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Abstract 

 
Construction joints are stopping places in the process of placing concrete, and they are required because in many 

structures it is impractical to place concrete in one continuous operation. The amount of concrete that can be placed at 
one time is governed by the batching and mixing capacity and by the strength of the formwork. A good construction 

joint should provide adequate flexural and shear continuity through the interface. 

In this study, the effect of location of construction joints on the performance of reinforced concrete structural 

elements is experimentally investigated.  

Nineteen beam specimens with dimensions of 200×200×950 mm were tested. The variables investigated are the 

location of the construction joints (at midspan or at third point of the specimens), type of construction joints (vertical, 

inclined, and key construction joints), and presence of stirrups at these joints. The specimens were tested using 1000 kN 

computer controlled versatile electronic testing machine. The specimens were positioned in the machine so that the 

deflection at center and\or at the location of construction joint was measured at each load step. 

The results of the experimental program indicated that the best location of the construction joint is at the point of 

minimum shear. It was found that the use of vertical construction joint has little effect on the overall behavior of beam 

specimens (the percentage of reduction in ultimate load capacity is in the range of 0% - 5%).  
While inclined construction joints results in a noticeable reduction in strength of beams relative to the strength of 

beam without construction joint the percentage of reduction in ultimate load capacity is in range of 8% - 20%.The 

presence of stirrups at the construction joints is an important variable, which affect the type of failure and load carrying 

capacity. It is found that adding of stirrups across the joint results in an increase in capacity in the range of (7%- 15%) 

and a decrease in deflection in the range of (20%- 48%). 

 

Keyword: Construction joint, reinforced concrete, beams, cracks in concrete. 

 
                                                                                                                                                                                                   

1. Introduction 

 
       Joints are necessary in concrete structures for 

variety of reasons. Not all concrete in a given 

structure can be placed continuously, so there are 
construction joints that allow for work to be 

resumed after a period of time. Since concrete 

undergoes volume changes, it can be desirable to 

provide joints and thus relieve tensile or 
compressive stresses that would be included in the 

structure. It is necessary then to provide various 

types of joints in most concrete structures, and in 
order that these joints adequately perform the 

functions for which they are intended, it is 

essential   that   they  be  installed  and   located 

correctly
 (1)

.  

 

1.1. Joints in Concrete Structures 

 
When joints are installed in a concrete 

structure, it is essential that they do not impair the 
normal functions of the structure and usually it is 

desirable that they should blend with the general 

appearance. In general, it is convenient to classify 

the various types of joints in two groups
 (2)

: 
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A. Functional joints 
 

These joints are installed to accommodate 

movement (volume change) due to temperature, 
shrinkage during setting, expansion, sliding, 

warping ... etc. 

 

B. Construction joints 
 

These joints are made when there is a break 
stoppage in the construction program. 

Construction joints are stopping places in the 

process of placing concrete and they are provided 
to simplify construction of a structure. The 

location of construction joints depends on the type 

of work, the site condition and the production 

capacity of the plant or labor employed. It 
frequently happens; when large volume of 

concrete are being placed that there is a break in 

the construction work. Pure construction joints are 
not intended to accommodate movement but they 

are merely separation between consecutive 

concreting operations and in fact, every effort is 
directed towards preventing movement from 

occurring at these joints. Construction joints 

should not be confused with expansion joints. 

Expansion joints are usually used to allow for free 
movement of parts of a structure and which are 

normally designed for complete separation. 

Construction joints are nearly always the weakest 
points in a structure. The main problem that 

remains therefore in the formation of a good 

construction joint is the capability of providing a 

well bonded medium between the hardened and 
the fresh concrete . Thus construction joints in 

concrete structure should be placed where shear 

forces are expected to be low. Both the location 
and the size of joint should in general be chosen 

according to the type of structure to ensure good 

performance of the structure and to provide 

acceptable appearance. 
In the case of reinforced concrete beams, 

construction joints may run horizontally, 

vertically, inclined or key joints; depending on the 
placing sequence prescribed by the design of the 

beam, Fig.(1).  

The main concern in joint construction is in 

providing adequate shear transfer and flexural 
continuity through the joint. Flexural continuity is 

achieved by continuing the reinforcement through 

the joint, while shear transverse is provided by 
shear friction between old and new concrete, and 

dowel action in reinforcement through the joint. 

Construction joints may result in less than100 ℅ 
of shear capacity. The Construction joints should 

be made in the following manner
 (3,4)

:  

1- The surface of hardened concrete along the 

joint should be thoroughly roughened. 
2- The surface of the concrete should then be 

cleaned thoroughly to remove all foreign and 

attached matter such as waste. 
3- Hardened concrete should be moistened 

thoroughly before new concrete is placed on it. 

4- No pool of water should be left standing on the 
wetted surface when new concrete is placed. 

 

 

Fig. 1. Types of Construction Joints. 
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h 
h 
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Horizontal construction joint 
Vertical construction joint 

Key construction joint Inclined construction joint 
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1.2. Location of Construction Joint 

 
Location of construction joints is usually 

predetermined by agreement between the 

architectural engineer and the contractor, so as to 

limit the work that can be done at one time to a 
convenient size, with the least impairment of the 

strength of the finished structure. Generally, it is 

impractical to place concrete in lifts higher than 

one story. Designer should recognize this when 
locating horizontal construction joints. For 

building in which the concrete walls are to be 

exposed, joints may be located at bends of 
ornamentation, ledge, rustications, or other 

architectural details. It is convenient to locate 

horizontal joints at the floor line in line with 

window sills. In the design of hydraulic structures, 
construction joints usually are spaced at shorter 

intervals than in non-hydraulic structures to 

reduce shrinkage and temperature stresses. 
Construction joints should be located by the 

designer to provide logical separation between 

segments of the structure. As a rule, construction 
joints are allowed only where shown on the 

drawings. 

 If the placing of concrete is involuntarily 

stopped for a time longer than the initial setting 
time of the concrete used, the old surface is to be 

considered as a construction joint, and treated as 

such before casting is resumed. The appearance of 
a structure can be influenced by the location of the 

construction joint, and the aim should be to install 

them in apposition that renders them as 
inconspicuous as possible; the alternative is to 

make them clearly visible as a feature of the 

structure. The joint should fit into the architectural 

design, and their location should facilitate the 

construction of forms and placing of concrete. 
However, from a point of view of strength of the 

structure, it is desirable to position construction 

joint at point of minimum shear. For slabs and 
beams it is, therefore, usual to have construction 

joint at mid span or in the middle third of the 

span. These rules are based on the assumption that 

a construction joint may result in less than 100% 
of shear capacity in the interface. If there were 

practicable to have such joints at the supports for 

slabs and beams, it improves appearance and 
result in a considerable saving in the cost of the 

formwork
 (5)

.   

 

 

2. Variables of the Test Program 

 
The variables affecting the location of 

construction joints of reinforced concrete structure 
elements are studied experimentally. These 

variables include the location and type of the 

construction joint and whether or not stirrups are 
present at the joint.  

 

A. Location of Construction Joint 
 

The effect of location of the joint is the main 

variable in this study. Two different locations are 
considered: at the middle of the beam specimen 

and at the third point as shown in Fig.( 2 ). The 

reason for choosing the two locations is to 
investigate the behavior of the reinforced concrete 

beams when the construction joint is at zero shear 

and maximum moment and at the zone of small 

shear and small moment. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2.  Location of Construction Joints. 
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L/2 L/3 
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Construction joint Construction joint 

a- Construction joint at the middle of the 

specimen (V=0, M=Mmax.) 
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B. Types of construction joint 
 

Three types of construction joints were 

investigated in this study: 
 

B.1. Vertical construction joint 
 

This type of construction joint is made by 

using stop-board of wood placed vertically after 

casting the first part of the beam. The stop-board 
has to be scatted to all longitudinal reinforcement 

to extend from the old concrete to new one, as 

shown in Fig. ( 3 ). 
 

B.2. Inclined construction joints 

 
In this type of construction joints, the stop- 

board is cut so that various inclinations of the 

construction joints can be maintained. Three 

inclinations were used, 30˚, 45˚and 60˚ with the 
vertical axes, as shown in Fig. (4). The reason for 

choosing these three inclinations is to investigate 

the effect of such inclinations on the performance 

of the beam. 
 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Vertical Construction Joint. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Types of Inclined Construction Joints. 
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B.3. Key construction joints 

 
The key is normally formed by fixing beveled 

edge strip of wood to a stop board. The stop-board 

has to be scatted to all reinforcement to extend 
from the old concrete to the new one. The details 

of key construction joints used in this 

investigation are shown in Fig. (5). 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 5. Types of Key Construction Joints . 

 

 

C.  Presence of stirrups at the construction 

joint 

 
One of the groups contains stirrups at the 

construction joint located at third point of the 

beam it is used to compare the efficiency of such 

joint with other groups having joint at third point 
of the beam but without stirrups at that joint, see 

Table (1).(Note  that in key joint , (L) Shape 

stirrups was used throughout the joint). 

 
 
Table1, 

 Test Parameters of Beam Specimens. 

Series No. 
Specimen 

No. 

Location of the 

joint 
Stirrups at joint Types of Construction joint 

Reference beam 19 - - Without Construction joint 

Series 

one 

1 

At the middle 
of the specimen 

Without stirrups at 
the joint 

Vertical 

2 Inclined by 300 

3 Inclined by 450 

4 Inclined by 600 

5 Key joint I 

6 Key joint II 

Series 

two 

7 

At the third 

point of the 

specimen 

Without stirrups at 

the joint 

Vertical 

8 Inclined by 300 

9 Inclined by 450 

10 Inclined by 600 

11 Key joint I 

12 Key joint II 

Series 

three 

13 

At the third 

point of the 

specimen 

Having ø 10 
mm stirrups 

at the joint 

Vertical 

14 Inclined by 300 

15 Inclined by 450 

16 Inclined by 600 

17 Key joint I 

18 Key joint II 

 

* Note:The concrete compressive strength for all beam specimens was 20 Mpa (using cylinder mold).

 

 

 

 

First pour Second pour Second pour 
Construction joint Construction joint 

L L 

h 

a- Key construction joint type I b- Key construction joint type Π 

h 
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3.  Experimental Work 

 
The experimental work includes 19 simply 

supported reinforced concrete beams with 

dimensions of ( 200x 200x950mm), as shown in 

Fig. (6) and plate(1A,1B). The specimens were 

reinforced with four longitudinal bars ( 2-ø12 mm 

bars at bottom and  2-ø10 mm bars at top) , and 

(ø10mm ) closed stirrups located at 80mmc/c 
along the beam. Table (2) shows the properties of 

the reinforcement bars used. 

In all mixes, the cement was Ordinary Portland 
cement, Type I, which was manufactured by the 

United Company Cement factory/Iraq. Al-

Ukhaider natural sand of (4.75mm) maximum size 
was used as fine aggregate. while the coarse 

aggregate was crushed gravel with max size of 

(19mm).Table (3) shows the quantities of concrete 

mix used in beam specimens. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Dimensions and Reinforcement Details of Beam Specimens. 

 

 

            
 

 

 

Plate1: Beam Specimens before Testing (A) and (B). 
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Table 2, 

 Properties of Reinforcement Bars. 

Bar size(mm) Area Ab in (mm
2
) Yield strength 

in (MPa) 

Tensile strength 

in (MPa) 

10 78.5 513 601 

12 113 572 666 

 
Table  3, 

 Quantities of Concrete Mix. 

Concrete compressive 

strength (MPa) 

W/C  ratio Cement 

content (kg/m3) 

Aggregate 

content (kg/m3) 

Sand content 

(kg/m3) 

20 0.6 215 1057 641.5 

 
Two slandered cylinders 150x300mm were 

cast from each batch of concrete during the     

casting of the first part of the specimen . Another 

two cylinders were cast with second part of the 
specimen for each casting operation. Thus, four 

cylinders for each specimen were made. The 

cylinders stored and cured under the same 
condition as the beam specimens and their 

compressive strength were measured at the time of 

testing . Table (4) shows the concrete compressive 
strength for the beam specimens. 

 
Table 4, 

 Actual Concrete Compressive Strength for the Beam Specimens. 

 

Series 

No. 

 

Cylinder 

No. 

Part 1 Part 2 

Load 

(kN) 

Compressive 

Strength (MPa) 

Load 

(kN) 

Compressive 

Strength (MPa) 

Series 

one 

1 342.8 19.4 349.9 19.8 

2 355.2 20.1 335.7 19 

 Average 19.7 Average 19.4 

Series 

two 

1 332.2 18.8 326.9 18.5 

2 339.3 19.2 335.7 19 

 Average 19 Average 18.7 

Series three 1 351.6 19.9 342.8 19.4 

2 360.5 20.4 346.6 19.6 

 Average 20.2 Average 19.5 

 
 

The beam specimens with a construction joint 

were manufactured by casting one part of the 
specimen in an oiled plywood forms, and after 7 

days the second part was cast to make the beam 

specimen as a one unit with construction joint 

between them. No attempt was made to improve 
the bond at the joint by degreasing or roughening 

the old face of concrete. Electrical vibrator was 

used to vibrate the specimens. Vibration process 
continued for 60 sec. The test specimens were 

removed from the mould after10 days. All the 

specimens were cured for 14 days by sprinkling. 

 Each specimen was loaded to failure in 1000 kN 

computer controlled VERSTILE ELECTRONIC 
TEST MACHINE. The beam specimen is seated 

on the bending testing table for the machine. The 

concentrated load was applied at the center of the 

specimen gradually and the deformation was 
measured with 0.01 mm dial gauges located at the 

center of specimen, and at the construction joint 

when its location is at third point of the specimen. 
The displacement was recorded by the dial gauge 

groups at each 10 kN of load until failure occur 

either by cracking through the construction joint 
or through the concrete. 
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4.  Results, Discussion and Conclusions 

 
The load deflection curves for beams having 

construction joints are compared with load 

deflection curves for beams without construction 
joints , as shown in Fig.(7) to Fig.(24). 

Deflections at center and / or at location of the 

construction joint are listed in table (5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 9. Load Deflection Behavior of Beam No. (3) 

(Series one). 

 

 

 

 

 

 

Fig. 10. Load Deflection Behavior of Beam No. (4) 

(Series one). 

 

 

 

 

    Without const. joint 

 

Vertical const. joint at 
middle 

Fig. 7. Load Deflection Behavior of Beam No. (1) 

(Series one). 
Fig. 8 Load Deflection Behavior of Beam No. (2) 

(Series one). 

Without const. joint 

 

   30 degree inclined const. 
joint at middle 

 

Without const. joint 

 

 

45 degree inclined const. 

joint at middle 

 

Without const. joint 

 

 

60 degree inclined 

const.joint at middle  
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Fig. 13. Load Deflection Behavior of Beam No. (7) 

(Series two). 

Fig. 14. Load Deflection Behavior of Beam No. 

(8) (Series two). 

 

Fig.11. Load Deflection Behavior of Beam No. (5) 

(Series one). 

 

Fig.12. Load Deflection Behavior of Beam  

No. (6) (Series one). 
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Fig. 17. Load Deflection Behavior of  Beam No. (11) 

(Series two). 

Fig. 18. Load Deflection Behavior of Beam No. 

(12) (Series two). 

 

Fig.15. Load Deflection Behavior of Beam No. (9) 

(Series two). 

 

Fig.16. Load Deflection Behavior of Beam No. 

(10) (Series two). 
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Fig. 19. Load Deflection Behavior of Beam 

No. (13) (Series three). 

Fig. 20. Load Deflection Behavior Of Beam  

No. (14) (Series Three). 

Fig. 21. Load Deflection Behavior of Beam No. 

(15) (Series three). 

Fig. 22. Load Deflection Behavior of Beam No. 

(16) (Series three). 
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at third point 
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Table 5,  

Load, Type of Failure and Ultimate Deflection of the Tested Beam Specimens. 

Series No. Specimens 

No. 

Type of failure Ultimate deflection 

at center (mm) 

Failure Load 

(kN) 

Reference 

beam 

19  Flexural failure 3.6 80 

Series 

One 

1 Flexural failure 3.7 80 

2 Flexural failure 4 80 

3 Joint failure 3.6 70 
4 Joint failure 3.6 70 

5 Flexural failure 3.7 80 

6 Flexural failure 3.9 80 

Series 

Two 

7 Joint failure 3.2 70 

8 Joint failure 3.8 70 

9 Joint failure 2.5 60 

10 Joint failure 2.9 6 

11 Joint failure 3.2 70 

12 Joint failure 3.6 70 

T Series 

Three 

13 Flexural failure 3.8 80 

14 Flexural failure 3.8 80 
15 Joint failure 3.5 70 

16 Joint failure 3.7 70 

17 Flexural failure 3.7 80 

18 Flexural failure 3.8 80 

     

 

 

The load was applied to the beam specimens 

until failure occurred through the construction 
joints or flexural failure developed. Close to 

failure, the flexural cracks change into inclined 

shear cracks pointing toward the compression 

zone. During tests, specimens were examined for 
cracks. The load at which each crack becomes 

visible was marked. The behavior of the reference 

beam (beam without construction joint) as shown 
in plate (2) and (3) is similar to ordinary 

reinforced concrete beams failing in flexure. The 

first crack develops at the beam center at stress 

which is close to flexural strength of concrete. As 
the load increased, several other flexural cracks on  

  

Without const joint 

 

Key construction joint 

type 1 with stirrups at 

third point 
 

Without const joint 

 

Key construction 

joint type2 with 

stirrups at third point 
 

Fig. 23. Load Deflection Behavior of Beam No. (17) 

(Series three). 

Fig. 24. Load Deflection Behavior of Beam No. 

(18) (Series three). 
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 both sides of the central region developed. Near 
failure which occurs at about 80 kN, these flexural 

cracks change direction toward the load location. 

The measured ultimate deflection was 3.6 mm.  
 

 
 

Plate (2) Testing Machine.  
 

 

 

 
 
Plate (3) Beam without Construction Joint 

(Reference Beam) After Testing . 

 

     For beam specimens with construction joint at 
middle section of the specimens (series one) the 

primary type of failure depends on the type of 

construction joint. The joint failure (crack through 
the joint) occurs when the construction joint is 

inclined at an angle greater than or equal 45° with 

vertical axis, as shown in plate (4).  

Flexural crack failure similar to the failure of 
the reference beam was observed to occur when 

the inclination angle is less than 45° with vertical 

axis. The primary type of failure for series two 
(specimens with construction joints at third point) 

was by cracking through the construction joint 

(joint failure). No cracks outside the joint location 

were observed in these specimens during the test. 
The load-deflection curves indicate that the 

deflection at all load levels is greater than the 

deflection of the reference beam. For series three 
it is obvious that the presence of stirrups at the 

construction joints improves the performance of 

these beams relative to similar beams with 
construction joints but without stirrups.  

 

 

 

 
 
Plate(4) Beam With 60° Inclined Construction Joint 

at Midspan After Testing. 
 

 

The beams with stirrups at the construction 
joint failed by flexural cracking at higher load 

level when compared with beam specimens with 

construction joints but without stirrups at these 
joints . Specimens with construction joints at third 

point failed by cracking through the joints as 

shown in plate (5) at lower load levels of 
comparable specimens with construction joint at 

middle of the beam specimens . As shown in 

Table (5), and Figs. ( 25 ) and ( 26 ). 
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Plate (5) Beam with Vertical Construction Joint at 
Third Point without Stirrups after Testing . 

 

 

   
 

Fig. 25. Effect of Location of Vertical Construction 

Joint. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 26.Effect of Location of 45
0
 Inclined 

Construction Joint. 

The reason for failure through the construction 
joints located at third points may be explained on 

the basis of presence of greater tension in concrete 

at these locations as compared to no tension at 
mid span. The presence of such tension reduces 

the shear capacity possibly because adhesion and 

friction at the interface between new and old 

concrete may be affected. For beams and slabs it 
is usual to have construction joints at mid span or 

in the middle third of the span. These rules are 

based on the assumption that a construction joint 
may result in less than 100% of shear capacity at 

the interface. 

The type of construction joints was found to be 

an important factor affecting the behavior of the 
tested beams. The vertical and key construction 

joints have similar performance and the capacity 

and deflection of these beams are close to that of 
the reference beam. The effect of inclined 

construction joints depends primarily on the 

degree of inclination of the surface of concrete; 
lower inclination with vertical axis gives higher 

strength joints. As shown in Table (5) and Figs. 

(27) and (28). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 27. Effect of Type of Construction Joint at 

Middle. 
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Fig. 28. Effect of Type of Construction Joint at 

Third Point . 

 

 

When stirrups were added at the construction 
joints, the strength of beams increases with the 

increase in percentage of steel across the 

construction joint . The behavior of these beam 
specimens during tests was similar to the behavior 

of beam specimens of series one where the 

construction joints at midspan. Table (5) shows 
that these specimens fail at higher levels of loads 

when compared with beam specimens with 

construction joints at third point without stirrups. 

Table (5) shows that the type of failure of 
vertical, 45° inclined construction joint and less 

with vertical axis, and key construction joints for 

series three specimens failed by flexural failure 
which is different from the type of failure of beam 

specimens of series two which failed by joint 

failure. It can be concluded that the presence of 
stirrups at the construction joint have improved 

the behavior of beam specimens. Figs. (29 ) and 

(30 ) shows the effect of the presence of stirrups at 

the construction joints with similar beams having 
no stirrups at the construction joints. 
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From the experimental results  the following 
conclusions can be drawn: 

1- It is preferable to locate the construction joint 

at the point of zero shear perpendicular to the 
main reinforcement. In this investigation it is 

found that beams with construction joints at 

zero shears perform better than beams with 

construction joint at the third points of 
specimens (the percentage of reduction in 

ultimate load capacity is in range of 2% -15%). 

2- Vertical construction joints have a slight effect 
on the overall behavior of reinforced concrete 

beams under flexural mode when they are 

placed at the middle of the beam span (zero 

shears). The load carrying capacity for the 
tested beam with vertical construction joints is 

about95% of the capacity of the reference 

beam without construction joint. 
3- The effects of inclined construction joints 

depend primarily on the degree of inclination 

of the surface of concrete, lower inclination 
with vertical axis gives higher strength joints. 

The load carrying capacity of beam with 

construction joints inclined by 45° is in the 

range between(8%- 20%) lower than that of 
beam without construction joint. 

4- The percentage of steel across the joint (i.e. 

amount of stirrups at the construction joints) 
affects the overall load-deflection behavior of 

reinforced concrete beams having construction 

joint. As the amount of such steel is increased, 
the ultimate load-carrying capacity increased. 

For the studied cases, it is found that 

increasing the amount of steel across the joint 

in the range of (50%- 100%) causes an 
increase in capacity in the range of (7%- 15%) 

and a decrease in the ultimate deflection in the 

range of (20%- 48%). 
5- The performance of beam with vertical or key 

construction joints is similar to the 

performance of beams without construction 

joints. 
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 تاثير المفصل الانشائي على تصرف العتبات الكىنكريتية المسلحة

 
 زينة وليذ عباس

انجامعت انمسخىصشٔت/ لسم انٍىذست انمذوٕت   

 
 

 
  

 الخلاصة                                                

                                                                               
إن انمفاصم الإوشائٕت ٌٓ عباسة عه مىاطك انخُلف فٓ عمهٕت صب انخشساوت َ ٌٓ ضشَسٔت فٓ عذٔذ مه انمىشاث انخٓ لا ٔمكه فٍٕا صب انخشساوت 

انمفصم . إن ممذاس انخشساوت انخٓ ٔمكه صبٍا ٔعخمذ عهّ انسعت الإوخاجٕت َ سعت انخهظ فٓ انمُالع َ عهّ وُعٕت انمُانب انمسخخذمت. عهّ مشدهت َادذة

فٓ ٌزا انبذث حم دساست حأثٕش أوُاع َ مُالع انمفاصم الإوشائٕت عهّ أداء الأجضاء . الإوشائٓ انجٕذ ُٔفش اسخمشاسٔت نهمص َ الاوذىاء خلال انسطخ انبٕىٓ

                                                                               .انخشساوٕت عه طشٔك فذص ومارج عمهٕا فٓ انمخخبش

، وُع  (فٓ مىخصف أَ ثهث انىمُرج)إن انمخغٕشاث انخٓ حم اعخمادٌا ٌٓ مُلع انمفصم الإوشائٓ  . (مهم)950*200*200 ومُرج بالأبعاد 19حم فذص 

حم فذص انىمارج بُاسطت ماكىت فذص . ، َ إضافت أطُاق فٓ انمفصم الإوشائٓ(عمُدْ، مائم بضأَت مع انمذُس انعمُدْ ، لفم َ مفخاح)انمفصم الإوشائٓ 
حشٕش انىخائج انعمهٕت إنّ . َضعج انىمارج بشكم ٔسمخ بمٕاط ممذاس الاوذشاف فٓ مىخصف أَ حذج انمفصم نكم مشدهت دمم. وُٕحه كٕهُ  1000راث سعت 

وسبت ) َ حشٕش أٔضا إنّ إن انمفصم انعمُدْ رَ حأثٕش بسٕظ عهّ لُة انىمارج ،إن أفضم مُلع نهمفصم الإوشائٓ ٌُ فٓ انمىاطك انخٓ فٍٕا لُِ لص لهٕهت 

َ نكه ، ُٔجذ ومصان را حأثٕش مهذُظ عهّ لُة انىمارج مع صٔادة دسجت مٕم انمفصم الإوشائٓ مع انمذُس انعمُدْ   (%5% -صفش )الاوخفاض جاءث بٕه

ََجذ فٓ ٌزي انذساست أٔضا إن إضافت دذٔذ انخسهٕخ عهّ شكم أطُاق فٓ مىطمت انمفصم الإوشائٓ مخغٕش مٍم نً  . (%20%-8)وسبت الاوخفاض كاوج بٕه 

حأثٕش عهّ وُع انفشم انذاصم َ مماَمت انخذمم انمصُِ ، ََجذ إن صٔادة كمٕت انذذٔذ فٓ مىطمت انمفصم ٔؤدْ إنّ صٔادة فٓ مماَمت انخذمم انىٍائٕت ما بٕه 

 % ( .                                                      48%-20)فٓ ممذاس الاوذشاف ما بٕه َ ومصان    (%15%-7)
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