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ABSTRACT ‘

In addition to its positive impact on the growth and prosperity of the national econromy and its
importance for sahsfymg our individual needs for mobility, road transport also has adverse effects:
accidents, noise, air poilution, harm to health, crop damage, traffic jams, etc. The outside factors
that have adverse impact on the pavement are environment, traffic and pavement maintenance
techniques, Pavement maintenance is carried out to reduce the rate of pavement deterioration and
subsequently the negative impact of traffic environmental poltution.

An effective pavement maintenance program will address pavements, while they are still in good
condition and before the onset of serious damage. By applying a cost-effective treatment at the
right time, the pavement is restored almost to its original condition. The cumulative effect of
systematic, successive maintenance treatments is to postpone costly rehabilitation and
reconstruction. Deferring of paverent maintenance leads to more deterioration of pavement,
reduction of operating speed and then more pollution to air. The impact on health, welfare and the
natural environment are considerable sensitive and having an intangible costs caused by them;
These costs are mainly external not covered by the polluters (the miotorists) but imposed on
everybody External costs cause a problem to the economy, as they are not included in the market
price, which leads to wrong decisions and to a wasting of scarce and vital resources (clezan air,
silence, clean water, etc.). Motorists behave as if those costs do not exist, since they do not have to
pay for them,

The objective of this paper is to quantify the influence of pavement condition status on the
environiment issue represented by Carbon Monoxide (CO) emission values. To achieve this, the
paper ‘consists of four main parts, The first part includes an overview of pavement condition
evaluation and the intended performance prediction models. In the second part, a description of the
relation bétween pavement condition and traffic speed will be discussed with the required
correlating models. The third part includes quantification of ait pollution results from traffic speed
reduction within- anticipated models. Finally, the effect of pavement condition on traffic
environment pollution was identified within an analysis to practical data of different road sections.
The results indicate that the environment will be affected by 0.276, 0.176, 0.314, 0.333, 0.279 and
0,513 ton of CO dale and an accumulated life cycle emissions values; 744.57, 466.58, 799.66,
688.88, 841.17 and 972.14 ton for the studied sections respecuvely depending on variables of
pavement condition and teaffic volume. The pavement condition has a major impact on the
. environment than the ‘traffic volume as defined hereinafter. There is a direct. proportional of
pavement condition with traffic speed and subsequently an inverse relation with the environment
emission values, which will affect to the economy and welfare of people.
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L. INTRODUCTION

An ideal pavement management system would yield
the best possible vatue for the available funds; while
providing and operating smooth, safe, and
economical pavements. The minimum requirements
of such a system would inchide adaptability, efficient
operation, practicality, quantitatively, and good
feedback information. By including the external costs
in the costs of motoring, some trips may produce
higher total costs than the total benefits. As a
consequence, these trips would have been avoided if
all the external costs had to be considered by the
driver. In ovder to stop the wasting of scarce
1esources, the government has to take action and put
a price on clean air and other environmental
"products". As a result, negative impacts of road
transport have to be paid for by the polluter,

The relationship between air pollution and health
established the extent to which different levels of air
pollution affect a population’s morbidity and
mortality. The impacts of traffic-refated air pollution
were quantified in terms of additional cases of
premature death and mumber and type of additional
cases of morbidity. In all countries the air pollution
related health effects are far from being negligible.
One third of the air pollution is caused by road
transport and in the cities the percentage is
considerably higher (up to 50%). A condition for an
environmental and transport policy is knowledge
about the negative impacts of road traffic and their
monetary quantification. An important part of the
extemal traffic-related costs namely the negative
impacts of road traffic-related air pollution on human
health, need to be evaluated and quantified in
monetary terms (1).

2. EVALUATION OF ROAD-TRAFFIC-RELATED
HEALTH IMPACTS AND THEIR
MONETARISATION

The impacts of traffic related air pollution on human

health had to Be quantified (number and type of

additional cases of morbidity, number of additional
cases of premature death) and valued in monetary
terms. This approach is based on a theoretical
foundation of welfare economics in considering the
individual utility improvement for a reduction in
health related risk. Tt includes the material costs for
ambulant or stationary medical treatment, the loss of
capacity leading to production and consumption
losses as well as intangible costs of pain, fear,
suffering and loss in life quality due to air pollution
related health effects (2).

As there were no studies giving direct estimates for
the health impact of traffic related PMI10 (particular
matter equivalent or less than 10um in diameter and a
lowest assessed level of 7.5 pg/m’®), the following
health outcomes were selected: total mortality based
on cohort studies (long-term), respiratory hospital
admissions (3,4 ), cardiovascular hospital admissions
and, incidence of chronic bronchitis it adults. Other
health may not easily be expressed in monetary
values (e.g. lung function decrement, school
absentees, plrysical performance, change in bronchial
reactivity), or may be partially included in the above
mentioned outcome measures, thus feading to partial
double counting of the impact (e.g., premature death
due to acute exposure, emergency room visits,
respiratory symptoms in adults etc ( 5,6).

Basically, there are two categories of measures to
control motor vehicle emission. One may attack
emission problem at the individua! level with
stringent emission regulations. Secondly, emission
control technology improvement followed the
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regulation advances and lowered the emission from
tailpipe. The emission control technology can
undoubtedly be applied in China. On the other side,
seeing the fact that China consumed only 7% of its
total energy consumption each year for transportation
and it has more flexibility to develop an energy-
efficient transport system (7).

- 3. METHODOLOGY STATEMENT

The prime objective of this paper is to quantify the
impact of pavement cendition on the environmental
pollution of ftraffic. There are three correlated
variables; pavement condition, traffic speed and
traffic emission. Therefore, the following sections
include an explication to; (i) assessment of pavement
condition, (ii) traffic speed related to pavement
condition, and (it} air poilution (emission) related to
traffic speed. The application of these relations
sequentially between pavement condition, traffic
speed and traffic emissions leads to guantifying the
amount of air pollution for different pavement
sections, Consequently, the results were described
through actual field data which collected and
analyzed as follow;

1- Different road sections {6 No.) were selected that
covers the different levels of road levels,
pavement condition and environment conditions.

3- Pavement evaluation was done as a function of
pavement distresses; type, quantity and severity
levels.

3- Traffic volume and the average running speed
were measured for each section.

4- The emission values of traffic were calculated
for each section.

5- The results and figures of the above mentioned
vatiables are described hereinafter. '

3.1. Assessment of Pavement Condition

The purpose of this stage is to evalnate the condition
of the pavement sections. This assessment is directly
used tfo determine maintenance needs and
consequently the associated lost maintenance benefits
per costs as will be explained hereinafter. In this
study, pavement evaluation was evaluated in terms of
the surface distresses existing at the time of the field
evaluation. The Pavement Condition Index (PCI)
procedure developed by the United States Army
Corps of Enginecring (Shahin, and kohn, 1981 ) was
utilized in this study {because it deals with the
subject of pavement distress identification most
comprehensively and is based on a sound statistical
technique of pavement sampling}. In this technique,
pavement condition is based on a numerical rating of
0 to 100, called Pavement Condition Index (PCI).
PCI is a combined measure of pavement structural
integrity as well as surface operational condition. The
technique has been field tested and proven to be a

useful device for determining maintenance and
rehabifitation (M&R)} neceds and priorities for
highway pavements. In this technique, the excellent
pavement is indicated by a PCI value 85 to 100,
while the failed pavement is indicated by a PCI of 0
to 10. The intermediate PCI values indicate other
intermediate pavement condition ratings. This
technique, due to its flexibility of implementation at
project as well as network level, has been used in this
study. Distress types identification assocjated with
the PCI procedure includes 19 flexible pavement
distress types each is classified by three evels of
severity: low, medium and high.

The general condition of the pavement is assessed in
terms of the Pavement Condition Index (PCI), as
follows:

m,3

PCI=C-5 ¥ a{ Ti,S}.Di )yx F(t,p) M
=1 j=1

Where:

PCI = Pavement Condition Index (PCI);

C = constant (usually 100)

I = 1,..m, represents existing distress types.

T = 1,.3, represents distress severity ( low,

medium and high )

A = weighting factor = function of distress type
(T), distress severity (S), and the
corresponding density (D);

F = adjustment factor for multiple distress types.

3.1.1 Pavement Maintenance Polices

. Polices for pavement rehabilitation and pavement

maintenance vary widely from place to place and
from time to time, Several factors usually govern
these policies: (1) funds available, (2) historical
precedent, and (3) political considerations. One or all
of these items may be invelved with a particular
maintenance policy. A maintenance management
system (MMS) is a technique or operational
methodology for managing or directing and
controlling maintenance resources for optimum
benefits. It has been pointed out that this involves the
following major components (8):
1, An inventory of the physical elements of the
systern that can be maintained, plus operational
and environmental factors.

2. Performance standards that define maintenance
procedures, resources and the average
accomplishment production rate.

3. Predictions of the workload generated in terms of
maintenance accorplishments units by a physical
element of the highway. .

- 4, Allocation of available resources through

objective budgeting mechanisms based on the
specific requirements of the system and policy
decisions.
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5. Feedback reports to monitor and update the
systemn.

6. Planning and scheduling procedures directed
toward efficient use of resources.

3.1.2 Pavement Deterioration Rates for
Maintenance Technigues

Behavior of the pavement is the relation, which
describes the rate of change of pavement condition
over time, under certain level of use (traffic) and
subject to specific environmental factors. Simple
performance curves procedure was selected to be
used, which relates pavement condition index (PCY)
to the age of pavement. The general form of this
procedure is as follows (9):

C=100-b * X" (1)
Where:

C = Pavement Condition Index (PCI)

X = Pavement age in months measured from the
date of last application of maintenance.

B = Slope coefficient, 0.0319 for Surface treatment,
0.0158 for thin overlay, 0.0i29 for thick
overiay, and 0.0104 for reconstruction/ new
pavement.

M = Value that controls the degree of curvature of
the performance curve (= 1.5),

Four different types (most be known) of maintenance
technigues considered, these are; 1) Surface
treatment, 2) Thin overlay, 3) Thick overlay, and 4)
Reconstruction. According to the experiment data of
maintenance application, these types of maintenance
are applied at different ranges of pavement condition
as defined in Table (1).

3.2 The Relation bhetween Traffic Speed and
Pavement Condition

Traffic speed is directly affected by the condition of
the pavement. A field data was collected to detect a
relation between traffic speed (all vehicles) and
pavement condition.  Different sections, from
excellent to fair, of pavement condition were used. It
was found that pavement condition (PCI) has a
statistically significant effect on vehicles speed and
the following relation was extracted:

S=0.496xC+28.08. R>=0.999 @)

(Residual mean square = Residual sum of squares =
0.31957)

r

Where:

§ = Vehicles speed {km/hr)
C = Pavement condition ( PCI from 0 to 100)

3.3 Prediction of Environment Pollution Values

Environmental and transport policies are affected
negatively by the impacts of road traffic and their
monetary guantification. Since, carbon monoxide
emissions increases with decreasing the speed of
vehicles due to the air-to-fuel ratio supplied to the
engine at different speeds. The following relation
was extracted to relate Carbon Monoxide (CO)
emission rates in gm/km to different vehicle speed
{(kph) values (10).

E=—092ix5+76.268 R’ =0.999 3)

Where:

E = Emission, CO gm/km/vehicle

S = Vehicles speed (km/hr)

4, DATA ANALYSIS AND RESULTS OF THE
SELECTED ROAD SECTIONS

Data was collected for pavement sections that define
a relative difference of the considered variables of
traffic volume, pavement condition and aoperating
speed. Table (2) defines the values of these variables
for different pavement sections in addition to the
preferred maintenance type based on the values of
Table (1). The calculated current daily and yearly
entissions for each section (ton/km) are shown also in
Table (2). A life cycle analysis (10 years) was done
for each section including the following elements:

1- The current and yearly predicted pavement
condition based on the suitabie maintenance type
for each condition state.

2- The calculated yearly vehicles speed (km/hr)
based on the condition of the pavement.

3- The yearly predicted traffic based on the existing
volume and growth factor, which predicted from
the history of traffic on each section.

4- The yearly emission was calculated (ton/km) for
each section using equation (3) based on the
traffic volume and vehicles speed.

5- Subsequently, the vearly accumulated emissions
were established.

The analysis results of the above mentioned
procedure for each section are shown through Tables
3 to 8. Figures 1 to 5 show the final results of the
analysis.

i R

Table (1) Preservation techniques and the suitable condition range for application

Maintenance Type | Surface treatment

Thin Ovetlay

Thick Overlay Reconstruction

PCI range 85-73 73-60 .

60-47 <47
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Table (2) data of pavement sections and the result emission (ton/km)

Road Pav. Operating Tr. GJF. Required E E
(Sec.) Cond. Speed Volume Maintenance type daily yearly
. ) {fon/kmyday) | (fon/km/year}
SEC1 57 7. 564 11320 10 Thick Overlay 0.276 100.64
SEC2 82.. [ '68.8 13626 4 Surface Treatment 0.176 64.35
SEC3 40 - 47.9 9785 11,5 Reconstruction 0.314 114.73
SEC4 | = 70 .. 62.8 18070 3 Thin Overlay 0.333 121.49
SECS5 | 47, 51.4 9645 19 Reconstruction 0.279 101.83
SEC 6~ 67 61.3 25926 1.3 Thin Overlay 0.513 187.28
Table (3) Section 1; the yearly and accuroulated emissions for thick overlay maintenance
Year PCI Speed (8) Yearly Yearly "E" Accumulated Yearly "E"
Traffic ton/km' ‘ton/km’
! 95,7 75.5 12452 30.41 3041
2 87.8 71.6 13697 51.49 81.90
3 71.5 66.5 15066 82.38 164.28
4 65.1 60.5 16573 124.13 288.41
5 51.7 53.7 18230 178.33 466.73
6 99.5 774 20054 36.31 503,04
7 98.5 76.9 22060 43.56 546.60
8 87.2 76.3 24265 53.05 599.65
9 95.7 75.5 26692 65.08 664.73
10 94.0 74.7 29361 79.84 744,57
Table (4) Section 2; the yearly and accumulated emissions for surface treatment maintenance
Year PCI Speed (S) ‘Yearly Yearly "E" Accumulated Yearly "E*
Traffic ‘ton/km" "ton/km’
1 95.7 75.5 14171 34.61 34.61
2 87.8 71.6 14738 55.41 90.02
3 77.5 66.5 15327 - 83.79 173.81
4 98.7 77.0 15940 30.96 204.77
5 96.3 75.8 16578 38.90 243.67.
6 93.1 74.3 17241 49.48 293.16
7 98.7 77.0 17931 34.83 327.98
8 96.3 75.8 18648 43.76 371.74
9 93.1 74.3 19394 55.66 42740
10 98.7 77.0 20170 39.18 466.58
Table (5) Section 3; the yeatly and accumulated emissions for reconstruction
Year PCI Speed (8) Yearly Yearly "E" Accumulated Yearly "E"
Traffic ‘ton/km’ ton/km’
1 95.7 73.55 10910 26.64 26.64
2 87.8 71.63 11347 42.66 69.30
3 7.5 66.55 11801 64.52 133.82
4 65.4 60.54 12273 91.92 225.74
5 51.7 53.72 12763 124.81 350.55
6 36.5 46.18 13274 163.47 514.02
7 95.7 75.55 13805 | © 33.71 547.73
8 87.8 71.63 14357 ~ 53.98 601.71
9 77.6 66.55 14931 gl.64 683.35
10 65.4 60.54 15529 116.31 799.66
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Table (6) Section 4; the yearly ard accumulated emissions for thin overlay

Year PCI Speed (S) Yearly Yearly "E" Accnmulated Yearly "E"
Traffic ‘ton/fm' ton/fkm’

1 95.7 75.55 18612 45.45 45.45

2 87.8 71.63 19357 72.78 118.23
3 77.5 66.55 ) 20131 119.05 228.28
4 65.4 60,54 " 20936 156.77 385.05
5 99.3 77.36 21774 39.86 424.91
6 98.1 76.77 22644 45.99 470.90
7 96.6 75.99 23550 53.93 524.83
8 94.8 75.08 24492 63.61 588.45
9 99.3 77.36 25472 46.63 635.08
10 98.1 76.77 26491 53.80 688.88

Fable (7) Section 5; the yearly and accumulated emissions for reconstruction

Year PCI Speed () Yearly Yearly "E" Accumulated Yearly "E"
Trafiic "ton/km' ‘ton/km’
1 95.8 75.54 11478 28.03 28.03
2 87.8 71.62 11937 44.88 72.90
3 71.5 66.55 12414 67.88 140.78
4 65.4 60.54 12911 96.70 23748
5 51.7 53.72 13427 131.29 368.77
6 36.5 46.18 13964 171.97 540.74
7 95.7 75.55 14523 3546 576.21
8 87.8 71.63 15104 56.78 632.99
9 77.5 66.55 15708 85.89 718.87
10 65.4 60.54 16336 122,29 841.17

Table (8) Section 6; the yearly and accumulated emissions for thin overlay

Year PCY Speed (8) Yearly Yearly "E” Accumulated Yearly "E"
Traffic ‘ton/km’ ‘ton/kmn’
1 95.7 75.55 26263 64.13 64.13
2 87.8 71.63 27314 102.69 166.82
3 71.5 66.55 28406 155.32 32213
4 65.4 60.54 29542 221.16 543.29
5 99.3 77.37 30724 56.30 599.59
6 98.1 76.77 31953 64.85 664.43
7 96.5 75.99 33231 76.17 740.60
8 94.7 75.08 34560 §9.82 830.42
9 99.4 7.36 . 35943 65.86 896.28
10 08.2 76.77 37380 75.86 972.14

286 Engineering Research Journal, Minoufiya University, Vol. 31, No. 3, July 2008




Fathy Mahmoud Mandeel, "The Impact of Pavement Condition on the Traffic Environment Pollution”

200 -
180 A
60 &
140
120 4
100 X
s0 4|

: {ton}

Emission Value

80 -
40
20

Yearlfv'

Avei_'age Dééiy Traffie .

SEC1

Pavement Condition (PCT)

$ECT  SEC2  SEC3 SEC4

SEC2 SEC3 SEC4 BECS

Pavement Sectlons

SEC2 SEC3 SEC4 SECS

Pavement Sections

.

Pavement Sections

. SEC S

Figure (2) ADT for different pavement sections

18728

SEC 6

Figure (1) yearly emission value for different pavement sections

'SEC6

SEC 6

Figure (3) Pavement Condition for different Pavernent Sections

Engineering Research Journal, Minoufiya University, Vo!. 31, No. 3, July 2008

ti-.. "

. "

27



Fathy Mahmoud Mandeel, "The Impact of Pavement Condition on the Traffic Environment Pollution'

90 -

= &0
« -
CE" 7G4
£ 90
% 7]
&2 104
a 20
)

g 204
¢

- i04

'

SEC ! SEC 2 SEC3 SEC 4 SEC $ SEC¢6

Pavement Sections

Figure (4) average operating speed at different Pavement Sections

[~4—S$EC]T ~MwSEC2 = —SEC 3 —%wSEC 4 ~#=SEC 5 ~8—SEC § |

Accumizted Yearly Emissions {iom)

€ 7 & g 10
Yenr

Figure (5} the accumulated annual emission (ton) for different pavement sections

5. CONCLUSIONS AND RECOMMENDATIONS

This paper concerned with the environmental jssues
represented by air emission result from traffic refated
to pavement condition. Three relations were used;
first, simple performance models for different
pavement mainienance types, second, relation
between pavement condition and traffic speed and
third, quantification of air pollution results from
traffic speed reduction. The description of procedure
steps to correlate different relations for emission
caleulation result from different maintenance
techniques was discussed. Thereafter, an application
case was done and the following results were
concluded:

1- Section 6 produces the highest yearly emission
(187.28) ton as a result of higher traffic vohume

although the pavement condition is good { see
Table 2 & Figure 1)

2- The lowest yearly emission came from section 2
(64.35ton) as a result of a very good pavement
condition.

3- The lowest condition of section 3 & section 5
generates high emissions (114.73&101.83 ton)
respectively although their Jowest traffic volume.

4- As a result of condition status of sections 3&4,
which is (poor & very good) respectively, the
emission values are approximately closed together
although the traffic vohune for section 4 almost
the double of it for sectinn 3,

3- On the long-run, after application of the suitable
maintenance type (see Figure 5), the descending
ranking of cumulative emissions value within the
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life cycle are; 972.14, 841.17, 799.66, 744.57,
688.88 and 466.58 ton for sections 6, 5, 3, 1, 4 and
2 respectively. The highest emissions of section 6
came from highest traffic volume and deficient
condition. The worst condition of sections 5, 3 and
1 respectively is the major reason of increasing the
emissions.

6- Finally, we can say that as the pavement condition
deteriorates, traffic speed is reduced and
subsequently the emission of vehicles tends to
increase.

Hence, we recommend the following;

1. Pavement maintenance strategiss should be
applied to keep the pavement condition as nearly
as it original state to protect the health of people
and then the economy of the country against
pollution,

2. In depth studies are required to correlate the effect
of traffic pollution on the health of people, and to
predict the relations between vehicle types, speed,
pavement condition and the road type.

3. Environment pollution and human health costs
must be included in the strategic of pavement
maintenance management techniques.
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STRENGTH AND ABRASION RESISTANCE OF RECYCLED
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ABSTRACT e
The effect of high tcmperamres on the compressive strength and abrasion resistance of mortar
fabricated by using lead slag extracted from recycling of the spent batteries in the homely
workshops as fine aggregates was. experimentally investigated. The fine lead slag (FLS) was used
as a partial replacement of the total fine aggrcgatc (TFA), sand, by different percentages of volume
(FLS/TFA =0, 10, 20, 39 and 40%). Test specimens were subjected to high temperatures ranging
from 200°C to 700°C step 100°C. The exposure time after reaching the desired target termperature
kept at two hours. The sequence of the residual unstressed test was followed. The weight loss and
the relative compressive strength (strength of heated specimen to that of the corresponding
unheated specimen) were determined. The weight loss of the heated and unheated specimens due
to exposure to abrasive wear was also calculated. Test results indicated that, at certain FLS/TFA%,
the relative compressive strength decreased gradually with high temperature up to 500°C and after
that it showed a sudden drop with further increases in temperature, The abrasion resistance
decreased with increasing high temperature. The compressive stréngth and abrasion resistance of
mortar inereased up to replacement of 20% of sand by FLS and after that it decreased but still
higher than that of 100% sand. Both compressive strength and abrasion resistance of FLS mortar
relative to those of 100% sand enhanced clearly with the presence of FLS at temperature abové’
500°C. :
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1. INTRODUCTION wastes . have been -used in concrete-making to

improve the properties of concrete and to reduce cost.

The high consumption of natural sources, the high
amount of industrial wastes and environmental
pollution require new solutions for a sustainable
development. One of the major contributions to the
preservation of-the- environment and sustainable
development; is the reuse and recycling of the waste
materials. - Use of inorgamic industrial residual
products: in making cementations products as
congrete.and mortar will lead to sustainable concrete
design-and.a greenet environment [1].

The neéd to develop concrete and mortar with non-
conventional aggregates is urgent for environmental
as well as’ economic reasons. A review of earlier
reseafch showed that industrial as well as other

’

Inclusion of recycled tire rubber fibers in concrete
was found to avoid the opening of cracks and
increase enmergy absorption [2]. Structural light
weight concrete has been produced using oil palm
shells [3] and demolished masonry waste [4] as
aggregates. An improvement in the modulus of
elasticity of concrete was observed with partial
replacement of crushed stone coarse aggregate by
crushed vitrified soil aggregate [5].

Compressive strength and abrasion resistance were
increased when crushed ceramic waste was used to
partially replace conventional gravel coarse
aggregate [6]. On the other hand, De Brito et al [7]
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found that strength decreases as the quantity of
ceramic aggregates in concrete increases and the
decrease in compressive strength is higher than that
in the flexural strength. While, the abrasion
resistance of concrete made with ceramic recycled
aggregates is higher than that of concrete made with
limestone aggregates. Durability of cementatious
materials like mortar and concrete is as important as
compressive strength.

In recent published work by the author and co-
workers [8], lead slag extracted from recycling of the
spent batteries in the homely workshops was used as
concrete  aggregate,  Short term  mechanical
properties, wear resistance and radiation absorption
were studied. In the same vear, Penpolcharoen {9]
published the second contribution in the use of
secondary lead slag as a construction material, He
found that all samples exhibited higher compressive
strengths than that of the sample without slag, which
increased with increasing the slag contents and ages.
The highesi compressive strength was found for the
sample containing 20% slag as cemeni replacement
and 100% slag as aggregate replacement,

The results of chemical analysis of the used lead slag
in the previous work [8,9] revealed that the oxide
components of the slag were gimilar to those of
ordinary Portland cement (OPC). For environmental
concerm, leachability of lead (Pt} from all samples
was alse carried out [9] on samples with high slag
content, The amounts detected were much lower than
the acceptabls limit (5 ppm) for the requirement of
Thai hazardous waste disposal stardard. So, the
application of the slag for construction material is
fully attractive. The environmental conditions such as
temperature, bumidity and the mechanism of
chemical transports are the major factors causing
chemical and physical attacks [10]. Thus, the
performance of construction materials fabricated
from slag under these conditions is of primary
important. So, in the present work, the effect of high
temperature on the compressive strength and
gbrasion resistance of mortar made with lead slag as
partial replacement of sand was studied.

2. EXPERIMENTAL WORK

All materiais used in this study were locally availabls
materials. The cement used was type I ordinary
Portland cement. The sand was siliceous sand with
100% passing ASTM sieve No. 4. The fine lead-slag
{FLS) used in this research was obtained by recycling
of the spent batteries electrodes in homely
workshops. Recycled- lead slag (RL.S) was used as
fine aggregate in mortar manufacture. The RLS was
crushed to the desired gradation by using a roller
mill.  An energy dispersive X-ray spectroscope was
performed te analyze the chemnical compositions of
the materials. The results of chernical analysis of the

used FL.S and OPC are given in Table 1. The
physical and mechanical properties of the used fine
aggregate (sand and FLS) are given in Table 2
Mixing water was clean tap water free from
impurities and organic matters. The sand: cement
ratio was 3:1 by weight and the water cement ratio
was 0.5. The total fine aggregates (TFA} in the mix
were partially replaced by FLS particies. The
percentages by volume of FLS/TFA were 0, 10%,
20%, 30%, and 40%.

Tahle 1 Chemical composition of FLS and OPC

Constitnent | FLS(wit%) | OPC{wit%)
CaQ 2.5 62
810, 12,98 20.39

ALO, - 5.08
Iron oxide 72.8 2.89
as Fe; 0y a5 Fe,O,y
MgO 0.26 2.07
K,O 0.21 0.5
Na,Q 0.53 0.07
S0, - 2.4
MnQ 0.46 -
Pb 4.1 -
QOthers 2.33 1.53
L.0.] 3.83 3.1

Table 2 Physical properties of sand and FLS

Property Sand | FLS
Specific sravity 2.45 4,28
Density, kg/m’

Loose 1610 2280
Dense 1700 2820

% Voids

Loose { 38% | 47%

Dense 27% 34%

% Warter absorption 0.42 3.95
FM 2.55 3.35

Batch materials required for casting twenty one cubes
{70 mm side length) for compression test and twenty
one cylinders {25 mm diameter and 25 mm height)
for abrasive wear test were weighted first. Dry
materiais for this batch were mixed in the dry state
for a time to insure the homogeneity of the mixture
before adding the mixing water. The test specimens
were removed from the moulds 24 hours after casting
and immediately submersed in the curing water for
28 days. A total number of 105 compression
specimens and 105 abrasion specimens representing
five mixes having different FLS/TFA% were tested.

The experimental program suggested for the present
work included the exposure of the mortar specimens
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to different targ'et‘ tcmperatures (IT) rangmg fori

200°C to 700°C step 100°C at an average heating rate
of about 10 °C/min. An electric furpace of 1600°C
maximum temperature was used. The specimens
were placed inside the furnace and the temperature
was raised until it reaches the desired target
temperature, The specimens were sustained at this
target temperature for 2 hours. After that they

allowed to cool outside the furhace at room:

tewnperature  (residual unstressed test sequence),
Fig. 1. All cubes specimens were weighted before
and after heating to calculate the mass loss due to

“heating.

A universal-testing machine of 1000 kN maximum
capacity was used for the compression test. Among
test methods suggested by ASTM for the estimation
of the wear resistance of cementitious materials, the
revolving disk (ASTM C779, Procedure A) test
method [11] was selected. An aggregate 2brasion
testing machine (Cat. No. EL 42-500) was used to

" perform the test. The test specimens were exposed to

abrasive standard sand, passed from 0.6 mm sieve
and retained on 0.45 mm sieve, for 500 revolutions

“under a load of 750 gm. Fach specimen was

weighted before and after the test and the weight loss
was calculated.

‘Temperature -

B

% ,
Time
Fig, 1 Sequence of residual unstressed test followed in

this work

'3, RESULTS AND DISCUSSIONS

Density

The effect of FLS/TFA % on the relative density of
mortar is illustrated in Fig. 2. The relative density is
the ratio of the density of mortar specimen with sand
replaced by FLS to that of 100 % sand specimen. The
addition of FLS to mortar results in a linear increase
in the density of the material to reach 20 % higher
than that of 100 % sand at FLS/TFA. % equal to 40%.

146
210 F
g
& |
a4
2
5 100
& I
i A Experimental
| wwme Best fit
60 - : _ —
0 10 20 30 40 50
FLS/TEA, %
Fig. 2 Effect of FLS/TFA % on the hardened density of
goncrete mortar,
Mass Loss

The mass losses for the diffefent moitar specimens
due to water evaporation as 2 result of exposure to
high temperatures are shown in Fig. 3 for the
different FLS/TFA %. The relative mass losses were
estimated as the difference in the mass between the
unheated and heated specimens to that of the
unhéated specimens. An increase in the relative mass
loss was observed for all mixtures with increasing
temperature. The loss rate is high at low temperatures
up to 300°C, after that it stabilized before increasing
again above 500°C. Similar behavior was observed

~ for concrete specimens but the stabilized stagé*was

ranged between 200°C and 400°C [12]. It is also clear
that the mix of FLS/TFA equal to 10 % showed the
highest relative mass loss, while that of 40 % FLS
recorded the lowest relative mass loss. The mass loss
at low temperatures, below 300°C, is caused by quick
evaporation of capillary water. Qver'400°C, the mass
loss is caused by evaporation of chemically
combined water (dehydration) and decomposition
[13]. Above temperature of 500°C, the dehydration of
the chemically combined water of the hydrated
Calcium Silicate Hydrate (CSH) resulting in un-
hydrated products was accompanied by observable
mass loss.
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Fig. 3 Effect of high temperature on the mass loss for
different FLS/TFA %.

Compressive Strength

The effect of high temperature on the relative
compressive strength of mortar specimens with
FLS/TFA equal to 0 %, 10%, 20%, 30% and 40 % is
shown in Fig. 4. The relative compressive strength
here is defined as follows:

Relative compressive strength = {6/ ogr]* 100

Where Gyr is the compressive strength of the
specimen exposed to the desired target temperature
and ogr is the corresponding compressive strength
of the unheated specimens at the same FLS/TFA%.
The general trend for the different FLS/TFA % is
similar, i.e. with increasing the target temperature, a
steady state drop in the relative strength is observed
up to 2 temperature of 500°C, where the average
relative strength is about 83%. After 500°C, the
average relative strength dropped suddenly to reach
51% with increasing temperature to 600°C, At 700°C,
the relative strength reached an average of 36 %, At
temperature of 200°C, the average relative strength is
96 %. In a previous work by the author and co-
workers [12] on the effect of high temperature on the
relative strength of concrete, a sudden drop was
recorded in the strength after 200°C and gravel
concrete completely lost its strength at 600°C. The
absence of coarse aggregate in the mortar decreased
the effect of differential thermal expansion that
occurred between cement paste and aggregate. This
can explain the slow gradual decrease in the relative
strength at temperature up to 500°C. The high
relative strength at 200°C is attributed to the enforced

hydration process due to water evaporation [14]. The
structure of the cement mortar after high temperature
exposure gets loose because of the pore expansion
owing to the veporization of the absorbed water. The
loss of water from the free calcium hydroxide (CH)
(results from cement hydration), leaving calcium
oxide (quick iime). This calcium oxide absorbs water
from the surrounded atmosphere as the specimen
leaved cool. Thus it re-hydrated to CH or reacts with
atmospheric CO, resulting in calcium carbonate
(CaCOs3). Theses processes are accompanied by an
expansion in the volumne, which may disnupt the
material {13, 15].

To explain the role ¢f FLS/TFA % on controlling the
behavior of mortar at high {emperature, the
compresgive strength of the heated mortar specimen
with different FLS/TFA% {c.) was divided fo that
with FLS/TFA% equal to 0 (o) at the different
regimes of high temperatures including RT as shown
in Fig. 5. The effect of FLS/TFA% at diffcrent
temperatures shows similar trends, i.e. an inci¢ase in
the strength ratio as the FLS/TFA% increases up to
FLS/TFA =20% and after that it decreases to
approach thai at 0% FLS/TFA at FLS/TFA% equal to
40%. Also it is clear that the strength ratio increases
as the exposed temperature increases especially at
temperatures of 600 and 700°C for all FLS/TFA %.
Ag an example for FLS/TFA% equal to 20%, the
strength ratio reached 1.12 at 200°C, 1.18 at 500°C
and 1.60 at 700°C., The FLS shows some of hydration
reactivity, which allows it to behave as a pozzolanic
when it was mixed with cement. So, using of lead-
slag as aggregate enhances u type of aggregate
cement paste interface, The decrease in the strength
with further increase in the replacement of sand by
FLS may be due to the fact that by increasing the fine
lead- slag aggregate without the equivaient required
amount of cement to achieve pozzolanic hydration,
an adverse effect on the bond in the matrix is
occurred [9]. At high temperatures, the reduced
amount of Ca(OH)2 due to the pozzolenic effect of
FLS increase the strength ratio at those temperatures,
which otherwise results in steength loss and
disintegration [16]. Photo.] shows the crack pattem
of the mortar specimens after exposed to temperature
of 700°C for FLS/TFA equal to 0 and 20%. A wide
crack is observed on the specimen surface for
FLS/TFA% equal to ( compared to a very namrew
surface cracks in the case of FLS/TFA equal to 20%.
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Relative compressive strength, {Ger! dm}x 106 %
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Fig. 4 Relative compressive strength against temperatures for different FLS/TFA%.
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(b FLS/TFA =20 %
o

ek

Photo. 1 Crack pattern of mortar specimens after
heating to 700 oC for
a) FLS/TFA = 0.0 % and
b) FLS/TFA = 20%.

Abrasion Resistance

The effect of high temperature on the abrasion
resistance of mortar fabricated by partial replacement
of sand by different percentages of FLS/TFA is
shown in Fig, 6. The abrasion resistance defined by
the wear rate (WR) is expressed as the weight loss of
the tested specimen divided by the area of the surface
exposed to wear. This is of a physical meaning, since
abrasion is a surface propetty that defines surface
layer characteristics. The exposed surface area for all
specimens is constant and equal to the area of a circle
having a diameter of 25 mm. The unit now is

go/mm®. Fig. 6 shows the relation between the
relative wear rate (wear rate of specimens exposed to
heat multiplied by 100 and. divided by that of the
unheated specimens at the same FLS/TFA%). The
figure shows increases in the relative wear rate with
increasing temperature for all FLS/TFA%. This
means a decrease in the abrasion resistance with
increasing temperatore and the relation is
approximately linear. This trend is similar to that of
compressive strength.

To reflect the effect of FLS/TFA% of the abrasion
resistance of mortar at different temperature, the
wear rate ratio (the ratio of the wear rate of moriar

_specimen containing FLS to that of 100% sand at the

same temperature) is drawn in Fig. 7 against
FLS/TFA% for different temperatures considered.
The presence of FLS enhances the abrasion
resistance of mortar specimens up to 20%
replacement and after that the effect decreases until it
approximately match that of 100% sand at FLS/TFA
equal to 40%. The role of FLS replacement is more
pronounced at high temperatures above 500°C.

200
175 -
- .
. L 2
g 150 - . ¢ %
5 o)
2125 | 2 g 8  FLSTFA, %
£ s 8 *0
2 100 A10
020
BT X 30
50 L 1 N ) 5 i DO#O e

0 200 400 600 800 1000

Temperatute, °C
Fig. 6 Effect of high temperature on the relative
abrasion rate for different FLS/TFA %.

The presence of FLS, which behaves as a pozzolanic
material reacts with the hydration products forming
and thus enhances cement aggregate interface and
leads to dense stoucture composed of irregular graing
and hydrated products attach to the aggregate surface
strongly. This improves the resistance of the mortar
to abrasive wear. With the increase in FLS above
20%, the remaining un-reacted FLS behaves as filler
and which can easy leave the surface of the specimen
during abrasion,
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Fig. 7 Effect of FLS/TFA % on the wear rate ratio at
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4. CONCLUSIONS

1. The compressive strength of fine lead slag mortar
decieased gradually with increasing temperature
up 500°C and after that temperature the strength
decreased markedly.

2. Wiih increasing tine lead slag percent as a partial
replacement of sand, the compressive strength
increased up to fine lead slag percent of 20 % and
after that it decreases but stiif higher than that of
100 % sand at 40 % fine lead slag.

3. The presence of fine lead slag played a vital role
in ephancing the strength ratio of lead slag mortar
compared to those of sand mortar especially at
high temperatures above 5006C,

4. The abrasion resistance of plain and lead siag
mortar decreased lineatly with increasing high
temperature.

5. The highest abrasion resistance was that of mortar
specimens of 20% fine lead slag,

6. The presence of fine lead slag enhanced the
abrasion registance of plain mortar and the rate of
enhancement is more pronounced at temperatures
above 5000C.
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ABSTRACT
The development of environmentally accepted methods of used tire disposal is one of the greatest
challenges that waste management experts face today. When building materials are subjected to
fire and exposed to cooling, some changes may occur in their characteristics; such as phase
transformation, weight loss, aggregate-cement bond, ete., which directly affects on its chemical
stability and mechanical properties. In the present investigation, the effect of high temperature of
the compressive and tensile strengths of concrete mortar fabricated from ground waste tire rubber
(GWTR) as a partial replacement of total fine aggregate (TFA), sand, was -experimentally
investigated, The percentages by volume of GWTR/TFA were, 0%, 5%, 10%, 15% and 20%. All
mortar samples were prepared and cured using tap water for 28 days, then kept in laboratory
atmosphere until the beginning of the test. The specimens were subjected to different target
temperatures of 100, 200, 300, 400 and 500°C. After reaching to the desired target temperature,
the specimens were sustained at desited temperature for 2 hours. After heating the specimens were
allowed to cool at room temperature until the date of the test. The test results showed that all
mortar specimens exposed to high temperature suffered a significant decrease in both compressive
and tensile strengths. Replacing sand by 5-10% GWTR recorded the highest relative compressive
strength, while replacing sand by 10-15% GWTR recorded the highest relative tensile strength’
compated with other replacement ratios. The mass loss increased with increasing of temperature
up to 500°C and GWTR %. In 2ddition, at high temperature 500°C it was noticed that no cracks
appeared on the surface of specimens. , ' -
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1. INTRODUCTION

Waste tires pose a health hazard since tire piles are
excellent breeding grounds for mosguitoes. Because

of thé shape and impermeability of tires, they may

hold water for long periods providing sites for
mosquito Jarvae development. Waste tires also pose a
serious fire hazard since ‘wiste tires and waste tire

stockpiles are difficult’ to ignite. However, once -

ignited tires burn very hot and are very difficult to

extinguish. A large tire fire can smolder for several,

weeks or bven months, sometimes with dramatic

effect on the surrounding environment. An end-of-
life tire is a used tite that cannot or is not reused for
its originally intended purpose and is not retreated.
Such tires may have a further use as a raw material
for other processes or be destined for final dispesal.
End-of:life tires are called “scrap tires™ in the United
States [1]. However, all of the recycling re-uses and
recovery practices combined only consume about
22% of the discarded tires. Thus, a need still exists
for the development of additional uses for scrap tires
[2-4]. Nowadays, waste tire disposal is a significant
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problem and finding an environment friendly and
potentially attractive method is the greatest
challenge. The difficulty in the recycling of the waste
tire is that the tire rubber is a cross finked polymer
that is hard to melt and to process [5-6].

Utilization of waste tires would eliminate castle
pollution that is required to prevent degradation of
air, land and water in the vicinmity of the waste
disposal sites. Also burning the remains tires rubber
for getting rid of them causes a very big pollution to
the environment. Therefore, many studies [7-9] were
directed to avoid the problems due to burn the
remains tires rubber and studying the role of
utilization the ground waste tires rubber as
aggregates in concrete. Many properties of the
concrete can be improved being used the tire chips in
civil engineering applications such as low material
density, high builk permeability, high thermal
insulation, high durability, and high bulk
compressibility. On heating, a neat Portland cement
paste first expands owing to its normal thermal
expansion, This expansion, however, is exposed to a
contraction due to the shrinkage of the material as
water is driven off from it. The contraction due to
drying eventually becomes much larger than its
normal thermal expansion and the material then
begins to shrink. The temperature at which the
maximum shrinkage is reached varies with the size of
the specimen and the conditions of heating. It may be
as high as 300°C for air-dry specimens under
conditions of fairly rapid heating. At more
temperatures the neat cerment steadily shrinks, the
contraction from the original dimensions amounting
ultimately about 0.5 percent or more. During this
process, severe cracking occurs [10). Hydrated
Portland cement contains a considerable proportion
of free calcium hvdroxide, which loses its waler
above 400-500°C, leaving calcium oxide (quick
lime). If CaO becomes wetted after cooling as
exposed to moist air, -it rehydrates to Ca(OH);
accompanied by an expansion in volume that may
disrupt a concrete, which has withstood a fire without
disintegration [11].

The best fire resistant aggregate, which is
characterized by a very fine crystalline texture or a
non-crystalline basic aterial such as limestone,
expands steadily until a temperature of about 900°C
is reached, then begins to contract owing to
decomposition of CaC(Q; with liberation of CO,. It
has often been considered, on account of this
decomposition, that the concrete with limestone has
no fire resistance beyond this temperature [12]. Long
series of tests on the fire resistance of structures have
been carried out in Britain and USA. All concretes,
which are considered the most fire resistant, attained
a serious reduction in strength at a temperature above
600°C and fail if exposed for a considerable time io a

a9

temperature exceeding 900°C [13]. However,
regardless the different nature, size and composition
of used tire rubbers, a meaningful decrease in
concrete compressive strength with the increasing
amount of rubber phase in the mixture was always
detected [14]. Tt was found that the damping ratio of
rubberized concrete containing 20% rubber is much
higher than that of traditional concrete by about
63.2%

In the present investigation ground waste tires rubber
was used as a partial replacement for fine aggregates
by volume (0%, 5%, 10%, 15% and 20%). All
mortars samples were exposed to five different
temperatures 100, 200, 300, 400 and 500°C for 2
hours soaking time with heating rate of 10-20°C. The
weight loss and residual compressive and tensile
strengths due to exposure to those high temperatures
were experimentally investigated in the present

Ppaper.

2. EXPERIMENTAL PROGRAMME

The cement used in mortar mixes was ordinary
Portland cement (GPC) from Suez Cement Company.
The properties of the used cement are given in Table
1. The used sand was siliceous sand with 100%
passing ASTM sieve No. 4 with a fineness modulus
of 2.75. The cement content was 400 kg/m’, The
sand to cement ratio was equal to 3:1. The used
ground waste tire rubber (GWTR) in this research
was produced by (El-Nasr Tire Company) by
grinding the waste tires with special technique. The
total fine aggregates (TFA) in all mixes were sand
partially replaced by fine GWTR particles. The
percentages by volume of GWTR/TFA were 0%, 5%,
10%, 15% and 20%. Sieve analysis of the used
GWTR and sand are given in Table 2. The physical
properties of the used fine GWTR are given in Table
3, Cubes 70 % 70 x 70 mms were prepared for
testing undet static compressive loadings. Cylinders
of 75 mms diameter and [50 mms height were
prepared for testing under indirect tension test. The
mortar constituent materials were batched separately
by weight. Mixing was performed in a small rotating-
drum mixer. First, cement and waste tire rubber were
dry mixed until a homogeneous mix was observed
before mixing the sand to it, and then water was
graduzally added while mixing continued for about
five minutes. All specimens were cast in steel molds,
then demolded afier 24 hours an® cured in fresh
water for 28 days. All specimens were cast and
treated under the same environmental.conditions.

After curing, the specimens weére cxposed to
temperatures of 100, 200, 300, 400 and 500°C and
kept at that temperature for 2 hours in semi-open
maffle furnace with an avetage heating raic of 10°C
per minute, Atter heating, the specimens were left to
cool in air until the time of testing. The compressive
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. - E e _;“* .
and indirect temsile tests were “carriéd out in a

hydraulic universal testmg machme of 1000 kN
capacity.

Table I Properties of the used OPC

B.S.

Property Results Litnits
Initial setting time 145ht | =45 min
Final setting time 4.25hr <10hr
Fineness, jun 8 510
Compressive strength
(kg/om?)
After 3 days 225 2 160
After 7 days 297 2240
After 28 days 379 1. =360

Table 2 Sieve analysis of GWTR and sand.

. . % passing
Sieve Qpening, mm GWTR | Sand
5 100 100
2.5 100 97.8
1.25 13.4 84.9
0.62 3.8 . 584
0.31 1.6 8
0.16 0.6 2.2
Table 3 Physical properties of GWTR.
Property GWTR | Sand
Specific gravity 0.9 245
Unit weight g/om? 0.67 1.7
Absompfion% - | 1.9 0.42
Fineness Modulus 3.81 245

3. RESULTS AND DISCUSSIONS

3.1. Compressive Strength

The effect of high temperatures on the relative
compressive strength of mortar specimens fabricated
by partial replacement of sand by GWIR
(GWTR/TFA % =0, 5, 10, 15 and 20%) is shown in
Fig. 1. The relative compressive strength showed in
the ﬁgure is ratio multiplied by 100 of the strength of
specitmen exposed to high tempetature to that of the
unheated specimen at the same GWTR/TFA %. It is
clear that, all mortar mixes exposed to fire suffered a
significant depression in compressive strength.

The average relative compressive sttength for all
GWTR/TFA % was about 93, 90, 83, 75 and 56 %
for target temperatures of respectively 100, 200, 300,

400 and 500°C. The small gradual decrease in the-

compressive strength at low temperature may be due
to the existence of rubber particles absotbs the

volume change occurred in the specimens due to

:ﬁeatin\g. At high téﬁlpera{'ﬁre (500°C), higher

reduction in compressive strength is observed and
this may be due to melting of the rubber particles and
increasing porosity in the mortar specimens. Thermal
decompasition of some binding products such ag Ca-
sulphate- aluminate hydrate and calcium silicate
hydrates may alsd' the reasons for the higher
reduction in the compressive strength at high
temperatures.

Figure 2 demonsirates the effect of GWTR % on the
relative compressive strengih of mortar specimens at
different high temperatures. The figure clearly
indicates that the relative compressive strength
increases with increasing GWTR up to 5% at some
temperature and 10% others and after that it
decreases at all temperatures. Thus we can conclude
that the optimum GWTR % for high temperatures
applications under compression loads is ranged from
5% to 10 %.

To explain the effect of GWIR/TFA % on the
compressive strength of mortar, the strength of
specimen exposed to high '-temperature and
containing GWTR was divided by that of 100% sand
and exposed to the same target témperature. This is
defined as the compressive strength ratio. The effect
of GWTR/TFA % on the strength ratio at different
exposure temperature including room temperature is
shown in Fig. 3, The same trend for all target
temperature is observed, ie. linear reduction in the
strength ratio with increasing GWTR/TFA %.

The data in the data figure best fit the following
relation between the GWTR/TFA % and the

compressive strength ratio:
Strength ratio, % = 100 — 2.13(GWTR/TFA %)

At GWTR/TFA % equal to zero, the compressive
strength is the strength of 100% sand specimens. The
above equation is valid up to GWTR/TFA % equal to
46.95%.

3.2, Tensile Strength

The tensile strength of GWTR mortar specimens
shows -similar trends as that of compression. The
effect of high temperatures on the relative tensile
strength of tnortar specimens fabricated by partial
replacement of sand by GWTR (GWTR/TFA % = {,
5, 10, 15 and 20%) is shown in Fig. 4. The relative
tensile strength showed in the figure is ratio
multiplied by 100 of the strength of specimen
exposed to high temperatureé to that of the unheated
specimen at the same GWTR/TFA %. It is clear that,
all mortar mixes exposed to fire suffered a gradual
decrease in the relative tensile strength with
increasing high temperatures.
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Relative compressive strength, %
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Fig. 1 Relative compressive strength against temperatures for different GWTR/TFA %.
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The average relativé stredigth £oF all GWTR/TFA %

was about 97, 94, 86.5, 81.5 and 64 % for target
temperatures of respectively 100, 200, 300, 400 and
500°C. These average relative strengths are higher to
some extent to those recorded under compression.
This means that the degradation in the strength in the
case of tensile stresses is smaller than that in the case
of compressive stresses. This is expected due to the
small resistance of rubber particles to tompression

- load compared to its better resistance to tensile loads.

The small gradual decrease in the tensile strength at
low temperature may be due to the existence of
rubber particles absorbs the volume change occurred
in the specimens due to heating. At high temperature
(500°C), higher reduction in the tensile strength is
observed and this may be due to melting of the
rubber particles and increasing porosity in the mortar

-specimens. Thermal decomposition of some binding

products such as Ca-sulphate- aluminate hydrate and
calcium silicate hydrates may also the reasons for the

‘higher reduction in the tensile strength at high

temperatures. Visual examination of specimen
surfaces of GWTR mottar after exposure to high
temaperatures up to (500°C) reveals no cracks
appeared on such surface. This indicates that the
presence of GWTR absorbed any volume changes in
the matrix as a result of thermal expansion.

Figure 5 demonstrates the effect of GWTR % on the
relative tensile strength of mortar specimens at
different high temperatures. The figure clearly
indicates that the relative tensile strength increases
with increasing GWTR up to 10% in some cases and
up to 15% in other cases and after that it decreases at
all temperatures. Thus we can conclude that the
optimum GWTR % for high temperatures
applications under tensile loads is renged between
10% and 15%.

To explain the effect of GWTR/TFA % on the tensile
strength of mortar, the strength of specimen exposed
to high temperature and containing GWTR was
divided by that of 100% sand and exposed to the
same target temperature. This is defined as the tensile
strength ratio. The effect of GWTR/TFA % on the
tensile strength ratio at difforent exposure
temperature including room temperature is shown in
Fig, 6. The same trend for all target ternperat:ure is
observed, ie. linear reduction in the fensile strength
ratio with increasing GWTR/TFA %. The data in the
data figure best fit the sarne relation in compression
between the GWTR/TFA % and the tensile strength
ratio.

3.3. Mass loss

Heat induced mass losses due to water evaporation
and melt of rubber for all mixtures are shown in Fig:
7. The mass loss illustrated in this figure represents
the normalization of the difference in mass loss

between the unheated and heated specimens to that of
the unheated specimens multiplied by 100. All
mixtures demonstrated an increase in the mass loss
percentage with increasing tempreture. These losses
are increased with increasing  GWTR to high
teraperature. The loss rate is low at the first stages of
heating up to tempreature of 200°C.. When the
heating temperature is under 200°C, the mass loss is
completely caused by quick evaporation of capillary
water, and concrete undergoes a ﬁhyswal process.
For a temperature between 200 and_460°C, the
weight loss is mainly caused by gradual evaporation
of gel water and melt of rubber, and the concrete
undergoes a mix physico-chemical process. For a
temperature over 400°C, the weight loss is mainly
caused by the meli of rubber and evaporation of
chemically combined water (dehydration) and
decomposition, so thé concrete undergoes a chemical
process [10].
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4. CONCLUSIONS
" Based' on the- test results from this 'study the

following conclusions could be drawn as follows:

1. All mortars specimens exposed to high
temperatures showed a decrease in  both
compressive and tensile strengths with increasing
temperafure. The reduction in the compressive
‘strength was higher than that recorded in tensile
strength,

- The GWTR/TFA % showed remarkable effect on
the mortars compressive and temsile strengths
after their exposure to high temperature. Where,
the compressive strength and tensile strengths of
rubberized mortars decrcased w:th mcreasmg of
GWTR/TFA %.

' 3- The optimum GWTR %, whith gave the highest

relative compresswe strength, was in the range
from 5% to 10%, while that gave the highest
rélative tensile strength’ wes. in the range from
10% to'15%.

4- A linear relation existed between the compressive
strength ratio and the tensile strength ratio (ratio
of the strength of rubberized mortar to that of
100% sand at specified temperature) and the
GWTR % at all temperatures considered,

5~ The mass loss increased with increasing of
temperature up to 5000C and GWTR %.
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EFFECT OF MOUTHPIECE LENGTH AND POSITION ON THE
DISCHARGE COEFFICIENT
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ABSTRACT

This research investigates .experimentally the different lengths, positions and direction of
mouthpieces to determine the value of the corresponding discharge coefficient (Cy) in order to
specify the orifice characteristics that can be properly implemented in the field of irrigation. The
experiments were carried out in the Hydraulic Research Institute in a two sided glass flume (40 m
long, 0.4 m wide and 0.6 m deep). 126 runs were executed during which the length and position of

- the mouthpiecé were varied. The tested lengths, with respect to the orifice diameter, were 0.5d,

1d, 1.5d, 2d, 3d, 4d and 5d, while the tested positions of mouthpieces were fitted either internally
(opposite to the flow direction) or externally (along the flow direction). Supplementary tests (36
tests) were carried out for determining the discharge coefficient of the orifice (without
mouthpieces) to act as a reference to the results using mouthpieces. The discharge was varied
from 5 to 13 Vs with increment of 1 I/s. Measurements were carried out using point gauges,

witrasonic flow-meter, current meters and a digital camera to monitor the flow inside and outside

the tested mouthpieces.

The results were analyzed and represented. The results revealed that increasing the throat length
results in decreasing the loss coefficient to a certain limit after which "C4" becomes constant,
Also, the results proved that the discharge coefficient in the case of an internal mouthpiece is less
than that of the case of an external mouthpiece as the separation increases. It was also found that

. lowering the mouthpiece under the free surface causes the increase in the head (H) which produces
‘more losses. .
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