918 452 977
1985. A number of accidents analyzed
and their severity are illustrated in Total m 1487 834 1359
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Table 1. The percentage of fatal accident is 19.8 for fixed object accidents and 15.9 for rollover
accidents. Table 2 shows distribution of accidents killed persons by type of objects. It reveals that
nearly one-third of the fatalities were caused by a vehicle striking a utility pole and another one-
third were caused by a vehicle striking a longitudinal gurdrail.

The effect of alignment on accident occurrence

Table 2 The Distribution of Accident and Persons
was also studied. The result is illustrated in Killed by Type of Fixed Objects

Table 3, which shows higher percentage of right

curve accidents than left curve accidents and  Tyee of Object Accidents Persons Killed
Electric Pole 318 63
also shows higher percentage of downgrade acci- Guard Rail 225 63
. . Bridge/Bridge Rail 97 22
dents than upgrade accidents. Because it can be Wall/House 62 6
assumed that right and left curves experience  Sign Pole 32 5
Median/Safety Island 24 7
equal vehicular travel, this implies 43 percent  other 159 36
hi . .
igher accident rates for right curves than for Total 917 202

left curves.

Similarly, because upgrades
Table 3 Accident Frequencies for Vertical and Horizontal Alignment
should have as much vehicular :

travel as downgrades, the acci- Vertical Horizontal Fixed Object Accident Rollover Accidents
dents rate for downgrades is Alignment  Alignment Accidents Percent Accidents Percent
Upgrade Right Curve 18 2.0 30 3.6
almost 100 percent higher than for Left Curve 13 1.4 15 1.8
. Tangent 29 3.2 18 2.2
upgrades. Flg' 2 shows the depar- Downgrade  Right Curve 57 6.2 61 7.3
ture locations by horizontal align- teft Curve s 3.5 39 &1
Tangent 32 3.5 31 3.7
ment. It can be found in this figure  Level Right Curve 165 18.0 165 19.8
. Left Curve 112 12.2 135 16.2
a pronounced tendency for vehi- Tangent 475 49.8 341 20.8
cles to depart the left side of the  Other 2 0.2
road (vehicle travels left side in
Total 917 100.0 834 100.0

Japan).

An impact speed would be a
major factor for determining the

. . . 184

severity of an accident. Therefore, it - I, 55
is attempted to compare an estimated /r 7}? % % \
impact speed and fatality rate which 5 6
is defined as a number of killed per- Fig. 2 Deperture Location and Accident Frequencies

by Horizontal Alignment
sons per 100-accident. Table 4
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shows a distribution of fatality rate
Table 4 The Distribution of Fatality Rate by Type of Accidents

by two types of accident, fixed object and Impact Speed

accidents and rollover accidents. It

. Estimated Fatality Rate (Persons Killed/100-Accident)
can be seen from this table that the Impact Speed Fixed Object Accident Pollover Accident
fatality rate increases rapidly as an Under 40 km/h 6.7 n.8

40 - 60 km/h 9.6 8.0

impact speed increases and tendency 60 - 80 km/h 23.6 16.1
. . N 80 -~ 100 km/h 53.5 28.9

pronounces for fixed object accidens, over 100 kn/h 87.2 5.3

especially for gurdrail and median im-

pacts.

4. Development of Model for Estimating The Probability of Fatal Accident

The purpose of the analysis in this section is to develop a model for estimating of the probabil-
ity of driver fatality as a function of contributing factors in fixed object accidents. For this pur-
pose, two kind of analyses were attempted, one was a discriminant analysis and the other was
logistic regression analysis.

4.1 Discriminant Analysis of Roadside Accidents

A discriminant analysis is a statistical procedure and is used when statistically distinguishing
among two or more populations which are (1) defined as being different in some manner; and (2) de-
scribed by a multitude of independent variables. In concept, a road safety researcher applying dis-
criminant analysis wants to know what it is that makes the accident—ralated populations different
[15, 16].

Discriminant function used in this D' distribution for 'D' distribution for
analysis was a quantification theory type non-fatal’ accidents ‘fatal” sccidents

II which was developed for use of catego-

rized data (qualitative data) in the factor \
\
analysis as following: \
\
D=Dbxi+ boxpt e b r, \
// \\
where; D = a non-dimensional “discrimi- f
nant score”
b’ s = weighting constant (category Ly and Muare the mean 'D' scores for the distributions

of non-fatal and fatal accidents

score) for each category of a
) ) Fig. 3 Conceptual Discriminant Score Relationship
given variable for Non-Fatal and Fatal Accident Populations

x’s = categorized values (to be assign 1
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or O for each category) of the variables selected in the analysis
Two populations, fatal injury accidents and non-fatal injury accidents, were used to know which
of the many driver-related, vehicular, geometric and environmental variables best described

propensity to be a fatal injury accident or non-fat-
Table 5 The Absolute Values of Partial Correla-

al injury accident. Fig. 3 shows, in concept, D tion Coefficient for Each Variable

scores for fatal injury accidents would be similar,

Variable Partial Correlation Coeff.

and significantly different from the D scores for

o . . Month of Year 0.050

the non-fatal injury accidents. In the analysis, the 1. of the Day 0.136
weighting coefficients of discriminant function are  Yeather 0.028
Type of Road 0.076

statistically determined as such a manner that the  Age of Driver 0.176
X L. . ( lati | X Road Surface Conditions 0.005
discrimination of two populations would be maxi- Geographical Features 0.073
mized. The results of an analysis are illustrated in ~ Alignment 0.071
Width of Travelway 0.066

Table 5 which summarizes the absolute values of  Kind of Vehicle 0.288
. . . . Type of Accident 0.058
partial correlation coefficient for each variable. Estimated Inpact Speed 0.437
Evaluation of the results shows that estimated im-  Driving Experience 0.143
Departure Location 0.117

pact speed is the most important factor to be con-

tributed to the fatal accident potential in fixed ob-
ject crashes. The second contributor to the fatal accident potential is kind of vehicle which may
relate to vehicle weight, the third contributor is driver’s age.
4.2 Logistic Model of the Probability of Fatal Accident
Based on the results of this analysis, it was attempted to develop a model to estimate the prob-
ability of fatal accident as a function of impact speed and vehicle weight (more precisely, exhaust
capacity of engine as an alternative of vehicle weight). In this analysis, the driver injury was tre-
ated as a discrete, binary variable; fatal injury (=1) and non-fatal injury (=0). Impact speed and
exhaust capacity were treated as a continuous variable. In order to obtain the probability of driv-
er fatality as a function of impact speed and exhaust capacity, standard logistic regression proce-
dures were used [17]. Equations of the following form were then generated:
P=-exp(a+ byxy +baxy)/[1 + exp(a+ byxr + box )]
where : P = probability of driver fatality
X1 = impact speed
x2 = exhaust capacity of vehicle engine
a and b's = regression coefficients

Maximum likelihood estimates of a, by and b2 were obtained for rollover accidents and three
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types of roadside objects; electorical
poles, guard rails, and bridges rails, as
shown in Table 6. Except the case of
bridges and bridge rails, b; and bz are
positive and this imply that the probabil-
ity of driver fatality becomes higher as
the impact speed and exhaust capacity of

vehicle engine increase, as shown in Fig.

Table 6 The coefficients of Logit Model Determined

Type of

Accident
Fixed Object
Electric Pole

Gurd Rail

Bridge

Rollover

Coefficients of Logit Model

—a _b ___Eg__

1—

-3.32535  0.04157  0.00008
-4.84979  0.05419  0.00025
-1.65547  0.03014 -0.00018
-1.67348  0.01404  0.00032

4 for rollover accidents, in Fig.5 for electrical poles, and in Fig. 6 for guard rails. In case of

bridge and bridge rails, however, the coefficient of bz is negative and then the curve of probability

X\: Estimated impact speed (km/h)

P: Probability of fatal accident

P: Probability of fatal accident

0.0 2.0 4.0 6.0 8.0

Xp: Exhaust capacity of vehicle engine (cc)

Fig. 4 Probability of Fatal Accident in
Rollover Accidents

Xyi Estimated impact speed (km/h)
120

[

80

40

P: Probability of fatal accident

10. 0
(x10")

°
©
\

P: Probability of fatal accident

0.0 2.0 40 6.0 5.0
Xpi Exhaust capacity of engine (cc)

Fig. 6 Probability of Fatal Accident in
Collisions with Gurd Rails

10. 0
(x10")

X,: Estimated impact speed (km/h)

120

—

Xyt Exhaust capacity of engine (cc)

Fig. 5 Probability of Fatal Accident in

Collisions with Electric Poles

)(1: Estimated impact speed (km/h)

120
. 100
.6
.8 80
.4

80
.3

40

0

Fig. 7

2.0 40 6.0 8.0 10.0
(x100;
Xp: Exhaust capacity of engine (cc)

Probability of Fatal Accident in
Collisions with Bridge / Bridge rails
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of driver fatality have negative slope as shown in Fig. 7. Since this depends partially on the small
sample size of this accident type, it seems that much work is required to better define the model

for this type of accidents.

5. Development of Roadside Hazard Model

The cost-effectiveness model developed by Glennon [13] provides a basic analysis for compari-
sion of roadside improvements. The model depends on the concept that an injury-producing road-
side impact is a result of a sequence of four conditional events. First, the vehicle must be within
the descrete increment of roadway associated with a potential collisions with the roadside objects.
Then, roadside encroachment must occur. Next, the lateral displacement of the vehicle must be
great enough for collision with the roadside object. And finally, the collision must be of sufficient
magnitude to produce an injury.

This sequence of events suggests a conceptual approach for evaluating the degree of hazard for
roadside objects. Although the model is conceptually attractive and presents the most advanced
analysis technology, it is somewhat complex to use, especially for practicing engineers. In this
study, therefore, it was attempted to develop a more simple roadside hazard model for tangent sec-
tion of two-lane highway.

5.1 Roadside Hazard Modeling

The modeling approach considers the conditions which vehicles will encroach to the left-side
and collide with certain object on a one-kilometer length of tangent section of two-lane highway.
Fig. 8 is a schimatic illustration of unit highway length associated with a particular roadside ob-
ject. The degree of hazard for roadside object is evaluated a number of fatal accidents per 100
millions of vehicle-kilometer traveled.

The first step of modeling is to construct accident model by which the single-vehicle accident
rate and then vehicular-encroachment rate can be estimated. An accident model used in this study
was derived empirically from the data based on 585 sections of two-lane highway in Hokkaido, as
following;

Y =625.6x "%  (r=0.702) (3)
where ; Y = single-vehicle accident rate (accidents / 100 millions of vehicle kilometers traveled)

x = traffic volumes (vehicles / 12 hours)

After the estimation of single-vehicle accident rate by using above model, the vehicular-en-

croachment accident rate to the left can simply be estimated by multiplying the percentage of left

side run-off-the-road accidents to the estimated single-vehicle accident rate.
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The next step of modeling is to construct a encroachment

model by which the probability of encroaching vehicle to

——a—)

colide with roadside hazard can be estimated. This model

W o

L3ARa4] 4O uOL3DBULQ

includes the expected distribution of encroachment angles ]. o

and the expected distribution of lateral displacements of en- _[ = _ T

croaching vehicles. As shown in Fig. 8, the range of en- \

croachment for a given roadside hazard at a given point \‘\

can be computed as follow: \\ \ﬁ:, *
tan 1 =a/ (Lo + x) \e(\\,,
tan 2= (a+ Wo + Wecosf2)/(x — Wesinb 2) :

where; x = longitudinal distance from furthest downstream

encroachment point (m)

a = lateral placement of roadside hazard (m) A

6 =angle of encroachment
angie croachmen Fig.8 Schimatic Illustration of Roadside

Lo = longitudinal length of roadside hazard (m) Object and Its Relationship to an
Wo = lateral length of roadside hazard (m) Encroaching Vehicle
We = width of vehicle (m)

If the expected distribution of encroahment angles and the expected distribution of lateral dis-
placements of encroaching vehicles are known, the probability of impact of encroaching vehicle can
be computed. Then, the vehicular-encroachment accident rate multiplied by this probability of im-
pact gives the fixed object accident rate.

The third step modeling is to estimate the severity level of impact. In this modeling approach,
the probability model of fatal accident developed in this study is incorporated for particular road-
side object. If the impact speed and the exhaust capacity of encroaching vehicle are given, the
probability of fatal accident can easily be estimated by using of developed probability model.
Finally, the fixed object accident rate, which is estimated in the second step, multiplied by the esti-
mated probability of fatal accident gives the fatal accident rate for paticular object.

5.2 Example of the Model Simulation

An Attempt was made to estimate the accident rate in case of collisions with electric pole in
Hokkaido by using of simulation model developed in this study and the estimated accident rate
were compared with an actual one for the validation of simulation model. It was assumpted for

simulation that the spacing of each electoric pole was 50 meters, the size of pole was 0.5 meter

and width of vehicle was 1.7 meter as shown in Fig. 9. Since the expected distributions of

10
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encroachment angles and lateral placement of encroaching
vehicles have never been developed in Japan, the relation-
ships developed by Hutchinson and Kennedy [9] and Glen-
non and Walton [17] were adapted respectively in this case
study. The simulation was performed for two variables,
traffic volume and lateral placement of pole. The results of
simulation are shown in Fig. 10 for accident rate. It can be
seen from this figure that the accident rate decreases as
traffic volume and lateral placement of pole increase. It
shoud be noted that the accident rate sharply decreases as
a lateral placement of pole increases until 3.0 meters. This
suggests that locating or relocting of the electoric pole
béyond 3.0 meters may significantly contribute to decrease
the accident rate of pole impact.

For the validation of simulation model, it was attempted
to compare the simulation results for the average conditions
of national highway system in Hokkaido with actual acci-
dent rate of electoric pole. The result shows that an acci-
dent rate is almost similar to an actual average accident
rate of pole impact for 1983
to 1985. 10

5000

10000
15000
20000

Accident rate (acc./100 milliom kilos. of travel)

Pole

O

{3ARUY JO UOLFDAULQ

Fig. 9 Schimatic Illustration of Electric
Pole and Its Relationship to an
Encroaching Vehicle

: Traffic volume (vehicles/12 hours)

a: Lateral displacement (m)

Fig. 10 Relationship Between Accident Rate, Traffic Volume and
Lateral Displacement in Case of Collisions with Electric Poles

11
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6. Summary

In this study, some attempts were made to define the magnitude and nature of the problems fo-
cused on the run-off-the-road type accident by reviewing the findings of recent studies in many
countries, to conduct a comprehensive study on the collisions with roadside hazards, and to de-
velop a roadside hazard model for estimating the accident rate of roadside objects.

In an overview of the problems, it is emphasized that there has been an intensive effort to make
the raodside of highways more safely but much is still to be done both in design concepts and im-
plementation by highway and traffic engineers. Another emphasized is that there is a need for de-
velopment of roadside hazard model to evaluate the degree of hazard of roadside objects and to
estimate an expected benefits of a safety improvement.

A limit study on the roadside accidents in Hokkaido reveals that nearly one-third of the fatali-
ties were caused by a striking a utility pole and another one-third were caused by a vehicle strik-
ing a longitudinal guardrail. The effect of alignment on roadside accident and the departure loca-
tion by horizontal alignment were defined in this study. It is found by discriminant analysis that
the most important factor to be contributed to the fatal accident potential in fixed object crashes is
an estimated impact speed, the second contributor is the kind of vehicle which may relate to vehi-
cle weight, and the third contributor is driver’ age. Based on these results, logistic type model for
estimating the probability of fatal accident is developed as a function of an impact speed and an
exhaust capacity of vehicle engine which is an alternative of vehicle weight.

The simple roadside hazard model (simulation model) is developed for the conditions that vehi-
cles will encroach to the left-side and collide with certain object on a tangent section of two-lane
highway. This simulation model consists of accident model, encroachment model and fatal probabil-
ity model. This model is applied for the simulation in case of electric pole. Except the distributions
of encroachment angles and lateral displacement of encroaching vehicles, input relationships used
for simulation are developed in this study. The results of simulation suggest that the accident rate
of pole impact decreases as traffic volume and lateral placement of pole increase, and locating of
the pole beyond 3.0 meters may contribute to decrease the accident rate of pole impact. For the
validation of the model, simulation is pferformed for an average conditions of national highway
system in Hokkaido and the result shows that an estimated accident rate is almost similar to an

actual one.

12



Statistical Analyses on the Collisions with Roadside Obstacles and Development of Roadside Hazard Model

References

[1] Road Research; Roadside Obstacles: Their Effects on the Frequency and Severity of Accidents, OECD
Road Research Group, 1975.

[2] Australian Road Research Board; “Fixed Raodside Hazards Symposium”, 1977.

[3] Mc Carcey, L.; “Roadside Safety-A National Perspective”, Public Road, March 1987.

[4] “Accident Statistics, 1986 Edition”, Japan Traffic Safety Association.

[5] Stonex, K.A. and Noble, C.M.; “Curve Design of Vehicle Paths on the Pennsylvania Tturnpike, Proceed-
ings, Vol. 39, Highway Research Board, 1960.

[6] Wright, P.H. and Robertson, L.S.; “Priorities for Roadside Hazard Modification: A Study of 300 Fatal
Roadside Object Crashes,” Georgia Institure of Technology, 1976.

[7] Wright, PH. and Robertson, L.S.; “Priorities for Roadside Hazard Modification”, Traffic Engineering, Au-
gust 1976.

[81 Hall, J. W., Burton, C.J., Copdage, D. E. and Dickinson, L. V.; “Road-side Hazards on Non-Freeway Facili-
ties”, Transportation Research Record 610, Transportation Research Board, 1976.

[9] Hutchison, ]. W and Kennedy, T. W.; “Saafety Considerations in Median Design”, Highway Research Re-
cord 162, Transportation Research Board, 1966.

[10] Perchonok, K., Ranney, T. A. Baum, S., Morris, D. F. and Epich, J. D.; “Hazardous Effects of Highway Fea-
tures and Roadside Objects, Volume 2: Findings”, Report No. FHWA—-RD—-78-202, Federal Highway
Administration, 1978.

[11] Tignor, S.C., Brinkman, C. P., Mason, J. M. and Mounce, J. M.; “Roadside Features (Chapter 3), Synthesis of
Safety Research Related to Traffic Control and Roadway Elements, Volume 1”, Federgl Highway Adminis-
tration, 1982.

[12] Rinde, E. A. and Smith, R. N.; “Conventional Road Safety”, ITE Journal, October 1981.

[13] Glennon, J. C.; “Roadside Safety Improvement Programs on Freeways: A Cost—Effectiveness Priority
Approach”, NCHRP Report No. 148, 1974.

[14] Koike, H.; “Roadside Hazard Simulation-Its Development and Application,” Proc, of Japan Society of Civil
Engineers, No. 359 / IV—3 (Infrastructure Planning and Management) 1985. _

[15] Saito, K. and Kaku, T.; “A study on the Identification of Locations Having Hazardous Characteristics by
Statistical Methods,” Transaction of Japan Society of Civil Engineers, Vol. 11, 1979.

[16] Neuman, T. R. “Discriminant Analysis as a Toll for Investigating Highway Safety Relationships, "ITE
Journal, October 1984.

[17] Griffin, I, L. L; “Probability of Driver Injury in Single Vehicle Collisions with Roadway Appurtenances
as a Function of Passenger Car Curb Weight,” Texas Transportation Institute, Texas A & M University,
1981.

13



s T OREREEOFI AN B § 5 i 52
(F=HF ok ek & B L C)

PRILECE, Fre B0, RRAHE, MREZER), R

Thermal Utilization of underground Environments
(On Storage of Cold Energy)

Masayoshi KOBIYAMA, Hakaru SAITO, kohki KISHINAMI, Akinori YOKOTA *!
and Hirofumi WATANABE *2

Abstract

The outer part of the earth crust on which we live has been producing many kinds of natural resources and it
maintains moderate temperatures on the earth by acting as a thermal storage with global scale. In order to save the
energy consumption, it is necessary to develop new technologies for utilization of the underground environments.

The authors have been developing underground facilities for utilization of the so-called cold energies obtained by
strong ice or snow of winter season, and have found that these systems are very effective in performance.

The thermal characteristics of the underground storage systems have been analyzed in this paper and are com-
pared with those of some ground storage systems. A simple method has been proposed to predict the thermal per-
formance of different types of thermal storage system. Finally a model, in which accumulation of snow on the ground
was taken into account, was introduced to clarify the insulating offects of snow layer upon the total thenﬁal per-

formance of storage system.
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The Condensation and Collection of Solar Energy
by a Reflection Sheet

Masayoshi KOBIYAMA, Hisao MATUMOTO*!, Kohji TANIFUZI*?
Tukasa YAMAMOTO*? and Satoshi MOROHASHI **

Abstract

The utility of natural energy, such as solar energy, has been looked over again to secure the energy resources and
to keep environment clean. As the solar energy has a defect of the energy density being low, in this paper, the au-
thors tried to improve this defect by the application of reflection sheet with free configuration.

Two systems with simple constructions for actual use are discussed here, that is, in the one system, the solar
energy is reflected and condensed by the sheet installed on the side wall of building which should be insulated from
solar radiation, in the other system, a reflection sheet is set in a green house and the solar radiation in the early
spring is reflected by this sheet and absorbed by the soil in this green house.

The characteristics of solar energy of both systems are investigated by the theoretical analysis and is resumed by

experimental test in the case of latter system. It is cleared that those systems are useful.
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Relation between Pressure Rise due to Freezing of
Water Filled in a Circular Tube
and Heat Transfer Conditions on the Surface

Hakaru SAITO

Abstract

Pressure rise due to freezing of water enclosed in a circular tube has been studied in this paper. A theoretical
model is established by considering the heat transfer conditions on the outer surface of the tubes, elastic deforma-
tions of the tube walls, and change in the freezing temperature of water due to the increase in pressure. Numerical
calculations were performed to integrate the theoretical equations. The calculated results showed a good agreement
with the experimental results.

The new dimenensionless parameters have been introduced, by combining the results thus obtained for various
different conditions, to correlate the pressure in tubes to heat transfer conditions on the surface and physical prop-
erties and the dimensions of tubes.
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AT K O BHEIE S & FMEME O IR

HESO/S L
10 REM #xx Ice Formation Analysis --  1989/4/17 *xx
38 DEF FNDRT(A, B, C, D, E)=. 454545%L0G(B/A)+L0G(C/B) /D+1/C/E
CLOSE
40 READ G$ T (xT 7 L IINBDFEHBIADK)
50 PRINT "774W X4 N ”;G$;” 5 1,”
60 LPRINT "774W 4 N 7;G$;” ¥ %.”
80 OPEN G$ FOR QUTPUT AS #1 TEHEATFANDE—F *)
90 READ SMT$, RM, RTH, TCS, PNS, ES T (EEE, BRI OYHEE T A GA )
100 PRINT #1, SMT$;”,";RM;",";RTH;",”;TCS;",";PNS;",";ES
110 R3=(RM+RTH)/1000!:R30=R3

120 READ VART, HTC, TIF, EPS, HS, MN T (FERRR, MEREL L ORMABF)

130 DT3=-TIF

140 PRINT #1, VART;”,”;HIC;”,”;TIF;”,”;EPS;”,”;HS;", " ;MN .

133 ggéFESUSING "Tube N & & 72 rl=HHHLHE nm S=#. ## nm  Es=HHE """ MTS
160° LPRINT USING "Tube A & & 7 rl=fi. 4 om  S=Hh 4 mm  Es=HHHHE"""":SMTS
, RM, RTH, ES

lggngéNT USING ” he=##t4. ## W/m2°C Tam=##t4. #1 °C S =Hf. it  H=#t4. ###47 ;HIC, TIF
180 PRINT USING ” Va=tf. #it# ”; VART

lggnggINT USING ” he=#tts. #f W/m2°C  Tam=f#ft. ## °C O =iy, {4t H=##. $44" ;HTC, TIF
200 LPRINT USING ” Va=##. #i# ”; VART

210 PRINT

220 PRINT "Time[h] &i[mm] P[MPa] Ti[°C] Do[mm] & 0X10**6”

230 ' LPRINT "Time[h] & i[mm] P[MPa] Ti[°C] Do[mm] £ 0X10*x8"

240 C1=.292893:C2=1.70711:C3=. 5349 " (*Runge-Kut t tais O FRE*)

250 RM=RM/10001! :RTH=RTH/1000! TR RA— MIVE I U A— NVICE#R)

260 IF VART=0 THEN 280

270 SCRIT=RM*SQR(1-12. 5*VART) : SND=SCRIT/RM

272 ° (+EEEB OB E*)

280 EI=9,8E+09:TCI=2.2:PNI=2.94:SVI=. 001087:SVW=. 001 :CPRW=4. 5E-10

290 HL=3348001:TIF=TIF+273.15:T1=273. 15:HLH=93. 02:C8W=1. 172

292 °

300 IF VART=0 THEN SCRIT=RM:TIMS=0:GOTO 360

310 BI=R3*HTC/TCS T (xR —BOFE*)

320 TND=SND"2+LOG(SND) /2+(1-SND"2)*((LOG(R3/RM)+1/BI)*TCI/TCS+. 5)/2' (¥FoX Stek)

330 TIMS=HLH*RM"2+#TND/SVI/DT3/TCI T (<INEBAG R D 3 Ex)

340 PRINT USING ” FoxSte=f#. #it#t™""" Bi=ff. ####™ """ Rerit=ff. ####°"""  TIMEc=#f. ¢
#H°"""" ; TND, BI, SND, TIMS

342 LPRINT USING ” FoxSte=H. #ittt™""" Bi=git. ####°"""  Rerit=ft. 4™ """  TIMEc=#.

##H4" """ IND, BI, SND, TIMS o o o e
%?SSPRINT 1, USING “H¥. HHHH""", #HHHHHE"""", $. BT, 4. #HHH"IND, BI, SCRIT,
360 S=SCRIT:PR1=01!:PR10=PR1:M=0:MP=MN:LB=1

370 DT1=0! " (R B NECOFIRAE*)

380 N=0:LA=1

390 A3D=R3/RM:A3=A3D"2

400 CB=(11+A3D)*(A3D-11)

410 A5=((11+A3)/C6+1!/PNS)*EI/ES

420 ON LB GOTO 430, 650

430 DRTC=FNDRT(S, RM, R3, TCS, HTC)

440 AA1=SVI*(TIF-T1)/S/DRTC

450 REM #x#x* Runge ¥kk * (*Runge-Kutta¥iic & 2 XK BALE DT Ex)
460 AA2=C8W+SVI*DT1/(2!*SVW+HS)

470 AA3=HLH+(SVI*C8W/SVW-C3)*DT1/2!

480 X1=HS+(AA1-AA2%S)/AA3

490 Y1=X1/2!
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500 Z1=S+Y1

510 Q1=31%Y1-X1/2!

520 X2=HS*(AA1-AA2+71)/AA3

530 Y2=C1*(X2-Q1)

540 72-71+Y2

550 Q2=Q1+3!%Y2-C1*X2

560 X3=HS*(AA1-AA2+72)/AA3

570 Y3=C2%(X3-Q2)

580 Z3=I12+Y3

590 Q3=Q2+31%Y3-C2+X3

600 X4=HS*(AA1-AA2+Z3)/AA3

610 Y4=(X4-21%Q3)/6!

620 74=73+Y4

630 ON LA GOTO 640, 650

640 SOLD=74

650 A2D=74/RM:A2=A2D"2

660 C4=(11+A2D)*(1!-A2D)

870 Ad=21%A2/CA

680 A6=(11+A2)/C4-1!/PNI

690 ON LB GOTO 700,990

700 B1=((11+A2)/C4+11/PNI)*Z4/EI

710 B2=21%Z4/E1/C4

712 * (*HE 7N ETB*)

720 DP1=(1!-SVW/SVI)*(1!-24/S)/(CPRW/2!+(B1-B2*A4/(A5+AB))/S)
722 °

730 P1=DP1+PR1 P (FEFIDOH L v MiE*)
740 ON LA GOTO 750,760

750 DP10=DP1

760 PRM=A4*DP1/(A5+A6)

770 DU=DP1%B1-PRM*B2

780 DUM=A5*PRM+RM/EI

790 DU3=2!*R3*PRM/ES/C6

800 DT1=T1*DP1*(SVW-SVI)/HL T (K ERET O E)
810 ON LA GOTO 820,830

820 DU30=DU3:LA=2:GOTO 450

830 ERA1=ABS((Z4-SOLD)/S)

840 ERA2=ABS((DT1-DT10)/DT3)

850 IF ERAIDERA2 THEN ERA=ERA1 ELSE ERA=ERA2

860 ERA3=ABS((DP1-DP10)/P1)

870 IF ERACERA3 THEN ERA=ERA3

880 IF ERA=<EPS THEN 930 " (R )

890 N=N+1

900 IF N<20 THEN 920

910 LA=1:GOTO 980

920 SOLD=Z4:DT10=DT1:DP10=DP1:GOTO 450

930 M=M+1:TIME=M*HS+TIMS  (#HEM R T v F D#EhN*)
940 SVW=SVW#(1!-CPRW*DP1) T (KD AR DET H)
950 $=Z4+DU:PR1=P1:T1=T1+DT1:RM=RM+DUN:R3=R3+DU3’ (K AL, /KWEOFH )
960 IF ABS(S)<.0005 THEN LA=3:GOTO 980 ' (RFERETZ T HED DHES)

970 IF MP>M THEN 370 TV MNTIABEHOHES)
980 Z4=S:LB=2:GOTO 390

990 SL=RM-S T(OKBEE O E)

1000 PM=PR1*A4/(A5+A6):LB=1

1010 SF=PM#(11+A3)/C6 P (RBRIGSI DR E*)

1020 STR=(R3-R30)/R30 L (B DR M) L e )
1030 PRINT USING "#¥. # , 4. $ii#i , . e , . i , . i , . B

I TIMEA§;APR1 PM, T1, g§‘§TR SF . o
104QAE51NT 1, UsgggA”## ! .t#Agg### B, , . HHHH , H. L. B4
Hit I o100 613:5151 , 4. H4kEE """ TIME, SL, PR1, PH, T1, R3, STR, SF
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HHEPVK OBRIE ) & REAEE ORI

1050 " LPRINT USING "##. ## , 4, """ b R S HIEET " 0BRSS . S
# , 8. di , §4. #4777  TIME, SL, PRI, PM, T1, R3, STR, SF

1052 * (*FHEATHEI ) REMIICR L 2D ED DHE*)

%822 IF TIME=>20! THEN 1120 ELSE IF ABS((PR1-PR10)/PR1)<.001 THEN 1120
1084 ' (MEADHBEITE P U ISR U EDED OHES)

%ggg IF SF>4.5E+08 THEN 1120

1080 MP=MP+MN

1090 PR10=PR1

1100 ON LA GOTO 1110, 370, 30

1110 PRINT "IRU FHA 1

1120 CLOSE #1:GOTO 30

1130 STOP

1140 END

1150 DATA S50B3-10

1160 DATA STEEL, 50, 5, 46. 5, 3. 45, 2. 08E+11

1170 DATA 0. 06, 84. 5, -10, 0. 001, 0. 02, 10
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Application of the Transient Hot-Wire Method on Thermal
Conduductivity Measurement of Solid-Liquid Mixtures

-Tkuo TOKURA, Hakaru SAITO, Koki KISHINAMI and Yoshiki TAKEKAWA®

Abstract

The applicability of the transient hot-wire method to solid-liquid mixtures has been tested by experiments and by
numerical analyses. The thermal conductivities were measured for mixtures of glass beads and ethyl alcohol. The
measured thermal conductivities were compared with the data obtained by the standard steady flat-plate method.
The thermal conductivity of the mixture obtained by the hot-wire method was found to deviate from those obtained
by the steady flat-plate method with the increase in diameter of solid particles. A simple two-dimensional model of
the mixtures has also been numerically analyzed in order to explain the measured results. In the numerical calcula-
tions of the wire temperature, the thermal conductivity is found to depend greatly on the void ratio of the mixture
within the thermal penetration depth. In the mixture of large particle size, the local void ratio near the wire is diffe-
rent from that of the entire mixture. Accordingly, the use of the hot-wire method should be limited to solid-liquid
mixtures of small particle size.
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A Simple Calculation Method of the Force Ratio
of a Bolted Joint

Minoru TANAKA and Kaoru HONGO -

Abstract

A simple and handy calculation method of the force ratio of a bolted joint is proposed. This method is applicable
not only to symmetrical bat also unsymmetrical bolted joints. The process of this method is as follows: First, the
clamped plate of a bolted joint subjected to an external force is divided into two parts; in one part, the clamping
force is increased by the applied external force, whereas in the other part, the clamping force is decreased. Next, the
above tow parts are respectively replaced by tow springs of which spring constants are equivalent to those of the
two parts. Third, the bolt is replaced by a spring of which spring constant is equivalent to that of the bolt. Finally,
the bolted joint is modeled as a structure which is constructed with all spring elements. The expression of force
ratio is derived from the equilibrium of the forces acting on the above model and the condition of compatibility of
deformation of the model. From the viewpoint of the design calculation of bolted joints, the results of the calculation
according to the above method agree satisfactorily with the solution from the three — dimensional theory of elastic-

ity and the experimental results.
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Fig.1 Bolted joint and spring elements model
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Fig.2 Cylinder models for compression area on clamped plates
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Fig.3 Stud bolted joint and spring elements model
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Fig.7 Forms and dimension of bolted joint
used experiments by ref.( 5)
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Fig.9 Forms and dimension of stud bolted joint used experiments by ref. (6]
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Quantitative Evaluation of the Amount of a —Fe phase
in Successive Heat Treatment for Fe;sB135Siq

Shoichi NAGATA, Eiji FUJITA, Shuji EBISU and Satoshi TANIGUCHI

Abstract

An amorphous metallic alloy Fe;sB13Siy has a Curie temperature of 440°C (713 K) and a crystallization tempera-
ture of about 505C (778 K). When the samples are annealed at well below the crystallization temperature, a stable
a —Fe phase appears gradually with a further increase of an annealing time. Electron diffraction and X—ray study
can identify the precipitated material in the amorphous matrix, however, it is quite difficult to give an accurate
quantitative amount of this material. A new attempt to evaluate a quantitative atomic percentage of the precipitated
material after successive heat treatments will be performed. As an example we report the result for a systematic
study of an evaluation of the amount of a —Fe phase in the amorphous Fe—B—Si matrix at a 450°C annealing. Using
the changes of the mean magnetic moment, the quantitative determination of a« —Fe can be made. The magnetization
of Fe74B1;Siy has been measured in the temperature range of 4.2 <T < 310 K at a constant magnetic field of 5.4
kOe using a homemade vibrating sample magnetometer. In order to get the value of magnetic moment at 0 K from the
relevant extrapolation of the magnetization curve to T = 0 K, we present an exact analysis of spin—wave excitations

in a presence of an applied magnetic field.
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KT 5, VO — 1 IcRERILofkT 2 R
IR

Bt oimEZ L+ BEORENGRF AR5 %2
HAWT, 42K 25310K OFEFETHEL 72,
BAL DR R I A ¥ s+ M L, i
LDzt 0 EADIFEME D & Fe 5T 1024 1
DHRE— A M eRDI, B, TOBEN
WS OFET AT TORY v Em* BTIC
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Crystallization
Fe,qB5Si 1
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gri mtory 5h
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(£50%) ////‘//
Q A—-Fe
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@ Amorphous Temperature
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B—1 Schematic diagram of crystallization

reactions in Fe;gB;3Siy. The Curie

temperature is found to be 713 K

and the crystallization temperature
is about 778 K.
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SR IRV E G B O LB IZ B % a -Fe DN B 2 A E— £ ¥ F OL{tEH 53K B kA Fers Bis Sio DA

KEMEEROKRE SHEMMICRL220T, EHBHELY Lz MBI A Ol E DR
DN E 2 FEED, ZTRMEEROKE S TRBMIC—HTid b, L L, FHO
FEAHBEEE0 I -REROZE VIRICH LTI, ZHOLE0OHS S 2 Y 23 3IFETI2
b, LIchi-T, REROAE I LTI, BEFERMOFMCENME I ) EETIR
B0, RBMERAPFEET LI, AV VY EEUCRBA SO EbNE, 20
A YV EHEmC I, REREME L CHRBMEO 2 € VoS BBHRE RO L) icEshs Y
€, = Dk + ER*. (1)
22T, RIZEHTD, EXEBRTHLH, ZDLE, BALORBEERTFH RO L I 1245,

AMA/{(()? _ M(OX/ITOA)/I(T) — BTV 4 o2 (2)

B, CWEHTH 1T Bloch ® T [ %R L, H2HEDRIZBVTERD L HAHEET 5
ENLHRT B,

, REHBOGHETHGE*E 2 b, AR Ha "HEET 2 L, DRI kXO T8
CHOBBRIZZANVFE—F 5 o THET S,

€ = g M pHey + DE® + ER", (3)
Heft = Ho — 4 T NM(T) + Ha. (4)

2 ITC, Ho \3HVBEYs, N REIREL, Ha R AVERS TH B, K12, Argyle and Pugh (2
ZHW, Fy v TIRET, *EFTH) 04 4bb,

Ty = HgHetr / kg. (5)
ERERT Do BHCLDIAINF—F v v 7OETHOT, QRBFROLICEH LN,

AMT) _ 3/2 5/2

Moy — BZ (3/2, T/ T)T¥2 + CZ(5/2.T,/T) T2, (6)

ZIT, Z3/2,TyT), BLXUZ(5/2T/T) 3R BML KA TH2oN5,
Z(3/2TK/T)=-77E;35—2n~V2exp[ T./T], (7)

1

Z(5/2,T,z/T)=WS72'5-%o 52 exp[(-n) T/ T]. (8)

£72, £(3/2)=2.612, § (5/2)=1.3411d Rieman ® §{ I TH A, 25D ZEHOHEIZ T,
0T HELI LD, TITHS*EOIITHE, ORBQRII—FHT B LMD,

KR, B OB L) HALO REKRIE Y HM % Bloch © T2 QIAMEE S h, (6)A TR
B &5 IR LB OKE SIS BT Z(3/2. Ty /T) 2T 51D, RO T2 HIZE
LTH, FRIZ Z(5/2, T /T)NHRT L LTHTSND, D Z BEBIZIRE L GRS Hee 255
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AFHIIES B & & FersB13Sio Th %o L E530~404m, TE64mD ) K KO LD h e, LD
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SR CIRBEZAL & & CRIME O ME % 17 - 72 o BEAL D AT 1, #E5E99.9% O Ni SR CHIE L 7=,
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WSEATIE DT 720 —RRIC, B
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O AL, BAEHERNIC S 241K

CAFETRkO 2B A% 587K ]

VL L, ZohMEET
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WY %, —7, —EDINERE
BT CRAL O IRBEZAL % il
ET DL, KR TR
RV EN LT, g R—2 Magnetization curves of FergB,3Sio at various temperatures for
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HHPEIES G R ORALBIC B B @ -Fe ONFHR L HAE— 4 ¥ L OZ(LE S 53k B34 Fers Biy Sig DHA

b o THREMALOME H A K& % B(forced ferro) #lk % £ 3, M— 2 IR+ L5 12, XB ok

H G4 FersBysSio L L5 <, 5 kOe ML E ORI T3 T4 BafISEIICE L T v 5,19 2 =
T, 2ETHRALMHICIEDS &, BALOBRBEAICI % #xt 0 BE~IET 2 = & A SR T — £
YhERDDLIENTED, 72, WRICBVT, Hy WREBOEL L OBAR SN+ 2
LTI NETHD, REORIRDIE 230~40 2 m DS ©, SRR 2 M H 12 P T o
O TRESHREN IEF IS

225 l | . : .

o 7, Fe PREFBELENE, S00- ]
RS #70.1 0e DREET, wbw T 175¢ _
LR L e 5 BT 5, L N 150 .
L, BRGHE CRALT 1 5 125 Annealed 24 h at 723 K 1
BARBSI D1000f5 12 b3 2D TH ! gg: ]
REAEE, LFL L RENCHE 50+ ]
FHTRBAWMAETN, HA DD 25F -
BERbBND, & NS RS I T e
FUDPHFELTH, bhbhoHun T (K)
7oAV ER IG5 .4 kOe & oW A & FE B—3 The magnetization of Fe;B,3Si, at a constant
B0 <, 0 e S0k -
2B W THMEYS Her % 4458135 hours at 723 K.

HolZHE LW EEML CHEd#D 5,
B— 312, Hy=5.4k0e ®—3%

DYVERBEHE T2 B 1 5 B o 4 1.0 ' ' — '
fAEERY, ShifREpITcah Dy, < 0.8 1
450°C (723 K ) T24MEM o 7 = — ;%

#iio ot g, wiko S 0.8 H=5.4 ki -
AL XA T, 300KIZ % 5 T N, 4 )
L4.2KDMED10% 550 WA 1258 £

Bo DEI, WESNALKREILL 0.2 )
W C Hey =5.4 kOe TOREE Z (3/2, O°OO 5'0 1dO 15-0 2(50 250 00
Ty /T) D% (7)1 360 & FH5t T(K)

LDEHE LT, M— 4 0kR B—4 The temperature variation of Z(3/2,T,/T) at the

magnetic fields of He,=5.40 kOe (computer cal-

= - v; ot
AT S OH— 4 ORREFIM LT, culation). T, is defined by eq(5).

FARBEK Lo (T) % Z(3/2, Ty /T)
XTD7 5 7% E—50X312hb, 2O~ 5 3 M5EREFPICH 7 > TEEIC L
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(DB bbb, BLOKIRHEE CORELILIZ, 2 € Y EHROBMICEL > Tk (it x
%o FBMILE P T OBAL ORI % W LT, [— 5 O &9 2% Mt 0 FEASHE L <,
T OWAL D 5 X EEROBAE— 2~ F KD 72,19
Fe7sB13Sig (2 1 mole 274749.38(8) T 1), 1 #549.274X 1072 (emu) TH % DT, 1(8)HDFe
DEFHIE, ROXHIZKRDLN D,

1 (&) h DFed JF 1= 1(6.022X 10%%) X 78} /4749.38 ({l/g) . (9)
BELT, ERTHEONAHAMIEOMAE— 2> F£174.8(emu/g) LT 5 &,

Fe —JiF 40 DRERE— 2> b

=[174.8X4749.38] / {[(6.022X 10%%) X 78] X (9.274 %10 2")}

=1.91(#y/Fe atom ) . (10

T K]
o5 50100 150 200 250 30

Ehb, TOLHITLT, RE
WMRE—2X Y bOVELIS, 3

E} % 450C (723K ) T7 =— b
L7z & & OREAIIERIC X 2 Fe _,%%: :
BTS00 SHITEL 2P oRk 2 50 i
EOALROREE W6k B 125 oog ouh at 723K
LU0E—115RT, — 100~ 7
CROOBRELY, HEE O ég :
450CTT =T B E, KL o5 i
B oHE X BRE— AV I A | | | ]
H ?ﬁht& . 0 0 1000 2000 3000 4000 5000
KEL BB EDPFHEALITNS, 2[3/2] ,T3/2 : K3/2 |
I B REE AT % S 72w N
éit*—‘i‘ 1zo b‘f, Fe E%‘“‘1E% _ 5 4 (T) Vs Z(3/2,Tg/T)’]‘i 2 at Hu=5.40 kOe

for the sample specified in Fig. 3.
DO E—X ¥ MiZ1.91 ¢,

ThHho —77, D a-Fe DFAE—X ¥ ME2.2245 ThHhDH I EDN L 5T WD, 7,
X—MOFEBRIERD S, £— 1 IRTHUIE T, FEEHEFIC o -Fe ML, Z0ENE4
KRS AZEPHBHLTWBE YL 2A 5T, ZOMLEIZLL EHOBGE— £ >~ OB
GIERERE I a -Fe 2 W L, ZOBPRAICHMRKT LI EF2RLTWVE 19

KT, FEMHE Fe-B-Si @ matrix OIS L7z a-Fe DB EHT 2, 22T, ML a
“Fe 2RV IR ERRET, KAL L CRLFEORB ERILBAE— AV F 2o TWw b
ERET %o a-Fe BRAIHTI LT L % &, JEEE matrix OEFSOMEAZLLTL D DT,
EROIWERGLTLHBIELL 2V EBbE, Lzd->T, UFO@#ERZEH T2 Ofigiik
DSOZHEPHLRIOIBNTH D Z L ITEZ SNV,
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ROMBEXS SR F DO Fe HFH Y D a

-Fe OffitE, x@at %), 2K b LN TE 2,04 T Y ; ,
Bo Thbb, 202} Fe,gB,5Sig i

A EROPHOMAE— 2~ b (FEBR 5 00k > e

i) =1[2.22# X 2(%)] +[1.91 44 £

X (100—z (%)) ]t /100. wo g e |
DHERELD a-Fe DT EEZRD B, £— 112 {0 1.96F ?// ]
Y ERMBERCOFHOBLE— A2 b P 9 S -
FHRILD, o -FeOMibiEE LOMERREH 3 1o2f < O:Samplea -
WK 7o MR ER - 2R T, 20X, 1.903 A:Sample b |
X =R KB HT W E OWERR L Bt o Wi % Xf sl ®:Sample ¢ |
JEEET, BT EBMITKRD D 2 L AT HE Annealed at 723 K
T b, R T

Bk, (OR1E5 5, BlLomERFE O o 3 6 9 24

WEMIT 0 FEAHE L CREOBA T — X > b Annealing Time (h)
ERDIOTHBY, 2T, ORICBITLE B—6  The average magnetic moment 4 per
B TS 3.4 95, RS, Ml rrr
bhbhOEBRIZBE VT, BH B O IzRE line indicates a tendency of an in-

creasing of the average magnetic mo-

RIS K E CHEER 2 2 L3 E 2 VERSC
H b, T bbb, BWHEEE LW
as-quenched ® 2 ZH DK H1.5X10°[K ¥ 2 51.9X10°[K ¥ oMo 45+, % 7,
iRl L 7250k, as-—quenched DB L ) b0/ S % BOfE #1255 L5 12 H
RBo FMTHEBIHMLTCIhUEFERE LAV EIZT 2,

Bl BALHRIRE % F AR S8 T, 800C CTEBEMOT7T = — V4T o it FHC O W T EZ TAa D,
COEL) T B & IESE A4 FersBisSiold @ -Fe, Fey,B, 5 X0 FesSi (2524012408 L

THAIELTLE ) 2 & X —METOEBELSHB L Twd, D O@FEICd i snT
VR EBARIZI N, FesB, FesSi DMK E— A MY, ZhEh, 1.94, BXUL.674,
ThoHIENRESNTVD, 02060 TH L7 5 Fe BT IIHT 2 BETHO I,
FeB13Sig (24 L C,

ment.

a -Fe : FesB : FesSi =25 © 26 . 27 12
Ehhe LIEH-T, EFRIOLHONDIBARE—A Y POEE LTIERO LD S EAHES R
bHo Thabb,

ABEEROESE— 2~ + GHEH)
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Fi

=1(2.2215 X 25)+ (1.9 X26) + (1.67 45 X27)| /78 = 1.92 1,

H I

—-f B ®

Al -k

F—1 Spontaneous magnetization per gram,o (0), at T = 0 K and mean
moment per Fe—atom, . Experimental results are summarized on
an annealing sequence for three batches of samples of Fe,4B;3Sis.
Sample a Sample b Sample ¢
Annealing
Tine (h) o (0) m 6 (0) u QO] w
at 723 K (emu/g) (;zs/l"e—a!o-) (emu/g) (,uB/Fe-atol) (emu/g) | (u g/Fe-aton)
0.0 175 1.91 176 1.91 174 1.90
3.0 177 1.93 180 1.96 180 1.96
6.0 181 1.97
9.0 184 2.00
24.0 184 2.01
#F—2 Mean values of moment, 7., per Fe—atom (the average of three samples specified

in Table 1) and the percentage (%) of the Fe—atom in the « —Fe phase.

The percentage of Fe—atom in « —Fe phase is evaluated by the value of
magnetic moment (see text). In primary crystallization process, the stable «

—Fe phase, precipitates in the amorphous Fe—B—Si matrix.

Annealing Average Value Percentage(X) of the Fe-atoms of
Time (h) m the precipitated a-Fe phase
at 723 K (uB/Fe-awl) in Fe,q B ,Sig

0.0 1.91 0

3.0 1.95 15 + 2

6.0 1.97 19 + 1

9.0 2.00 31 1

4.0 2.01 32 1

92



IR R ORMLBIIC BT % @ -Fe DR WA T — A~ F OBALES 53K BotA - Fers Bis Sig D&

KB, 19205 ThHZ LN FHEND, ERICHE SN AMEIZ1.954, Th D, Foadh
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ANZANT UL Y 7RI E B FeTi RABKD ARILED
FIRMG - NEBIES - BEBF OE - Al 1
Mechanically Alloying Behavior of Fe-Ti Mixture.
Shinji Hirai, Masayoshi Ozawa, Tadashi Momono and Hiroshi G. Katayama

Abstract

The mixture of mole ratio 1 : 1 of Fe and Ti powders was subjected to mechanical alloying in an Ar atomosphere
using a forced - stirring ball mill. The morphology of powder particles varied with milling time from cakes to flakes,
and then to fine grains with equiaxed shape. Analysis by EPMA revealed that the initial cake - like particles con-
sisted of Fe layer and Ti layer. However, milling over long periods of time resulted in the disappearance of layer
structure. It was demonstrated that the milling of more than 360 ks produced an ” X -ray amorphous”. Electron dif-
fraction indicated that has only a trace amount of microcrystals existed in such amorphous phase. When the milling
time reached 180ks or more,the powder was markedly contaminated by abrasive wear of the vessel and ball of the
mill. After 1440ks, crystalline (Cr, Fe);C; phase began to form.

1. #

I

AA=HNTAAL T (LT MA) 1, B A VFEF—FK— L IvErHv, SBRAHEIC
BB T AN F -2 MR 0L 5 THBLS B HET, SRIATICET 3 » 2 2K T %
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Table 1 Chemical composition of Fe and Ti powders(wt%).
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Fig. 1 Schematic diagram of apparatus for
mechanical alloying.
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Fig.2 Effect of the milling time on the
particle diameter.
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Fig.3 SEM photographs showing morphological change of the particles with milling time.
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SE.L FeK. TiKe 150pm

Fig.4 SEM photograph and charactristic X - ray images of cross section of the powder particles.

EZbNhb,

KT, 1h OHEEEH MAEZOB KR T IC2 0T, ZORHEMAKD SEM B84 5 082
EPMA (2& % Fe, Ti DM 21T > 720 ZDORRIE Fig 4 IRTXITHY, FelG& Tig»
RHAZEHR DG o BIRME (74 /88 CThar el ni, Thix, MA OWMIER

—~
<Y
N~
Titorn)

Before milling (b)
50h

Fet110)

~'

100h
™

300h
e S
M

|

| ! ! I
30 40 50 60 70 80 90

1010
Tit002)

Fet211)

é.

XRD Intensity (arb. unit)
XRD Intensity (arb. unit)

10h

25h

l | | | !
30 40 50 60 70 80 90 206 /degq.

20 /dea.

Fig.5-(alb) X - ray diffraction patterns (Cu K « radiation) of the powders milled for various times.
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Fig.6 Particle size calculated by the use
of the Scherrer equation.
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Fig. 7 DSC curves.
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Fig.8 TEM photograph(a) and electron diffraction pattern(b)
of the powder particle milled for 300h.
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Fig.9 Ti and Cr contents of the powders milled
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Fig. 10 X-ray diffraction patterns (Cu K o radiation) of va-
rious proportions of powder milled for 100h.
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