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

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 condifion. The cumulative effect of 
systematic, successive maintenance treatments is to postpone costly rehabilitation and 
reconstruction. Deferring of pavement 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 motorists) 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 8nd vital resources (cleh 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 
environment issue represented by Carbon Monoxide (CO) emission values. To achieve this, the 
paperconsists 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 between pavement condition and traffic speed will be discussed with the required 
correlating models..The.third part includes quantification of air pollution results from traffic speed 
reduction within anticipated models. Finally, the offect of pavement condition on traffic 
environment pollution was identified witbin an analysis to practical data of different road sections. 
The results. indicate t h ~ t  p e  e n v i y o v t  willbe affected by 0.276,0.176, 0.314,0.333, 0.279 and 
0.513 ton of CO daily and accumulated iife cycle emissions values; 744.57, 466.58, 799.66, 
688.88, 841.17 and 97?.14 ton for .the studied sections respectively depending on variables of 
pavement cogditiqn and traffic volume. The pavement condition has a major impact on the 
environment than the ,traffic volume as defmed hereinafter. There is a direct proportional of 
payem@ 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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1. INTRODUCTION 

An ideal pavement management system would yield 
the best possible value for the available funds; while 
providing and operating smoo:h, safe, and 
economical pavements. The minimum requirements 
of such a system wouid include adaptability, efficient 
opel-ation, practicality, quantitatively, and good 
feedback information. By including the external costs 
in the costs of motoring, some uips 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 he considered by the 
driver. In order to stop the wasticg of scarce 
resources, 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 mlationship 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-related air pollution 
were quantified in terms of additional cases of 
premahue death and number and type of additional 
cases of morbidity. In all countries the air pollution 
related healtb 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 
monetaly quantification. An important part of the 
external 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 (I). 

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

The impacts of traffic related air pollution on human 
health bad 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. 1t 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 ill 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 PMlO (particular 
matter equivalent or less than 1 O p  in diameter and a 
lowest assessed level of 7.5 pglm3), the following 
healtb outcomes were selected: total mortality based 
on coho* studies (long-term), respiratory hospital 
admissions (3,4 ), cardiovascular hospital admissions 
and, incidence of chronic bronchitis in adults. Other 
health may not easily be expressed in monetary 
values (e.g. lung function decrement, school 
absentees, physical performance, change in bronchial 
reactivity), or may be partially included in the above 
mentioned outcome measures, thus leading 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 individual level with 
stringent emission regulations. Secondly, emission 
control technology improvement followed the 
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regulation advances and lowered the emission &om 
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 transpoltation 
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 condition on the environmental 
poIlution of traf%ic. 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 (iii) air pollution (emission) related to 
traffic speed. The application of these relations 
sequentially between pavement condition, traffic 
speed and traffic emissions leads to quantifying 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- Dierent road sections (6 No.) were selected that 
covers the different levels of road levels, 
pavement condition and environment conditions. 

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

3- Traffic volume and the average mnning 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 
variables are described hereinafter. 

3.1. Assessment of Pavement Condition 
The purpose of this stage is to evaluate the condition 
of the pavement sections. This assessment is directly 
used to 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 Amy 
Corps of Engineering (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). 
PC1 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 
rehabilitation (M&R) needs and priorities for 
highway pavements. In this technique, the excellent 
pavement is indicated by a PC1 value 85 to 100, 
while the failed pavement is indicated by a PC1 of 0 
to 10. The intermediate PC1 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 associated with 
the PC1 procedure includes 19 flexible pavement 
distress types each is classified by three levels 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 
P C i = C - x x a (  Ti,Sj,DiJ)sF(t,sf 

i-1 j-1 
(1) 

Where: 

PC1 = Pavement Condition Index (PCI); 
C = constant (usually I00 ) 
I = 1, ..m, represents existing distress types. 
J = 1,..3, represents distress severity ( low, 

medium and high ) 
A = weighting factor = function of distress type 

(T), distress severity (S), and the 
corresponding density @); 

F = adjustment factor for multiple distress types. 

3.1.1 Pavement Maintenance Polices 
Polices for pavement rehabilitation and pavement 
maintenance vary widely fiom 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 involved 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 

system 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 accomplishments 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 repom to monitor and update the 
system. 

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

3.1.2 Pavenrent Deterioration Rates far  
Maintenance Techniques 

Beliavior 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 mlates pavement condition index (PCI) 
to the age of pavement. The general form of this 
procedure is as follows (9): 

C = ~ O O - b * x m  (1) 

Where: 

C = Pavement Condition Index (PCI) 
X = Pavement age in months measured from the 

date of last zpplication of maintenance. 
B = Slope coefficient, 0.03 19 for Surface treatment, 

0.0158 for thin overlay, 0.0129 for thick 
overlay, 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 
techniques 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 (I) .  

3.2 The Relation between 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+28.09.  R2 = 0.999 (2) 

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

Where: 

S = Vehicles speed (kmlhr) 
C = Pavement condition ( PC1 from 0 to 100) 

3.3 Prediction of Environment PollnPion ValUeS 

Environmeutal and transport policies are affected 
negatively by the impacts of road traffic and their 
monetary quantification. 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 gmi?un to different vehicle speed 
(kph) values (1 0). 

E=-0.921xS+ 76.268 R' = 0.999 (3) 

Where: 

E = Emission, CO gm/km/vehicle 
S = Vehicles speed (!unihr) 
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 operating 
speed. Table (2j defines the values of these variables 
for different pavement sections in addition to the 
prefened maintenance type based on the values of 
Table (1). The czlcdated current daily and yearly 
emissions for each section ( t o n h )  are shown also in 
Table (2). A life cycle analysis (10 years) was done 
for each section includiug the following elements: 

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

2- The calculated yearly vehicles speed @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 ( t o n h )  for 
each section using equatton (3) based on the 
traffic volume and vehicles speed. 

5- Subsequently, the yearly 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. 
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Table (1) Preservation techniques and the suitable condition range for application 

Maintenance Type 

PC1 range E 85-73 73-60 . 60-47 < 47 

Surface treatment Reconshuction Thin Overlay Thick Overlay 
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Table (2) data of pavement sections and the result emission (to&) 

Table (3) Section 1; the yearly and accumulated emissions for thick overlay maintenance 

Table (4) Sectlon 2; the yearly and accumulated emissions for surface treatment maintenance 

Table (5) Section 3; the yearly and accumulated emissions for reconstruction 

Engineering Research Journal, Minoufiya University, Vol. 31, No. 3, July 2008 285 



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

Tabie (7) Section 5; the yearly and accumuldted emissions for reconstruction 

Table (6) Section 4; the yearly and accumulated emissions for thin overlay 

TabPe (6) Section 6; the yearly and accumulated emissions for thin overlay 
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Accomulated Yearly "E" 
'ton/km ' - 
45.45 
118.23 
228.28 

Yearly "E" 
*Iolon/km ' 

45.45 
72.78 

- 110.05 

7 

Year PC1 

156.77 385.05 
- 39.86 
- 45.99 

53.93 524.83 
63.61 588.45 
46.63 
53.80 

speed(S) 

75.55 

- 66.55 

1 
2 
3 

Yearly 
T ~ f f ~ c  

18612 
7 1 . 6 3 - - -  19357 

- 20131 

95.7 
87.8 
77.5 

4 
5 
6 
7 
8 
9 
10 

6 0 . 5 4  
77.36 
76.77 
75.99 
75.08 
77.36 
76.77 

65.4 
99.3 
98.1 
96.6 
94.8 
99.3 
98.1 

- 20936 
21774 
22644 
23550 
24492 
25472 
26491 
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SEC 1 SEC2 SEC3 SEC4 SEC 5 SEC6 

Pnvernent S d o m  

Figure (1) yearly emission value for different pavement sections 

SEC 1 S K 2  SEC3 SEC4 SEC5 SEC6 

Pnse~nent Seetlons 

Figure (2) ADT for different pavement sections 

Pnvemept S'ecftons 

Figure (3) Pavement Condition for different Pavement Sections 
I ! .  

: l  : 
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SEC 1 SEC? SEC 3 SEC 4 SEC 5 SEC 6 

PRsement Section!, 

Figure (4) average operating speed at different Pavement Sections 

f 2 3 4 5 6 7 8 9 1 0  

Tnr 

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

5. CONCLUSlONS AND KECOMMENDATIONS although the pavement'condition is good ( see 
This paper concerned with the environmental issues Table 2 & Figure 1) 
represented by air emission result from traffic related 2- The lowest yearly emission came from section 2 
to pavement condition. Three relations were used; (64.35ton) as a result of a veiy good pavement 
first, simple perfomlance models for different condition. 
pavement maintenance types, second, relation 3- The lowest condition of section 3 & section 5 
between pavement condition and traffic Speed and higll emissiolls (114.73&101.83 
third, quantification of air pollution results from respective,y their traffic volume. 
traffic speed reduction. The description of procedure 
steps !o coi~elate different relations for emission 4- AS a result of condition status of sections 3&4, 
calculation result from different maintenance which is (poor & very good) respectively, the 
techniques was discussed. Thrreafier, an application emission values are approximately closed together 
case was done and the following rcsults were although the traffic volume for section 4 almost 
concluded: the double of it for section 3. 

1- Section 6 produces the highest yearly emission 5-  0" the lon%-mi& after applic-tion of the suitable 
(187.28) ton as a result of higher traffic volume 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 traff~c 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 strategies should be 
applied to keep the pavement condition as nearly 
as its 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 trafiic pollution on the health of people, and to 
predict tbe relations between vehicle Wes, 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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The effect of high teteinperatures 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 tine lead slag (FLS) was used 
as a partial replacement of the total'fine aggregate (TFA), sand, by different percentages ofvolume 
(FLSffEA = 0, 10,20,30 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 temperature 
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 FLSfTEA%, 
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 strength and abrasion resistance of 
mortar increased up to replacement of 20% of sand by F'LS 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 above 
5OO0C. 
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Kepvords: Recycled lead-slag; Mortar; High temperature; Compressive strength; Abrasion 
resistance. 

1. INTRODUCTION 

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-ithe environdnt and sustainable 
developmenti$ the reuse and recycling of the waste 
materials. !- Use of inorganic industrial residual 
products- in making cementations products as 
congete,and mortar will lead to sustainable concrete 
design-&d.agreener environment [I]. 

~ h e ' i S ~ d ' ~ ~ t l v e 1 0 ~  concrete and inkat with non- 
conve'6iloual iggregates is urgent for environmental 
as weffas' economic reasons. A review of earlier 
reseaich 'showed that industrial as well as other 

wastes have been used in concrete-making to 
improve the properties of concrete and to reduce cost. 
Inclusion of recycled tire rubber fibers in concrete 
was found to avoid the opening of cracks and 
increase energy absorption [2]. Structural light 
weight concrete has been produced using oil palm 
shells [3] and demolished masonry waste 141 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 151. 
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 a1 [7] 

, , 

Engineering Research Journal, VoI. 31, No. 3 July 2008, PP 291-298 
O Faculty of Engineering, Minonfiya University, Egypt 



M H. Selzem, "Srrength andAbrasian Resistance ofRrcycled k u d  Slag Mortar At High Temperatures" 

found that strength decredses as the quantity of 
ceramic aggregates in concrete increases and the 
decrease in compressive strength is higher than that 
in the flexural strength. Whiie, the abrasion 
resismnce 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 [XI, 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 year, Penpnlr,b.moen 191 
published the second contribution in the use of 
secondary lead slag as a construction marerial. He 
found that all samples exhibited higher compressive 
strengths than that of the sample without slag, which 
increxsed with increasing the slag contents and ages. 
The highesl compressive strength was found for the 
sample containing 20% slag 8s cement replacement 
and 100% slag as aggregate mplacement. 

The results of'cbcmical analysis ofthe used lead slag 
in the prsvious work [8,9] revealed that the oxide 
componenfs of the slag were similar to those of 
ordinary Portland cement (OPC). For environmental 
concern, leachability of lead (Pb) from all samples 
was also carried out [9] on samples with high slag 
content. The amounts detected were much lower than 
the acceptable limit (5 ppm) for the requirement of 
Thai hazardous waste disposal standard. So, the 
application of the slag for construction material is 
fdly attractive. The environmental conditions such as 
temperame, 1:umidity and the mechanism of 
chemical transports are d ~ e  major factors causing 
chemical and physical attacks [lo]. Thus, the 
performance of construction materials fabricated 
from slag under these conditions is of priu~ary 
important. So, in the present work, the effect of high 
temperature on h e  cumpressive strength and 
abrasion resistance af mortar made with lead slag as 
parrial replacement of sand was studied. 

All mateiiak used in this study were locally available 
materials. The cement used was type 1 ordinary 
Portland cement. Thc 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 (RLS) was used as 
fme aggegate in mortar manufactwe. The RLS was 
clushed tir the desired gradation. by using a roller 
mill. An energy dispersive X-ray spectroscope was 
performed to analyze the chemical compositions of 
the materials. The results of chemical analysis of the 

used FLS and OPC are given in Table I. 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 orgaxic matters. The sand: cement 
ratio was 3:I by weight and the water cement ratio 
.was 0.5. The total fine aggregates (TFA) in the mix 
were partially replaced by FLS particles. The 
percentages by volume of FLSiTFA were 0, lo%, 
20%, 30%, and 40%. 

Table 1 Chemical composition of FLS and OPC 

2.5 
12.98 SiOl 20.39 

Iron oxide 72.8 2.89 

lvPn0 0.46 
4.1 

Others 2.33 1.53 
L.0.I 3.83 3.1 

Table 2 Physical properties of sand and FLS 
r 

Properly 1 Sand I FLS 
Specific gravity 
Density, kg/m3 

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 fim. Dry 
materials for this batch were mixed in the ~ I Y  state 
for a time to insure the homogmsity of the mixture 
before adding the mixing water. The test specimens 
were removed from the moulds 24 hours affer 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 F L S m A %  were tested. 

The experimental program suggested for the present 
work included the exposure of the mortar specimens 

Loose 
Dense 

%Water absorption -- FM 

292 Research Journal, Minoufiya University, voi. 31, NO. 3, juiy 2008 

38% 

27% 
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to different ta&et'temperatures (TT) ranging frak 
200°C to 700T step 100°C at an average heating rate 
of about 10 'Clmin. An electric furnace of 1600°C 
maximum temperature was used. The specimens 
were placed inside the famace 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 M a c e  at room 
temperature (residual unstressed test sequence), 
Fig. 1. All cubes specimens were weighted before 
+nd after heating to calculate the mass loss due to 
heating. 

A universal-testing machine of 1000 W 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 [It] was selected. An aggregate abrasion 
testing machine (Cat.' No. E~;42-500) was used to 
perform the test. The test specimens were exposed to 
abrasive standard sand, passed ftom 0.6 nun sieve 
and retained on 0.45 sieve, for 500 revolutions 
under a load of 750 gm. Each specimen was 
weighted before and after the test and the weight loss 
was calculated. 

Fig. 1 Sequence of residual unshessed test followed in 
this work 

3. RESULTS AND DIS%USSIONS 

Density 
The effect of FLSITFA % 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 ITS 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 FLStTFA % equal to 40%. 

0 1. 
; A Experimental 1 

Best f& 
GO 

I ,  

FLSiTFA, % 
Fie. 2 Effect of FLSiTFA % on the hardened density af - 

concrete mortar. 

Mass Loss 
The mass losses for the diffeient mortar specimens 
due to water evaporation as a result of exposure to 
high temperatures are shown in Fig. 3 for the 
different FLSITFA %. The relative mass losses were 
estimated as the difference in the mass between the 
unheated and heated specimens to that of the 
unheated specimens. An increase in the relative mass 
loss was observed for all mixtures with increasing 
temperature. The loss ratc is high at low temperatures 
UD to 300°C. after that it stabilized before increasing 
again above' 50O0C. Similar behavior was obsirved 
for concrete specimens'buf &e stabilized stag@was 
ranged between 20OoC and 4 0 r C  [12]. It is also clear 
that the mix of FLSITFA 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. Ovet400°C, the mass 
loss is caused by evaporafion of chemically 
combined water (dehydration) and decoinposition 
1131. 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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0 200 400 600 800 
Teu~pettAire, 'C 

Fig. 3 Effect of high temperature on the mass loss for 
different FLSlTFA %. 

Comprrssive Strength 

The effect of high temperature on the relative 
compressive strength of mortar specimens with 
FI.S/TFA equal to 0 %, I OK, 2O%, 30% and 40 % is 
shown in Fig. 4. The relative compressive strength 
here is defined as follows: 

Relative compressive strength = [o& ( ~ ~ ~ ~ 1 x 1 0 0  

Where crCm is ihe compressive strength of the 
specimen exposed to the desired target temperature 
and a a T  is the corresponding conlpressive strength 
of the unheated specimens at the same FLS/TFA%. 
The general trend for the different FLSTITA % is 
similar, i.e. with incressing the target temperature, a 
strady state drop in the relative strength is observed 
up to a temperature of 5@G"C, where the average 
relative strength is about 83%. After 500°C, the 
average relative strength dropped suddenly to reach 
51% with increasing temperahlre 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 thz author and co- 
workers [I21 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 600aC. 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]. 'ihe 
structure of the cement mortar after high temperahu-e 
exposure gets loose because of the pore expmsion 
owing to the vz.ponzation of the absorbed water. The 
loss of water from the free ~ a l c i u n ~  hydroxide 1CH) 
(results from cement hydratiton), leaving calcium 
oxide (quick iime). This calciun 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 
(CaCOr). Theses processes we accompanied by an 
expansion in the volume, which may disrdpt :he 
material [l3, 151. 

To explain the role ~f F L S m A  56 on controlling fie 
behavior of mortar a! high temperahire, the 
compressive strength of the heated mortar specimen 
with different FLS/TFA% (a3 was divided lo th8.t 
with FLS/TFA% equal to 0 (5,) at the different 
regimes of high temperatures including RT as shown 
in Fig. 5. The effect of FLS/TFA% at diffc~ent 
temperahires shows similar trends, i.e. an increase in 
the strength ratio as the FLS/TFA% increases up to 
FLS/TFA =20% and a k  that it decreases to 
approach that at 0% PLSITFA at FLS.K'FA% equa: to 

~rcases 40%. Also it is clear that the strength ratio in- 
as the exposed temperature increases especially at 
temperamres of 600 an6 700°C for all FLS/?FA %. 
As an example for FLSKFA% equal to 20% the 
strength ratio reached 1.12 at 200°C, 1.18 at SOOT 
and 1.60 at 700°C. The FLS shows some of hydration 
reactivity, which allows il to behave as a pozzulanic 
when it was mixed with csment. So, using of lead- 
slag as aggregate enhances 2 type of a.ggregate 
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 equivalent required 
amount of cement to achieve pozzolanic hydration, 
an adverse effect on the bond in the matrix is 
occurred 191. At high temperahires, the reduced 
amount of Ca(OH)2 due to the pozzolanic effect of 
FLS increase the strength ratio at those temperatures, 
which otherwise results in strength loss and 
disin:egration [16]. Photo.1 shows the crack patten, 
of the mortar specimens after exposed to temperature 
of 700°C for FLSITFA equal to 0 and 20%. A wide 
cmck is observed on the specimen surface for 
FLS/TFA% equal to G compared to a very n a m w  
surface cracks in the case of FLSITFA equal to 20%. 
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2 

53 0 200 400 600 800 0 200 400 GOO 800 

0 200 400 GOO 800 0 200 400 600 800 

Temperafurr?, OC 

Fig. 4 Relative compressive strength against temperatures for different FLS/TFA%. 
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Fig. 5 Effect of FLSiTF.4 % on the relative 

Base line compressivs strength 
0 
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Photo. 1 Crack pattern of mortar specimens after 
heating to 700 OC for 

a) FLSITFA = 0.0 % and 
b) FLSITFA = 20%. 

Abrasion Resistance 
The effect of high temperature on the abrasion 
resistance of monar fabricated by partial replacement 
of sand by different percentages of FLSfTFA is 
shown in Fig. 6. The abrasion resistance defmed 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 property 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 

g m / d .  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 F'LSflTA%. This 
means a decrease in the abrasion resistance with 
increasing temperature 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 temperahue, the 
wear rate ratio (the ratio of the wear rate of mortar 
specimen containing FLS to that of 100% sand at the 
same temperature) is drawn in Fig. 7 against 
FLSmA% for different temperamres 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. 

0 200 400 GOO 800 1000 

Temperahup, OC 
Rig. 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 structure composed of irregular grains 
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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FLS'TF,A. 'D 

Fig. 7 Effect of FLS/TFA % on the wear rate ratio at 
different high temperatures. 

4. CONCLUSIONS 
1. The compressive strength of fine lead slag mortar 

decreased gradually with inmcasing temperature 
up 500°C and after that temperature the skength 
decreased markedly. 

2. W i t  increasing fine lead slag percent as a partial 
replacement of sand, the compressive strength 
increased up to fine lead slag pzrcent of 20 % and 
after that it decreases but still higher than h a t  of 
100 %sand at 40 % fine lead slag. 

3. The presence of fine lead slag played a vital role 
in enhancing the strength ratio of lead slag mortar 
compared to those of sand mortar especially at 
high temperatures above 500oC. 

4. The abresm resistance of plain and lead slag 
mortar decreased linearly -with increasing high 
temperature. 

5. The highest abrasion resistawe was that ofmostar 
specimens uf 20% fine lead slag. 

6. The presence of fine lead slag enhartced the 
abrasion resistance of plain motiar and the rate of 
enhancement is more pronounced at temperatures 
above 500oC. 
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ABSTRACT 
The development of environmentally accepted methods of used tire disposal is one of the greatest 
challenges that waste management exped 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, etc., 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 af concrete mortar fabricated fiom ground waste tire nibber 
(GWTR) as a paaial replacement of total fine aggregate ('FA), sand, was experimentally 
investigated. The percentages by volume of GWTRITFA were, 0%, 5%, lo%, 15% and 20%. All 
mortar samples were prepared and cured using tap water for 28 days, then kept in 1ab;oratory 
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 hesired temperature for 2 hours. After heating the specimens wae  
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' 
compared with other replacement ratios. The mass loss increased with increasing of temperature 
up to 500°C and GWTR %. In addition, at high temperature 500°C it was noticed that no cracks 
appeared on the surface of specimens. . . 
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1. INTRODUCTION effect on the surrounding environment. An end-of- 

Waste. tires pose a hazard since tire piles are life tire is a used tire that cannot or is not reused for 

excellent b;reediig grounds for mosquitoes. Because its originally intended purpose and is not retreated. 

of the shwe and impermeability of tires, they may Such tires may have a further use as a raw material 

hold water for long , providing sites for for other processes or be destined for finat disposal. 

mosquito larvae development. Waste tires also pose a End-of-life tires are called "scrap tires" in the United 

serious fue hazard since&ste tires and waste tire States [I]. However, all of the recycling re-uses and 

stockpiles are to ignjte, H ~ ~ ~ ~ ~ ~ ,  once. recovery practices combined only consume about 

ignited tires burn very hot and are very difficult to 22% of the discarded tires. Thus, a need still exists 

extinguish. A large tire fire can smolder for several, for the development of additional uses for scrap tires 

weeks or h e n  months, sometimes with dramatic [MI. Nowadays, waste tire disposal is a significant 
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~rohlem and finding an environment friendly and 
potentially attractive method is the greatest 
challenge. The difficulty in the recycling of the waste 
tire is thst the tire rubber is a cross linked polymer 
that is hard to melt and to process [5-61. 

Utilization of waste' tires would eliminate castle 
pollution that is required to prevent degradation of 
air, land and water in the vicinity 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, man); studies [7-91 were 
directed to avoid the problems due to bum the 
remains tires rubber and studying the role of 
utilization the ground waste tires rubber as 
aggregates ir: concrete. Many properties of the 
concrete can be improved being used the tire chips in 
civil engineering applications such as low material 
density, high bulk permeability, high thermal 
insulation, high d~rability, and high hulk 
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 fron~ i2. 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 thc neat cement steadily shrinks, the 
contraction from the original dimensions amounting 
ultimately about 0.5 percent or more. During this 
process, severe cracking occurs [lo]. Hydrated 
Portland cement contains a considerable proportion 
of free calciunl hydroxide, 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)2 
accompanied by an expansion in volume that may 
disrupt a concrete, which has withstood a fire without 
disintegration [I. I]. 

The best fire resistant aggregate, which is 
characterized by a very fine crystalline texture or a 
non-crystalline basic material such as limestone, 
expands steadily until a temperature of about 900°C 
is reached, then begins to cmtract owing to 
decomposition of CaCO, with liberation of COa. 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 
GOO0C and fail if expnsed for a considerable time to a 

temperature exceeding 900°C [13]. However, 
regardless the different nature, size and composition 
of used tire rubbers, a meaningful decrease in 
concrete con~pressive strength with the increasing 
amount of rubber phase in the mixture was always 
detected [14]. It 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%, lo%, 15% and 20%). All 
mortars samples were exposed to five different 
temperatures 100, 200, 300, 400 a d  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 
paper. 

2. EXPERIMENTAL PPROGRAMME 
The cement used in mortar mixes was ordinary 
Portland cement (OPC) 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/m3. .e 
sand to cement ratio was equal to 3:l. 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 GWTRiTFA were 0%, 5%, 
lo%, 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 x 70 x 70 mms were prepared for 
testing under static compr@'l: loadings. Cylinders 
of 75 mms diameter and 150 mms height were 
prepared for testing under indirect tension test. The 
mortar constituent materials were hatched separately 
by weight. Mixing was performed in a small rotating- 
dnun mixer. First, cement and waste tire tubber were 
dry mixed until a homogeneous mix was observed 
before mixing the sand to it, and then water was 
gradually added while mixing continued for about 
five minutes. All specimens were cast in steel molds, 
then demolded after 24 hours anp cured in fresh 
water for 28 days. All specimens were cast and 
treated under the same environmenta!;conditions. 

After curing, the specimens wkre cxposed to 
temperatures of 100, 200, 300, 40Q and 500°C and 
kept at that temperature for 2 hours in semi-open 
mume fomace with an average heating rate of 10 OC 
per minute. Attcr heating. the specimens were left to 
cool in air until the time of testing. The compressive 
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and indirect tensile tests were carried out in a 
hydraulic universal testing machine of 1000 icN 
capacity. 

Table 1 Properties of the used OPC 

Compressive strength 

After 3 days 
After 7 days 
After 28 days 2 360 

Table 2 Sieve analvsis of GWTR and sand. 

Table 3 Physical properties of GWTR. 

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 GWTR 
(GWlWTFA % =:b, 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 o,f 
specimen exposed to high temperature to that of the 
unheated specimen at the same GWTRKFA %. It is 
clear that, all mortar mixes exposed to fue suffered a 
significant depression in compressive strength. 
The average relative compressive strength for all 
GWTRITFA % was about 93, 90, 83, 75 and 56 % 
for target temperatures of respectively 100, 200,300, 
400 and SOO°C. The small gradual decrease in the 
compressive 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 t&ipera&e (500°C), higher 
reduction in compressive strength is observed and 
this may be due to melting of the mbber 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 compressive strength at high 
temperatures. 

Figure 2 demonstrates the effect of GWTR % on the 
relative compressive strength 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 GWTNTFA % 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 tdmperature. This is 
detined as the compressive strength ratio. The effect 
of GWTFVTFA % on the strength ratio at different 
exposure temperature including mom temperature is 
shown in Fig. 3. The same trend for all target 
temperature is observed, i.e. linear reduction in the 
strength ratio with increasing GWTR/TFA %. 

The data in the data figure best fit the following 
relation between the GWTWFA % and the 
compressive strength ratio: 

Strength ratio, % = 100- 2,13(GWTFVTFA %) 

At GWTRTPA % 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 mortar specimens fabricated by partial 
replacement of sand by GWTR (GWTRITFA % = 0, 
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 temperature to that of the unheated 
specimen at the same G W F A  %. It is clear that, 
all mortar mixes exposed to fire suffered a gradual 
decrease in the relative tensile shmgth with 
increasing high temperatures. 
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Temperature: "C 

Fig. 1 Relative compressive sirength against temperatures for different G W m A  %. 
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The average relati"; streigd f>; all GWTWTFA % 
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 recordedunder compression. 
This means that the degradation in the seength 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 
(500DC), 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 monar after exposure to high 
temperatures 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 ranged between 
10% and 15%. 
To explain the effect of GWTRiTFA % 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 GWTRITFA % on the 
tensile strength ratio at different exposure 
temperature including room temperature is shown in 
Fig. 6. The same trend for all kuget:emperature is 
observed, i.e. linear reduction in the tensile strength 
ratio with increasing GWTIUTFA %. The data in the 
data figure best fit the same relation in compression 
between the GWTRlTFA % and the tensile strength 
ratio. 

3.3. Mass loss 
Heat induced mass losses due to water evaporation 
and melt of rubber for all mixlures 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 temprehue. These losses 
are increased with increasing GWTR to high 
temperature. 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 physical process. 
For a temperature between 200 and 400°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 melt of rubber and evaporation of 
chemically combined water (dehydration) and 
decomposition, so the concrete undergoes a chemical 
process [lo]. 

0 5 LO 15 20 25 

GWTWITA, % 
Fie.2 Effect of GWTR % on the relative compressive - 

strength 

I20 , 

GWTRITFA, % 
Fig. 3 Effect oEGWTR % on the compressive 

strength ratio 
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I20 r-- 1 

0 200 400 GOO 0 200 400 600 

Ten~pernt~m, OC 

Fig. 4 Relative tensile strength against temperatures for different GWTRITFA %. 
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0 5 10 15 20 25 

GWTR/TFA, % 
Fig.5 Effect of GWTR % on the relative tensile 

strength 

I 

0 5 10 15 20 25 
GWTRKFA, $5 

Fig.6 Effect of GWTR % on the tensile strength ratio 

G W T F A ,  % 
Fig.7 Effect of GWTR % on mass loss percentage. 

, ,  , .  , , , .  : '  i .  . . ;  .. . , 

4. CONCLUSIONS 
Based o ~ '  : the  test tesults %om this ' study the 
following conclusions could he drawn as follows: 

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

2- The GWTRTFA % showed remarkable effect on 
the mortars compressive and tensile strengths 
afcer their exposure to high temperature. Where, 
the compress~ve strengthgthand tensile strengths of 
rubberized mortars decreased with increasing of - 
GWTRITFA %. 

3- The optimum G W T R % ; W ~ ~ C ~  gave the highest 
relative compiessive &ingth, was  in the range 
fiom 5% to lo%, while that gave the highest 
relative tensile strength was in the range from 
10% toV15%. . . 

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 500oC and GWTR %. 
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EFFECT OF MOUTHPIECE LENGTH AND POSITION ON THE 
DISCHARGE COEFPICZENT 
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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 (Cd in order to 
specify the orifice characteristics that can be properly implemented in the field of imgation. The . .  . . 
e;perikents were carr~cd our in the Hydraulic Research lnsti~ute in a two sidcd glass flume (40 m 
lone. 0.4 m wide and 0.6 rn decol. 126 rims were executed dunne which the leneth and ~osition of -, . , - - 
the mouthpiece were varied. The tested lengths, with respect to the orifice diameter, were 0.5d, 
ld, ISd, 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 canied 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 11s. Measurements were carried out using point gauges, 
ultrasonic flow-meter, current meters and a digital camera to monitor the flow inside and outside 
the tested mouthpieces. 

The results were analyzed andrepreseuted. The results revealed that increasing the throat length 
results in decreasing the loss coefficient to a certain limit after which "Ca" becomes constant. 
Also, the results proved that the discharge coeficient 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 
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