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ABSTRACT 

In this paper a decoder of binary BCH code is implemented using a PIC microcontroller for code 

length n=127 bits with multiple error correction capability, the results are presented for correcting 

errors up to 13 errors. The Berkelam-Massey decoding algorithm was chosen for its efficiency. The 

microcontroller PIC18f45k22 was chosen for the implementation and programmed using assembly 

language to achieve highest performance. This makes the BCH decoder implementable as a low cost 

module that can be used as a part of larger systems. The performance evaluation is presented in 

terms of total number of instructions and the bit rate. 

 

Key Words: bch code, berlekamp-massey algorithm, chien search, pic microcontroller. 

 

 باستعوال الوسيطر الذقيق الثنائيت  BCHالتنفيذ البرهجي لفك ترهيز شفرة 

 
 هحوذ الحذادهحوذ قاسن م. 

 قسى انهُدست الانكخزوٍَت والاحصبلاث

 جبيؼت بغداد –كهٍت انهُدست 
 

 الخلاصت

يزحبت  721ٌسبوي  حزيٍشنطىل  PICانثُبئٍت ببسخؼًبل انًسٍطز اندقٍق َىع  BCHفً هذا انبحث حى حُفٍذ يُظىيت نفك حزيٍش 

خطأ. حى اخخٍبر خىارسٌت  71يغ قدرة ػهى حصحٍح اخطبء يخؼددة، وقد حى ػزض انُخبئج نخصحٍح الاخطبء ٌصم ػددهب حخى ثُبئٍت 

نهخُفٍذ وقد حًج بزيجخه بىاسطت نغت  PIC18f45k22يٍسً فً ػًهٍت فك انخزيٍش نكفبءحهب. حى اخخٍبر انًسٍطز اندقٍق -بٍزكٍلاو

قببم نهخُفٍذ كىحدة بُبئٍت واطئت انكهفت ويًكٍ اسخؼًبنهب كجشئ يٍ  BCHٌجؼم فك حزيٍش وهذا  ٍغ نهحصىل ػهى اػهى اداء.انخجً

 قٍى الاداء ػٍ طزٌق اسخؼزاض ػدد انخؼهًٍبث انكهً ويؼدل انخزيٍش.وكبٌ ح اكبز. اَظًت

 

 .PICيٍسً، بحث حشٍٍ، انًؼبنج اندقٍق -، خىارسٌت بٍزكٍلاوBCHحزيٍش الكلواث الرئيسيت: 
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1. INTRODUCTION 

Bose-Chaudhuri-Hocquenghem (BCH) codes are an important subclass of the linear cyclic block 

codes that can be considered as a generalization of Hamming codes. Unlike Hamming codes, BCH 

codes has multiple error correction capability. There are efficient decoding algorithms for the BCH 

codes due to their special algebraic structureو ,Jiang, 2010. Two important subclasses of the BCH 

Codes are the Reed-Solomon Codes, which are nonbinary and the binary BCH codes. This paper is 

about the binary BCH code. 

,Chu, and Sung, 2009. presented a technique for improving Chien search base on Constant Galois 

Field Multiplication (CGFM) where a multiplication by a constant is implemented by shift register. 

Multiplications can be performed in a single shift operation if proper lookup tables are used. Higher 

speed performance can be achieved by larger lookup tables. ,Taki El-Din et al., 3013. proposed an 

algorithm for detecting the undetectable received codewords i.e. when the number of errors is 

greater than the design error correction capability t. This is achieved by transforming the error 

locating polynomial to another polynomial whose coefficients must satisfy certain conditions. If the 

conditions are satisfied, the decoder can proceed to Chien search and correct the received codeword, 

otherwise, the Chien search is skipped and decoding failure is declared and repeat request is 

transmitted. ,Schipani et al., 2011. made a comparison study of the different decoding algorithms of 

the generalized nonbinary BCH codes with the binary BCH codes as a special case. Schipani 

proposed an algorithm for syndrome evaluation that is based on rearranging the received codeword 

polynomial as a linear combination of polynomials with special grouping of powers of x. This 

arrangement reduces the number of multiplications over the direct evaluation of the received 

codeword polynomial. ,Lin et at., 2010. proposed a hardware-based soft decision decoding 

algorithm of BCH codes where the syndrome calculations and error location stages are processed in 

parallel. Simulation was for the t=2 error correcting code (255,239,2), Lin suggested that the 

proposed algorithm can correct at most 2t+1 errors. ,Wu, 2008. presented a modification to the 

Berkelamp-Massey algorithm that can produce a list of candidates of correct codewords (list 

decoding) for both Reed-Solomon and BCH codes where the number of correctable errors of these 

codes is extended beyond their design error correcting capability. 

 

2. MATHEMATICAL BACKGROUND 

Finite fields especially Galois Field (GF) play an important role in coding theory, here is a brief 

introduction. A finite field has a finite number of elements, their number is either a prime p or a 

power of a prime q=p
m
. If p=2, the GF field is referred to by GF(2

m
), a special but yet important case 

where m=1 which yields GF(2) has the only two elements 0 and 1. There are to operations defined 

over the field; addition (+) and multiplication (∙). Other than number of elements being finite all 

properties if fields apply, like closure, commutative and associative operations, the identity and 

inverse elements of addition and multiplication. The elements of a GF(2
m
) are defined as remainder 

obtained when dividing the powers of x by a generator polynomial g(x) whose coefficients  GF(2), 

i.e. 0 or 1, the roots of g(x)  GF(2
m
). A polynomial with coefficients  GF(2) is called a binary 

polynomial. A generator polynomial must be a binary polynomial and irreducible that is it cannot be 

factored into two or more binary polynomials. Such a polynomial is also called a primitive 

polynomial and its root  is called primitive element because all elements can be represented in 

terms of powers of . The above can be stated mathematically as 
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 )()()( xrxgxsxi     deg(r(x))<deg(g(x))  (1) 

 

Equation (1) tells us simply that x
i
 (considered as a polynomial) when divided by g(x), the remainder 

r(x) represents the element of the GF(2
m
) field in polynomial form. Table 1. shows an example of 

GF(2
3
) field generated using the primitive polynomial g(x)=x

3
+x+1. Table 1. also shows the two 

forms representing the GF elements, one is the power of , here the element 0 cannot be represented 

as an integer power of , so, it is represented as -
 by convention. The second representation is by 

the binary polynomial r(x). The third representation will be explained later in system implantation 

section. The addition operation is performed by adding the polynomial form of the elements where 

the coefficients are added modulo-2 for example: 62243 1)()1(   xxxx . Note that 

modulo-2 addition implies that addition is the same as subtraction i.e., x+x=x-x=0. Multiplication is 

performed in the power for with q-1
=1 where q=2

m
, for example: 

2227954 1   . 

From the above it is clear that every element is the additive inverse of itself and the multiplicative 

inverse of i
 is q-1-i

for more details and proofs of claims stated above the reader may refer to 

references ,Justesen, Høholdt, 2004. and ,Jiang, 2010. The elements of a GF field can be generated 

by hardware using a linear feedback shift register (LFSR), Jiang, 2010. as shown in Fig. 1, where 

the branches represent the coefficients of g(x), the contents of the LFSR can be initialized by any 

element other than 0. A single clock to the LFSR represents a multiplication by x when the LFSR 

overflows; g(x) is subtracted from the content. Clocking j times is equivalent to multiplication by x
j
. 

One more thing that needs to be addressed before leaving this section is the minimal polynomials. A 

minimal polynomial i(x) of element i
 is a binary irreducible polynomial with i

 as its root. The 

polynomial 1(x)=(x+)(x+2
)(x+4

)=x
3
+x

2
+1 is a minimal polynomial of  because it is binary, 

irreducible and has  as root, and there is no binary polynomial of degree less than 3 with  as a 

root, the polynomial x+ is not minimal although it is of degree 1 because it has the coefficient  

which is not a binary value. The roots of 1(x): , 2
, 4

 are called conjugates. 

 

3. BINARY BCH CODES 

Generalized BCH codes are of length n=q
v
-1 where q is a power of prime and v is positive integer. 

Two important subclasses of the generalized BCH codes are the binary BCH codes when q=2 and 

the Reed-Solomon (RS) codes when v=1, Moreira and Farrell, 2006. In this paper we are interested 

in the binary BCH codes, which can be described as follows; for m3 and t<2
m
-1 there exist a binary 

BCH code C(n,k,t) with the following properties: 

1- Code length:  n=2
m
-1 

2- Number of parity bits:  n-k≤mt 

3- Minimum hamming distance:  dmin2t+1 

4- Error correcting capability:  t errors in a codeword  

The generator polynomial g(x) of binary BCH code with above parameters is the minimum-degree 

binary polynomial that has , 2
, 3

,…., 2t
 as roots, i.e. 

 

tig i 2,,3,2,10)(   (2) 

 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                     

4 
 

The binary polynomial that satisfies Eq. (2) can be described in terms of the minimal polynomials of 

the roots i
 as 

 

))(,),(),((LCM)( 221 xxxxg t   (3) 

 

Where LCM(a,b) is the least common multiple of a and b. It can be shown that GF elements i
 and 

2i
 are both conjugates, that is they are both roots of the same minimal polynomial. Therefore the 

even indexed minimal polynomials can be removed and Eq. (3) becomes 

 

))(,),(),((LCM)( 1231 xxxxg t    (4) 

 

Hamming codes are special case of BCH codes with g(x)= (1(x)) and t=1. If the massage k-bits are 

represented in a polynomial form 

 
1

1

2

210)( 

 k

k xmxmxmmxm   (5) 

 

The BCH code can be generated by multiplying m(x) by the generator polynomial 

 

)()()( xgxmxc   (6) 

 

This is a nonsystematic encoding, for the systematic encoding the codeword c(x) is given by Eq. (7), 

,Moreira and ,Farrell, 2006. 

 

)()()()()( xgxqxpxmxxc kn  
 (7) 

 

Where, p(x) and q(x) are the remainder and quotient when dividing x
n-k

m(x) by g(x). In both 

equations (7) & (8) the codeword c(x) is a multiple of the generator polynomial g(x), this means that 

the roots of g(x) (Eq. (2)) are also roots of c(x), i.e. 

 

ticcccc ni

n

iii 2,,2,10)( )1(

1

2

210   

  (8) 

 

These 2t equations can be written in matrix form 

 

0

































T

T

nttt

n

n

n

n CHcccc

12222

13233

12222

12

1210

)()(1

)()(1

)()(1

1

],...,[



















 (9) 
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Equation (9) gives the parity check matrix H. It has been mentioned earlier that if i
 is a root of one 

of the minimal polynomials in Eq. (4) and hence g(x), then its conjugates are also roots, these 

conjugates appear in the even rows of Eq. (9), so, these rows can be removed from H 

 

































11221212

15255

13233

12

)()(1

)()(1

)()(1

1

nttt

n

n

n

H



















 (10) 

 

where, Each element of H is a GF(2
m
) element which can be represented by a vector of m bits. 

 

4. DECODING OF BINARY BCH CODES 

The process of decoding BCH codes is described by the block diagram shown in Fig. 2. It consists 

of 3 main stages; the first is the syndrome calculations, the second is to use these syndrome values to 

find a polynomial whose roots represents the error locations, the third step is to solve the error 

locating polynomial to find the error positions. Since we are dealing with a binary code (unlike RS 

codes) there is no need for an error evaluation step as the error values in the binary case are always 

1’s. These 3 main blocks are describes next. 

 

4.1 Syndrome Calculations  

Like any other block code, the received word and the error pattern are related in polynomial form by 

 

)()()( xexcxr   (11) 

 

Since CH
T
=0, the syndrome can be calculated by  

 

tjrrS ij
n

i

j

j

j 2,,2,1)(
1

0

 




  (12) 

 

Equation (12) involves calculating the syndrome values either using polynomial evaluation over 

GF(2
m
) field or using matrix multiplication as in 

 
TRHS   (13) 

 

where, R is the received word as a vector. There is another way of calculation which involves 

polynomial division. The received word as a polynomial is divided by the minimal polynomials and 

the remainder polynomials are evaluated for the values of the roots j
 as below 

 

)()()()( xbxxaxr jjj    (14) 
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Recall that j
, j=1,2,…, 2t are roots of j(x) therefore Eq. (12) becomes 

 







1

0

)()(
m

i

ij

j

j

j

j

j bbrS   (15) 

 

The difference between Eq. (12) and Eq. (15) is that Eq. (12) is about evaluating the polynomial r(x) 

which of degree n-1 while Eq. (15) is about evaluating the polynomials bj(x) which of degree m 

which is less than the order of r(x). But in order to obtain the polynomials bj(x), 2t divisions must be 

performed in order to obtain the 2t polynomials bj(x). One last thing is that in binary case Eq. (12) 

and Eq. (15) can be used to calculate the syndromes of odd indices and the syndromes of even 

indices can be obtained using the equation below which applies for any binary polynomial, 

,Moreira and Farrell, 2006. 

 

 2

2 )( ii SS   (16) 

 

4.2 Error Locating Polynomial 

The error locating polynomial is of the form 

 

01)1()1)(1( 121  v

vv xxxxx    (17) 

 

Where j, j=1, 2,…, v are GF(2
m
) elements that represent the error location through their power 

representation, i.e. 

 
ji

j    (18) 

 

The value of ij in Eq. (18) is the error location in the codeword vector R. The roots of Eq. (17) are 

the multiplicative inverses of j. The value of v is the order of the equation and the number of errors 

and it is unknown. There are different algorithms for finding the error locating polynomial 

1- Peterson’s Algorithm 

2- Euclidean Algorithm 

3- Berlekamp-Massey (BM) Algorithm 

There are other algorithms which are beyond the scope of this work. These 3 algorithms share the 

common ground that the syndrome values and the coefficient of the error locating polynomial are 

related through the so-called Newton’s identity 

 

011 S  

02 2112   SS  

02 212213   SSS  

0112211   vvvvv vSSSS    

01211211   SSSSS vvvvv    (19) 
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02312112   SSSSS vvvvv    

021212221212   vtvvtvttt SSSSS  
 

 

In the binary case the term vv reduces to 0 when v is even or 1 when v is odd. In the above 

equations the syndrome values Si are given and the coefficients i are the unknowns. Peterson’s 

algorithm solves these linear equations for i. Although Peterson’s algorithm seems straight forward 

but it becomes very complex in terms of amount of computations for large number of errors, 

especially the degree of the error locating polynomial v which is the number of actual errors is 

unknown, so the algorithms has to start with the maximum number of correctable errors allowed by 

the design i.e., v=t and go backwards by reducing the order v until the actual number of errors is 

reached. For details the reader can refer to ,Jiang, 2010. The Euclidean algorithm is a general 

algorithm with many applications. Here the Euclidean algorithm can be applied to find the so-called 

key equation given by 

 

)()()()( xWxxxSx kn    (20) 

 

The algorithm involves repeated polynomial divisions, it starts with x
n-k

 and S(x) as inputs, First x
n-k

 

is divided by S(x) then S(x) is divided by the remainder of the first step then the remainder of the 

first step is divided by the remainder of the second step and so on recursively. The algorithm stops 

when the remainder of the last step which becomes W(x) has a degree such that 

 

  12/)())(deg(  knxW  (21) 

 

Although the Euclidean algorithm is more efficient than the Peterson’s algorithm in terms of amount 

of calculations but the Berlekamp-Massey algorithm is preferred over the Euclidean algorithm 

because  the Euclidean algorithm starts with polynomials of degrees larger than the actual degree of 

the error locating polynomial (x) and goes down till the actual degree of (x) is reached, While BM 

Algorithm starts with polynomial of order 1 and goes up to the actual degree of (x) and this makes 

it more efficient than the Euclidean algorithm. Since in this work, the BM algorithm is adopted in 

the implantation of the decoder, this algorithm is presented with more details.  

The idea of BM algorithm depends on the Newton identity given by Eq. (19) where the (x) is 

suppose to satisfy the Newton identity for syndrome values up to S2t. in the beginning (x) is 

initialized by 

 

xSx 1

)1( 1)(  , 
1

1

)1( )(  SxB , 1)1( v , j=2 

 

Where B
(j)

(x) is the correction polynomial and the superscript in parentheses is the iteration count. 

Newton identity in Eq. (19) is used to estimate the next syndrome value 

 









1

1

1~ j

i

v

i

ij

j

j SS    (22) 
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The discrepancy between the estimated value of syndrome and the actual one is calculated 

 

jj

j SS
~)(   (23) 

 

If the value of 
(j)

=0 then (j)
(x) left unchanged, but B

(j)
(x) is updated as below 

 

)()( )1()( xxBxB jj   (24) 

 

If 
(j)

≠0, (j)
(x) is updated as below 

 

)()()( )1()()1()( xxBxx jjjj    (25) 

 

In addition to the condition 
(j)

 ≠0, if the condition 2v
(j-1)

<j-1 is satisfied both B(x) and v are updated 

as in Eq. (26) and Eq. (27) below otherwise B
(j)

(x) is updates by Eq. (24) and v is kept the same 

 

)()()( )1(1)()( xxB jjj    (26) 
)1()(  jj vjv  (27) 

 

The process is repeated 2t steps. The block diagram of BM algorithm is shown in Fig. 3. The reader 

may find that this block diagram and variable initialization are different than what is found in 

literature, this is because the block diagram has been modified in a way to be suitable for efficient 

programming. So, Basically Fig. 3 shows the flowchart of the actual implemented program for 

decoding binary BCH codes in this work. 

 

4.3 Error Position Locating and Chien Search 

The final step of the decoding is to find the roots of the error locating polynomial and from the roots 

values, the error position will be found. The algorithm used to find the roots of a GF polynomial is 

Chien search, ,Jiang, 2010. Chien search is simply to evaluate the GF polynomial over all the 

elements of the GF(2
m
) field. Recursive calculation is performed in order to make the search 

efficient. Suppose that the error locating polynomial (x) is evaluated for the GF element i
 

 
vi

t

iii   2

211)(  (28) 

 

In the next iteration (x) is evaluated for the next GF element i
 

 
)1()1(2

2

1

1

1 1)(   iv

t

iii    
vvi

t

iii   22

2

1

1

1 1)(  (29) 

 

So, by defining each term of the i
th

 iteration of Eq. (28) by 
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ji

j

i

j  )(
 (30) 

 

These terms will be updated in the next iteration by 

 

 
ji

j

i

j  )()1( 
 (31) 

 

With initial values equal the coefficients of (x) i.e. j
(0)

= j. Recalling Eq. (17), the error positions 

are obtained from the multiplicative inverses of the roots of (x), so, if the roots were found as 1i , 
2i ,…, vi , the error positions will be at 2

m
-1-i1, 2

m
-1-i2,…, 2

m
-1-iv. In other words if ki is a root, 

then the error position epk will be given by 

 

k

m

k iep  12  (32) 

 

5. THE PIC18F45K22 MICROCONTROLLER 

The PIC18F45K22 is one of the PIC18(L)F4X/5XK22 family that has many features suitable for 

many applications. In this section a brief overview is presented about its features that are relevant to 

application of this paper. One of the most attractive features of the PIC18F45K22 is that its price is 

around 3$ and the system of binary BCH decoder is entirely implemented by this microcontroller 

without any external hardware. The PIC18F45K22 will be referred to throughout this paper by (PIC) 

for simplicity. The PIC has a 16-bit wide instructions and 8-bit wide data. It can operate up to 

64MHz clock frequency using internal multiply-by-4 PLL. Each instruction is executed by 4 clock 

cycles that makes the instruction cycle execution frequency 16MHz which is referred to as Million 

Instructions Per Second (MIPS). The Program memory is 32kB (16k instructions), the data memory 

is 1536 bytes SRAM, this RAM contains both special Function Registers (SFR) and General 

Purpose Registers (GPR). FSR’s are used for control and status of the controller and peripheral 

functions, GPR used for general data storage for user applications. The RAM address range is from 

0 to 4k addressable with 12-bit data address bus. This address range is divided to 16 banks of 256B. 

The FSR’s are located at the end of the addressable range F38h-FFFh. The GPR are implemented in 

the first 6 banks 000h-5FFh, the remaining addressable range is not implemented. When a location 

in the RAM is to be addressed, the lower 8 bits are specified in the instruction addressing the byte 

location within a specific bank, the higher 4 pits should be loaded in the Bank Select Register 

(BSR), a special function register, to specify one bank out of the 16 banks. There is an alternative 

way to address part of the RAM called the Access RAM. The Access RAM contains the first 96 

bytes of the RAM (00h-5Fh) in bank 0 and the last 160 bytes of the RAM (60h-FFh) in bank 15. The 

combined 256 bytes are treated as one bank (Access Bank) and the BSR is ignored. This addressing 

mode is specified by an operand ‘a’ in the instruction, if a=0, access bank is used and the content of 

BSR is ignored, if a=1 the bank is specified by the BSR contents. 

Another mode of RAM addressing is the indirect mode. Indirect addressing allows the user to access 

a location in data memory without giving a fixed address in the instruction. This is done by using 

File Select Registers (FSR’s) as pointers to the locations which are to be accessed. Indirect 

addressing is implemented through either of 3 registers FSR0, FSR1, FSR2, each is a pair of 8-bit 

registers, FSRnL and FSRnH. Each FSR holds the 12-bit address value, so, the upper 4 bits of the 

register is not used. In a given instruction, the memory location is accessed by indirect mode using 
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the operands INDF0 through INDF2. These are thought of as virtual registers, the actual register is 

defined by the FSRn contents. In the implemented program indirect addressing is widely used along 

with access bank mode. Direct addressing using the BSR is never needed within the program core. 

 

6. SYSTEM IMPLEMENTATION 

The implemented system was designed to correct binary BCH codes of length n=127 bits for any 

value of t, only the results shown at the end are for up to t=13 errors. The programming was made 

by assembly language using MPLAB IDE V8.70. The start is to find a GF generator polynomial, 

and since n=127 the generator polynomial should be of degree m=7. The value of m also represent 

the number of bits required to represent the GF(2
m
) elements. There are tables for GF generator 

polynomials as in ,Justesen, and Høholdt, 2004. and  ,Lin, and Costello1, 1983. the GF generator 

polynomial that is commonly used is 

 
731)( xxxg   (33) 

 

One important issue that needs to be addressed is that which representation we should use for the GF 

elements? As has been discussed in section 2, there are two representations of the GF elements; one 

is the polynomial representation and the other is the powers of primitive element, see Table 1. Each 

has its advantages and disadvantages and these are discussed in the following 

1- The polynomial representation: Advantages is that all 2
m
 elements can be represented in binary 

without special treatment and the addition is simply bitwise XOR. Disadvantage is that the 

multiplication is not straightforward; it can only be implemented if one of the multiplicands is in the 

power form and the other operand is in polynomial as described in section 2. Since the power of the 

elements has a maximum of 2
m-2

, this means that there are cases where 2
m
-2 (126 in our case) sub-

operations may be needed for a single multiplication. This is not practical and therefore the 

polynomial representation is not used in the system. 

2- The power representation: Advantages is that the multiplication is made by addition of powers 

mod 2
m-1

, which can be implemented by few steps. Disadvantages are that the addition is not 

possible and requires lookup table and since there are two operands the lookup table will be of 

2
mX2

m
 dimension and this is not practical. The other disadvantage is that the zero has no integer 

power representation, therefore special treatment is required. 

3- The modified representation: It is decided to adopt a representation close to the power 

representation where the powers are represented by adding 1 to the actual power and the GF element 

0 is represented by 0. In this way all elements are represented by 0 through 2
m
-1. The addition will 

be implemented by converting the power representation of the operand to polynomials and 

converting the result to power (if needed). The conversion from power to polynomial and vice versa 

is implemented by lookup tables, so, there will be 2 size 2
m
=128 lookup tables. 

Table 2. shows the memory organization of the program data, the first four entries of the table are 

with the range of 0h-60h to make it possible to access them by access bank mode (without 

specifying the BSR content) this is useful for reducing program instructions especially these 

contents are accessed frequently within loops in the program. The lookup tables are located each in a 

separate bank for ease of access, where each table starts at address 0 within the respective bank. The 

received codeword although contains 127 bits but is stored in 127 bytes where each bit is stored in a 

separate memory location. This might seem like a waist of memory but it is actually not. If the 
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received codeword is stored compactly in 16 bytes, it would be very difficult and time consuming 

(in terms of number of instructions) to access an individual bit. While storing each bit in a separate 

memory location (byte) makes it much easier to access the individual bits, especially accessing the 

individual bits is needed in the syndrome calculations and Chien search, which are time consuming 

parts of the program. 

 

6.1 Implementation of Syndrome Calculations 

The syndrome calculation has been discussed in Section 4.1 and it was mentioned that direct 

calculation involves evaluation of polynomials, Eq. (12), of higher degree than the remainder 

polynomials given by Eq. (15). Because the method of Eq. (15) requires t polynomial divisions in 

advance it cannot be considered better than the direct calculation method unless parallelism is 

adopted in the implementation which is possible by hardware implementation, where the t 

polynomial divisions can be implemented by t separate LFSR’s. Since the implantation of the 

system in this work is a software implantation, the direct calculation is adopted with the following 

considerations: 

1- All calculations are made by using the polynomial representation so there will be no need for 

conversion from one form to the other. 

2- The values of ij
 are calculated in advance in polynomial form using MATLAB and stored in a 

lookup table in the program memory because of its large size. 

3- Only the syndromes of odd indices are calculated using Eq. (12) and the syndromes of even 

indices are calculated using Eq. (16). 

Fig.4 shows a flowchart used to implement the syndrome calculation. The values ij
 are the 

elements of the parity check matrix given by Eq. (10) which are stored as a table in the end of the 

program memory in polynomial form. These values are addressed by the table pointer register 

TBLPTR which is a 3-byte register. The content of the table is read by the instruction TBLRD*+ 

that reads the content of the table into a memory register TABLAT which is an SFR and at the same 

time increments the contents of TBLPTR making it ready for the next read instruction. Since the 

received codeword C is binary, the multiplication ci
ij
 of Eq. (9) is simple where the value of ci is 

checked for zero value, if so, nothing is done; otherwise the value of ij
 is used to calculate Sj. When 

the inner loop is completed the value of Sj is obtained in polynomial form and since the calculations 

of the next stage of the BM algorithm requires that the values of syndromes to be in the power form 

the value of Sj is converted immediately to power form. This is made easily by lookup table that is 

stored in the RAM as in Table 2. The lookup table used to convert from polynomial form to power 

form is called GFINV. The polynomial form of Sj is stored in the FSR2L register with FSR2H 

loaded with a fixed value of 2 which is the bank address of GFINV table. The contents of the FSR2 

is retrieved and stored in place of the old Sj, and the value of Sj becomes in power form. The counter 

of the outer loop is incremented by 2 to calculate the odd indexed syndromes. The even indexed 

syndromes are later calculated using Eq. (16) which is much faster than the direct calculations. 

 

6.2 Implementation of BM Algorithm 

Before going into the details of implementing the BM algorithm, the operation of GF elements 

multiplication is considered first because there are few details that need to be considered. It has been 

mentioned before that the multiplication in power form is easier than in polynomial form because it 

is basically addition of powers mod 2
m
-1. An algorithm presented by ,Deschamps et al., 2009. for 
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mod n addition that is suitable for hardware implementation. Since the addition used in this work is 

mod 2
m
-1 and mod n is more general, the algorithm is slightly modified for mod 2

m
-1 addition to 

make it easier than the mod n addition as shown in Fig. 5. In this algorithm the two integers a and b 

are added (which are both represented by m bits) and the result, c, is incremented by 1, then the 

result is tested for overflow, if c<M=2
m
 (no overflow) then the addition without incrimination is the 

correct result so c is decremented, otherwise when there is an overflow and the m
th

 bit is set then the 

m
th

 bit of c is simply cleared and the algorithm terminates. It can be seen that the clearing of the m
th

 

bit is common for both sides of the condition this does not affect the other branch of the condition 

because the m
th

 bit is already 0. The test of the m
th

 bit is simply made using the instruction (BTFSS 

f,b,a) or (BTFSC f,b,a), where, the bit whose address (b (0-7)) within the file register (f) is tested if 

set (or clear) the next instruction is skipped. The operand a=0,1 is for the memory access mode. The 

clearing of a specific bit (b) of a file register (f) is cleared by the instruction BCF f,b,a. The mod 

addition algorithm is not implemented in the way described above because the powers of the GF 

elements are stored as i+1 rather than i. This requires the algorithm to be further modified as in Fig. 

6. This algorithm is used throughout the main program whenever is needed and it is first used for 

evaluation of the even indexed syndromes using Eq. (16).  

Now some details about BM algorithm implementation is presented by providing more insight for 

the main blocks of the algorithms block diagram shown in Fig. 3. The first quantity to calculate is 

the estimate of the j
th

 syndrome as in Eq. (22), see Fig. 7. Here a temporary variable (T) is assigned 

the value of iSj-1 obtained as a multiplication of two GF elements which are represented by the 

alternative power form, so, the algorithm of mod addition shown in Fig. 5 is used. Before carrying 

out the multiplication as mod addition of powers, the values of i and Sj-1 are checked if either one 

equals to 0. If so, the whole multiplication and addition is skipped and a new iteration is started. 

Since the value of T should be added to  ̃ , it should be converted to polynomial form in a way 

similar to what has been described earlier using lookup table. Here the lookup table used is GF 

lookup table where the value of T is used as an address stored in FSR1 and the value pointed by that 

address is retrieved as the value of T in polynomial form. Now the addition is performed as a simple 

XOR of the two quantities. Next the discrepancy 
(j)

 is calculated as in Eq. (23) which also requires 

the conversion of Sj to polynomial form. 

The implementation of the block related to Eq. (25) is separated into two parts; the first is to 

calculate the discrepancy part (denoted as D(x)) in a temporary location  

 

)()( )1()( xxBxD jj   (34) 

 

The Flowchart of implementation of Eq. (34) is shown in Fig. 8, here the coefficient Bi of the term x
i
 

is multiplied by 
(j)

 and assigned for D(x) as the coefficient Di+1 of the term x
i+1

. This is obvious 

because of the term x in the expression of Eq. (34). Of course the coefficient Bi should be checked 

for zero value as explained earlier. Later the two terms of D(x) and (j-1)
(x) are added to update 

(j)
(x). No special treatment is required except for changing the coefficient of D(x) and (j-1)

(x) to 

polynomial form for addition and back to power form using GF and GFINV lookup tables. One last 

point is that the block of Eq. (25) appears twice in Fig. 3. A natural way to do it is to position it 

before the (2v
(j-1)

-j<0) condition test and on the (No) branch of the (
(j)

=0) condition test. This is not 

suitable for in-place calculation of (j)
(x), since updating (j-1)

(x) to (j)
(x) would cause loosing the 

value of (j-1)
(x) that is needed for the B

(j)
(x) calculation (as in Eq. (26)) which is implemented in a 
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later stage. The block of Eq. (26) is simply implemented by multiplying the multiplicative inverse of 


(j)

 by (j-1)
(x). The multiplicative inverse (

(j)
)
-1

 is obtained easily when 
(j)

 is in power form 

(
(j)

=k
) as (

(j)
)
-1

=(a
k
)

-1
=a

q-1-k
 where q=2

m
-1. The quantity q-1-k is simply the 1’s complement of k. 

Since the 
(j)

 is represented in the alternative power form, where the stored value is the power plus 

1, a decrement is needed before the binary inversion. Implementation of Eq. (24) is only a shifting 

of coefficients and no calculations are involved. The remaining blocks of the BM algorithm 

flowchart are straight forward and there is no need to elaborate. 

 

6.3 Implementation of Chien Search 

The efficient implementation of Chien search described earlier can be implemented by updating the 

coefficients of the error locating polynomial j recursively for each iteration as in Eq. (31). Where, 

i
th

 iteration represents the evaluation of (x) for i
. This is faster than the direct evaluation using Eq. 

(28) and it suitable for in-place calculations because the initial coefficients are no longer needed. 

The flowchart of Chien Search is shown in Fig. 9. The product part is implemented using the 

alternate power for of the GF elements and since this product is on one hand needed for the other 

iterations, and on the other hand is required to be converted polynomial form for summation part, a 

temporary variable T is used to convert to the polynomial form. For practical considerations the 

evaluation of (x) for the element 1 (i=0) is made separately outside the loop where the coefficients 

j are simply summed and the result is check if equal to zero. When all of the roots of (x) are found 

before reaching the final value of the counter i, the process of the Chien search can be terminated to 

save the extra unnecessary computations time as suggested by ,Wu, 2004. For each root found, the 

error position is found as in Eq. (32) which is simply the 1’s complement of the roots power 

representation. 

 

7. PERFORMANCE EVALUATION 

In general the implementation of decoding algorithms can be made either by hardware or software. 

Hardware implementation is advantageous in terms of speed so higher bit rates can be 

accomplished, but on the other hand its cost is high because of the amount of hardware components 

used. The software implementation is better in terms of cost because it needs only a processor and 

possibly some input-output peripherals. Fortunately the PIC microcontrollers became a very cost 

effective engineering solution because of their high performance and low cost with on chip input-

output peripherals. The implantation of the decoder being entirely software running by a PIC 

microcontroller makes the decoder cost only the market price of the used microcontroller 

(PIC18F45K22) which is around 3$. The disadvantage is that the speed performance is lower than 

the direct hardware implementation because of the sequential execution of instructions and the 

limitation of clock frequency. Now the performance analysis of the implemented system will be 

given in terms of number of instructions cycles for the three main blocks of the system: syndrome 

calculations, BM algorithm and Chien Search, for different values of the decoding capability t. The 

code length is fixed as n=127, and the values of the number of correctable errors t is varied from 4 to 

13. The choice of the code parameters: n (no. of code bits), k (no. of message bits) and t (no. of 

correctable errors) is not arbitrary and these values can be found in tables as in ,Lin, and Costello, 

1983. Table 3. shows the number of instructions for each component of the decoder. The first 8 

rows of the table show the number of instructions for different values of t with the number of actual 

errors is maximum i.e. v=t. In the next 7 rows t is fixed to 13 and the number of actual errors is 
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varied from 12 to 0.  It can be seen that the syndrome calculations depends only on t and not on the 

actual number of errors v, this is expected because syndrome calculations is made of two nested 

loops one of length n and one of length t which makes the number of instructions proportional to nt. 

The BM algorithm requires a number of instructions that depends on the number of actual errors 

occurred in the received codeword in spite of the fact that it has a fixed number of iterations (2t) but 

the different paths of the algorithm (see Fig. 3) have different amount of calculations. In general it 

has a number of calculations proportional to t
2
 ,Schipani et al., 2011. The number of instructions of 

Chien search depends not only on the number of actual errors v (which represents the degree of the 

error locating polynomial) but also on the errors locations. Since the loop of Chien search is 

terminated when all the error locations are found (see Fig. 9). The number of instructions of Chien 

search is given as minimum and maximum, the minimum number of the loop iterations is v, this is a 

special case when all errors are found in the first v iterations. The maximum number of iterations is 

when the Chien search loop has to go throw all the n-1 GF elements i.e. when the last error position 

is found by the last iteration. The next column of Table 3. shows the total number of instruction of 

the three decoder components with the Chien search number of instructions taken as maximum. 

Finally the achievable bit rate Rb in kilo bits per second (kbps) is given by the last column it is 

calculated as 

 

tb NnFR /  (35) 

 

Where F is the instruction cycle execution frequency which is in our case 16 MHz and Nt is the total 

instructions of the decoder for decoding n bits. It is important to note that the system bit rate Rb is 

calculated based on the worst case when the number of actual errors is maximum i.e. v=t and the 

Chien search iterations is maximum. Therefore, the values of Rb given in Table 3. where v≠t is not 

realistic but it is shown for the sake of comparison especially the last entry where a correct 

codeword is received v=0. In this case (which is usually the most probable caser) the execution time 

is very small (the rate is high) because only the first syndrome value is needed to decide if the 

codeword is correct which is when S1=0, there will be no need to calculate the other syndrome 

values and this is more easily seen from Peterson’s algorithm, ,Jiang, 2010. 

As a final discussion, the increase of the bit rate is considered. To increase the bit rate, one 

possibility is to increase the system frequency and this can be done by using a higher level PIC 

microcontroller like PIC24 family where frequency can be increased up to 40 Mhz. This option is 

simple but still the outcome is limited. Another way is to use a sort of distributed system like the one 

described in Fig. 10 where N decoders are used in parallel and fed by a buffer that is filled from the 

incoming data stream which can be of bit rate equals MRb where M>1 is a factor, and Rb is the 

operating bit rate of the individual decoder as given in Table 3.The input buffer feeds the individual 

decoders asynchronously, that is whenever a decoder is free, an n-bit block is fed to it. The output 

buffer is to rearrange the decoded messages according to their original sequence. It is assumed that 

the occurrence of the cases where v is high and error positions requiring high number of iterations 

have a low probability. This arrangement should give the sufficient time for and individual decoder 

to decode up to the maximum time required by the worst case but also less overall time for the while 

N decoders to decode N codewords that are not necessarily require the maximum time of decoding. 

Of course, there can be situations where the cases of high decoding time can occur more than once 

in the buffer and the time imposed by the incoming bit rate (MRb) is insufficient. This will create the 
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situation when the input buffer encounter an all busy decoders when trying to allocate a decoder to 

specific codeword, in this case a decoding failure is declared and a retransmission request is issued. 

This will make the decoder a suboptimal in the sense that there are situations where the number of 

errors v≤t but the time assigned to the decoder is insufficient. The performance evaluation of this 

system can be investigated as a future work to find the best choice of the parameters M and N. 

 

CONCLUSION 

A binary BCH decoder is implemented in PIC microcontroller platform using assembly language 

with n=127 bits and adjustable error correction capability t, the number of code bits n can be 

increased to 255 bits with slight modifications to the program. Results shows that the time 

consumption of the decoding algorithm depend on the actual number of errors and that suggests 

using the designed decoder in a distributed system fashion in order to enhance the performance. 
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Table 1. GF elements and their representation. 

i 

GF elements power form GF elements polynomial form GF elements alternative form 

i
 

i in Binary 

Representation 
r(x) 

Binary 

Representation 
i

 
i+1 Binary 

Representation 

- 0=-
 - 0 000 0=-

 000 

0 1=0
 000 1 001 1=0

 001 

1 1
 001 x 010 1

 010 

2 2
 010 x

2
 100 2

 011 

3 3
 011 x+1 011 3

 100 

4 4
 100 x

2
+x 110 4

 101 

5 5
 101 x

2
+x+1 111 5

 110 

6 6
 110 x

2
+1 101 6

 111 

 

Table 2. Program Memory Organization. 

Bank Address Contents 

0 0h-1Fh General variables 

0 20h-3Fh Syndrome values 

0 40h-4Fh Error locating polynomial coefficients (x) 

0 50h-5Fh Correction polynomial coefficients B(x) 

1 00-7Fh GF elements lookup table 

2 0h-7Fh GFINV elements lookup table 

3 0h-7Eh Received/Corrected code in bits 

 

Table 3. Performance analysis of the implemented binary BCH decoder. 

n=127, Instruction Cycle Frequency=16 Mhz 

t k v Syndrome 

Calculations 

BM 

Algorithm 

Chien Search Total 

Instructions 

Bit Rate 

(kbps) Min. Max. 

4 99 4 4702 1455 453 11799 17956 113.17 

5 92 5 5874 2087 658 14210 22171 91.66 

6 85 6 7046 2833 901 16621 26500 76.68 

7 78 7 8218 3693 1182 19032 30943 65.67 

9 71 9 10562 5711 1858 23854 40127 50.64 

10 64 10 11734 6957 2253 26265 44956 45.20 

11 57 11 12906 8273 2686 28676 49855 40.76 

13 50 13 15250 11184 3666 33498 59934 33.90 

13 50 12 15250 10547 3157 31087 56884 35.72 

13 50 10 15250 9195 2253 26265 50710 40.07 

13 50 8 15250 7907 1501 21443 44600 45.56 

13 50 6 15250 6683 901 16621 38554 52.71 

13 50 4 15250 5523 453 11799 32572 62.38 

13 50 2 15250 4427 157 6977 26654 76.24 

13 50 0 15250 - - - 1178 1724.96 
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Figure 1. Implementation of LFSR for generating GF elements. 

 

 
Figure 2. Block diagram for Binary BCH Decoding. 

 
 

Figure 3. Block Diagram of BM algorithm.  
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Figure 5. An algorithm for mod 2
m
-1 addition. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Flowchart for odd index syndrome 

calculations. 

 

 

 

 Figure 6. An algorithm for mod 2
m
-1 addition 
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Figure 8. Flowchart for implementing 

Eq. (34) of BM algorithm. 

 

 

 

 

 

 

 

 Figure 7. Flowchart for implementing  

 Eq. (22) of BM algorithm. 
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Figure 9. Flowchart for implementing Chien search.  

 

 

 
Figure 10. A proposed Distributive Decoder.  
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ABSTRACT  

Using watermarking techniques and digital signatures can better solve the problems of digital 

images transmitted on the Internet like forgery, tampering, altering, etc. In this paper we proposed 

invisible fragile watermark and MD-5 based algorithm for digital image authenticating and tampers 

detecting in the Discrete Wavelet Transform DWT domain. The digital image is decomposed using 

2-level DWT and the middle and high frequency sub-bands are used for watermark and digital 

signature embedding. The authentication data are embedded in number of the coefficients of these 

sub-bands according to the adaptive threshold based on the watermark length and the coefficients of 

each DWT level. These sub-bands are used because they are less sensitive to the Human Visual 

System (HVS) and preserve high image fidelity. MD-5 and RSA algorithms are used for generating 

the digital signature from the watermark data that is also embedded in the medical image. We apply 

the algorithm on number of medical images. The Electronic Patient Record (EPR) is used as 

watermark data. Experiments demonstrate the effectiveness of our algorithm in terms of robustness, 

invisibility, and fragility. Watermark and digital signature can be extracted without the need to the 

original image. 

 

Keywords: fragile watermark; image authentication; dwt; adaptive threshold; hvs; md-5; rsa. 

 

دالة ملخص الرسالة  الهشة المخفية و مائيةالعلامة أثبات اصالة الصىر الرقمية بالاعتماد على الخىارزمية 

تحىيل المىيجات المنفصلةالخامسة ضمن نطاق   

 
  حسين حميذنهاد م.م. 

 قسى هُذست انبزايجُاث

 كهُت بغذاد نهعهىو الاقخصادَت

 

 الخلاصة

 .خلال الاعخًاد عهً حقُُاث انعلايت انًائُت وانخىقُع انزقًٍ يٍ انزقًُتانصىر  اصانت نهخحقق يٍفٍ هذا انبحث حى عًم خىارسيُت 

وثى ادخال انعلايت انًائُت فٍ  DWT باسخخذاو حقُُت ححىَم انًىَجاث انًُفصهتاولا َخى ححىَم انصىرة انً انًجال انخزددٌ 

اخفاء انعلايت انًائُت نعًاٌ نغزض فٍ انصىرة وانًخىسطت انصىرة بعذ ححىَهها انً انُظاو انثُائٍ. قًُا باسخخذاو انخزدداث انعانُت 

ت فٍ انصىرة انعانُ يٍ انخزدداث عذدفٍ اخفاء انبُاَاث خى َانًعافت بانعٍُ انبشزَت. عذو رؤَت انعلايت انًائُت  وعذو حأثز انصىرة 

اخفاء خلاصت يت انًائُت َخى . اظافت انً وجىد انعلاانخٍ َخى اخخُارها يٍ خلال يعادنت يخغُزة يع كم يسخىي يٍ انخحىَم انًىَجٍ

بُت يع عهً عذد يٍ انصىر انط انطزَقت. حى حطبُق (MD5, RSA) خىارسيُاثانعلايت انًائُت وانخٍ َخى احخسابها باسخخذاو 
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انخجارب انعًهُت اثبخج قىة انخىارسيُت وايكاَُت كشفها لاٌ هجىو او سجم انًزَط الانكخزوٍَ كعلايت يائُت. اسخخذاو بُاَاث 

  حعذَم عهً انصىرة.

 

 : انعلايت انًائُت انهشت, اصانت انصىر انزقًُت, ححىَم انًىَجاث انًُفصهت, َظاو انزؤَت انبشزٌ, خلاصت انزسانت.الكلمات الرئيسية

 

1. INTRODUCTION: 

The evolution of information systems, supported by advances in information and communication 

technologies, enables digital information likes digital images to be shared between organizations and 

personals more easily. At the same time, more attention should be paid to protect and authenticate 

these information. Image watermarking and digital signatures technologies are an effective solutions 

to meet such requirements. Medical images are good example of images that required to be 

authenticated before sharing it between the consultants or healthcare centers.  

Digital watermarking is a technology that embeds watermark data (copyright information) such as 

identification numbers, personal information, or serial numbers, into digital data Cox, et al. 2000. In 

digital images watermarking should take care the image fidelity degradation so that the embedded 

watermark should be small as possible and not be visible. A high fidelity means that the 

watermarked image is very similar to its original image or more precisely, they are 

indistinguishable. 

Image authentication is a technique for inserting information (digital signature) into an image for 

authentication and integrity. In the receiver side, the inserted information will be extracted and 

compared with the original information to decide image authenticity and integrity. MD-5 and SHA-

1 are the well-known algorithms used for digital signature creation. 

In this paper, a new method for digital image authentication based on the watermark and digital 

signature is proposed. The proposed algorithm aims to achieve image authentication through fragile 

invisible watermark and MD-5/RSA algorithms. Medical images are selected as test images and the 

watermark will be taken from Electronic Patient Record (EPR) including: Patient record number, 

Patient name, Age, Gender, Medical state, Dr. Name, Hospital name,  and Region of residence. 

In addition to the watermark, the digital signature will be computed and embedded in the image. 

MD5 and RSA (Rivest-Shamir-Adleman) algorithms are used to generate the digital signature from 

the watermark. MD5 used for computing 128-bit digest and RSA used for encrypting the computed 

digest.   

After that, the image is decomposed by 2-level DWT and the watermark and digital signature are 

embedded in the selected coefficients in the middle and high frequency sub-bands according to the 

adaptive threshold that based on the watermark length and the middle and high frequencies 

coefficients of each DWT level. These sub-bands are used for authentication data embedding in 

order to ensure the watermark invisibility and high image fidelity.  

The remaining of the paper is organized as follows: Literature survey is discussed in section 2, 

methods used in this paper are studied in section 3, and the algorithm details including 

authentication data generation, embedding, and extraction are discussed in section 4. The 

experimental results and performance analysis are evaluated in section 5. Finally, conclusions are 

detailed in section 6. 
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2. LITERATURE SURVEY 
 

 

 

 

In the literatures mainly two types of watermarking techniques are discussed: (1) spatial domain 

based and (2) frequency domain based approaches. In spatial domain approaches, the watermark 

data are embedded in the least significant bit (LSB) of the cover image pixels. However, the LSB 

insertion method is easy to be attacked.  

In frequency domain approaches, a mathematical transform is applied to the image to embed 

watermark into the transform coefficients, then apply inverse transform to get the embedded image. 

The most frequent used methods are Discrete Wavelet Transform (DWT), Discrete Cosine 

Transform (DCT), and Discrete Fourier Transform (DFT). As the frequency domain methods 

always have good robustness to common image processing such as compression, noise, filtering, 

rotation, cutting, etc., they now come into more widespread used ,Wang et al., 2009. and ,C. Li and 

H Song, 2008.  

,Sinha and ,Singh, 2003. proposed a technique to encrypt an image for secure transmission using 

digital signature of the image. They embedded the authentication data in the spatial domain. 

,Chang, C., Tseng, H. 2004. proposed spatial domain method by exploiting the correlation between 

adjoining pixels for determining the bit number to be embedded at certain specific pixel. If the pixel 

is located in edge areas, we can embed more data than the smooth areas. ,Cong Jin et.al., 2006. 

described watermarking scheme using wavelet transform and HVS. In this method watermark is 

embedded using adaptive embedding based on HVS. It considers sensitivity of human eye towards 

noise, luminous and textures. Watermark is inserted using adaptive gain factor which is calculated 

from noise sensitivity, luminosity, edge distance and texture area.  

,Po. Chen and ,Y. Tseng, 2007. proposed a new frequency domain method for image 

watermarking. In this system, first transform the cover image into sub bands. The secret image is 

embedded into LL sub band of cover image. ,Yang, Hengfu and ,Sun, Xingming, 2007. proposed 

an image-adaptive semi-fragile watermarking technique for image authentication and tamper 

detection. The algorithm embeds the watermark in coefficients of the vertical and the horizontal 

detail sub-bands of image sub-block. It is utilizing HVS so it is highly adaptive to the original image 

characteristics. 

,Chuanmu L. and Haiming S., 2008. proposed invisible watermarking scheme for image 

authentication in DWT. The binary watermark is generated by a chaotic map using adaptive 

threshold. Using a secret key, select some perceptually significant coefficients from detail sub-bands 

of 3-level DWT of the host image for watermark embedding.  

In 2012. Baisa, L. et.al., explored method of watermark in medical images using Region of Interest 

ROI method. In this method watermark is embedded in ROI only. They use Arnold transform for 

watermark scrambling and wavelet transform for host image decomposition. ,K. Raval and S. 

Zafar, 2013. proposed adaptive watermark embedding procedure using DWT and DCT, first 

watermarked image is decomposed through DWT transform and choosing the high frequency bands 

for watermark embedding according to adaptive factor function. DCT transform is applied for 

watermark message for reformatting and reshaping before embedding it. ,N. Grover and A. 

Mohapatra, 2013. proposed technique for authenticating the shared images on the social networks 

through embedding the secret data related to person’s login detail and current timestamp in the 

original image using adaptive steganography. The watermark bits are embedded in the DWT low 

frequency bands.  
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,M. Dhoka, J. Kadam, 2014. proposed a method of invisible watermark to medical image using Bi-

orthogonal wavelet filter and transformed domain watermark embedding. In their method, they 

transformed both original image and watermark using DWT and Bi-orthogonal wavelet filter 

coefficients. Comparison is made on basis of PSNR and normalized correlation (NC). 

Our contribution is based on new methods in the watermarking embedding techniques, where the 

image is watermarked in the frequency domain providing watermark robust, invisibility, and more 

security against many attacks types. However while the recent papers are influenced on the image 

authentication through watermarking embedding only, we will focus on embedding the digital 

signature of watermark also in the image in the invisible manner without affecting the image 

fidelity. This gives two ways for ensuring the image authentication through watermark and digital 

signature. 

 

3. METHODS 
 

 

3.1 Discrete Wavelet Transform 
 

DWT is information processing method was presented in the late 1980’s. It’s used for multi-

resolution analysis, it is particularly useful for the analysis of non-stationary signals, including 

image processing ,Chang Gao, 2009. 

The basic idea is to decompose the image into sub-bands at different frequency and different space. 

In DWT, the image is first decomposed in four sub-bands, low frequency band (LL1), horizontal 

detail band (HL1), vertical detail band (LH1), and diagonal detail band (HH1). The LL1 band is 

further can be decomposed into four sub-bands obtaining LL2, HL2, LH2 and HH2. LLi sub-band 

can be further decomposed to generate other four sub-bands and so on ,Al-Haj and ,T. Manasrah, 

2007.  
The LL band can be treated as an approximation of the image. Any modification done to this band is 

visually most perceptible. The other three bands are high frequency bands that characterize the 

marginal information of the corresponding direction and have little energy. These bands contain the 

detail information of an image like the edge information and texture. Fig. 1 depicts a two level 

decomposition of MRI medical image using DWT.  

Since human eyes are much more sensitive to the low-frequency part (LL sub-band), in the 

suggested algorithm, we will use regions that known to be less sensitive to human visual system 

(HVS) that are high frequency sub-bands for watermark and signature embedding. This makes the 

watermark is invisible and maintains better image fidelity and quality.  

 

3.2 Human Visual System 
 

Visual psychology researchers have found that masking characteristics of the human visual system 

when embedding authentication information improves digital watermarking robustness and 

imperceptibility ,Dumitru et al., 2008.  

The advantage of using the DWT is that it is known to more accurately model the aspects of the 

HVS as compared to the FFT or DCT ,Cong Jin, et al., 2006. Some of the significant features the 

DWT provides are excellent spatial localization, frequency spread, and multi-resolution 

characteristics, which are similar to the theoretical models of the HVS ,Dumitru et al., 2008.  
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We will benefit from the HVS characteristic that is known to be less sensitive to the middle and high 

resolution sub-bands (LH, HL, and HH) for generating invisible watermark through embedding the 

watermark and digital signature in the middle and high frequencies sub-bands only. This causes to 

increase in the robustness with a little or no impact on image quality and fidelity ,Dumitru et al., 

2008.  

 

3.3 Performance Evaluation Metrics 
  

3.3.1 peak signal-to-noise ratio (PSNR) 

PSNR is the ratio between the maximum possible value (pixel) of image and the power of distorting 

noise that affects the quality of its representation. The proposal is that the higher the PSNR, the 

better degraded image has been reconstructed to match the original image and the better the 

reconstructive algorithm ,Rajendra et al., 2012. PSNR is defined via the mean squared error 

(MSE). Given M x N image I and its reconstructed one K, MSE is:  
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   ∑            
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)      (2) 

 
 

Here, MAX is the maximum possible pixel value of the image.  

 
 

3.3.2 structural similarity (SSIM)  

SSIM index measures the similarity between two images in a manner that is more consistent with 

human perception than MSE and PSNR. It attempts to measure the change in luminance, contrast, 

and structure in an image. SSIM result closer to 1 means the reconstructed image very similar to the 

original image ,Wang et al., 2004. The SSIM metric is calculated between the original image x and 

reconstructed image y images with common size N x M is: 
 

                      
 

Where, µx is the average of x, µy is the average of y, σ
2

x is the variance of x, σ
2

y is the variance of y, 

and finally σxy is the covariance of x and y; 

 

3.3.3 Normalized Hamming Distance (NHD) 

NHD is used for measuring the similarity between the embedded and extracted watermarks ,Z. M. 

Lu and ,S. H. Sun, 2009. The correct watermark extraction percentage (CWEP) and correct 

signature extraction percentage (CSEP) are defined as normalized hamming distance between 

embedded and extracted watermarks and digital signature signatures, respectively. 
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Where W, W1 denote the embedded and extracted watermarks with L bits length. S, S1 are the 

embedded and extracted digital signature with N bits length.   is X-OR logic operator. The higher 

the CWEP and CSEP value, the more similarity there is between W and W1, and S and S1 

respectively. When CWEP and CSEP values equal to 1, means W1= W and S1=S.  
 

 

4. PROPOSED DIGITAL IMAGE AUTHENTICATION ALGORITHM 

The proposed algorithm is fragile invisible watermark and digital signature based for digital image 

authentication and tampers detecting. The watermark invisibility mains the embedded watermark 

cannot be perceived in HVS ,Mahavir D., and Jitendra K., 2014. Fragile watermark is readily 

altered or destroyed when the host image is modified through a linear or nonlinear transformation 

,Chang Gao, 2009. That is, it may interest for parties to verify that an image has not been edited, 

damaged, or altered since it was marked.  

The data that will be embedded in the digital image includes watermark and digital signature. 

Watermark data is patient-related data or EPR that includes: Patient record number, Patient Name, 

Age, Gender, Medical state, Dr. Name, Hospital name, Country, and Region of residence. 

Digital signature is computed for the watermark data using MD-5 and RSA algorithms. MD-5 

algorithm is used to generate 128-bit digest from the watermark. RSA algorithm is used for 

encrypting the digest that results the digital signature.  

The suggested technique based on adaptive threshold to embedding the watermark and digital 

signature into the digital image in such a way that it is undetectable by the HVS. The adaptive 

thresholding method is employed to determine appropriate coefficients to hiding watermark and 

digital signature in the high frequencies regions in the image.  

The threshold is variable according to the middle and high frequencies sub-bands coefficients of 

each DWT level making the hiding coefficients are different for each image.  

First, the digital image is decomposed into seven regions using 2-level DWT and the middle and 

high frequency regions are selected for watermark and digital signature hiding. These frequencies 

give the details of the image and any changes in them are not easy notes by HVS, so that we will use 

them in order to ensure watermark invisibility and image fidelity. In this technique, low frequencies 

are excluded when inserting authentication data in order to preserve ROI and digital image fidelity.  

Second, according to the computed adaptive threshold, the watermark data and digital signature are 

embedded in the appropriate coefficients. By using the adaptive threshold, the watermark and 

signature aren’t hidden in all middle and high frequencies coefficients but in number of them only.  

However, the suggested algorithm is composed of three sections: authentication data generation, 

authentication data embedding, and its extraction or verification. Table 1. shows the main symbols 

used in the paper and Fig. 2 shows the block diagram of the algorithm (embedding and extracting). 

 

4.1 Authentication Data Generation Process: 

One of the most important features of the suggested algorithm is the type of the watermark data. The 

suggested watermark data is text type, like patient information. The watermark data used in the 

algorithm testing is collected from the EPR that is storing in the hospital database.   

However, EPR data that used as watermark include: Patient record number, Patient Name, Age, 

Gender, Medical state, Dr. Name, Hospital name, and Country or Region of residence. 

These data will be collected in one string and converted from ASCII to binary to forming the binary 

watermark W= {W0 W1 W2… WL-1} where Wi  (1 ≥ i ≤ L) is the ith bit in the binary watermark. 
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The digital signature S is used for demonstrating the authenticity of image. Here we used MD-5 and 

RSA algorithms for generating the digital signature from the watermark data. The depending of the 

digital signature on the watermark itself making any attempt to change or remove the watermark is 

detectable. This means the algorithm provides dual methods for image authenticating. 

The watermark and its digital signature forming the authentication data used in the embedding 

process. However, the authentication data generation steps are listed in the algorithm below 

algorithm_1 and its flowchart is shown in Fig. 3. 

 

ALGORITHM_1: Authentication Data Generation 

Input: Text Watermark and Encryption Private Key Kp. 

Output: Authentication Data String (Watermark W, Digital Signature S) 

BEGIN: 

Step1: Collect the data that forming the watermark data in one string. 

Step2: Binarize the collected watermark data and store in WL variable string. 

Step3: Compute the digital signature S using the following steps. 

i. Generating a 128-bits digest D from the binary watermark WL using MD-5 algorithm.  

ii. Encrypting the digest using RSA algorithm for providing the digital signature S. The 

digest will be encrypted using sender private key Kp. 

Step4: Concatenate S and WL and store in one string of binary numbers called authentication 

string Auth_S. 

Auth_S= {S0 S1 S2 ... S127} || {W0 W1 W2 … WL-1} 

END: 

4.2 Authentication Data Embedding Process 

The aim of this algorithm is to hiding the watermark data and digital signature (Auth_S) into the 

digital image. This algorithm should be implemented in the image sender side. However, this 

algorithm consists of five steps.  

1. Applying 2-level DWT to the digital image.  

2. Computing the adaptive threshold for each level.   

3. Determining the hiding coefficients which are used for hiding the watermark and signature 

bits. 

4. Embedding the authentication data (Auth_S) in the determined hiding coefficients.   

5. Performing the inverse wavelet transform IDWT to construct the watermarked medical 

image. 

4.2.1 Apply Discrete Wavelet Transformation 

DWT is applied twice to decomposing the image to seven sub-bands in the frequency domain. The 

first level of DWT produces four sub-bands, termed LL1, LH1, HL1 and HH1. The LL1 band is 

iteratively decomposed to obtain four levels are LL2, LH2, HL2, and HH2. The six DWT sub-bands 

(LHi, HLi, and HHi) are used in the embedding process.  

4.2.2 Compute of Adaptive Threshold   

After transforming the image into frequency domain through DWT, the adaptive thresholds are 

computed for each level. Here, we describes the method for computing threshold value (T), which is 

adaptive to different level characteristics. The threshold value is calculated according to the 

decomposition level and watermark length L. In the 2-level decomposition, the average of 
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coefficients C for 1-level high frequency sub-bands (LH1, HL1, HH1) is computed and the threshold 

T1 is calculated by Eq. (6), also the average of coefficients C for the 2-level high frequency sub-

bands (LH2, HL2, HH2) is computed and the threshold T2 is calculated by the same equation.  

 

Ti =                                       (6) 

 

AVR (Ci) function finds the average of coefficient C in i-level. The authentication bits are embedded 

only in the selected coefficients in the high and middle frequency bands according to the adaptive 

threshold. Fig. 4 shows how the adaptive threshold can be computed. The computed threshold is 

adaptive because it depends on the DWT level and the largest coefficient in the level. 

The algorithm which computes threshold values in wavelet domain it very simple to implement and 

computationally is more efficient. It has following steps (algorithm_2): 

ALGORITHM_2: Adaptive Thresholding Algorithm 

Input: DWT middle and high frequency sub-bands (LHi, HLi, HHi) and Watermark length L 

Output: Adaptive threshold of each DWT level (T1, T2). 

Step1: For every DWT level, do the following. 

BEGIN: 

Step2: Load the coefficients C of LHi, HLi, and HHi sub-bands of i-level DWT. 

Step3: Find the average of coefficients in i-level sub-bands (LHi, HLi, and HHi). 

Step4: Compute the threshold value (Ti) using Eq. (6). 

Step5:  Save the threshold values results in Ti. 

END: 

4.2.3 Watermark and Digital Signature Hiding 

This step is used to decide what the sub-bands and coefficients are to be used for the authentication 

data hiding. Some of the coefficients in the high levels (HH1 and HH2) and the middle levels (HL1, 

LH1, HL2 and LH2) will be used for authentication bits embedding. Embedding data in the middle 

and high sub-bands (LH, HL and HH) ensures a higher image fidelity and authentication data 

invisibility.  

On the contrary, we exclude LL2 sub-band to preserve image ROI. In spite of embedding data in the 

low frequency sub-band improve the watermark robustness but it is highly perceptible by human eye 

making the embedded authentication data is visible.  

However, the coefficients are selected using adaptive threshold according to the following steps: 
 

1. For each level, all coefficients of the LHi, HLi and HHi sub-bands are firstly concatenated into 

a single sequence. Three coefficients with the same coordinate of the three sub-bands, which 

correspond to the same spatial location, are continuously adjacent in the new sequence. 

However the coefficients are rearranged in the following way: 
 

{CLHi(0,0), CHLi(0,0), CHHi(0,0), CLHi(0,1), CHLi(0,1), CHHi(0,1),...., CLHi(N-1,M-1), CHL2(N-1,M-1), 

CHH2(N-1,M-1)}. 
 

Where N and M are the horizontal and vertical size of the sub-band respectively.   

2. Then, the Auth_S bits are embedded in the LSB of the hiding coefficients which are 

satisfying the condition as follows: 
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| Coefficient Magnitude | > Threshold of Level (T)                             (7) 

 

All the coefficients in i-level sub-bands (LHi, HLi, and HHi) are tested for satisfying the previous 

condition. However, the pseudocode of embedding process is listed below. 

j=0;  // the start of the Auth_S string. 

FOR  i= 1 TO i≤2   // i=1,2 (the number of DWT levels) 

Begin: 

Sort (C) 

WHILE ({Ci-level} ≠ {Ø})  

Begin: 

IF (|Ck| > Ti-level)     //k is the kth coefficient in the i-Level. 

Auth_Sj → LSB (|Ck|) 

End IF 

j= j+1; 

k= k+1; 

End WHILE 

End FOR 

 

4.2.4 Inverse of Wavelet Decomposition 

Finally, the authenticated image is reconstructed by performing the inverse wavelet transformation 

IDWT.  

However, the embedding algorithm of the suggested technique is listed below (algorithm_3) while 

its flowchart is shown in Fig. 5. 

ALGORITHM_3: Authentication Data Embedding  
 

 

Input: Digital Image IM x N, and Authentication String (Auth_S) 

Output: Authenticated Image AIM x N. 

BEGIN: 

Step1: Perform 2-level DWT for the input image. 

Step2: For each level do the following 

BEGIN:  

1. Compute adaptive threshold value Ti according to the Algorithm_2:  

2. Determine hiding coefficients according to the following steps: 

i. Sorting the coefficients of the sub-bands LHi, HLi, and HHi where the three coefficients 

with the same coordinate of the three sub-bands, which correspond to the same spatial 

location, are continuously adjacent in the new sequence. 
 

{CLHi(0,0), CHLi(0,0), CHHi(0,0),  CLHi(0,1), CHLi(0,1), CHHi(0,1) ,…, CLHi(n-1,m-1), 

CHLi(n-1,m-1), CHHi(n-1,m-1)}. 
 

ii. For coefficients in LHi, HLi, and HHi sub-bands, the hiding coefficients are determine 

by using computed adaptive thresholding. 

3. Repeat the following steps until every bit in Auth_S string is embedded.  

i. Read the high and middle frequency coefficients of current DWT level sequentially and 
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select the coefficients which are satisfying the condition in Eq. (7):  
 

| Coefficient Magnitude | > i-level Threshold. 
 

ii. Embed the jth bit from Auth_S string in the LSB of the jth hiding Coefficient. 

End: 

Step3: Reconstruct the authenticated image AIM x N by using IDWT. 

Step4: Save and display the authenticated image. 

End: 
 

 

4.3 Extraction and Verification Algorithm 
The first step of the extraction algorithm consists also of decomposition of the authenticated image 

with the same wavelet levels used in the embedding process. The authentication string bits are 

extracted from DWT coefficients which are selected according to the same method used in 

embedding process after computing the adaptive threshold for each level. Another necessary 

procedure is to acquire the digital signature and watermark from the extracted data.   

In addition to its dependency on the watermark extraction, the verification process is also depended 

on the extracted digest, the extracted digest is compared with the computed digest of the extracted 

watermark data before making the decision about the image authenticity. 

The below algorithm is used to extract an authentication data and acquire the watermark and digital 

signature from the authenticated medical image. Fig. 6 shows the extraction process flowchart. 

 

 

 

 

ALGORITHM_4: Extraction & Verification Algorithm 
 
 

Input: Authenticated Image AIM x N and Decryption Key Ku   

Output: Watermark W, Digital Signature S, and Decision about image authenticity. 

BEGIN: 

Step1: Load the authenticated image. 

Step2: Perform 2-level DWT for the input image. 

Step3: For each level, do the following:  

i. Compute the adaptive threshold Ti according to the Algorithm_2: 

ii. Sort the coefficients of i-level sub-bands (LHi, HLi, and HHi) in sequential manner as in 

the embedding process. 

iii. Find the coefficients which are its magnitude greater than the value of i-level threshold Ti. 

| Coefficient Magnitude | > i-level Threshold. 

iv. Extract the embedded bit from each coefficient which is satisfying the previous condition.  

v. Create new string called Auth_S1 string that will receive the extracted bits. 

vi. Insert the extracted bit in the Auth_S1 string. The extracted bits are inserted sequentially in 

the Auth_S1 string. 

Step5: Do the following after extract all authentication bits from that coefficients which are 

satisfying the stated condition. 

i. Take the first 128-bits from Auth_S1 string and store in new string called S1 that is the 
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extracted digital signature.  

ii. Store the remaining bits from Auth_S1 string in new string called W1 that includes the 

extracted watermark W1. 

iii. Decrypt the extracted digital signature S1 using RSA algorithm with Ku as decryption public 

key.  

iv. Store the decrypted S1 in new string called D1 that is the extracted digest D1. 

v. Compute the Digest value for the extracted watermark W1 using MD-5 algorithm 

vi. Store the result digest in new string called D. 

Step6: Decision if the image is authentic or unauthentic.  

i. If D=D1 then the image is authentic and display the extracted watermark on the screen. 

ii. Else: Display error message "the medical image is unauthentic"; this means the medical 

image is either replaced or modified. 

End. 
 

 

The experimental results and performance analysis of the technique will be presented in the next 

section, we will apply the algorithm on some medical images with different sizes of authentication 

data and test the technique robustness through applying some attacks on the authenticated images. 

 

5.  EXPERIMENTAL RESULTS  
 

In order to test the proposed algorithm, we will apply the algorithm on medical images for different 

medical cases with various characteristics. The medical images are selected because of the 

importance of the authentication process in the medical applications over Internet like tele-

radiology, tele-surgery, and telemedicine. The images are captured using MRI technique with size of 

512 512 and 8-bits gray level. Also, these medical images are present different textural 

characteristics, various percentage of homogeneous regions, edges, and details. 

The algorithm is applied on all ten images but the results of four images only exhibited. Fig. 7 

shows the original medical images which are used in this experiment. 

For the purpose of proving the effectiveness of the proposed algorithm, the authentication data 

(watermark and digital signature) is hidden in the ten medical images with three different sizes are: 

400, 600, and 800 Bytes. The digital signature size is constant in each case that is 128-bits. Fig. 8, 9, 

and 10 show the original medical images and their watermarked versions with 400, 600, and 800 

Bytes authentication data capacity, respectively.   

As can be seen in Fig. 8, the original images are in upper row and the authenticated images are 

appeared in the lower row. The amount of degradation caused by the embedding of watermark and 

signature is very difficult to distinguish by the HVS and thus the fidelity of the medical image was 

not affected. 

The main reason for this is due to exclude areas of important details and textures during the 

embedding of watermark data into the medical image (LL2) sub-band. Also, the amount of 

authentication data play main role in as this situation. 

By contrast, the results images shown in Fig. 9 display a tiny amount of degradation that it is 

possible to distinguish by the expert person. While the watermarked images shown in Fig. 10 have 

significant amount (also acceptable) of degradation that can be denoted by the general humans. The 

reason for this is the large amount of watermark data that affect the reconstruction image process 

(inverse of wavelet) after the data is embedded.  
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As a result, the degradation in the reconstructed medical image increases when the amount of 

embedded data is increased. This also confirms the conflicting relationship between two factors are 

quality and capacity. Thus, there must be a tradeoff between these two factors to achieve the ideal 

solution to resolve the conflict.  

This problem was relatively solved through defining the maximum authentication data that can be 

embedded in the algorithm by 800 bytes or 100 ASCII characters. This number seems enough in the 

text watermark length for using personal information or secret message as watermark data. The 

maximum number of embedded data can be updated in the algorithm code. 

However, in any case the image degradation remains acceptable because the main image details 

(LL2 sub-band) is not affected by the algorithm in any case.  

 

5.1 Image Fidelity Evaluation 
 

In additional to above, the proposed algorithm is evaluated in terms of fidelity of digital image in 

numerical form for more accuracy. For that, two image quality metrics are used that are PSNR and 

SSIM. PSNR and SSIM metrics are computed using Eq. 2 and 3, respectively. 

A larger PSNR and SSIM indicate that the authenticated image more closely resembles the original 

image, meaning that the algorithm makes the embedded data more imperceptible.  

Table 2. shows the calculated results for ten authenticated medical images which are used in this 

experiment with three authentication data (400, 600, and 800 byte).  

As shown in Table 2. as long as the size of embedding data is small the PSNR and SSIM metrics are 

high, hence the fidelity of the reconstructed images is high. These metrics are decreased as long as 

the watermark size is increased causing to affect the image fidelity. But even with 800 byte 

authentication data, the image quality is acceptable where the metrics remains relatively high. 

Generally speaking, image with PSNR greater than 35 dB and SSIM closer to 1 is acceptable as 

HVS cannot distinguish the difference ,Cox, et al., 2000. and ,T. Ahsan, and ,T. Mohammad, 

2012. Therefore, the suggested algorithm produces authenticated image with very much acceptable 

fidelity because the PSNR in all the tests with different authentication data sizes remains more than 

35 dB and SSIM is very closer to 1.  

In numerical form, for the suggested technique application on the ten selected images with 400 byte 

of authentication data the average of PSNR is 43.817 and the average of SSIM is 0.9142. With 600 

byte the average of PSNR is 40.969 and the average of SSIM is 0.8759. While with 800 byte, the 

average of PSNR is 38.281 and the average of SSIM is 0.8227.  

Fig. 11 and 12 shows the comparison of the PSNR and SSIM metrics respectively of the ten images 

after embedding the authentication data with 400 byte, 600 byte, and finally 800 byte capacity.  

 

5.2 Tests of Tampering Detection 

There are many ways to tamper the digital images that may be intended or unintended like noise 

adding, image cropping, resizing, compressing, blurring, filtering, cutting, contrast adjustment, 

objects insertion, etc. Therefore, for testing algorithm robustness and watermark fragility we will 

apply some of the tampers and attacks that cause to modifying or changing the digital images and 

then check the authenticity of the images by the watermark and digital signature means.  

Fig. 13 shows the eight examples of attacked medical images which are previously authenticated by 

using the suggested technique with 400 bytes. Here, all medical images are unauthentic, because the 

attacks cause to changing the values of images pixels hence the DWT coefficients.      
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The similarity between the embedded and extracted watermark and digital signature is measured by 

the CWEP and CSEP using Eq. 4 and 5, respectively. CWEP and CSEP values equal one in the 

previous tests because the authenticated images are not geometrically processed or attacked. This 

means the embedded and extracted watermarks and signatures are identical demonstrating the 

watermark fragility. On the other side, when the authenticated image is attacked, the CWEP and 

CSEP metrics results are not equal one (just nearing to one) as shown in Table 3.  

Table 3. shows the computed PSNR, CWEP and CSEP after applying many attacks on the 

authenticated images with 400 bytes. The images are unauthentic because the original and extracted 

watermark and signature aren’t identical where CWEP and CSEP aren’t equal one. 

 

6. CONLUSIONS 

An efficient digital images authentication scheme based on adaptive fragile watermark and MD-5 

has been presented. The algorithm used middle and high DWT frequencies for watermark and 

digital signature embedding. This makes the watermark is invisible and fragile where the HVS can’t 

distinguish the changing in images when embedding the watermark in the high frequencies.  

Moreover, the algorithm can’t only achieve image authentication purpose, but also achieves 

copyright protection and tamper detection purpose. For authentication purpose, the digital signature 

is computed for the watermark using MD-5 and RSA algorithms and embedded in the digital image.  

Experimental results demonstrate that the proposed scheme can be used for copyright protection and 

tamper detection by the invisible fragile watermark. The main characteristics of our scheme are as 

follows. (1) The fragile watermark for image copyright protection is robust to many mild and 

maliciously attacks. (2) By employing adaptation of watermarking method, enhancing watermark 

security, distributing, and fragility. (4) The authenticity of medical image is improved through 

providing double methods for copyright protection and authentication through watermark and digital 

signature. 
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Table 1. Paper symbols and abbreviations. 
 

Symbol 
 

Description 

IM x N Digital image with M X N dimensions 

AIM x N Authenticated image with M X N dimensions 

WL Watermark data with L-bits length 

W1 Extracted Watermark Data 

D Digest 

D1 New Digest 

S Embedded Digital Signature  

S1 Extracted Digital Signature 

Auth_S Embedded Authentication Data (concatenation of  S and 

W) 

Auth_S1 Extracted Authentication Data 

CDWT Selected Hiding DWT Coefficients  

ThF Threshold Computation Function 

Ti Computed Threshold for i-level DWT 

EmA Embedding Algorithm 

ExA Extraction Algorithm 

EA Encryption Algorithm (RSA) 

DA Decryption Algorithm 

RSA Rivest-Shamir-Adleman Cryptosystem 

MD-5 Message-digest algorithm  

Kp Sender Private Key 

Ku Receiver Public Key 

 

Table 2. PSNR and SSIM metrics of three watermark capacity. 

Authenticated 

images 

Auth. data 

Size=400 Bytes 

Auth. data 

Size=600 Bytes 

Auth. data 

Size=800 Bytes 

PSNR SSIM PSNR SSIM PSNR SSIM 

Image01 44.85 0.928 42.65 0.892 40.12 0.819 

Image02 43.45 0.898 41.63 0.834 38.59 0.782 

Image03 46.13 0.934 43.05 0.902 40.86 0.860 

Image04 43.06 0.918 40.98 0.887 38.30 0.847 

Image05 42.33 0.909 40.12 0.882 37.56 0.824 

Image06 43.92 0.902 39.97 0.875 36.88 0.837 

Image07 43.25 0.927 41.15 0.841 39.11 0.787 

Image08 45.23 0.921 41.97 0.886 38.66 0.815 

Image09 43.52 0.912 40.35 0.884 37.44 0.821 

Image10 42.43 0.893 37.82 0.876 35.29 0.835 
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Table 3. PSNR, CWEP, and CSEP of attacked watermarked image. 
 

Attack Type 
 

PSNR 
 

CWEP 
 

 

CSEP 

Gaussian Noise (5%) 18.5573 0.782 0.817 

Salt & Pepper Noise (5%) 15.8391 0.804 0.771 

Object Insertion 22.7751 0.865 0.870 

Contrast Adjustment 23.8749 0.906 0.842 

Image Sharpening 19.7101 0.868 0.905 

JPEG Compression (70%) 21.0298 0.842 0.858 

Region Cutting 17.9011 0.818 0.763 

Image Blurring 22.0881 0.917 0.711 
 

 

 
 

 
Figure 1. 2-level DWT decomposition. 
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Figure 2. Proposed authentication model. 

 

 
Figure 3. Authentication data generation algorithm.                       Figure 4. Adaptive thresholding. 
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Figure 5. Watermark and digital signature embedding algorithm. 
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Figure 6. Extraction and verification algorithm. 
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Figure 7: Test images used in the experience. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 Test images with its authenticated versions (Auth_S= 400 Bytes). 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Test images with its authenticated versions (Auth_S= 600 Bytes). 
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Figure 10 Test images with its authenticated versions (Auth_S= 800 Bytes). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Authenticated images after Sample Attacks. 

Figure 11. PSNR comparison of three  

Auth. data (400, 600, and 800 Byte) 
 

Figure 12. SSIM comparison of three  

Auth. data (400, 600, and 800 Byte) 
 

       Gaussian Noise 5%                    Salt & Pepper Noise 5%         Image Blurring                                 Image Sharpening  

         Image Cutting                               Contrast Adjustment           Object Insertion                        JPEG Compression 70% 
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ABSTRACT 

Data centric techniques, like data aggregation via modified algorithm based on fuzzy clustering 

algorithm with voronoi diagram which is called modified Voronoi Fuzzy Clustering Algorithm 

(VFCA) is presented in this paper. In the modified algorithm, the sensed area divided into 

number of voronoi cells by applying voronoi diagram, these cells are clustered by a fuzzy C-

means method (FCM) to reduce the transmission distance. Then an appropriate cluster head 

(CH) for each cluster is elected. Three parameters are used for this election process, the energy, 

distance between CH and its neighbor sensors and packet loss values. Furthermore, data 

aggregation is employed in each CH to reduce the amount of data transmission which lead to 

extend the network lifetime and reduce the traffic that may be accrue in the buffer of sink node. 

Each cluster head collected data from its members and forwards it to the sink node. A 

comparative study between modified VFCA and LEACH protocol is implemented in this paper 

and shows that the modified VFCA is more efficient than LEACH protocol in terms of network 

lifetime and average energy consumption. Another comparative study between modified VFCA 

and K-Means clustering algorithm is presented and shows that the modified VFCA is more 

efficient than K-Means clustering algorithm in terms of  packets transmitted to sink node, buffer 

utilization, packet loss values and running time. A simulation process is developed and tested 

using Matlab R2010a program in a computer having the following properties: windows 7 (32-bit 

operating system), core i7, RAM 4GB, hard 1TB. 

 

Keywords: voronoi fuzzy, fuzzy c-means ,clustering algorithm, data aggregation. 

 

 VFCAخوارزميه التجميع المعذلة  باستخذام اللاسلكية متحسساتال شبكات في البياوات تجميع

 
 مآب علاء حسيه                                                                                                              أ.م.د. وادية عذوان شلتاغ              

 هندسة الحاسبات/جامعة بغداد                                                                                          هندسة الحاسبات/جامعة بغداد                  

 

 الخلاصة

مع مخطط  FCM , الـعن طريق خوارزمية معدلة عمى أساس خوارزمية التجميع تقنيات مركزية البيانات مثل تجميع البيانات 
(. في الخوارزمية المعدلة، المنطقة VFCAمن خلال الخوارزمية المعدلة )في ىذا العمل.  ستوضح voronoiالرسم البياني 

، عمى المنطقة المراد مراقبتيا. voronoiمن خلال تطبيق مخطط   voronoi cellsالمراقبة تقسم إلى عدد من  الخلايا تسمى 
يتم تقسيم ىذه الخلايا كل خمية ممثمة بواحدة من أجيزة الاستشعار)العقد( التي وزعت بشكل عشوائي في المنطقة المستشعرة. 

البيانات  إرسالاليدف وتقميل  إلىمومة لموصول ( لتقميل المسافة التي تقطعيا المعFCMالى مجاميع باستخدام طريقة التجميع )
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العقدة المناسبة لتمثل كل مجموعة )رئيس المجموعة(. واستخدمت ثلاثة معايير  المكررة من العقد المتجاورة. ثم يتم اختيار
لعممية اختيار رؤساء المجاميع وىي: الطاقة، بعد المسافة بين رئيس المجموعة والعقد المجاورة لو , و قيم الخسارة من مخزن 

ل كمية البيانات المنقولة خلال الشبكة وىذا العقدة. علاوة عمى ذلك، يعمل تجميع البيانات عند كل رئيس مجموعة عمى تقمي
. رئيس كل مجموعة Sink Nodeيؤدي إلى تمديد عمر الشبكة وتقميل حركة المرور التي قد تتراكم في المخزن الخاص بالـ 

 (.Sink Node)يجمع البيانات من أجيزة الاستشعار المنتمية اليو  ويحوليا إلى الـ 

المعدلة ىي أكثر  VFCAأن   LEACHوالبروتوكولVFCA ارنة بين الخوارزمية المعدلة أظيرت نتائج المحاكاة لدراسة مق
وتبين دراسة . من حيث متوسط تبديد الطاقة ومعدل استيلاك الطاقةو  من حيث عمر الشبكة LEACHكفاءة من البروتوكول 

من حيث  K-Meansر كفاءة من المعدلة ىي أكث VFCAأن  Means-Kو   VFCAلممقارنة بين الخوارزمية المعدلة أُخرى
والوقت المستغرق ومن حيث قيم الخسارة من مخزن كل عقدة و من حيث  (. (Sinkلمعقدة المسؤولة عن الشبكةالحزم المرسمة 
 مواصفاتال يحمل حاسوب في  R2010a MATLABباستخدام برنامج  والاختبار، تم تطوير عممية المحاكاة . لإتمام العممية

 .1TB، القرص الثابت 4GB، ذاكرة الوصول العشوائي i7بت نظام التشغيل(، كور  32) 7التالية: ويندوز 

 

1.  INTRODUCTION  

Nodes in a WSN sense the environment and send the collected data to the base station. Many 

nodes report similar readings as data in a WSN are correlated. Thus, a large amount of energy is 

spent during the transmission of thousands of redundant data. Furthermore, as nodes transmit 

sensed values to the base station by transiting through intermediate nodes, significant energy is 

spent in communication. One technique used to decrease the number of redundant messages 

transmitted and thus pro-long the network lifetime is data aggregation. During data aggregation, 

intermediate nodes merge the data received from other nodes into a single representative value. 

The energy of the network is conserved through a reduction in the number of messages being 

exchanged among nodes, ,Khedo, et al., 2010. The general data aggregation algorithm works as 

shown in Fig.1, Patil,2010. 

 

2. DATA AGGREGATIO IN CLUSTER BASED NETWORKS 
Various protocols are being used for the clustering of the sensor networks like Direct 

Communication(DC), Minimal Transmission Energy(MTE), LEACH, K-Means, and Fuzzy C- 

Means. In DC, the sensor nodes far away from the base station get depleted with its energy at a 

faster rate, whereas in MTE, the nodes near to the base station get depleted. In LEACH, the 

selection of cluster heads is based on predetermined probability; other nodes choose the cluster 

by computing the nearest distance to the cluster heads elected. However, there is a randomized 

selection of cluster heads, where some of the clusters are devoid of cluster heads, resulting in 

poor clustering. In K-Means clustering, also known as hard clustering, the nodes near the 

boundary region are affected since the degree of belongingness is described in terms of either 

zero or one, the edge nodes may have the same degree of belongingness to more than one 

clusters, resulting in poor cluster formation. In the Fuzzy C-Means algorithm, which is an 

unsupervised, nondeterministic iterative method, there is an optimal cluster formation. The 

sensor nodes are assigned to a cluster, based on the degree of belongingness to different cluster 

in the deployed area, but the degree of belongingness needs to be computed in each and every 

round for every sensor node, ,Keerthi and Babu,2012.  
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3- THE MODIFIED VORONOI FUZZY CLUSTERING ALGORITHM(VFCA) 

The main purpose of the Voronoi Fuzzy Clustering Algorithm (VFCA) is to increase the 

network lifetime. Sensors are placed to detect an event occurring in the sensing area the sensed 

data need to be transmitted to the sink node for acquiring knowledge. The process of 

transmitting of sensed data from sensor nodes to the sink node may lead to consume the energy 

of nodes to transmit and receive data. Data aggregation helps the nodes in the network to save 

their energy by fusion of data from different sensors to eliminate redundant transmissions to the 

base station. This significantly reduces the amount of data traffic as well as the distances over 

which the data needs to be transmitted and increase the network life time, data aggregation and 

modified Voronoi Fuzzy Clustering Algorithm are proposed in this algorithm. Initially voronoi 

method is applied to construct voronoi diagram for the network by partitioning the sensed area 

into subareas each of which controlled by one sensor node these subarea called voronoi cell, 

then clustering process is starting by applying FCM then data transmission and aggregation is 

implemented. The modified VFCA is shown in Fig.2. 

 

 

3.1 The Voronoi Method 

In the modified algorithm, all nodes are assumed to be stationary and any sensor node position is 

projected by x and y coordinate. That is for any sensor node pi=s=(xi,yi) the calculation of distance 

between nodes to construct voronoi diagram is done by using Euclidean distance function to given 

by Eq. (1), Nithyakalyani and Kumar, 2013. 

 
22 )()(),( rsrs yyxxrsdis                                                                                                    (1) 

 

,Where dis (s,r): is the Euclidean distance between node (s) and  set of all neighbor nodes (r).  

P is a set of distinct points (sites) in the plane which is represents a set of points as {p1,p2, …, 

pn}. We subdivide the plane into n cells so that each cell contains exactly one site. An arbitrary 

point (x,y) is in a cell corresponding to a site p
i
with coordinates (x

pi 
, y

pi
) if and only if for all 

p
j
with j≠i, 1 ≤ i,j≤ n. That is, the Euclidean distance from (x,y) to any other site is greater than 

the distance from (x,y)to p
i 
, Mumm ,2009. 

2222 )()()()( pjpjpipi YyXxYyXx 
                                                                         (2) 

 

3.2  Setup phase of VFCA 

Formation of clusters and cluster head election are the main goal of setup phase. After the division 

of the sensed area into voronoi cells the network of sensors should be divided into clusters and this 

process is called “Clustering”. The clustering process for nodes is formed by using Fuzzy C-Means 

clustering algorithm, the first requirement of clustering is to the selection of cluster head node and 

then assign nodes to the best cluster head to become as members for cluster. Each cluster contains a 

set of nodes and the number of nodes is not necessary equal in the clusters, a cluster head is initially 

elected in each cluster. The node nearest to the center selected as cluster head . This is done only at 

the first round but for the next rounds the selection of cluster head  based on the distance and energy 

for the nodes. Fig.3 shows the five clusters. Which shows the location of final centers when 

choosing number of clusters for example (5-clusters). 
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3.3. The Steady-State phase of VFCA 

Once the clusters are created and cluster heads are elected, data transmission can begin. The data 

transfer is begin starting from each node in the cell or cluster to communicate with the base station. 

This communication doesn’t pass directly, the node communicates with CH, and all heads transfer 

data directly to the main base station. Every member in each cluster transmits the sensed data 

(V(pi)(d)) to its corresponding cluster head, (V(pi)(d)) comprises value of sensed data for cell V(pi) . 

The cluster head nodes received the data until it's buffer full then the data aggregation computing 

using one of the following equations, ,Nithyakalyani and Kumar, 2013. 

 

Avg=
n

di
n

i


1                                                                                                                                           (3)     

               

Max =max(D)                                                                                                                                     (4) 

Min=min(D)                                                                                                                                       (5) 

 

Where : di : is the data sensed by node i. 

D: is the total sensed data received in each cluster head. 

Avg: average value of (di). 

Max: maximum value of (di). 

Min: minimum value of (di). 

By taking the aggregation function for the received data in each cluster head the cluster heads send 

the aggregated data which is represent the maximum degree for each cluster to the sink node which 

is also take the same aggregation function for the received data. For each sensor node, the energy is 

consumed due to the receiving and transmitting for the data. Depending on the distance between 

transmitter and receiver. After sending data, the dissipated energy for each node and each cluster 

head to transmit and receive data should be calculated in order to use it as parameter behind the 

distance to select new cluster head. If the energy of cluster head reach to zero this means that the 

cluster head will be die and new node from that cluster should be chosen with highest remaining 

energy and nearest to the center. The energy dissipated for transmitting and receiving data for 

normal nodes is calculated as in the following Eqs. (6) and (7). 

 

ETX_node = E * distance(i,j)                                                                                                             (6) 

 

ERX_node = E * distance(i,j)                                                                                                             (7) 

 

Where: 

ETX_node: Transmitter Electronics Energy dissipated for each node.  

ERX_node : Receiver Electronics Energy dissipated  for each node. 

distance(i,j) : Distance between node i  and its cluster head j. 

E : Initial Energy for each node. 

 

Then the remaining energy for each node can be calculated by subtracting dissipated energy for 

transmitted and received from the energy of that node. 

     The energy dissipated for data transmitting and receiving data for cluster head nodes is calculated 

as in the following Eqs. (8) and (9). 

 

ETX_CH = ETX_CH – (Sum(ETX_node(cluster)))                                                                          (8) 
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ERX_CH = ERX_CH  - (sum(ERX_node(cluster))                                                                           (9) 

 

Where: 

ETX_CH: Transmitted energy dissipated for each cluster head. 

ERX_CH : Received energy dissipated for each cluster head. 

 

From the above equations one can conclude that the cluster head node has dissipated energy in 

transmitting data to sink and dissipated energy to receiving data from its members, while the normal 

nodes has only dissipated energy for sending data to its CH, and sink node has dissipated energy to 

received data from cluster heads. 

- The selection of cluster head node usually depends on several parameters, this paper was used 

energy as parameters as explained above and then was used packet loss value from the buffer of 

cluster head node which can be calculated as  explained in Eq.(10).Each cluster head after 

receiving data from its members should check if there is packets was lost from its buffer as in 

Eq.(10) 

 

Pl= BUF – P                                                                                                                                     (10) 

Where: 

Pl: packet loss. 

BUF: size of the buffer. 

P:  Number of the received packets. 

whereby each time cluster head receive sensed data from its members the cluster head subtract 

received data packets from its buffer size to see if there is space in its buffer for the receiving packets 

or not and if it is find that some of the received packets was loss it calculate the value of packet loss 

and then  re-cluster the network again in the second round and chose the new cluster head nodes with 

low packet loss and nearest to the final centers of FCM clustering. 

 

4- SIMULATION SETUP AND RESULTS 

In this section the simulation of the modified VFCA in the network environment and comparison 

with LEACH protocol in WSN are presented. Simulation is implemented with GUI (Graphical User 

Interface) in Matlab  and it is achieved with n-sensor nodes that are randomly distributed within a 

(100x100) m region. These nodes are assumed to be stationary, the proposed algorithm is simulated 

in a wireless sensor network and is compared with LEACH protocol. All simulation parameters in 

the modified algorithm are presented in Table(1). 

To evaluate the performance of the modified VFCA, the number of sensor nodes should be inserted 

for example 100-stationary sensor nodes are randomly placed in a sensed area also number of clusters 

should be insert for example 5 - clusters. Fig.4 illustrates the model of the 100-nodes simulation 

network after applying voronoi diagram and then FCM clustering for the first round. 

The running time taken to construct voronoi diagram represented in Fig.5. From the figure one can 

see that voronoi diagram take less time for constructing and increasing in low rate with increased the 

number of nodes.  

The running time taken by FCM for 100 sensor nodes divided to different number of clusters 

represented in Fig.6. From the figure one can see that FCM take minimum time to divide the voronoi 

cells to clusters and this time increasing in low rate with increased the number of clusters. 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                

24 
 

Then after divide the voronoi cells to clusters should press the next button illustrated in Fig.4 and 

second button illustrated in Fig.7 to see the information about each cluster these information include 

the distance between each node in the cluster and the cluster head ,the sensed data for each node in 

each cluster represented by temperature degrees and the energy for each node in the cluster all these 

information are shown in Fig.8.  

The modified VFCA choosing the optimal cluster head node at each new round depending on the 

division of the voronoi cells that cover all the sensed area to clusters using FCM  and the process of 

election of cluster head depending on the highest node energy, this may be lead to enhance the 

Performance of the applying modified VFCA to the WSN from hand of running time of the network 

and the energy dissipated and network lifetime to better than LEACH protocol as seen following.  

 

4.1 Network Lifetime 

The lifetime of the network for the modified VFCA and, LEACH protocol with respect to alive nodes 

in the number of rounds is shown in Fig.9. As compared with LEACH, the modified VFCA has an 

improvement over the stability period as compared with LEACH protocol. As it is clear from Fig.9, 

the first node dies in LEACH protocol at round 932 and last node dies at round 1312, whereas in 

modified VFCA, the first dead node is at round 977 and last node die at round 1520 as illustrated in 

Table(2). This shows an improvement due to the use of the voronoi diagram. This help the network to 

cover all area and reduce transmission distance. Also by using Fuzzy C-Means clustering (FCM) with 

voronoi diagram will be reduced the transmission distance. The modified VFCA is chose the best 

node as the cluster head node depending on the cluster node with highest energy and this will be lead 

to increase the network lifetime. 

 

4.2 Average Energy Consumption  

For any routing protocol, lesser energy consumption is an important issue so that the network stays 

alive for longer period or for more number of rounds. Fig.10 shows the average energy dissipation 

for all nodes with respect to number of rounds. The rate of energy consumption of the modified 

VFCA is lower than the rate of LEACH. Nodes in the modified VFCA deplete their energy in very 

slow rate as compared to LEACH. Eq. (11) shows how to calculate the average energy conception for 

the network, ,Anitha andKamalakkannan, 2013.  

 

 

  

                                                                                                   (11) 

 

 

 

Where, Eik = The initial energy level of a node. 

Eck = The current energy level of a node. 

N = Number of nodes in the simulation. 

 

5- PERFORMANCE OF THE MODIFIED VFCA WITH K-MEANS ALGORITHM 

The simulations run with the parameters mentioned in Table (1). To evaluate the performance of 

the modified VFCA, 20-stationary sensor nodes are randomly placed in a sensed area with one 

sink node. Fig.11 illustrates the model of the 20-nodes simulation network. The numbers of 

elected cluster heads from all nodes in the network is chosen randomly. In the modified VFCA 

the role of CH node rotates between all sensor nodes in the network if the selected cluster head 
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has packet lost from its buffer because the congestion traffic in its buffer the cluster head sends 

the packets that are in its buffer and all other cluster heads also send the aggregated data in their 

buffers and then the process of clustering repeated and chose new cluster head nodes depending 

on the value of packet loss and the distance between sensor nodes and the centers that gets it 

from FCM clustering algorithm. 

 

5.1 Total Number of Packets at Buffer of Sink Node  

The total number of packets can be computed according to the packets reached to the buffer of 

the sink node. The network model that is used for implementing varying the number of cluster 

heads consists of  400 nodes. Fig.12. illustrates the compression between the modified VFCA 

and K-Means algorithm  in terms of the total number of packets received at the sink node in the 

network, when varying the number of clusters in the network (5-10-15-20-25) clusters, this may 

lead to increased number of  packets arrived at sink node as shown in Table (3). 

From Fig.12 one can conclude that the modified VFCA divides the area into cells and this will 

lead to optimization in distribution and aggregation of data from the network then the sink node 

may reach the data that needed from the sensed area without losses and congested. In K-Means 

algorithm ,although the sink node received more data than modified VFCA when increasing the 

number of clusters but this may be lead to congestion at sink node and losses some of the 

important data, where as in the modified VFCA the congestion and losses not accrue. Therefore, 

the VFCA is better than K-Means algorithm. 

 

5.2 Buffer Utilization (BU) 

The buffer utilization of sink node can be computed according to the buffer of sink node when 

increasing number of nodes and fixing number of clusters once and increasing number of 

clusters and fixing number of nodes in the other once. as described in Eq. (12). 

 

k

total

BU

P
BU

sin


                                                                                                                  (12) 

 

Where, BU: Buffer Utilization. 

Ptotal: total packets received at sink buffer. 

BUsink: size of the sink buffer. 

 

a. (BU)When Increasing the Number of Nodes and Fixing Number of Clusters: 

Fig.13 denotes the Buffer Utilization of sink node after applying Eq.(12) , by increasing number 

of nodes in the network and fixing numbers of clusters to 5. One can see from Fig.13 every time 

number of nodes increase the buffer utilization is increased because when increasing number of 

nodes and fixing the number of clusters this lead to increase the number of nodes in each cluster 

and then when cluster head aggregate the packets that is received from its members, the sink 

received values from only five nodes represent data of its members. The best value of buffer 

utilization should be less than or equal to one but not greater than one from the  Fig.13 one can 

see that the buffer utilization for K-Means algorithm begin smaller than one when number of 

nodes equal to 20-nodes and when the number of nodes increased the value of BU increased to 

value greater than one. But the value of BU when apply modified VFCA does not arise greater 

than one. This mean that the modified VFCA is better than K-Means algorithm because the 

modified VFCA managing the buffer accurately so that no losing in packets are happened. Table 

(4) shows the values of buffer utilization in the sink node. 
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b. (BU)When Increasing Number of Clusters And Fixing Number of Sensor Nodes: 

Fig.14 denotes the Buffer Utilization of the sink node by increasing number clusters in the 

network and fixing number of sensor nodes to 400. One can see from Fig.14 when the number of 

clusters increase the buffer utilization approaches to one because when increasing number of 

clusters the numbers of cluster heads  sending their data packets to sink node will be increased 

and this leads to increase the number of data packets arrived at sink node and then approximately 

all space in the CH buffer will be filled by data packets. 

The behavior of the modified VFCA is better than k-Means algorithm. This is because the 

modified VFCA managing the buffer of sink more efficient than the K-Means algorithm. Table 

(5) shows the values of buffer utilization of the sink with respect to the number of clusters in the 

network. 

 

5.3 Packet loss value 

 Fig.15 illustrates packet loss value for each node in the network  that consists of 20 sensor nodes 

divided to 20 voronoi cells  and these cells are divided to five clusters for the first round. One 

can see from the figure that only cluster head nodes has packet lost from its buffer because the 

CH received data from its members and these data may be huge lead to packet loss from CH 

buffer. From Fig.16 one can see that the modified VFCA is better than K-mean because the 

cluster head approximately received all data from its member. Table (6) shows the cluster head 

nodes, number of received data at each CH and packet loss values for both VFCA and K-Means 

algorithm for the first round. 

 

5.4 Running Time  

Fig.16 shows the Comparison between modified VFCA and K-means algorithm in terms of 

running time for the network in Fig.12. The number of nodes is changed at each time of 

execution and evaluate the time in both algorithms, the number of clusters constant for both 

algorithms to find the running time. The number of cluster heads equal to 5. Fig.16 shows that 

the running time of VFCA less than running time of K-Means algorithm. This is because the 

method of computing the membership function in the modified VFCA which is repeated in a 

single voronoi cell, so that the execution of this function is just in the cell and not in all nodes in 

the cell, and hence the running time will be reduced. 

 

6- CONCLUSION  

In this paper, a modified VFCA for data aggregation is presented. In order to reduce the average 

energy dissipated in the sensor network and increased the network lifetime. At first the voronoi 

diagram is applied for the sensed area based on energy of each node once and packet loss value 

for other once. Consequently, the cluster head node is selected by applying FCM clustering 

algorithm.  Then every node send its sensed data to its cluster head. Cluster head aggregate the 

received data by taking maximum value and send the aggregated data to sink node. Finally, the 

results shows that the behavior of modified VFCA is better than both LEACH protocol and K-

Means clustering algorithm.  
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List of symbols 

(xi,yi)=X-coordinate and Y-coordinate of sensor node. 

BU: Buffer Utilization. 

BUF: size of the buffer. 

BUsink: Size of the sink buffer. 

D: is the total sensed data received in each cluster head. 

di = The data sensed by node i, m2. 

distance(i,j) : Distance between node i  and its cluster head j, m2. 

E : Initial Energy for each node, Joule. 

Ec = The current energy level of a node, Joule. 

Ei = The initial energy level of a node, Joule. 

ERX_CH : Received energy dissipated for each cluster head, Joule. 

ERX_node : Receiver Electronics Energy dissipated  for each node, Joule. 

ETX_CH: Transmitted energy dissipated for each cluster head, Joule. 

ETX_node: Transmitter Electronics Energy dissipated for each node, Joule.  

N = Number of nodes in the simulation. 

P:  received packets. 

pi= The location of sensor node. 

Pl: packet loss. 

Ptotal: Total packets received at sink buffer. 

s= senson node. 

V(pi) = The voronoi cell of node (pi). 
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Figure 1. General architecture of the data aggregation algorithm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Modified voronoi fuzzy clustering algorithm. 
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Figure 3. Sensors after applying fuzzy c-means clustering. 
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Figure 4. Sensor nodes after applying voronoi diagram and FCM. 

 

Figure 5. Running time of voronoi diagram vs number of nodes. 

 

 

Figure 6. Running time of FCM vs number of clusters. 
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Figure 7. Represent the button to run the second and third round. 

Figure 8. Information for each node in each cluster for first round. 
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Figure 9. Network lifetime. 

   

 Figure 10. Average energy consumption for the network. 
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Figure 11. The nodes distribution over the sensed area. 

 

Figure 12. Received data at sink node vs number of clusters. 
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Figure 13. Buffer utilization of sink node vs number of nodes. 

 

Figure 14. Buffer utilization of sink vs Number of clusters. 
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Figure 15. Packet loss value for each node in the network.  

 

Figure 16. Running time vs number of nodes. 
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Table 1. The simulation parameters. 

Parameter Value 

Network size 100mx100m 

Number of nodes n=100 

Number of sinks 1 

Behavior of nodes Static 

Base Station position [50,100] 

Number of clusters k=5 

Iteration steps 1000 

Termination condition 0.00001 

Buffer size of nodes 35 packet 

Buffer size of sink 100 packet 

Initial energy 100 nJ/bit 

ETX=ERX 50nJ/bit 

 

Table 2.  Alive nodes in both LEACH and VFCA when every time increasing rounds  

(Network lifetime). 

Alive Nodes in VFCA Alive nodes in LEACH No. on Rounds 

100 100 100 

100 100 200 

100 100 300 

100 100 400 

100 100 500 

100 100 600 

100 100 700 

100 100 800 

100 100 900 

100 100 1000 

100 100 1100 

88 80 1200 

70 23 1300 

50 0 1400 

0 0 1500 

 

Table 3.  Received packets at sink node vs number of clusters. 

Number of 

Clusters 

Number of Received Packets at 

Sink Node (VFCA) 

Number of Received Packets at 

Sink Node 

 (K-Means) 

5 61 70 

10 84 133 

15 175 200 

20 254 264 

25 316 365 
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Table 4. Buffer utilization in sink node vs number of nodes. 

Number of nodes Sink Buffer Utilization 

(VFCA) 

Sink Buffer Utilization 

(K-Means) 

20 0.6167 0.6833 

50 0.7 1.35 

100 0.83 1.133 

150 0.8334 1.35 

200 0.95 1.133 

 

Table 5. Buffer utilization of the sink vs number of clusters. 

Number of clusters Sink Buffer Utilization 

(VFCA) 

Sink Buffer Utilization 

(K-Means) 

5 0.1525 0.176 

10 0.21 0.3325 

15 0.4575 0.5 

20 0.635 0.9125 

25 0.79 1.1375 

 

Table 6. Packet loss value for each cluster head node. 

Cluster head nodes Packet loss Value 

K
-M

ea
n

s 

Node 2 - cluster head of first cluster 13 

Node 9 - cluster head of second cluster 14 

Node 11 - cluster head of third cluster 3 

Node 12 - cluster head of fourth cluster 6 

Node 9 - cluster head of fifth cluster 8 

M
o
d

if
ie

d
 

V
F

C
A

 

Node 2 - cluster head of first cluster 2 

Node 2 - cluster head of first cluster 2 

Node 2 - cluster head of first cluster 9 

Node 2 - cluster head of first cluster 18 

Node 2 - cluster head of first cluster 2 
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Improved Automatic Registration Adjustment of Multi-source Remote 

Sensing Datasets 

 

 

 

 

          

ABSTRACT 

 

Registration techniques are still considered challenging tasks to remote sensing users, 

especially after enormous increase in the volume of remotely sensed data being acquired by an 

ever-growing number of earth observation sensors. This surge in use mandates the development 

of accurate and robust registration procedures that can handle these data with varying geometric 

and radiometric properties. This paper aims to develop the traditional registration scenarios to 

reduce discrepancies between registered datasets in two dimensions (2D) space for remote 

sensing images. This is achieved by designing a computer program written in Visual Basic 

language following two main stages: The first stage is a traditional registration process by 

defining a set of control point pairs using manual selection, then comput the parameters of 

global affine transformation model to match them and resample the images. The second stage 

included matching process refinement by determining the shift value in control points (CPs) 

location depending on radiometric similarity measure. Then shift map technique was adjusted to 

adjust the process using 2
nd

 order polynomial transformation function. This function has chosen 

after conducting statistical analyses, comparing between the common transformation functions 

(similarity, affine, projection and 2
nd

 order polynomial). The results showed that the developed 

approach reduced the root mean square error (RMSE) of registration process and decreasing the 

discrepancies between registered datasets with 60%, 57% and 48% respectively for each one of 

the three tested datasets. 

 

key words: Remote Sensing, Registration, Matching, Similarity Measure, Adjustment. 

 

 آلٍا   بٍاًات التحسس الٌائًتسجٍل عولٍات تحسٍي 

 

 

 

 الخلاصة

بعذ انشٌادة انٓائهت بحدى انبٍاَاث  لاسانج حعخبز يٍ انًٓاو انصعبت نًظخخذيً بٍاَاث انخحظض انُائً خصٕصا انخظدٍمحمٍُت 

خظدٍم انخً خطٕاث اندلت ٔلٕة  ٔححظٍٍانًكخظبت يٍ الاعذاد انًخشاٌذة ٔانًطٕرة نهًخحظظاث ْٔذِ انطفزة بحاخت نخطٌٕز

حطٌٕز ٔححظٍٍ عًهٍت  انىْذا انبحث  ٌٓذفئص انزادٌٕيخزٌت ٔانُٓذطٍت . بايكآَا انخعايم يع ْذِ انبٍاَاث انًخخهفت انخصا
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يٍ خلال ثُائً الابعاد نصٕر انخحظض انُائً. ْذا ٌخحمك انًدال اننخمهٍم انفزق بٍٍ انبٍاَاث انًظدهت فً انخمهٍذٌت  انخظدٍم

يٍ خلال بانطزٌمت انخمهٍذٌت  انخظدٍمالأنى ًْ انمٍاو بعًهٍت  :يزحهخٍٍ اطاطٍخٍٍ باحباع visual basicحصًٍى بزَايح بهغت 

نًطابمت   affine انعانًً خحٌٕمان يٕدٌمحظاب ثٕابج  ثى انٍذٔي، الاخخٍار باطخخذاو انضبظ َمطت أسٔاج يٍ يدًٕعتححذٌذ 

 بالاعخًاد عهىانضبظ َماط  نًٕالع الاساحتبمٍاص يمذار انًطابمت ححظٍٍانثاٍَت حخضًٍ عًهٍت انًزحهت  ٔاعادة حشكٍم انصٕر.

2دانت انخحٌٕم نخحظٍٍ عًهٍت انخظدٍم باطخخذاو shift map حمٍُت حى ححظٍٍلٍاص انخشابّ انزادٌٕيخزي ٔيٍ ثى 
nd

 order 

polynomial . انُٓح أٌ انُخائح أظٓزث ٔانخً حى اخخٍارْا بعذ اخزاء ححهٍم احصائً ٔانًمارَت بٍٍ اكثز انذٔال شٍٕعا 

 عهى٪ 84 ٔ٪ 75 ،٪06 بُظبت ًظدهتان انبٍاَاث يدًٕعت بٍٍ الاخخلاف لهمٔ انخظدٍم عًهٍت يٍ RMSE خفض طٕرانً

 .اخخبارْا حى انخً انثلاثت انبٍاَاث عتيدًٕ يٍ ٔاحذة نكم انخٕانً

 .التحسس النائي، تسجيل الصور، موائمة الصور، معامل التشابه، تصحيح الصورالكلمات الرئيسية: 

 

1. INTRODUCTION 
Image registration is a process to determine the geometric transform that aligns points of a 

certain object in one view with the corresponding points of that object in another view to 

minimize position shifting errors. This process is often necessary for integrating information 

taken from different sensors, transponders, finding changes in images taken at different times, 

elevation or under different conditions. This is applied for model based object recognition and 

inferring three-dimensional information from images in which either the camera on satellite or 

the objects in the scene has moved ,Singhai, R., and Singhai, J., 2012. Images registration 

remains challenging for several reasons. First, images are usually acquired using different 

sensor types, each having its inherent noise. Furthermore, radiometric as well as geometric 

properties of the same objects in the involved imageries might differ as a result of changes in 

the sensor view point, imaging methodology, imaging conditions (e.g., atmospheric changes, 

cloud coverage, and shadows), and spectral sensitivity of the implemented imaging systems 

(e.g., panchromatic, multi- and hyper-spectral imaging systems) ,Jensen, 1986. Jia, 2003. 

Finally, the registration process can be complicated because of changes in object space caused 

by movements, deformations, and urban development between the epochs of capture associated 

with the involved images ,Martinez and Abad, 2000. 

In general, any image registration methodology must deal with four issues. First, the choice of 

primitives for the registration procedure. Then, establishing the registration transformation 

function that mathematically related the images under consideration. The third issue concerns 

the similarity measure which should be devised to ensure the correspondence of the conjugate 

primitives. Finally, after establishing the registration primitives, transformation function, and 

similarity measure, one should focus on how to establish the correspondence between conjugate 

primitives. Corresponding primitives in the reference and input images can be identified 

manually. The need for fast registration methods mandates the automation of the process of 

identifying conjugate primitives ,Alruzouq, R.I., 2004. Therefore, a matching strategy has to be 

developed to manipulate the registration primitives, the transformation function, and the 

similarity measure to automatically establish the correspondence between conjugate primitives. 

In this paper, a developed matching strategy is adopted to attain high accuracy for image 

registration process. There are several attempts to improve image registration. ,Wong, A., 2007. 

presented an automatic registration method for remote-sensing images obtained at different 

times and/or from different sensors. The introduced method uses a set of features that are 

invariant to intensity mappings during the control-point matching process. He addressed global 

and local contrast issues associated with remotely sensed images and intensity-difference issues 

associated with multimodal registration of remotely sensed images. ,Wong, A., 2008. referred 

that the error residue can be minimized by applying a combination of efficient globally 

exhaustive optimization techniques and subpixel-level locally optimization techniques. This 

combination can further improve robustness in situations with small initial overlap. ,Sang, L., 
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2010. introduced automatic coarse-to-fine image registration algorithm for satellite images, 

based on Haar Wavelet Transform (HWT) and the Speeded Up Robust Features (SURF) 

algorithm in the coarse registration. He used the normalized cross-correlation and Random 

Sample Consensus (RANSAC) algorithm to achieve fine registration. However, ,Gang, H. and 

Yun, 2008. introduced image registration technique, which is based on wavelet-based feature 

extraction technique, a normalized cross-correlation matching and relaxation-based image 

matching techniques. On the other hand, ,Fatiha, M. et al., 2010. presented an efficient image 

registration algorithm that is based on using genetic algorithms and the cross-correlation 

similarity measure for matching within a multi-resolution framework based on the Non-

Subsampled Contourlet Transform (NSCT).  

In this paper, a developed image registration of remote sensing images was presented,  based on 

two main steps; first steps is traditional registration using manually selection of control points 

and global affine transformation model to match them and second stage; matching process 

refinement by determining a shift map using 2
nd

 order polynomial transformation function. 

Whereas the shift values were calculated for CPs by applying radiometric similarity measure. 

The remainder of this paper was organized as follows; data sets and study sits used was 

described in section two. The methodology was discussed in detail in section three; the obtained 

results were presented in details in section four and conclusions discussed in section five. 

 

2. STUDY SITES AND DATA SETS 

Three sets of remote sensing data have been derived from Digital Globe and used in this 

research. The utilized datasets can be divided into two categories; data from different passive 

panchromatic sensors and data from active LiDAR systems. Then data from passive sensors 

include Spot satellite image and Quick Bird panchromatic image, as shown in Fig. 1.a and Fig. 

1.b respectively. Both acquired over Ramadi city and they are having 2.5 m and 0.6 m spatial 

resolution respectively. In this test set, a rural area was used to test adjusted process capability 

of making more accurate registration process. The size of images (a) is 2501 x 2698 pixels, and 

the size of image (b) is 1259 x 1545 pixels. The second set data was Panchromatic image from 

Ikonos satellite as shown in Fig.2.a and the corresponding panchromatic image from Quick Bird 

satellite as shown in Fig. 2.b. Both acquired over Baghdad city; they have 1.0 m and 0.6 m 

spatial resolution respectively. In this test set, an urban area was used to test the method 

capability of registering  data of  dense area, the size of image (a) is 1492 x 1508 pixels and the 

size of image (b) is  1288 x 1501 pixels. Third test data was LiDAR data sets over Niagara city 

in USA acquired with 1km flying height and delivered as LAS data format from the Finnish 

terrasolid company (www.Terrasolid.com) for training purposes. Laser point clouds data sets of 

two overlapping flight lines are shown in Fig. 3.a and 3.b respectively. 

 

3.METHODOLOGY 

A developed registration technique for different remote sensing data source are critically 

needed, because an enormous increase in the volume of remote sensing data being acquired by 

an ever-growing number of earth observation sensors. In this section, the developed 

methodology of the adjusted registration process is presented including the traditional 

registration process, the statistical analyses, and the refinement of images matching process by 

shift map using 2
nd

 order polynomial for satellite images and LIDAR data are presented as 

shown in Fig .4 

  

3.1 Transform the 3D LiDAR Data into 2D Images 

        LiDAR data is 3D digital representation of the scanned features. It has transformed into 

two dimension images using QTM software for next registration process steps. This is achieved 
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by generating digital surface model, interpolate the surface and export the surface as 2-D images 

as shown in Fig .5 

The LAS files containing the LiDAR data points which require further manipulation to generate 

a DSM.  

 

3.1.1 Grid size for digital surface models 

         Before generating any LiDAR derived Digital Surface Model (DSM), selection of grid 

size for DSM raster layer is crucial for minimizing the data loss during conversion ,Kumar V., 

2012. The optimized DSM resolution must match the density of LiDAR data and should able to 

reflect the variability of the terrain surface to represent the majority of terrain features. ,Liu, 

2008. and ,McCullagh, 1988.  suggested that the number of grids should be roughly equivalent 

to the number of LiDAR points in the covered area. The grid resolution (S) of a DSM can be 

estimated using Eq. (1) ,Hu et al., 2003. 

  √
 

 
                                                                                                                             (1)                           

where n is the number of terrain points and A is the covered area. This means that the DSM 

resolution should match the sampling density of the original terrain points. 

 

3.1.2 Model selection 

The points used to generate surfaces by different model selections have been developed to 

represent   surfaces: regular grid (usually square grid); triangular irregular network (TIN); and 

contour line model. However, it introduces discontinuity in representation of the terrain surfaces 

due to same elevation value. This effect is minimized by the high density characteristic of 

LiDAR data ,Liu, 2008. 

The simplest way to generate a closed surface from the point cloud is by triangulation process, 

and it is a method used in QT Modeler software v.5.1.5, where every three adjacent 3D points 

combine to form a triangular surface element. Delaunay triangulation offers an appropriate 

method of creating such a triangular mesh. This identifies groups of three neighboring points 

whose maximum inscribed which circle does not include any other surface point. Each triangle 

can be defined as a plane in space using Eq. (2) and the result is a polyhedron representation or 

wire model of the surface. There is normally has no topological relation between the 3D points. 

Differential area elements must be established between adjacent points in order to generate a 

topologically closed surface which enables further processing as a surface description. All 3D 

points on the plane are defined by the following equation: 

 

 (    )   (    )   (    )                                                                           (2)  

       

 where: 

 , ,   are the coordinates of each point.  

  ,  ,    are the coordinate of  the origin point. 

  

3.1.3 DSM interpolation 

Interpolation is the process of predicting the values of certain variable using their neighboring 

values. It is assumed that a terrain surface is continuous and that a high correlation exists 

between the neighboring data points. Interpolation methods are classified into deterministic such 

as Inverse Distance Weighted (IDW) and spline-based and geostatistic such as Kriging. ,Liu, 

2008. found there is no single interpolation method that is the most accurate one in all cases. 
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After DSM is created, the surface is exported as two dimensions (image) as 24-bit intensity 

color – TIF format. This process delivers two images for Niagara city ready for insertion to the 

developed registration program. 

 

3.2 Comparison between Common Transformation Methods 

In order to assess the accuracy of the selected transformation methods, polynomial, affine, 

conformal and projection methods, a set of selected distinct feature points extracted from 

datasets have been tested and validated statistically. The analysis aimed to investigate the 

deviation of the mean values between CPs in the overlapping region delivered from each 

method individually. This allows for inspection of discrepancies between individual feature 

points in the overlapping regions in both reference and sensed images after transformation. In 

order to compare between the four transformation methods, (30) feature points from sensed and 

reference images were selected and the parameters of the transformation function for each 

method were calculated using least square criterion as shown in Table .1 The coordinates of the 

control points belong to the sensed image are mapped to the coordinate system of the reference 

image. After the determination of transformation function coefficients, optimization method was 

applied that is based on statistical bases to adjust the geometric errors. T-test statistical method 

is used to compare the matched pairs of the coordinates. 

Before this analysis, we must check the comparative dataset variances using F-test. Testing 

means and variances of the discrepancies between the selected feature points from both matched 

pairs are translated by P-values indicators to show the accuracy and the degree of confidence of 

matching process. All these statistical analysis should be applied after testing the degree of 

confidence of how well these data are normally distributed and fitted with the normal 

distribution curve. This is an essential step to make sure that the statistical hypothesis and the 

delivered results are valid for the current datasets. These tests determine the appropriateness of 

accepting or rejecting the null hypothesis which assumes the data are similar and perfectly 

matched based on P-value reports. If the p-value of a statistical test is less than 0.05, we reject 

the null hypothesis. From the T-test results shown in Table .2 it can be realized that the 2
nd

 

order polynomial transformation method is the best transformation function to use with our 

current datasets. Following these results, this function was used in the developed images 

registration process to correct the geometric shift. 

 

3.3 Images Registration Process 

In this stage, the traditional registration process is conducted and it is consists of four steps; 

manual selection of CPs, transformation function, similarity measurement, and matching with 

resample image registration. 

  

3.3.1 Manual feature extraction and selection 

Choosing points of interest within the image pixel space is not an easy task, because we need to 

easily identify significant and distinct high-level features such as line intersections, road 

crossings, centroids of water regions, oil and gas pads, high variance points, local curvature 

discontinuities, curve inflection points, most distinctive points of similarity measure, etc. ., 

which are possibly uniformly spread over the images and easily detectable, as shown in Fig. 6, 

7, and 8. 

 

3.3.2 Two-dimensional transformation method 

Two-dimensional (2D) transformation is transforming the coordinates of points in one 

rectangular system (x, y) into coordinates in another rectangular system (X, Y) ,Deakin, 2004. 
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After the feature correspondence has been established, the mapping function is constructed. It 

should transform the sensed image to overlay it over the reference one. The CP from the sensed 

image that the corresponding CP from reference images should be as close as possible after the 

sensed image transformation is employed in the mapping function design. The task in this stage 

consists of choosing the type of the mapping function and its parameter estimation. The most 

fundamental characteristic of any image registration technique is the type of spatial 

transformation or mapping needed to properly overlay two images. Although many types of 

distortion may be present in each image, the registration technique must select the class of 

transformation which will remove only the spatial distortions between images due to differences 

in acquisition and not due to differences in scene characteristics to be detected. The primary 

general transformations are affine, projective, conformal, and high order polynomial. These are 

all well-defined mappings of one image into another ,Brown, 1992. and ,Zitova and Flusser, 

2003. In this research affine transformation has used in the first stage (traditional registration) as 

shown its parameters in Table. 3,4 and 5. sequentially for each one of the three tested datasets 

and 2
nd

 order polynomial transformation has used in the second stage (adjusted registration) as 

shown its parameters in Table 6. for the three tested datasets. 

                  
A. Affine Transformation 

Affine transformation is also used for the mapping of two coordinate systems in 2D plane. This 

6-parameter transformation defines two displacements, one rotation, and two separate scaling 

factors as shown in Fig. 9. 

For a point P in the source system, the XY coordinates in the target system are given by Eq. 3 

and 4. ,Ghosh, 1979. and ,Luhmann et al., 2011. 

 

                                                                                                                   (3) 

                                                                                                                        (4) 

 

or in non-linear form with    =    and    =    as 

 

                       (   )                                                                       (5) 

                       (   )                                                                          (6)             

                                                                                                         

The parameters     and     (   and   ) define the displacement of the origin,  and   are the 

rotation angle, and   ,    are the scaling factors for x and y. 

In order to determine the six coefficients a minimum of three identical points is required in both 

systems. With more than three identical points, the transformation parameters can be calculated 

by over-determined least-squares adjustment. 

In matrix notation, the affine transformation can be written as: 

 

X = Ax+ a                                                                                                    (7) 

 

[
 
 
]  [

     

    
] [

 
 ]  [

  

  
]                                                                                                   (8) 

or 
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[
 
 
]  [

                 (   )

                (   )
] [

 
 ]  [

  

  
]                                                          (9) 

 

A is the affine transformation matrix. For lightly rotated and sheared systems the parameter 

   corresponds to the scaling factor    and the parameter    to the scaling factor   . 

 

B. Polynomial Transformation 

Non-linear deformations can be described by polynomials of degree (n), Fig. 10 shown the 

Plane polynomial transformations process. In general, the transformation model can be written 

as ,Ghosh, 1979. ,Luhmann et al., 2011. 

 

   ∑ ∑    
 
          

                                                                                         (10) 

  ∑ ∑    
 
          

                                                                              (11) 

 

where n is degree of polynomial. A polynomial of n=2 are given by: 

                     
            

                                                   (12) 

                     
            

                                              (13) 

 

       The polynomial of n=1 is identical to the affine transformation Eq. (3) and (4). In general, 

the number of coefficients required to define a polynomial transformation of degree n is: 

u = (n+1) (n+2) and in order to determine the u coefficients, a minimum of u/2 identical points 

is required in both systems. 

 

3.3.3 Least squares adjustment 

The least squares Gauss-Markov adjustment  model is based on the idea that the unknown 

parameters are estimated with maximum probability. Assuming a data set with an infinite 

number of measured values and normally distributed errors, the following condition for the 

residuals results should be used ,Luhmann et al., 2011. The sum of the squares of the residuals 

must be minimized. Eq. (14) expresses the fundamental principle of least squares ,Charles and 

Paulr, 2006. 
 

∑     
    

      
                                                                    (14) 

 

The following subsections present the matrix methods used in performing a least squares 

adjustment for the matrix expressions, an analogy will be made with the systematic procedures 

let a system of observation equations be represented by the matrix notation ,Charles and Paulr, 

2006. 
                

                  AX = L + V                                                                                        (15) 
Where 

 

  [

                         

                     

                              
                    

] 
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  [

  

  

 
  

]                 [

  
  
 

  

]                 [

  

  

 
  

] 

 

 

  ,   , …...…           are the unknowns  

   ,        ……            are the coefficients of the unknowns  
 

                     ATAX = ATL   …………………………………….  (16a) 
 

Eq. (16a) can also be expressed as 
 

                     NX = ATL …………………………………………. (16b) 

Eq. (16a) and (16b) produce the normal equations of a least squares adjustment. By inspection, 

it can also be seen that the N matrix is always symmetric (i.e…,       ). By employing 

matrix algebra, the solution of normal equations such as Eq. (16a) is: 

 

          X = (ATA)-1ATL = N-1ATL                                                           (17) 
 

3.3.4 Measuring similarity for image registration 

         Similarity measures are used to register images by finding an accurate match between an 

input image and transformed versions of the reference image. The two types of the similarity 

measuring techniques are geometric and radiometric similarity measuring discussed in ,Brown, 

1992. The similarity measuring used in this research is geometric to measure the degree of 

matching images in the first stage (traditional registration ) and radiometric similarity measuring 

to determine the discrepancies in  Corresponding CPs in the second stage ( refine the 

registration process).  

A geometric similarity measure is mathematically describes the fact that conjugate primitives 

should coincide with each other after application of the proper registration transformation 

function. Geometric similarity measure depends on the selected registration primitive (e.g., 

points, linear features, areal regions) as well as the registration transformation function (e.g., 2-

D similarity or affine transformation) is expressed as follows ,Habib et al., 2001. 

 

      
(     )                                                                                                          (18) 

 

      
(     )                                                                                          (19) 

 
where    

 &    
  represent the registration transformation function. For affine function, 

the geometric similarity measure is described as follows ,Habib et al., 2001. 

 
         ˗   -     ˗     = 0                                                                                                           (20) 
   
          ˗   -    ˗     = 0                                                                                                (21) 
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Excluding mismatches is one of the tasks connected to image matching. One possibility of how 

to avoid some of outliers in matching is by setting thresholds for similarity measures. After 

measuring the amount of similarity measure between the points in the reference and sensed 

image, the points that have large values have been rejected (at least of similarity) by threshold. 

An outlier is an observation point that is distant from other observations, as shown in Fig. 11 

At least, similarities values are not always outliers because they may not be unusually far from 

other observations. Therefore, the threshold determines the acceptance or rejection of the points 

and the values larger than these are points of unaccepted similarity and which must be rejected 

which considered as outliers later on. Using the threshold similarity measures is so needed to 

excluding the false matches. 

 

3.3.5 Matching strategy 

         In photogrammetric and remote sensing, matching can be defined as the establishment of 

the correspondence between various data sets. The matching problem is also referred to as the 

correspondence problem. The datasets involved in matching might include images, maps and 

GIS data. Image matching process is an important and prerequisite step for many applications, 

such as image registration, image orientation, DEM generation, orthorectification, data fusion 

and relative orientation. Matching strategy refers to the concept or overall scheme of the 

solution of the matching problem ,Schenk, 1999. It encompasses the selected primitives, 

transformation functions and similarity measures for solving the registration problems 

automatically.  
 

3.3.6 Images re-sampling techniques 

Image re-sampling is a process by which new pixel values are interpolated from existing pixel 

values whenever the raster's structure is modified such as during projection, datum 

transformation, or cell resizing operations ,Wade and Sommer, 2006. 

Bilinear filtering is a method used to smooth out when the images are displayed larger or 

smaller than they actually are. Bilinear filtering uses points to perform bilinear interpolation. 

This is done by interpolating between the pixels nearest to the point that best represents that 

pixel. Bilinear re-sampling interpolation takes a weighted average of pixels in the original image 

nearest to the new pixel location. The averaging process alters the original pixel values and 

creates entirely new digital values in the output image ,Santhosh et al., 2010. 

 

3.4 The Registration Adjustment Following Images Matching Process  

After establishing the registration primitives, transformation function, similarity measure, and 

matching scenario, the second stage is due in order to adjusted matching strategy that has been 

developed to manipulate the registration primitives, the transformation function, and the 

similarity measure. 

In this stage, the matching strategy has been developed by determining the shift value of CPs 

through dependence on concept of radiometric similarity measure and using shift map for 

adjusting matching process using 2
nd

 order polynomial transformation. 

Radiometric similarity measure describes the degree of similarity between the gray level 

distribution functions at the vicinity of the selected point. Small windows composed of gray 

values serve as primitive points where the center pixel of the window can be used for the 

definition of the location of a point ,Habib et al., 2001.  

An image patch cut from one image, so called template, is searched in the second image. The 

template consists of m x n pixels, mostly m=n. The position of the template is referred to as the 

central pixel that is why m and n are odd numbers. The template is compared with patches of 
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the same size in the second image. An approximate position of the corresponding point in the 

second image can be derived (e.g. when approximations of orientation parameters of two 

overlapping images are known). The comparison is then restricted to an area called a search area 

or window. Geometric distortions caused by relief and different orientation of images will 

influence the matching of large templates, and in order to get acceptable results, a size of the 

template has to be small, therefore a template of 3x3 pixel size has been selected. However, the 

size of the search window depends on how precise it is located. Whereas a search window of 

7x7 pixel size was used. A value of a similarity measure is calculated at each position of the 

template within the search window. 

Depending on the similarity measure, a corresponding point to the center of the template is 

assumed to be in the position where maximal value of the similarity measure is obtained. 

The sum of absolute differences (SAD) is used which is a known criteria for similarity measure. 

These criteria represent a quantitative measure of how well conjugate points correspond to each 

other. 

In digital image processing, the sum of absolute differences, defined in Eq. (22) as shown in 

,Ulysses and Conci, 2010. ,Richardson and Iain, 2003. works by taking the absolute value of 

the difference between each pixel in the template of original image (I1) and the corresponding 

pixel in the matching window of transformed image for comparison (I2) as shown in Fig. 12 

These differences are summed to get the similarity value of center point in matching window, 

with each move of the matching window inside the search window, the sum absolute difference 

between template and match window has been determined. The position where the sum absolute 

difference reaches its lowest value represents more similar point and its position achieves the 

best match /fit.   
 

     ∑ |   (       ) (       )     (             ) |                       (22)                                                                           

 

        A new representation of the shift map operation is described by using second order 

polynomial to improve matching strategy. After determining the more similar point to CPs, we 

calculate the shift value for them  in both X-axis and Y-axis, then calculate the parameter of 

polynomial transformation function use Eq. (23) and (24), thereafter determine the shift value of 

each pixel in transformed image by 2
nd

 order polynomial transformation function. Finally, the 

shift map (is the relative shift of every pixel in the output image from its source in an input 

image) was used to apply the geometric rearrangement of the transformed image. The 

relationship between an input image I (x, y) and an output image B(u, v) in image 

rearrangement and retargeting is defined by a shift-map M(u, v) = (tx, ty) as shown in Fig.13. 

The output pixel B (u, v) will be derived from the input pixel I (x + tx , y + ty).and the 2
nd

 order 

polynomial can be expressed as shown below:  

 

                      
            

                                                 (23) 

 

                     
            

                                                    (24) 

 

where 

                  : are the coordinates in the transformed image system 

               : are the shifts magnitudes   

              : are the transformation coefficients 

 
 

http://en.wikipedia.org/wiki/Digital_image_processing
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4. RESULTS 
To evaluate the accuracy of the proposed registration approach, the Root Mean Square Error 

RMSE was calculated to determine the quality of the developed registration process 

,Congalton, 2009. 

     √
 

 
∑ ( (  

 
      

 )  (     
 ) )                                                                (25) 

                                                

where N is the total number of matched control points, the (   ,    ) are coordinates of control 

points in the reference image, and the (  
 ,  

 ) are the estimated coordinates of the corresponding 

point in the sensed image based on the transformation model. 

The RMSE results of the developed approach (second stage), compared with the traditional 

registration (first stage), are shown in Table 7. It can be observed that image registration using 

the adjusted registration process results has a lower RMSE values than traditional registration 

by around 60%, 57% and 48% sequentially for each one of the three tested datasets.  

Furthermore, the visual results of the three data sets of multi-source (Ikonos, Spot, Quick bird 

satellite image and LiDAR images) are shown in Fig 14, 15, 16 and 17. Based on the visual 

inspection, it can be seen that results of adjusted registration are more accurate and valid for all 

datasets. 

 

5. CONCLUSIONS 

 The adjusted registration method refined the traditional registration and gives less 

RMSE of matching from many pixels in the traditional registration to fewer pixels in the 

adjusted registration, percentage 60%, 57% and 48% sequentially for each one of the 

three dataset use in this paper. 

 The developed registration method is more accuracy and efficiency than selection of the 

CPs manually, because this method reduces the Local error (displacement of the CPs 

coordinates) therefore we found more refinement when comparing with feature selection 

manually. 

 From the applied statistical tests on the common transformation methods (affine, 

polynomial, projective and conformal), the results showed that the 2nd order polynomial 

function is more accurate and more appropriate to use in matching and registration 

process to correct geometric distortion. 

 The registration for LiDAR images is more accuracy than the registration for satellite 

images and this was clear in the first stages of registration process, and this is due to the 

high accuracy for LiDAR system and the LiDAR images are comes from the same 

sensor while the satellite images comes from different sensor (this images was used in 

dataset in this research). 
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                         Table 1. The parameters of common transformation methods.  

Parameter of 
transformation 

Transformation function 

Polynomial Affine Projective Conformal 

a1 290.4499 285.7838 0.5335 0.5469 

a2 0.5328 0.5413 -0.0033 -0.0003 
a3 -0.0103 -0.0014 287.6293  
a4 0.0000  -0.0037  
a5 0.0000    
a6 0.0000    
b1 40.1580 38.2148 0.5441 280.7047 
b2 -0.0059 -0.0015 40.1622 38.7970 
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 Table 2. Statistical test (P-value) for transformation Functions. 

 

Table 3. List of determined parameters of the affine transformation function for the first test set 

after rejection of the outlier CPs. 

 

 

 

 

 

 

Table 4. List of determined parameters of the affine transformation function for the second test 

data. 

Table 5. List of determined parameters of the affine transformation function for the third test 

data LiDAR. 

  1st try 
a0 19.2314384309789 
a1 0.998351120839234 
a2 2.31913326432581E-02 
b0 360.118951765439 
b1 -6.74618282949926E-03 

     
b3 0.5474 0.5492 -0.0000  
b4 0.0000  -0.0000  
b5 0.0000    
b6 -0.0000    

Statistic test of Transformation Function ( P-value)  

data set function 

Normality test 

Test for two 
Variances F-

test  

Test for two 
samples (T) 

 P-value for CPs 
of the  input 
image after 
registration  

 P-value for 
CPs of the 
reference  

image    

From   
Satellite 
images  

Affine 0.080 

0.080 

0.996 0.998 

Projective 0.081 0.998 0.997 

Similarity 0.069 0.971 0.995 

Polynomial 0.077 0.998 0.999 

  After 1st  try 
a0 712.710143485467 
a1      0.938865715880 
a2       0.054032096416 
b0  139.791791952421 
b1     -0.055409236370 
b2      0.938147043380 

  1st try 2nd try 3rd try 

a0 274.754234133331 277.989788041552 279.8225439838 

a1 0.553534903583065 0.550614983484924 0.54683422990834 

a2 3.79930994934679E-03 5.37154906337874E-04 7.89680002129255E-04 

b0 36.5435927227175 35.8653071871626 36.2180616016215 

b1 1.12075860510604E-04 7.24193483558933E-04 -3.49615769592351E-06 

b2 0.549094685011655 0.549094685011655 0.549827151117229 
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b2 1.0064727707664 

Table 6. List of determined parameters of the 2
nd

 order polynomial transformation for second 

stage of adjusted registration. 

 
first test second test third test 

a0 2.18282 -0.95978 87.33501 
a1 -0.00148 0.00379 -0.28481 
a2 -0.00651 -0.00085 -0.01376 
a3 0.00000 -0.00001 0.00001 
a4 0.00000 0.00000 0.00025 
a5 0.00000 0.00000 0.00000 
b0 -3.50464 -0.31758 -151.91735 
b1 0.0072 -0.001 0.58212 
b2 0.0021 -0.00044 0.00378 
b3 0.00000 -0.00001 0.00001 
b4 0.00000 0.00000 -0.00057 
b5 0.00000 0.00001 0.00000 

             

                  Table 7.   RMSE values of the manual/classical and the developed methods.  

Classical Registration The proposed approach 

Data set Source data 
No. of points of 

manual selection 
RMSE(pixel) For 

first stage  
RMSE(pixel) 

For second stage 

First test Satellite images 43 2.323 0.932 

Second test Satellite images 35 3.653 1.564 

Third test LiDAR images 14 1.871 0.987 

 

 

 

 

 

 

 

 

 

 

 

 

             

(a)                                                                           (b) 

 

     Figure 1. Spot and Quick Bird satellite images. 
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(a)                                                                           (b) 

              Figure 2. Ikonos and Quick Bird satellite images. 

 

 

 

  

                                            a.Strip_1                                                               

 

 

   

                                            b.Strip_2                                                                           

Figure 3. Laser point clouds dataset, a.Strip_1, and b.Strip_2. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 

4. The 
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workflow of the adjusted registration. 

 

 

                   

 

 

 

 

 

 

Figure 5. Transform 3D LiDAR data to 2D image. 

 

 

 

 

 

 

 

 

 

 

 

                            

 

 

 

a. Reference image                                                b. sensed image 

                    Figure 6. Manual extraction of control points in reference and sensed image. 
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                                          (a)                                                                  (b)             

Figure 7. Manual extraction of control points in reference and sensed image. 

 

 

 

 

 

 

 

 

 

 

                Figure 8. Manual extraction of control points in reference and sensed image. 

 

 

 

 

 

 

 

 

Figure 9. Plane similarity transformations (Luhmann et al., 2011). 

 

 

 

 

 

 

Figure 10. Plane polynomial transformations (Luhmann et al., 2011). 
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                                 a.original                                                                           b. 1st elimination of outlier 

 

                                          

   
 

 

 

 

 

 

 

 

 
             c. 2nd elimination of outlier                                                     d. 3rd elimination of outlier 

Figure 11. The elimination process of outlier points over threshold 

 

 

 

 

 

 

 

                        Reference Image (I1)                                  Input Image (I2) 

 

                        Reference Image (I1)                                  Input Image (I2) 

Figure 12. Concept of radiometric similarity measure ,Alruzouq, 2004.   

 

 

 

 

 

Figure 13. Shift-map between two images. 
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a. first stage /traditional registration                             b. second stage /adjusted registration  

Figure 14. Image matching results between the image from spot satellite as reference image and 

quick bird satellite as sensed image a. the first stage /traditional registration b. second stage of 

image registration adjustment. 

 

 

a. the first stage /traditional registration         b. second stage /adjusted registration  

 

Figure 11. The image matching results between the reference image and sensed image a. the 

first stage /traditional registration b. second stage of image registration adjustment 

                   

 

 

  

 

 

 

a. first stage /traditional registration                             b. second stage /adjusted registration  

Figure 15. Image matching results between the image from spot satellite as reference image and 

quick bird satellite as sensed image a. the first stage /traditional registration b. second stage of 

image registration adjustment. 



Journal of Engineering Volume   21  April  2015 Number 4 
 

 
                                                                                                                                                                                      

66 
 

 

 

Figure 16. The image matching results between the strip 1 as reference image and strip 2 as 

sensed image (the first stage /traditional image registration). 

 

 

 

 

 

Figure 17. The image matching results between the strip 1 and strip 2 images 

(second stage / adjusted registration process). 
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ABSTRACT 

The present study aims to evaluate the biosorption of reactive orange dye by using garden 

grass. Experiments were carried out in a batch reactor to obtain equilibrium and thermodynamic 

data. Experimental parameters affecting the biosorption process such as pH, shaking time, initial 

dye concentrations, and temperature were thoroughly examined. The optimum pH for removal 

was found to be 4. Fourier transform infrared spectroscopy analysis indicated that the 

electronegative groups on the surface of garden grass were the major groups responsible for the 

biosorption process. Four sorption isotherm models were employed to analyze the experimental 

data of which Temkin and Pyzhey model was found to be most suitable one. The maximum 

biosorption capacity was 12.2 mg/g at 30 °C. The maximum removal percent reached 90% at 

optimum conditions. Therefore, the pretreatment or modification of this biosorbent may enhance 

the biosorption capacity. Thermodynamic parameters (i.e., change in the free energy, the 

enthalpy, and the entropy) were also evaluated and their values revealed that the biosorption 

process was exothermic in nature and less favorable at high temperature. 

 

Keywords: grass, orange dye, biosorption, isotherm model, thermodynamic. 

 

 الامتزاز الحيوي لمصبغة البرتقالية باستخدام ثيل الحدائقدراسة توازن وثرموداينمكية 
 

 طارق جواد الموسوي                                     فرح عماد الدمموجي                                                احمد عبد محمد
 مدرسمساعد                                                 مدرس                                                    استاذ مساعد   

 جامعة بغداد/كمية الهندسة                              جامعة بغداد/كمية الهندسة                                      جامعة بغداد/كمية الهندسة
 

 الخلاصة
اجريت العديد من التجارب تهدف الدراسة الحالية الى تقييم الامتزاز الحيوي لمصبغة البرتقالية الفعالة باستخدام ثيل الحدائق. 

تم دراسة تأثير بعض الظروف في عممية  الثرموديناميكية. و الامتزاز الحيويبيانات لغرض الحصول عمى  الدفعات بطريقة
لة الحامضية سرعة الخمط، التركيز الابتدائي، والحرارة. وجد ان افضل ازالة حصمت عند قيمة دا الامتزاز مثل الدالة الحامضية،

سطح  عمى سالبة الشحنة الموجودة الفعالة المجاميع ان( FTIR) الحمراء تحت الاشعة باستخدام لثيل. بينت نتائج تحميل ا4
لنتائج العممية مع اربعة موديلات رياضية حيث بينت النتائج تطابق الثيل كان لها الدور الكبير في عممية الامتزاز. تم مطابقة ا

ممغم/غم عند درجة  12.2ية الامتزاز الى م. وصمت اعمى قيمة لعمPyzheyوTemkin كبير مع الموديل المقدم من قبل 
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التعديل لممادة الممتزة  . لذا فان عممية المعالجة او% بالظروف المثمى00اعمى نسبة ازالة وصمت الى  ان و مئوية. 30حرارة 
و غير مفضل بدرجات الحرارة  ربما تحسن عممية الازالة. اثبتت نتائج دراسة الثرموداينمك ان طبيعة الامتزاز هو باعث لمحرارة

 العالية.
 

 ثيل، صبغة برتقالية، امتزاز الحيوي، موديل، ثرموداينمك.: كممات رئيسية
 

1. INTRODUCTION 

Reactive dyes are extensively used in textile, paper, leather, plastic, cosmetics, pharmaceuticals, 

and food industries to color various substances, ,Han, and Yun, 2007. These dyes are widely 

used to dye cotton, wool, and polyamide fibers, due to their properties such as simple application 

procedure, good stability during washing, and bright colours. Dyes are bright in color due to 

presence of one or several azo bonds (-N=N-) associated with substituted aromatic structures, 

,Moreira, et al., 1998. ,Bhatnagar, and Jain, 2005. Wastewaters from textile industry contain 

large amounts of dyes, representing a major threat to the environment due to their toxicity and 

potential carcinogenic nature, ,Bizani, et al., 2006. Dyes are the most easily recognized 

contaminant because they are visible to the human eye. Dyestuff effluent is resistant to light and 

when discharged into the water bodies, it prevents the sunlight from penetrating through and 

reduces the aesthetic quality of water and photosynthesis ,Owoyokun, 2009. and ,Jiang, et al., 

2008. Therefore, it is necessary for the dye effluents to be treated properly before they are 

discharged into the water bodies. A number of conventional treatment methods like coagulation, 

chemical precipitation, membrane filtration, solvent extraction, chemical oxidation, photolysis, 

reverse osmosis, and flocculation have been used for the treatment of dyes containing 

wastewaters, ,Mittal, et al., 2009. However, these methods are generally ineffective in color 

removal and expensive for the treatment of dyes containing wastewaters due to their complex 

poly-aromatic structure and hence cause health problems, Mahmoud, et al., 2007. and  ,Mall, et 

al., 2007. 

Adsorption techniques are generally considered as the preferred means for removing dyes due to 

their efficacy to separate chemical compounds from wastewater, simple operation, easy recovery 

and reuse of adsorbent. The most widely used adsorbent for this purpose is activated carbon,  

,El-Sayed, et al., 2011. however, due to economic constraint, it's applications on industrial scale 

are limited, Hammed, et al., 2008. Biosorption is a process which utilizes inexpensive dead 

biomass to remove pollutants from waters, especially those that not easily degradable such as 

metals and dyes, Kratochvil, and Volesky, 1998. Biosorption is proven to be quite effective at 

removing pollutants from contaminated solutions in a low cost and environment-friendly 

manner, Sulaymon, et al., 2013. Biosorption of dyes from wastewater has attracted a significant 

attention in recent years. A number of studies have been focused on biomaterials that are capable 

of removing dyes from wastewater such as deolied soya, Mittal, et al., 2009. barely husk, Haq, 

et al., 2011. sunflower, Thinakaran, et al., 2007. rice milling waste, and ,Bhatti, and Safa, 

2012. etc. However, these biosorbents have generally low biosorption capacities, high cost, not 

available in high quantity. Therefore, there is a need to find new, economically, easily available 

and effective biosorbent. Grass is an agricultural waste, environmentally friendly, and high yield 

material after mowing gardens, lawns, and parks. Grass is available in large quantities in gardens 

in University of Baghdad. Approximately, ten tons of grass is mower monthly from these 

gardens. Often, these quantities were dumped in a municipal solid waste landfill. In addition, GG 

is a low cost biosorbent, the unit cost of collecting 1 kg of virgin grass from Baghdad University 
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gardens is about US$ 0.5, Sulaymon, et al., 2014.  Several studies have been carried out to 

examine the use of grass as biosorbent to remove heavy metals from aqueous solution. ,Hossain, 

et al., 2012. ,Sulaymon, et al., 2014. and ,Chojnacka, 2006. studied the heavy metal removal 

efficiency of grass. The results revealed that the garden grass was an effective biosorbent for the 

removal of heavy metals.  

In this study, we focused on the removal of reactive orange (RO) dye from aqueous solution onto 

garden grass (GG). The preparation, characterization and sorption properties of GG were 

reported. RO dye sorption was investigated in batch system considering the effect of pH, 

temperature, contact time, and initial dye concentration. 

 

2. MATERIALS AND METHODS 

2.1. Biosorbent and Sorbate Preparation 

The GG was collected from the gardens of University of Baghdad after mowing. The foreign 

matters were removed manually. To remove dirt and impurities, the GG washed several times 

with tap water then with distilled water. Cleaned GG was cut into small pieces, sundried, and 

then dried in oven at 60±3 °C until all the moistures are removed. The dried material was 

shredded, grounded into powder. The average particle size of powdered grass was measured by 

sieving method in a sieve shaker. The average size of GG particles that passed the 200 µm size 

screen (yield 50 %) were chosen as biosorbent then stored in an opaque air-tight polyethylene 

container at room temperature for using in the biosorption experiments with required amounts. 

No other physical or chemical treatment was used before biosorption experiments. 

The commercial grade of RO dye with molecular formula C20H17N3Na2O11S3, molecular weight    

617.42 g/mol, and wave length (λmax) 490 nm, solubility 90 mg/l, pH 6.5, was obtained from 

SIGMA-ALDRICH Company. Fig. 1 shows the chemical structure of RO dye used in this study. 

Simulated stock solution of RO dye had been prepared by dissolving 1 g of dry powdered dye in 

1000 ml distilled water and stored in glass container at the room temperature. Experimental 

solutions of desired concentrations ranging from 10 to 100 mg/l were obtained by successive 

dilution of the stock solution. The initial pH of the working solutions was adjusted by addition 

drop-by-drop buffer solution under magnetic stirring. Standard curve were developed at λmax490 

nm for RO dye through the measurement of the dye solution absorbance by UV-VIS 

spectrophotometer (Model: APEL PD-303 UV, JAPAN). All the glassware used for dilution, 

storage and experimentation were cleaned with detergent, thoroughly rinsed with tap water, 

soaked overnight in a 20% HNO3 solution and finally rinsed with distilled water before use. 

 

2.2. Fourier Transfer Infrared Spectroscopy (FTIR) Analysis 

The identification of functional groups on the surface of the GG was performed using Fourier 

transform infrared spectroscopy (FTIR) analysis. The FTIR offers excellent information on the 

nature of the bands present on the surface of the biosorbent and also presents three main 

advantages as an analytical technique: it is fast, nondestructive and requires only small sample 

quantities, ,Pereira, et al., 2003.  Two samples of well powdered and dried GG were subjected 

to the FTIR analysis. The first sample contains 1 g of GG. The second sample was prepared by 

mixing 1 g of GG with 100 ml of 10 mg/l RO dye solution. The suspension was shaken at 200 

rpm for 2 h using a shaker (Edmund Buhler, 7400 Tubingen Shaker-SM 25, Germany). The 

aqueous solution was withdrawn and then the residue was filtered and dried in oven at 50 °C for 

24 h. The two samples were pressed into small discs by using a spectropically pure KBr matrix. 

Then, Spectra were registered from 4000 to 500 cm
-1 

using Fourier transform infrared 

spectroscopy (Model: SHIMADZU 8500S, Japan). 
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2.3. Batch Experiments 

2.3.1. Effects studies 

Optimization of various parameters such as pH, temperature, initial dye concentration, and 

shaking time on the removal efficiency were carried out in a batch reactor using classical 

approach. To study the effect of pH, several conical flasks were shaken at 200 rpm for 4 h. Each 

flask containing 1 g GG with 100 ml of 10 mg/l dye concentration at room temperature, and the 

pH range was from 2-8. The temperature effect experiment was conducted using seven flasks 

each one containing 100 ml of 10 mg/l dye concentration, and the solution temperatures were 20, 

25, 30, 35, 40, 45, and 50°C (200 rpm for 2 h, at an optimum pH determined in the pH study). 

The temperature was maintained using shaker incubator. Effect of initial dye concentrations were 

conducted using 10, 20, 50 and 100 mg/l dye solutions at room temperature and optimum pH 

value. The effect of contact time on the sorption process was investigated at different GG 

dosages (1, 2, 5, and 10 g) with 100 ml of 10 mg/l dye solution. The system was subjected to an 

agitation speed of 200 rpm, and the samples were collected from 1 to 240 min to determine the 

remaining concentration of RO dye. 

 

2.3.2. Equilibrium experiments 

Equilibrium sorption isotherms are useful to understand the sorption interaction as well as to find 

the sorption capacity of the sorbent. Equilibrium experiments were carried out by agitation fixed 

amount of GG (0.2, 0.4, 0.6, 0.8, 1, 2, 3, 4, and 5 g) with 100 ml of 10 mg/l synthetic solution of 

RO dye at different temperature (10, 20, and 30 °C). The pH of solution was adjusted to the best 

value based on the pH study (i.e., 4). The flasks were placed in a shaker (Edmund Buhler, 7400 

Tubingen Shaker-SM 25) with constant shaking speed at 200 rpm for 2 h. After the equilibrium 

time of biosorption process, the sorbent was separated from the aqueous solution by using a filter 

paper (WHATMAN, No.42; diameter, 7 cm) and determination of RO dye concentration was 

conducted by using UV-VIS spectrophotometer. Each sample was measured thrice in UV-VIS 

spectrophotometer and the results were given as the average value. The dye uptake and the 

percentage removal were calculated using the following equations: 

 

 
 
 
(     ) 

 
     , Hossain, et al., 2012.                                                                                 (1) 

where, qe is the equilibrium biosorption capacity (mg/g); Co and Ce are the initial and equilibrium 

dye concentrations in the water (mg/l), respectively; V is the volume of used solution (l); and m 

is the mass of the used GG. 

The percentage of RO dye removal (%) was calculated using the following equation: 

 

          
     

  
                                                                                                          (2) 

 

2.4. Methods 

The sorption isotherm data can be modeled using a huge number of theoretical equations. In this 

study, the experimental isotherm data were fitted with the four isotherm models, namely, 

Langmuir, Freundlich, Redlich-Peterson, and Temkin and Pyzhey sorption isotherm models to 

describe the equilibrium characteristics of sorption. These models are presented in  

Table 1. Langmuir model assumes monolayer coverage of adsorbate over a homogeneous 

adsorbent surface, ,Langmuir, 1918. A basic assumption is that sorption takes place at specific 

homogeneous sites within the adsorbent. The Freundlich isotherm can be applied to non-ideal 
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adsorption on heterogeneous surfaces as well as multilayer sorption, ,Freundlich, 1906. Temkin 

and Pyzhey isotherm contains a factor that explicitly taking into the account of sorbent–sorbate 

interactions. By ignoring the extremely low and large value of concentrations, the model 

assumes that heat of sorption of all molecules in the layer would decrease linearly rather than 

logarithmic with coverage, as implied in the Freundlich equation, ,Temkin and Pyzhey, 1940. 

The Redlich-Peterson isotherm model can be applied to expresses the sorption process when 

dealing with a certain pollutants at high concentration, ,Quintelas, et al., 2008. In addition, the 

thermodynamics parameters of the sorption process such as enthalpy changes (∆H°), entropy 

changes (∆S°), and Gibbs free energy changes (∆G°) were used to determine the spontaneity of 

biosorption process. These parameters have been determined using Van't Hoff and Gibbs free 

energy equations. 

 

3. RESULTS AND DISCUSSION 

3.1. Biosorbent Characterization 

The Physicochemical properties of GG are presented in Table 2. The FTIR spectrum of GG 

Fig.2 shows RO dye interaction with different chemical groups during the biosorption process. 

This figure shows that the hydroxyl (-OH), carboxyl (-COO), alcohol (C-O), sulfur groups such 

as C-S-O and S=O stretching and amide groups are involved in the biosorption process.After 

contact with RO dye solutions, the position of the band related to the -OH groups from cellulose 

materials and -NH groups from proteins, ,Prasad and ,Santhi, 2012. and ,Bertagnolli, et al., 

2014. shifts from 3338 cm
-1

 in the GG to 3303 cm
-1

 for RO dye loaded GG. The band observed 

at 2911cm
-1 

is assigned for the alkyl chains (-C-H), ,Ahmad, and Kumar, 2010. This band was 

slightly shifted to a new value of 2920 cm
-1

. The band at 1641cm
-1

 could be owing to the 

presence of carboxylates (-COO) groups, ,Arief, et al., 2008. this group shifted to 1655cm
-1

 after 

RO sorption. The –C-O, C-C, and –C-OH stretching vibrations can be attributed to peaks in the 

region of 1440–1024 cm
−1

.Some bands in the fingerprint regions (900–750 cm
−1

) could be 

attributed to the aromatic (–C-H) groups, ,Al-Rub, et al., 2006. No change was obvious in these 

peaks values. The shift of the bands can probably be attributed to proton exchange occurring 

during the biosorption of the RO dye onto the GG. 

 

3.2 Effect of pH 

Fig.3 shows the results of pH effect study. It can be seen that the pH of solution played a 

significant role in the sorption process especially in the acidic values. It is noteworthy that varied 

removal efficiency values were observed in the pH range from 2 to 6. The removal efficiency 

increased with increasing pH from 2 to 4 and reached to the maximum value (58%) at pH 4. 

While it reached 90% at the same pH value with using 10g GG. This pattern of dye removal is 

characteristic of anion sorption. In the pH range 6-7 a small decrease in the removal efficiency is 

observed while the variation in removal efficiency remain negligible in the pH above 7. 

,Lodeiro, et al., 2004. showed at high acidic solution, the active surface sites of the sorbent may 

dissociated, reducing the number of binding sites for the sorption of sorbate. Hence low sorption 

capacity was observed at pH below 3. At pH range from 3 to 5, the surface of GG becomes 

positively charged and this facilities sorption of RO dye leading to maximum removal efficiency 

at pH 4. The results obtained in this study are in a good agreement with those reported in 

previous studies, ,Elwakeel, et al., 2014. who noted that in acidic solutions more protons will be 

available to protonate amine groups to form     
 groups, leading to increase of available 

sorption sites on the adsorbent. A decline in the sorption capacity was observed at pH above 6, 

which may be attributed to the competition of OH
-
 and dye anions. Also, certain chemical 

compounds in RO dye such as phenols and acids that are proton donors become anions when the 
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solution pH reaches to the equilibrium condition, in this case the sorption capacity decreased 

with increase in pH, ,Kookana, and Rogers, 1995. Therefore, the optimum pH 4 was used for 

the subsequent experiments. 

 

3.2 Effect of Temperature 

The effect of temperature on the removal efficiency has been investigated within a temperature 

range of 20 to 50 °C and the results are depicted in Fig. 4. It can be seen that the maximum 

percentage removal for RO dyes observed between 20-30 °C. Several authors showed that 

further increases in temperature (above 30 °C) lead to a decrease the percentage removal. This 

may be attributed to an increase in the relative desorption of the dye from the solid phase to the 

liquid phase, deactivation of the biosorbent surface, destruction of active sites on the biosorbent 

surface due to bond disruption, ,Saleem, et al., 2007. and ,Meena, et al., 2005. or due to the 

weakness of the sorbent active site binding forces and the sorbate species and also between the 

adjacent molecules of the sorbed phase, ,Sari, and Tuzen, 2008. It can be seen from Fig. 4 that 

the variation of temperature from 25 to 30 °C has minimal effect on the biosorption process, so 

that further experiments were carried out at room temperature without temperature adjustment. 

 

3.3 Effect of Initial Dye Concentration  

Fig. 5 shows the variation of the removal efficiency and uptake with the variation of initial RO 

dye concentration from 10 to 100 mg/l at 1 g of GG. The results indicated that the percentage 

removal was not altered greatly from concentrations between 10 to 20 mg/l, this may be due to 

the amount of GG used in this experiment contains enough sorption surfaces and sites for this 

concentration range, ,Anwar, 2010. thereafter the percentage removal rapidly decreased with the 

further increase in concentration to 20 mg/l. The decrease in the percentage removal of dye can 

be explained with the fact that all the sorbents had a limited number of active sites, which have 

become saturated above a certain concentration, ,Li, et al., 2012. 

 

3.4 Effect of Contact Time and Dose 

It was very important to know the required time to reach equilibrium sorption condition. Fig. 6 

shows the results of sorption efficiency versus contact time. The results revealed a rapid sorption 

of RO dye at the initial time (30 min). The equilibrium condition was attained within first hour 

contact time and a relatively slow phase was observed beyond this time period. Initial 

biosorption was rapid due to the sorption of dye onto exterior surface, after that dye molecules 

enter into pores (interior surface), relatively slow process. The figure also showed that the 

removal efficiency increased from (58%-90%) with increasing the GG dosage from (1g to 10g). 

A similar observation was previously reported from removal of hazardous cationic dyes from 

aqueous solution onto Acacia nilotica leaves, ,Prasad, and Santhi, 2012. 

 

3.5 Equilibrium Isotherm Study 

The biosorption isotherm is a plot that shows the equilibrium uptake (qe, mg/g) against the 

weight of the biosorbent (g) or equilibrium concentration of the solute in the solution Ce (mg/g), 

,Radnia, et al., 2012. In this study, this was obtained by the measurement of equilibrium uptake 

of RO dye using GG doses range from 0 to 5 g at different temperature (10, 20, and 30 °C) and 

the results are depicted in Fig.7. The sorption isotherm showed a steep initial slope followed by a 

progressive saturation of the sorbent. From Fig.7 it can be seen that the values of biosorption 

capacity increased with the increase of the GG dose in the range from 0 to 3 g, and then the 

biosorption capacity reached a plateau. The static biosorption capacity (12.2 mg/g) of the GG 

sorbent for RO dye was obtained at 30 °C. The experimental isotherm data were fitted with 
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several equilibrium isotherm models. Table 3. summarized the parameters of each model; these 

parameters are obtained from the nonlinear regression using STATISTICA program. The 

Temkin and Pyzhey model gave the best fit for the experimental data for sorption system of RO 

dye onto GG compared with other models recognized by the highest coefficient of regression 

values (R
2
). The best fit of experimental data by Temkin and Pyzhey isotherm assumes that the 

fall in the heat of sorption is linear rather than logarithmic, ,Temkin, and Pyzhey, 1940. In 

addition, the positive values of B of Temkin and Pyzhey model indicated that the biosorption 

process is a physical process, ,Dada, et al., 2012. 

Several efforts have been made to characterize the organic materials binding properties of 

various forms of biomass. The uptake value by different biomass is summarized in Table 4. It 

can be seen that the GG has a low biosorption capacity, when compared with other biomass, 

which may be owing to the fact that these biosorbents were treated or modified before using it in 

the biosorption process. 

 

3.6 Thermodynamics Study 

Van't Hoff equation is used to obtain the thermodynamics parameters. The values of ∆H° (-

43.521 kJ/mol) and ∆S° (-0.152 J/mol.K) are reported together with the Gibbs free energy values 

in Table 5. The negative value of ∆H° indicates the exothermic nature of biosorption process. 

The values of enthalpy are coherent with chemical nature of the interaction, which confirms the 

formation of a complex between GG active sites and RO dye. These results are in agreement 

with the ,Elwakeel, et al., 2004. The negative value of ∆S° means a decrease of the randomness 

of the system during biosorption of RO dye. Gibbs free energy of biosorption was calculated 

from the eq. (8) mentioned in Table 1. and the results were listed in Table 5. The positive values 

of ∆G° indicate that the biosorption reaction becomes less favorable at high temperature. The 

increase in the values of ∆G° with increasing temperature (from 1.28 to 6.1 kJ/mol) may be 

attributed to the exothermic nature of the reaction between GG sites and RO dye molecules. 

 

4. CONCLUSIONS 

This study entailed the equilibrium and thermodynamic studies of the biosorption of RO dye on 

GG. The results showed that garden grass is a good biosorbent towards reactive orange dye at 

slightly acidic solution (i.e., optimum pH 4) in which the removal efficiency reached to 90%. 

The maximum equilibrium uptake was 12.7 mg/g at the optimum condition. The biosorption 

process was examined by changing various parameters such as pH, temperature, and initial dye 

concentration, the results showed that the removal efficiency was affected due to the change in 

these parameters. FTIR analysis showed that the hydroxyl, carboxyl, alcohol, and amide groups 

are the major groups that responsible for the biosorption process. The sorption isotherm is 

successfully modeled by the Temkin and Pyzhey model. Thermodynamic study revealed that 

there is an exothermic nature of the reaction between GG sites and RO dye molecules.  

 

Acknowledgments 

We would like to express our sincere thanks to the Environmental Engineering Department, 

University of Baghdad, Iraq, for supporting this work. 

 

 

 

 

 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                    

28 
 

References 

 Ahmad, R. and Kumar, R., 2010, Adsorption Studies of Hazardous Malachite Green onto 

Treated Ginger Waste. J. Environ. Manage., Vol. (91), No. (4), PP. 1032-1038. 

 Al-Rub, A.A., El-Naas, M.H., Ashour, I., and Al-Marzouqi, M., 2006, Biosorption of 

copper on Chlorella vulgaris from single, binary and ternary metal aqueous 

solutions, process, Biochem., Vol. (41), PP. 457-464. 

     Anwar, J., Shafique, U., Waheeduz, Z., Salman, M., Dar, A. and Anwar, S., 2010, Removal 

of Pb(II) and Cd(II) From Water by Adsorption on Peels of Banana, J. Bioresource 

Technology, Vol.(101),PP. 1752–1755. 

 Arief, V.O., Trilestari, K., Sunarso, J., Indraswati, N., and Ismadji, S., 2008, Recent 

Progress on Biosorption of Heavy Metals From Liquids using Low Cost Biosorbents: 

Characterization, Biosorption Parameters and Mechanism Studies, a review, Clean., 

Vol. (36), PP. 937-962. 

 Bertagnolli, C., Da Silva, M., and Guibal, E., 2014, Chromium Biosorption Using the 

Residue of Alginate Extraction from Sargassum Filipendula, Chemical Engineering 

Journal, Vol. (237), PP. 362–371.  

 Bhatnagar A., and Jain, A.K., 2005, A Comparative Adsorption Study with Different 

Industrial Wastes as Adsorbents for the Removal of Cationic Dyes from Water, J. 

Colloid Interface Sci., Vol.(281), PP. 49-55. 

 Bhatti, H.N., and Safa, Y., 2012, Removal of Anionic Dyes by Rice Milling Waste from 

Synthetic Effluents: Equilibrium and Thermodynamic Studies, Desalination and 

Water Treatment, Vol. (48), PP. 267-277. 

 Bizani, E., Fytianos, K., Poulios, I., and Tsiridis, V.,2006, Photocatalytic Decolorization 

and Degradation of Dye Solutions and Wastewaters in the Presence of Titanium 

Dioxide. J. hazard. Mater., Vol. (136), PP. 85-94. 

 Chojnacka, K.,2006, Biosorption of Cr(III) Ions by Wheat Straw and Grass: a Systematic 

Characterization of New Biosorbents, Polish J. Environ Stud., Vol. (15), PP. 845–52. 

 Chung, K.T., Fulk, G.E., and Andrews, A.W., 1981, Mutagenicity Testing of Some 

Commonly Used Dyes, Appl. Environ. Microbiol., Vol. (42), PP. 641-648. 

 Dada, A.O., Olalekan, A.P., Olatunya, A.M., and Dada O., 2012, Langmuir, Freundlich, 

Temkin and Dubinin–Radushkevich Isotherms Studies of Equilibrium Sorption of 

Zn
2+

 onto Phosphoric Acid Modified Rice Husk, IOSR Journal of Applied Chemistry, 

Vol. (3), No. (1), PP. 38-45. 

 El-Sayed, G.O., Aly, H.M., and Hussien, S.H.M., 2011, Removal of Acrylic Dye Blue-5G 

from Aqueous Solution by Adsorption on Activated Carbon Prepared from Maize 

Cops, International Journal of Research in Chemistry and Environment, Vol. (1), No. 

(2), PP. 132-140. 

 Elwakeel, K.Z., Atia A.A., and Guibal E., 2014, Fast Removal of Uranium from Aqueous 

Solutions using Tetraethylenepentamine Modified Magnetic Chitosan Resin, 

Bioresour. Technol., http://dx.doi.org/10.1016/j.biortech.2014.01.037 

 Freundlich, H.M.F., 1906, Over the Adsorption in Solution, Journal of Physical Chemistry, 

Vol. (57), PP. 385-407. 

 Hameed, B.H., Mahmoud D.K., and Ahmed, A.L., 2008, Sorption Equilibrium and 

Kinetics of Basic Dye from Aqueous Solution Using Banana Stalk Waste, J. Hazar. 

Mater., Vol. (158), PP. 499-506. 

http://dx.doi.org/10.1016/j.biortech.2014.01.037


Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                    

89 
 

 Han, M.H., and Yun, Y.S., 2007, Mechanistic Understanding and Performance 

Enhancement of Biosorption of Reactive Dyestuffs by the Waste Biomass Generated 

from Amino Acid Fermentation Process, Biochem. Eng. J., Vol. (36), PP.  2-7. 

 Haq. J., Bhatti, H.N., and Asgher, M., 2011, Removal of Solar Red BA Textile Dye from 

Aqueous Solution by Low Cost Barely Husk: Equilibrium, kinetic and 

thermodynamic study, The Canadian J. Chem. Eng. Vol. (89), No (3), PP. 593-600. 

 Hossain M.A., Ngo H.H., Guo W.S., and Setiadi T., 2012, Adsorption and Desorption of 

Copper(II) Ions Onto Garden Grass, J. Bioresource Tech., Vol.(121), PP. 386-395. 

 Jiang. Y., Sun. Y., Lui. H., Zhu. F., and Yin H., 2008, Solar Photocatalytic Decolorization 

of C.I. Basic Blue 41 in an Aqueous Suspension of TiO2-ZnO. Dyes Pigm.,Vol. (78), 

PP. 77-83. 

 Kookana, R.S., and Rogers, S.L., 1995, Effects of Pulp Mill Effluent Disposal on Soil, Rev. 

Environ. Contam. Toxicol., Vol.(142), PP. 13-64.  

 Kratochvil, D., and Volesky, B., 1998, Advances in Biosorption of Heavy Metals, J. Trend 

Biotechnol., Vol. (16), PP. 291–300. 

 Langmuir, I., 1918, The Adsorption of Gases on Plane Surfaces of Glass, Mica and 

Platinum. J. Am. Chem. Soc., Vol. (40), No. (9), PP. 1361-1403. 

    Li C., Li W., and Wei L., 2012, Research on Absorption of Ammonia by Nitric Acid-

Modified Bamboo Charcoal at Low Temperature, Vol. (47), PP. 3-10. 

 Liu Y., 2009, Is the Free Energy Change of Adsorption Correctly Calculated?, J. Chem. 

Eng. Data, Vol. (54), PP. 1981-1985. 

 Lodeiro, P., Cordero, B., Grille, Z., Herrero, R., and Vicente, M.E., 2004, Physicochemical 

Studies of Cadmium (II) Biosorptionby the Invasive Alga in Europe: 

SargassumMuticum, Biotechnol. andBioeng., Vol. (88), No. (2), PP. 237-247.  
 Mahmoud, A.S., Brooks, M.S., and Ghaly, A.E., 2007,Decolonization of Remazol Brilliant 

Blue Dye Effluent by Advanced Photo Oxidation Process (H2O2/UV System). Amer. 

J. App. Sci., Vol. (4), No. (12), PP. 1054-1063.  

 Mall, I.D., Srivastava, V.C., Agarwall, N.K., and Mishra I.M., 2007, Removal of Congo 

Red on Coal Based Mesoporous Activated Carbon, Dye Pigments, Vol. (74), PP. 34-

40. 

 Meena, A.K, Mishra, G.K., Rai, P.K., Rajagopal. C., and Nagar, P.N., 2005, Removal of 

Heavy Metal Ions from Aqueous Solutions using Carbon Aerogel as an Adsorbent, J. 

Hazard. Mat., Vol. (122), PP. 161–170. 

 Mittal, A., 2006, Adsorption Kinetics of Removal of a Toxic Dye, Malachite Green, from 

Wastewater by using Hen Feathers, J. Hazard. Mater.,Vol. (133), No. (1-3), PP. 196-

202. 

 Mittal, A., Kaur, D., and Mittal, J., 2009, Batch and Bulk Removal of Triarylmethane Dye, 

Fast Green FCF, from Wastewater by Adsorption over Waste Materials. J.Hazard. 

Mater., Vol. (163), PP. 568-577. 

 Moreira, R.F., Kuhen, N.C., and Peruch, M.G., 1998, Adsorption of Reactive Dyes onto 

Granular Activated Carbon, Latin Am. Appl. Res. Vol. (28), PP. 37–41. 

 Owoyokun, T.O., 2009, Biosorption of Methylene Blue Dye Aqueous Solution on Delonix 

Regia (Flamboyant Tree) Pod Biosorbent, The Pacific Journal of Science and 

Technology,Vol. (10), No. (2), PP. 872-883. 

 Pereira, L., Sousa, A., Coelho, H., Amado, A.M., and Ribeiro-Claro. P.J.A., 2003,Use of 

FTIR, FT-Raman and 13C-NMR spectroscopy for identification of some seaweed 

phycocolloids, J.Biomol. Eng., Vol. (20), PP. 223–228. 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                    

89 
 

 Prasad, A.L., and Santhi, T., 2012, Adsorption of Hazardous Cationic Dyes from Aqueous 

Solution onto Acacia Nilotica Leaves as an Ecofriendly Adsorbent, Sustain. Environ. 

Res., Vol. (22), PP. 113-122. 

 Quintelas, C., Fernandes, B., Castro, J., Figueiredo, H., and Tavares, T. 2008, Biosorption 

of Cr(VI) by three different bacterial species supported on granular activated 

carbon—a comparative study, J. Hazard. Mater., Vol. (153), PP. 799–809. 

 Saleem, M., Pirzada, T., and Qadeer, R., 2007, Sorption of Acid Violet 17 and Direct Red 

80 Dyes on Cotton Fiber from Aqueous Solutions, J. Colloids Surf., Vol. ( 292), PP. 

246–250. 

    Sari, A., and Tuzen, M., 2008, Biosorptionof Cadmium (II) from Aqueous Solution by Red 

Algae (Ceramium Virgatum): Equilibrium, Kinetic and Thermodynamic Studies. J. 

Hazard. Mat., Vol. (157), PP. 448–454. 

 Sharma, N., and Nandi, B.K., 2013, Utilization of Sugarcane Baggase, an Agricultural 

Waste to Remove Malachite Green Dye from Aqueous Solutions, J. Mater. Environ. 

Sci., Vol. (4), No. (6), PP. 1052-1065. 

 Sulaymon, A.H, Mohammed, A.A, and Al-Musawi, T.J., 2014,Comparative Study of 

Removal of Cadmium (II( and Chromium (III) Ions from Aqueous Solution Using 

Low-Cost Biosorbent, Int. J. Chem. Reac. Eng., Vol (12), No. (1), PP. 1-10. 

 Sulaymon, A.H., Mohammed, A.A., and Al-Musawi, T.J., 2013, Removal of Lead, 

Cadmium, Copper, and Arsenic Ions using Biosorption: Equilibrium and Kinetic 

Studies, Desalination and Water Treatment, Vol. (51), PP. 4424-4434.  

 Temkin, M.J., and Pyzhey, V., 1940, Recent Modification to Langmuir Isotherm, Acta. 

Physiochim., Vol. (12), PP. 217-222. 

 Thinakaran, N., Baskaralingam, P., Pulikesi, M., Panneerselvam, P., and Sivanesan, S., 

2007, Removal of Acid Violet 17 from Aqueous Solutions by Adsorption onto 

Activated Carbon Prepared from Sunflower Seed Hull, J. Hazard. Mater., Vol.(151), 

PP. 316-312. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                    

88 
 

 

Figure 1. Chemical structure of RO dye, ,Moreira, et al., 1998. 

 

Figure 2. FTIR spectrum of virgin and RO loaded GG samples. 
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Figure 3. PH effect on RO dye sorption using GG (Co=10 mg/l, GG dose=1 g, room 

temperature, 2 h contact time at 200 rpm). 

 

Figure 4. Temperature effect on RO dye sorption using GG (Co=10 ppm, GG dose=1 g, pH=4, 

 2 h contact time at 200 rpm). 
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Figure 5. Initial RO dye concentration effect on the removal efficiency using GG: (GG dose=1 

g, pH=4, room temperature, 2 h contact time at 200 rpm). 

 

 

 

Figure 6. Effect of contact time on the removal efficiency of RO dye using different GG 

dosages: (pH=4, room temperature, at 200 rpm). 
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Figure 7. RO biosorption capacity using GG at different temperature: Co=10 mg/l, GG weight 

(w) =0-5 g, pH=4, contact time= 2h, at 200 rpm. 
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Table1. The equations for the sorption isotherm. 

Model Equation Reference No.  

Langmuir    
      

      
                                              ,Langmuir, 1918. 

   is the sorption uptake (mg/g);   is the equilibrium concentration of the adsorbate 

(mg/l);    is the maximum amount of the adsorbate per unit weight of the adsorbent 

(mg/g);    is the Langmuir constant related to the free energy of sorption (l/mg). 

(3) 

Freundlich        
   

                                            ,Freundlich, 1906. 

   is the sorption uptake (mg/g); Ce is the equilibrium concentration of the adsorbate 

(mg/l); n is the Freundlich constant  related to sorption intensity (g/l); KF is the 

Freundlich constant related to the relative sorption capacity (mg/g). 

(4) 

Temkin  

and Pyzhey    
  

   
   (     )                              ,Temkin, and Pyzhey, 1940.  

T is the absolute temperature (K), R is the universal gas constant (8.314 J/mol. K), 

    is the equilibrium binding constant,     is corresponding to the heat of sorption, 

and Ce is the equilibrium concentration of the adsorbate (mg/l). 

(5) 

Redlich-

Peterson 

 

   
     

       
   
                                  ,Quintelas, et al., 2008. 

   is the sorption uptake (mg/g);   is the equilibrium concentration of the adsorbate 

(mg/l);    ,     and     are constants. 

(6) 

Van't Hoff       
   

  
 
   

 
                                ,Liu, 2009. 

Kc is the equilibrium constant (qe/Ce), R is the universal gas constant (8.314 J/mol. 

K), ∆H° is the enthalpy of the sorption (kJ/mol), ∆S° is the entropy of the sorption 

(J/K.mol), and T is the solution temperature (K). 

 

(7) 

Gibbs free 

energy 
                                            ,Liu, 2009.    

   is the Gibbs free energy of biosorption (kJ/mol), Kc is the equilibrium constant 

(qe/Ce), R is the universal gas constant (8.314 J/mol. K), and T is the solution 

temperature (K). 

(8) 

 Table 2. Characterization of the powdered grass. 

Parameter Value 

Particle size (mm) <0.2 

Surface area (m
2
/g) 5.6 

Apparent density (g/l) 0.48 

Zero point charge (pHzpc) 5.1 

Porosity (%) 60.5 

Moisture content (%) 1.57 

Ash content (%) 0.99 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                    

88 
 

 

Table 3. Parameters of isotherm models for the biosorption of RO dye onto GG. 

Model Equation Parameters At 10 °C At 20 °C At 30 °C 

Langmuir  
   

      
      

 
qm, mg/g 

KL, l/mg 

R
2
 

0.857 

-0.018 

0.813 

1.554 

-0.023 

0.826 

2.616 

-0.029 

0.884 

Freundlich        
   

 Kf, mg/g 

n, g/l 

R
2
 

14.849 

-0.321 

0.925 

10.079 

-0.503 

0.903 

7.732 

-0.709 

0.917 

Temkin and Pyzhey 
   

  

   
   (     )    

  
   
⁄ , l/mg 

   , mg/g 

R
2
 

14.962 

102.713 

0.995 

13.332 

105.603 

0.988 

12.330 

108.630 

0.980 

Ridlich-Peterson 
   

     

       
   

 
   , mg/g 

   ,l/mg 

   , 

R
2
 

22.040 

0.991 

0.567 

0.891 

12.553 

1.133 

1.041 

0.789 

30.339 

1.008 

0.889 

0.782 

 

Table 4. Uptake of organic materials by different biomasses. 

Material Biomass qe (mg/g) Reference 

Crystal Violet dye Acacia nilotica leaves 
33 

,Prasad and Santhi, 

2012. 

Rhodamine B dye Acacia nilotica leaves 
37 

,Prasad and Santhi, 

2012. 

Malachite green dye Hen feather 26 ,Mittal, 2006. 

Malachite Green Dye Sugarcane baggase 
22 

,Sharma and Nandil, 

2013. 

Reactive orange dye Garden grass 12.7 This study 

 

Table 5. Thermodynamic constants of biosorption of RO dye onto GG. 

Temperature (K) ∆G° (kJ/mol) ∆H°(kJ/mol) ∆S° (J/mol.K) R
2
 

293 1.282 -43.521 -0.152 0.912 
298 3.188 
303 3.241 
308 3.400 
313 4.710 
318 6.090 
323 6.103 
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Competitive Removal of Cu
2+

, Cd
2+

and Ni
2+

by Iron Oxide Nanoparticle (Fe3O4) 

 

ABSTRACT 

   A competitive adsorption of Cu
2+

, Ni
2+

, and Cd
2+

 ions from a synthetic wastewater onto 

nanomaterial was studied.(Fe3O4) nanoparticles obtained from US Research Nanomaterials, Inc., 

Houston, TX 77084, (USA), was used as nanosorbent. Experimental parameters included pH, initial 

metal concentrations, and temperature were studied for nanosorbent. The uptake capacity 11.5, 6.07 

and 11.1 mg/g for Cu
2+

, Ni
2+

and Cd
2+

, respectively, onto nanosorbent . The optimum pH values was 

6 and the contact time was 50 min. for Cu
2+

, Ni
2+

and Cd
2+

, respectively. The equilibrium isotherm 

for nanosorbent single system component is of a favorable type and Freundlich isotherm model 

gives the best fit model for representing the experimental data for this system. Binary and ternary 

component systems were conducted in order to find the adsorption isotherm constants for each 

component system using nanosorbent. A set of adsorption models were tested to choose the best fit 

model for the experimental data, Combination of Langmuir- Freundlich model seems to give the 

best fitting.  In single, binary and ternary component systems, Cu
2+

 always adsorbed more favorable 

onto nanosorbent than Cd
2+

and Ni
2+

. The adsorption capacity parameters were: Cu
2+

> Cd
2+

> Ni
2+

.  

Thermodynamic study was carried out for these three pollutants onto nanosorbent. The results of 

adsorption show that the adsorption nature for heavy metals is an endothermic and physical nature 

process. 

 

Key Words: adsorption, heavy metals, ions, competitive, nanosorbent. 
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 الخلاصة

 يادج انُإَ. تٕاعطح انصُاعٍح انًٍاِ يٍ انكاديٍٕو( ٔ انثقٍهح)انُحاط،انٍُكم عًهٍح الايرضاص نهًعادٌ ذقٍٍى انى ذٓذف انحانٍح انذساعح

 انعٕايم تعط ذغٍٍش دساعح ذى كزنك يٍ انٕلاٌاخ انًرحذج الايشٌكٍح. (Fe3O4)ٔذى ششاء يادج انُإَانًاصج ًْٔ أكغٍذ انحذٌذ 

اٌ ععح الاصانح ًْ  .انُإَ جٔانحشاسج نًاد الأنً، انرشكٍض انحايعٍح، انذانح يثم الايرضاص عًهٍح عهى انًخرثشٌح

....,7..6,...1mg/g   .َٕنًادج  الاصانح َغة افعم اٌ ٔجذ لإٌَاخ انُحاط ٔانٍُكم ٔانكاديٍٕو عهى انرٕانً تاعرخذاو يادج انُا

 ذى انقٍاو تغهغهح يٍ ذجاسب انذفعاخ . دقٍقح .1ٔاٌ ٔقد الاصانح الايثم ْٕ  نجًٍع الإٌَاخ  6انحايعٍح  قًٍح عُذ ذحصم انُإَ

(batch experiment)  .نهًهٕثاخ تصٕسج يُفشدج ٔثُائٍح ٔثلاثٍح نغشض انحصٕل عهى يخططاخ الايرضاص انحٍٕي نكم يهٕز

( ، أفعم يٕدٌم سٌاظً Freundlichٔقذ ذى اعرخذاو عذد يٍ انًٕدٌلاخ انشٌاظٍح انرً ذصف عًهٍح الايرضاص.  ٔجذ أٌ يٕدٌم )

 Combination of.ايا تانُغثح انى انرجاسب انثُائٍح ٔانثلاثٍح ، ٔجذ اٌ يٕدٌم  )ًٌثم انُرائج انعًهٍح تانُغثّ نهًُفشدِ

Langmuir- Freundlich افعم يٕدٌم سٌاظً ًٌثم انُرائج انعًهٍح. ٔجذ أٌ إٌَاخ انُحاط اعهى قذسج ٔيلائًح عهى )

 ياصكًا ٔجذ اٌ غثٍعٍح الايرضاص نهًعادٌ انثقٍهح ْٕ يٍ تقٍح الإٌَاخ .  تًٍُا إٌَاخ انٍُكم اقم قذسجانُإَ  الايرضاص تٕاعطح يادج

 ٔرٔ غثٍعح فٍضٌأٌح. (thermodynamic studyنهحشاسج يٍ خلال انرجاسب انحشاسٌح )

 

 .ايرضاص,انًعادٌ انثقٍهح,إٌَاخ,انرُافظ,يادج انُإَ الكلمات الرئيسية:

 

1. INTRODUCTION 

    Presence of heavy metals in wastewaters causes significant environmental problems. High 

concentrations of heavy metals are known to be toxic and carcinogenic to living organisms. When 

heavy metals are present even in a very low concentration, their concentration may be elevated 

through bio-magnification to a level that they start to exhibit toxic characteristics. Therefore, heavy 

metals are major pollutants in many industrial wastewaters and are toxic to human and aquatic life 

,Taghi et al., 2005.  Due to their elemental non-degradable nature, heavy metals always and 

regardless of their chemical form, pose serious ecological risk, when released into the environment. 

The metals which are of greatest environmental concern are cadmium, mercury, lead, chromium, 

cobalt, copper, nickel and zinc ,Sahmoune et al., 2009.The presence of heavy metal ions in the 

environment has been a matter of major concern due to their toxicity to human life. Unlike organic 

pollutants, the majority of which are susceptible to biological degradation, heavy metal ions will not 

degrade into harmless end products. Heavy metal ions such as cobalt (Co), copper (Cu), nickel 

(Ni),chromium (Cr), mercury (Hg), lead (Pb), cadmium (Cd), zinc (Zn) ions are detected in the 

waste streams from  different  industrial  activities such as mining  operations, tanneries, electronics 

, electroplating, petroleum refineries, and petrochemical industries ,Cheueh, 2005. 

   The toxicity of heavy metals can be listed in order of decreasing toxicity as Hg > Cd > Cu > Zn > 

Ni > Pb > Cr >Al >Co, although this is only approximate as the vulnerability of species to 

individual metals varies. Toxicity also varies according to environmental conditions that control the 

chemical speciation of the metals, Gray, 2005.  ,Saleem et al., 2011. 

Heavy metals can pose health hazards if their concentration exceeds the allowable limits. Even 

when the concentration of metals does not exceed these limits, there is still a potential for long-term 

contamination. As they are non-biodegradable, and persistence their threat is multiplied by their 

accumulation in the environment elements such as food chain and thus poses a significant danger to 

human health and life, Manhan, 2005. 

       The removal of heavy metals ions from wastewater involves high cost techniques such as ion-

exchange, evaporation, precipitation, membrane separation etc. However, these common techniques 

are too expensive to treat low levels of heavy metals in wastewater. Adsorption techniques are 

widely used in the field of removing small quantities of pollutant present in large volume of fluid, 

which can be carried out in batch wise or continuous manner of operation ,Rao, 1994. Many factors 

that affect the decision of choosing an adsorbent for removal of pollutants from water such as: 
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economical factor (cost of the adsorbent), abundance, availability and effectiveness of the 

adsorbent, Sulaymon and ,Ahmed, 2008. 

    The last decade has seen a continuous improvement in the development of effective\noble 

adsorbents in the form of activated carbon ,Huang et al., 2007. zeolites ,Panuccio et al.,2009. 

clay minerals ,Hizal and ,Apak, 2006. chitosan ,Bamgbose et al., 2010. lignocelluloses 

,Shin,2007. natural inorganic minerals ,Sevgi, 2009. functionalized polymers ,Panda et al.,2008. 

etc. However, most of these adsorbents are either not effective (due to diffusion limitation or the 

lack of enough active surface sites) or have shown problems like high cost,difficulties of separation 

from wastewater, or generation of secondary wastes. Nowadays there is a continuously increasing 

worldwide concern for the development of wastewater treatment technologies. Considering such 

drawbacks, recently nano-adsorbents viz. nano-alumina ,Srivastava et al.,2011. functionalized 

carbon nanotubes , Gupta et al., 2011. and hydroxyapatite nanoparticles ,Feng et al.,2010.  have 

demonstrated high adsorption efficiency for metal ions removal. The utilization of iron oxide 

nanomaterials has received much attention due to their unique properties, such as extremely small 

size, high surface-area-to-volume ratio, surface modifiability, excellent magnetic properties, ,Xu et 

al., 2012. One such advanced class of adsorbent – magnetic nano-adsorbent with the help of an 

external magnetic field has been further successful in circumventing the solid–liquid separation 

problem usually encountered with nanoparticle. Such adsorbent combining nanotechnology and 

magnetic separation technique has not only demonstrated high adsorption efficiency due to its large 

surface to volume ratio, but have also shown additional benefits like ease of synthesis, easy 

recovery and manipulation via subsequent coating and functionalization, absence of secondary 

pollutants, cost-effectiveness and environmental friendliness ,Gupta and Nayak , 2012. Till date, 

several magnetic nanomaterials, including maghaemite nanoparticles ,Hu et al., 2005. Fe3O4 

magnetic nanoparticles ,Shen et al.,2009. Fe3O4 nanoparticles functionalized and stabilized with 

compounds like humic acid ,Liu et al.,2008. have been explored for the removal of metal ions. In 

nanotechnology focuses on the fabrication of nano-sized adsorbents with enhanced adsorption 

capacity and rapid sorption rate for the removal of target contaminants. This is due to the large 

surface area and highly active surface sites of the nanoadsorbents ,Bhaumik et al.,2012.Iron oxide 

nanoadsorbents are cost-effective adsorbents that provide high adsorption capacity, rapid adsorption 

rate and simple separation and regeneration ,Nassar, 2010.In the present study, were used for the 

competitive removal of heavy metals (Cu
2+

, Ni
2+

 and Cd
2+

) in batch reactors at different operating 

conditions.  

 

2. EQUILIBRIUM ISOTHERM BATCH MODELS FOR SORBENT 

2.1 Single Component System 

     Empirical models are simple mathematical relationships, characterized by a limited number of 

adjustable parameters, which give a good description of the experimental behavior over a large 

range of operating conditions. The model used to describe the results should be capable of 

predicting sorbate binding at both low and high concentrations ,Vijayaraghavan and Yun, 2008. 

     Although these conventional empirical models do not reflect the mechanisms of sorbate uptake, 

they are capable of reflecting the experimental curves of adsorption isotherm ,Vijayaraghavan et 

al., 2008. 

 

 

 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                

101 
 

2.1.1 Langmuir model (1916) 

The Langmuir model can be represented as: 

  

   
       

(     )
                                                                                                                                    (1)  

     
  Where qe is the amount of adsorbate adsorbed per mass of adsorbent (mg/g).Ce is the equilibrium 

concentration (mg/l).   

  This classical model incorporates two easily interpretable constants: qmax , which corresponds to 

the maximum achievable  uptake by a system; and b, which is related to the affinity between the 

sorbate and sorbent,(l/mg). The Langmuir constant “qmax” is often used to compare the performance 

of biosorbents; while the other constant “b” characterizes the initial slope of the isotherm. Thus, for 

a good biosorbent, a high qmax and a steep initial isotherm slope (i.e., high b) are generally desirable 

,Aksu et al., 2002. ,Kratochvil and Volesky, 1998. 

     The Langmuir model assumes the following: (i) the surface consists of adsorption sites, (ii) all 

adsorbed species interact only with a site and not with each other, (iii) adsorption is limited to a 

monolayer, and (iv) adsorption energy of all the sites is identical and independent of the presence of 

adsorbed species on neighboring sites  , Ridha, 2011.  

     Each component is adsorbed onto the surface according to ideal solute behavior; there is no 

interaction or competition between molecules involved under homogenous conditions, ,Mashitah et 

al., 2008. 

     The important characteristic of the Langmuir isotherm can be expressed in terms of 

dimensionless constant separation factor for equilibrium parameter RL.  This is defined by 

,Sahmoune et al., 2009. 

   
 

    
                                                                                                                                          (2) 

     ,Basha and Murthy, 2007. show, using mathematical calculation, that the parameter RL 

indicates the shape of isotherm as follows in Table 1. 

 

2.1.2 Freundlich model (1918) 

     The Freundlich isotherm can be represented as: 

 

     
   

   n >1                                                                                                                              (3)  

 

     The Freundlich isotherm was originally empirical in nature, but was later interpreted as the 

sorption to heterogeneous surfaces or surfaces supporting sites with various affinities. It is assumed 

that (i) the stronger binding sites are initially occupied, (ii) the binding strength decreasing with 

increasing degree of site occupation. It incorporates two constants: K, which corresponds to the 

maximum binding capacity; and n, which characterize the affinity between the sorbent and sorbate 

(adsorption intensity), Vijayaraghavan and ,Yun, 2008. 
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2.1.3 Redlich–peterson model (1959)  

    
     

       
    

                                                                                                                                  (4) 

     Redlich–Peterson isotherm shows that an “area of stability” is reached after a frequent rise in the 

curve, i.e., several layers of adsorption occurs first. This isotherm assume (i) equilibrium for 

heterogeneous surfaces as it contains the heterogeneity factor β. (ii) It also converges to Henry’s 

law at low surface coverage and is, therefore, (iii) thermodynamically consistent. However, it does 

not have as wide a practical application as the Langmuir and the Freundlich isotherms due to the 

inconvenience of evaluating three isotherm constants  ,Lawrence et al., 2010. 

           has values between 0 and 1. For     = 1 the Redlich–Peterson model converts to the 

Langmuir model.    =0 the Henry’s Law form results 

 

2.1.4 Sips model (1948) 

 

   
    

  

      
  
                                                                                                                                                       (5) 

 

    KS is the Sips model isotherm constant; aS the Sips model constant; βS the Sips model exponent. 

This equation is also called Langmuir–Freundlich isotherm and the name derives from the limiting 

behavior of the equation. At low sorbate concentrations it effectively reduces to a Freundlich 

isotherm and thus does not obey Henry’s law. At high sorbate concentrations, it predicts the 

monolayer sorption capacity characteristics of the Langmuir isotherm ,Padmesh et al., 2006. 

2.1.5 Khan model (1997) 

 

   
        

(      )
  
                                                                                                                                 (6) 

 

     bK is the Khan model constant; aK Khan model exponent       maximum uptake 

,Vijayaraghavan and Yun, 2008. 

2.1.6 Toth Model (1971) 

 

   
        

[  (    )
 
  ]

                                                                                                                             (7) 
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     bT the Toth model constant and nT the Toth model exponent ,Vijayaraghavan and Yun, 2008. 

     It derives from potential theory and is used in heterogeneous systems. Toth model assumes a 

quasi-Gaussian energy distribution; most sites have adsorption energy lower than the peak of 

maximum adsorption energy, Jianlong and Can, 2009. 

 

2.2 Multi Component Systems 

     The adsorption of the solute of interest not only depends on the adsorbent surface properties and 

physical–chemical parameters of a solution such as pH and temperature, but also on the number of 

solutes and their concentrations. In such cases, the adsorption will become competitive, with one 

solute competing with another to occupy the binding sites, ,Wang and Chen, 2009. 

     Multicomponent biosorption has been the subject of limited studies .The uptake of a given metal 

ion is decreased to a greater extent in ternary combinations and furthermore in quaternary systems 

compared to the binary combinations. In the presence of co-ions in solution, chemical interactions 

between the ions themselves as well as with the adsorbent take place resulting in site competition. 

Therefore metal uptake from multicomponent systems is lower.  

     For binary solute cases, different isotherm models have been used to correlate single-solute 

isotherm data and to describe multi-solute sorption isotherms based on the time-consuming iterative 

algorithm ,César et al., 2010.  

 

2.2.1 Extended langmuir model (ELM) 

 

   
          

(  ∑        
 
   )

                                                                                                                            (8) 

     Where Ce,i is the equilibrium concentration of the component i  in the multicomponent solution, 

qi is the equilibrium uptake of the component i, bi and qm,i are the Langmuir isotherm model 

parameters obtained suitably from Eq. (1) in the single solute system.This model assumes (i) 

homogeneous surface with respect to the energy of sorption, (ii) no interaction between adsorbed 

species and (iii) that all sorption sites are equally available to all adsorbed species ,Aksu et al., 

2002. 

 

2.2.2 Redlich-peterson model 

     The three parameter isotherm of Redlich-Peterson that has been empirically developed for multi-

component mixtures is given as, Fahmi and Munther, 2003. , Sulaymon et al., 2009. 

   
            

(  ∑          
   

   )
                                                                                                                         (9) 

     Where KR,i and qm,i  are the Redlich-Peterson isotherm-model parameter suitably obtained from 

Eq. (4) in single solute system.  

2.2.3 Combination of Langmuir-Freundlich Model 

     The competitive model related to individual isotherms parameters are expressed in the following 

equation, Sips, 1984. 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                

104 
 

   
         

(
 
  
)

(  ∑      

(
 
  
)

 
   )

                                                                                                                                         (10) 

3. EXPERIMENTAL WORK 

  The present study is to evaluate the competitive adsorption of heavy metals as inorganic pollutants 

from wastewater by nanosorbent (Fe3O4). In this research nanomaterial will be used for the 

competitive removal of heavy metals in batch reactors at different operating condition in single, 

binary and ternary systems.  

 

3.1 Adsorbate (Stock Solutions) 

     A stock solution of copper, nickel and cadmium ions with a concentration of (1000 mg/l) were 

prepared by using Cu(NO3)2, Ni(NO3)2 and Cd(NO3)2 (minimum purity 99.5%). A 3.805, 4.945and 

2.744g of copper nitrate, nickel nitrate and cadmium nitrate, respectively were dissolved in 

approximately 200 ml of distilled water. 

   A 10 ml concentrated HNO3 was added then it was diluted to 1000 ml with distilled water 

,APHA, 1995. Concentrations of 50 ppm from these salts were used as adsorbate for different 

weights of nanosorbent.All the glassware used for dilution, storage and experiments were cleaned 

with extra detergent, thoroughly rinsed with tap water, soaked overnight in a 20% HNO3 solution 

and finally rinsed with distilled water before use.   Dissolved metal concentrations in solution were 

determined by a flame atomic absorption spectrophotometer (Buck, Accusys 211, USA). 

Table 2. shows the main physicochemical properties of the metals tested. 

 

3.2  Nanosorbent 

    (Fe3O4) nanoparticles obtained from US Research Nanomaterials, Inc., Houston, TX 77084, 

(USA) were used as nanosorbents. The main physical properties of the Nanopowder / 

Nanoparticales, Iron Oxide (Fe3O4) are listed in Table 3. Table 4. shows Certificate of Analysis --

% of Iron oxide Nanoparticales (Fe3O4).  

   The characteristics of  the  selected  nanosorbents  were  evaluated ; namely: specific surface area, 

and external surface area. Results are presented in Table 5. External  and  specific surface areas of 

the   nanosorbent  were  measured   in  Ministry  of  Oil  /  Petroleum  Development  and   Research 

Centre. The results show that there is no significant difference between them. This indicates that the 

nanosorbents  have no significant  porosity and maintain a high  external  surface area. Fig. 1 shows 

scanning  electron   micrographs  for  nanosorbent  which  carried  out  in  Nano   Research  Center, 

University of Technology/Baghdad –Iraq. 

3.2.1 Adsorption experiments for nanosorbents 

   A series of experiments were carried out in a batch system to obtain equilibrium data for 

adsorption of single, binary, ternary and quaternary metals solutions. Table 6. shows the major 

varied parameters used in these experiments.  
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3.2.2 Batch experiments for nanosorbent 

3.2.2.1 Determination of the optimum pH   

    The effect of pH on Cu
2+

, Ni
2+

and Cd
2+

 ions adsorption onto nanosorbent was studied; 0.5 g 

nanosorbent of  Fe3O4 was mixed with 100 ml of single metal ion solutions with concentration of 50 

mg/l of Cu
2+

, Ni
2+

 and Cd
2+

 ions respectively. These were maintained at different pH values ranging 

from 3 to 7 by using 0.1 M NaOH or HNO3 solution at agitation speed of 200 rpm for a period of 30 

min and at room   temperature. Separation of nanosorbents from aqueous solution was evaluated by 

separating them via a small horseshoe magnet and wearing specific suits, thick gloves, special eye 

glasses, and special mask to prevent the direct contact with nanomaterial. Samples (10 ml) were 

taken from each volumetric flask and measured by using atomic absorption spectrophotometer AAS. 

  

3.2.2.2 Equilibrium isotherm experiments  

     Different weights nanosorbent of Fe3O4 were used, (0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1, 1.2, and 1.4 g) 

, nanosorbents were placed in 9 volumetric flasks of 250 ml. A sample of 100 ml of measured 

concentration solution of 50 mg/l was added to each flask for single systems of Cu
2+

, Ni
2+

 and Cd
2+

 

respectively. The pH of the metal solutions was adjusted to the optimum pH value for each metal 

using 0.1M NaOH or 0.1M HNO3. The flasks were then placed on a shaker (HV-2 ORBTAL, 

Germany) and agitated continuously for 50 min at 200 rpm and. A few drops of 0.1M HNO3 were 

added to samples after separation of nanosorbent from aqueous solution to decrease the pH value 

below 2 in order to fix the concentration of the heavy metals during storage before analysis ,APHA, 

1995. The final equilibrium concentrations were measured by means of atomic absorption device. 

The residual concentration of cadmium, copper, and nickel in samples was determined using AAS in 

laboratory of Environmental Engineering Department/Baghdad University. The adsorbed amount is 

then calculated by the following equation: 

 

   
  (     )

 (           )
                                                                                                                            (11)                             

     The adsorption isotherms were obtained by plotting the weight of solute adsorbed per unit weight 

of biomass (qe) against the equilibrium concentration of the solute in the solution (Ce) 

,Vijayaraghavan and Yun, 2008.  

 

3.2.2.3 Thermodynamic parameters of adsorption  

     The effect of temperature on Cu
2+

, Cd
2+ 

and Ni
2+

 ions adsorption uptake onto nanosorbent was 

studied, 0.6 g of nanosorbent was mixed with 100 ml of single metal ion solutions with 

concentration of 50 mg/l of Cu
2+

, Cd
2+ 

and Ni
2+

 respectively. These were maintained at different 

temperature values ranging from 20 to 50°C for a period of 50 min, agitation speed was 200 rpm. 

Samples (10 ml) were taken from each volumetric flask and measured by AAS. 

4. RESULTS AND DISCUSSION 

4.1 Batch Systems for Nanosorbent 

4.1.1 Effect of pH                                                                       

   The pH of the metal solution usually plays an important role in the adsorption of metals. As 

mentioned previously in sec.(3.2.2.1) Fig. 2 shows the effect of over 6 pH values on the adsorption 

uptake of Cu
2+

, Ni
2+

 and Cd
2+ 

ions. 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                

106 
 

    Beyond the value of pH 6.0 precipitation will occur to heavy metals, this due to the insoluble 

metal hydroxides start precipitating from the solutions at higher pH values and make the true 

sorption studies impossible. This should be avoided during sorption experiments which distinguish 

between sorption and precipitation metal removal becomes hard ,Quintelas et al., 2008.At low pH, 

proton would compete for active binding sites with metal ions. The protonation of active sites thus 

tends to decrease the metal sorption. At low pH around 2 all the binding sites may be protonated, 

thereby desorbing all originally bound metals from the sorbent, Aldre et al., 2007. Therefore 

optimum copper, nickel and cadmium ions adsorption process will be at pH 6 as shown in Fig. 2. 

These results agreed with the results obtained by ,Nassar, 2010. And ,Grossl and Sparks,1994. 

 

4.1.2Effect of Contact time 

    Before the beginning the batch experiments, it was very important to know the required time to 

reach equilibrium adsorption. In other words, for all batch experiments, the contact time should be 

fixed at value to ensure reaching equilibrium concentrations. 0.6 g of nanosorbent of Fe3O4 was 

mixed with 100 ml of single metal ion solutions concentration of 50 mg/l of Cu
2+

, Ni
2+

 and Cd
2+

 

ions at pH 6. These were maintained at different time values ranging from 10 to 70 min. Fig. 3 

shows the results of removal efficiency (%) with the contact time of three metal solutions. It can be 

concluded that 50 min contact time is sufficient to reach equilibrium condition for all heavy metals. 

 

4.1.3 Effect of initial heavy metal concentration 

    Different concentrations of 10, 50, 100 and 150 mg/l were selected to study the variation of 

removal efficiency with different initial concentrations at the same weight of nanosorbent (1 g) and 

at room temperature. The pH of heavy metal solutions was fixed at the optimum value for each 

heavy metal obtained from the isotherms experiments, and the agitation speed of the shaker was 200 

rpm for contact time of 50min. as shown in Fig.4. It can be seen that the percentage removal 

efficiency was not altered greatly if the concentration increase from 10-50 mg/l, this behavior due to 

that 1 g of nanosorbent may contain enough sites for this concentration range, but when the 

concentrations increase to 100 and 150 mg/l the sites in 1 g will not be enough to accumulate these 

concentrations so that the depletion in percentage removal efficiency was obvious.  

 

4.1.4 Effect of temperature and thermodynamic parameters 

    The effect of temperature on the equilibrium sorption capacity for Cu
+2

, Ni
+2

 and Cd
+2

 ions has 

been investigated at temperature range between 20-50 °C. Fig. 5 shows the variation of percentage 

removal efficiency with temperature. 

    From Fig. 5, it can be concluded that the increase in temperature leads to increase the percentage 

removal efficiency and the variation of temperature from 20-30 °C has no or little significant effect 

on the adsorption process, so that the adsorption experiments can be carried out at room temperature 

without any adjustment. 

    Thermodynamic parameters were obtained by varying temperature conditions over the range 20-

50°C by keeping other variables constant. The values of the thermodynamic parameters such as 

ΔG°, ΔH° and ΔS°, describing copper, nickel and cadmium ions uptake by nanosorbent, were 

calculated using the thermodynamic equations:  The apparent equilibrium constant for the process 

has been shown to be:  

 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                

107 
 

ΔG= −RT ln(Kc)                                                                                                                              (12) 

Where  

    
   

  
                                                                                                                                         (13) 

     Where Kc is the equilibrium constant, Cad is the amount of metal adsorbed on the adsorbent per 

liter of the solution at equilibrium (mg/l), Ce is the equilibrium concentration of the metal in the 

solution (mg/l), T is absolute temperature (K) and R is the universal gas constant (8.314 J/mol K). 

Also, Gibbs free energy change ∆G
o
 , enthalpy changes (ΔH) and entropy changes (ΔS) can be 

estimated by the following equation ,Colak et al., 2009. 

ΔG= ΔH- ΔST                                                                                                                                   (14) 

  The positive values of ΔH° reveal the adsorption is endothermic and physical in nature. Generally, 

the change in adsorption enthalpy for physisorption is in the range of −20 to 40 kJ mol
−1

, but 

chemisorptions is between −400 and −80 kJ mol
−1

,Zubeyde et al., 2009. Fig. 6 and Table 7. show 

the thermodynamic constants of adsorption obtained for Cu
2+

, Ni
2+

 and Cd
2+

 ions onto nanosorbents. 

Table 7. shows the values of enthalpy ΔH
◦
 were 12.8, 7.119 and 10.59 kJ.mo1

−1 
for Cu

2+
,Ni

2+
 and 

Cd
2+

 ions respectively, reveal the adsorption is endothermic and physical in nature. This is also 

supported by the increase in the values of uptake capacity of nanosorbents with the rise in 

temperature.  

 

4.1.5 Estimation of adsorption isotherms constants     

    The adsorption for a single, binary,and ternary component systems of Cu
2+

, Ni
2+

 and Cd
2+

 ions 

onto nanosorbent in batch experiments were conducted with initial concentration of (50 mg/l) and 

particle size of (20-30 nm) at room temperature in order to determine the isotherm constants for 

each system using different isotherm models. 

 

4.1.6 Single component system 

   The adsorption isotherm for single component systems of of Cu
2+

, Ni
2+

 and Cd
2+

  ions 

respectively, onto nanosorbent are shown in Fig. 7 to 9, whereas Fig. 10 shows a comparison 

between them. The data, for single component systems were correlated with six models illustrated in 

section (2.1). The parameters for each model obtained from non-linear statistical fit of the equation 

to the experimental data (STATISTICA software, version 6). Table 8 shows parameters of single 

solute isotherm for Cu
2+

, Ni
2+

 and Cd
2+

 ions uptake onto nanosorbent. Fig. 11. to 13. show 

comparison of some selective models applied in single system for copper, nickel and cadmium ions 

respectively.  

    Fig. 7 to 13 and Table 8. show the following: 

 The equilibrium isotherm for each single component is of favorable type. n >1. 

 The adsorption capacity qe and heavy metals removal rate were related to the amount of 

adsorbent added; the greater adsorption capacity was obtained at lower adsorbent dose. The 

higher removal rate was achieved at higher adsorbent dose. 

 The Freundlich model gives the best fit for the experimental data for single component 

adsorption system for copper, nickel and cadmium ions recognized by the highest values of (R
2
), 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                

108 
 

this model has been used successfully to describe equilibrium adsorption. Results can be 

compared for the three adsorbates in term of maximum bending capacity and (n) parameters:   

Cu
2+

 > Cd
2+

 >Ni
2+

. 

 The copper which has the highest affinity order for being adsorbed by the nanosrbent, has the 

lowest hydration Van der Waals radius while nickel ions the least favorable by the nanosrbent, 

has the highest hydration Van der Waals radius, Table 2. This coincides with the fact that less 

hydrated ions radius is preferably accumulated at interface ,Hawari, 2006. 

 

  4. 1.7 Binary component system 

    Binary systems are usually present in effluent from different industries. The data, for binary 

component systems were correlated with three models as mentioned in section (2.2). The parameters 

for each model obtained from non-linear statistical fit of the equation to the experimental data. The 

adsorption isotherms for binary component systems of Cu
2+

, Ni
2+

 and Cd
2+

 ions onto nonabsorbent 

are shown in Fig. 14. to 16. Table 9. represents all parameters with correlation coefficient for 

binary systems.  

   Fig.17. to 22. show a three-dimensional adsorption surface for the simulation uptake for Cu
2+

, 

Ni
2+

 and Cd
2+

 ions onto nanosorbents in binary mixtures. 

 

4.1.8 Ternary component system   

   The adsorption isotherms for ternary component systems were correlated to which the best model 

was fitted in binary component system. The parameters for each model obtained from non-linear 

statistical fit of the equation to the experimental data.  

      The adsorption isotherms for ternary component systems of Cu
2+

, Ni
2+

 and Cd
2+

 ions onto 

nanosorbent are shown in Fig.23.  

Fig. 14 to 23. and Tables 9. and 10. show the following: 

 For each the binary, ternary and quaternary systems the Combination of Langmuir- Freundlich 

model seems to give the best fitting for the experimental data at highest value of R
2
. It can be 

seen from the figures, Cu
2+

 always adsorbed more favorable onto nanosrbent than Ni
2+ 

and Cd
2+

 

in binary and ternary systems. 

 The decrease of adsorption capacity in binary and ternary systems compared to the  single  metal  

systems  observed for all metals with exception of  copper,  reflects  the  existence  of  a  

competition between the metals studied for the binding sites present in nanoparticle wall. It 

seems that the total metal adsorption capacity onto the nanoparticle decreases when increasing 

the number of metals present. This fact supports the assumed competition between metals for the 

nano particle binding sites and tends to decrease the relative amount of each adsorbed element. 

These results agreed with the results obtained by ,Nassar, 2010. 

   Fig. 24 to 26 show that the metal removal efficiency of nanosorbent in single and mixed 

system was inhibited by the presence of the other heavy metals in the system. The removal 

efficiency  of Cu
2+

 in single system is 100% reduced to 96.4% and 97.6% respectively in binary 

system with Cd
2+

 and Ni
2+

  ions respectively, while the removal efficiency of Cu
2+

 in ternary 

system reduced to 95% with [Cd
2+

 + Ni
2+

]. The removal efficiency  of Cd
2+

 in single system is 

98.1% reduced to 64% and 88.6% respectively in binary system with Cu
2+

 and Ni
2+

  ions 

respectively, while the removal efficiency of Cd
2+

 in ternary system reduced to 47% with [Cu
2+

 

+ Ni
2+

]. The removal efficiency  of Ni
2+

 in single system is 82% reduced to 58.8% and 58% 
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respectively in binary system with Cd
2+

 and Cu
2+  

ions respectively, while the removal efficiency 

of Ni
2+

 in ternary system reduced to 20.4% with [Cd
2+

 + Cu
2+

]. 

 

5. CONCLUSIONS 

     This study revealed the following conclusions, concerning the batch for nanosorbent Cu
2+

, Cd
2+

, 

and Ni
2+

 ions:  

 

5.1 Batch Process for Nanosorbent 

5.1.1 Single component system 

1. Optimum pH was 6 for Cu
2+

, Cd
2+

 and Ni
2+

ions in adsorption process onto Fe3O4  nanoparticle 

( 20-30 nm). 

2. It can be concluded that 50 min contact time is sufficient to reach equilibrium condition for all 

heavy metals. 

3. The equilibrium isotherm for each single component is of a favorable type and Freundlich 

isotherm gives the best fit model for representing the experimental data for this system. 

4. In this system Cu
2+

  ions was the most favorable component rather than Cd
2+

 and Ni
2+

 ions, 

that due to its physiochemical characteristics that make the most favorable adsorbed 

component, due to the lowest hydration Van der Waals radius for copper. Results for the three 

adsorbates in term of adsorption capacity parameters were: Cu
2+

>Cd
2+

>Ni
2+

.There were a good 

matching between experimental and predicted data. 

5. It can be seen that the percentage removal efficiency was not altered greatly if the 

concentration increase from 10-50 mg/l, this behavior due to that the nanosorbent may contain 

enough sites for this concentration range, but when the concentrations increase to 100 and 150 

mg/l the sites will not be enough to accumulate these concentrations so that the depletion in 

percentage removal was obvious. 

6. Adsorption of Cu
2+

, Cd
2+

 and Ni
2+

ions was endothermic and physical in nature. 

 

5.1.2 Binary and ternary component system 

1. For each binary and ternary component systems, combination of Langmuir-Freundlich 

Isotherm gives the best fit for the experimental data.  

2. The behavior of the equilibrium isotherm is of favorable type. 

3. For each system Cu
2+

 ions is still most adsorbed component rather than Cd
2+

 and Ni
2+

ions.  

4. Due to the competitive effect of Cu
2+

, Cd
2+

 and Ni
2+

ions with each other to occupy the 

available site(s) of the nanosorbent, Cu
2+

ions offers the strongest component that able to 

displace Cd
2+

 and Ni
2+

ions from their sites, while Ni
2+

ions was the weakest adsorbed 

component.  

5. Compared with their adsorption in single component system the adsorption capacity of all 

three metals shows obvious decreases both in the binary and ternary system.  

    The percentage removal efficiency  of each single component  was  decreased as each component 

presented with the other(s) in the binary and ternary system. This due  to  the  presence of more than 

one component will enhance the competitive struggling race for occupying a certain site. 
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Table 1.Constant parameter RL. 

 
 

 

 

Table 2. Main physicochemical properties of the metals tested ,Wikipedia,2014. 

Properties Copper Nickel Cadmium 

Formula 
Cu

2+
 from 

Cu(NO3)2 

Ni
2+

 from 

Ni (NO3)2 

Cd
2+

 from 

Cd(NO3)2 

Appearance blue crystals 
Emerald green 

solid 
white crystals 

Molar mass   

(g·mol
−1

) 
241.6 290.79 236.42 

Standard atomic 

weight 
63.546 58.6934 112.414 

Solubility in water 

g/100 ml 

137.8 (0°C) 

1270(100°C) 

94.2 (20°C) 

158  (60°C) 

325 (15°C) 

 156  (25°C) 

Melting point 114.5 °C 56.7 °C 59.5 °C 

Boiling point 170 °C 136.7 °C 132 °C 

Atomic Radius(pm) 128 124 151 

Van der Waals 

radius(pm)
 *

 
140 163 158 

Electronegativity 

(Pauling scale)
 **

 
1.9 1.91 1.69 

Electrical resistivity 

nΩ·m(20 °C) 
16.78 69.3 72.7(22 °C) 

Magnetic ordering diamagnetic Ferromagnetic diamagnetic 

Density (g/cm
3
) 2.32 2.05 2.455 

Charge 2 2 2 

Company 
BDH 

(England) 

Fluka                                                                      

( Switzerland ) 

RIEDEL-DE HAEN AG 

(Germany) 

* Ppico meter =10
-12 

m. 
P**P Pauling Scale: A dimensionless quantity, on a relative scale running from around 0.7 to 3.98 (Hydrogen was chosen 

as the reference, its electronegativity was fixed first at 2.1, later revised to 2.20). 

Table 3. The main physical properties of the Nanosorbent(manufactural reported). 

Physical Properties of the Nanosorbent, Iron Oxide (Fe3O4) 

Purity 98+% 

Average Particle Size 20-30  nm 

Surface Area 40-60 m
2
/g 

Color Dark Dark Brown 

RL Type of isotherm 

RL > 1 unfavorable 

RL= 1 linear 

RL= 0 irreversible 

0 < RL < 1 favorable 

http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Molar_mass
http://en.wikipedia.org/wiki/Molar_mass
http://en.wikipedia.org/wiki/Atomic_weight
http://en.wikipedia.org/wiki/Atomic_weight
http://en.wikipedia.org/wiki/Solubility
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Density
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Morphology spherical 

Bulk Density 0.84 g/cm3 

True Density 4.8-5.1 g/cm3 

 

 

Table 4. Certificate of Analysis --%   Iron oxide Nanoparticales (manufactural reported). 

Certificate of Analysis --%   Iron oxide Nanoparticales (Fe3O4) 

SiO2 Mn K Cr Ca 

0.142> 0.086> 0.0012> 0.0016  >  0.02290  >  

 

 

 Table 5. Characterizations of Fe3O4 nanosorbents considered in this study. 

 

Table 6. Major experimental parameters that varied in batch experiments. 

 Parameter Range Purpose 

B
a
tc

h
 

pH 3, 4, 5 ,6 and 7 
To find the optimum pH of 

removal efficiency. 

Nanosorbent 

weight 

0.05, 0.1, 0.2, 0.4, 

0.6,0.8, 1,1.2, and 1.4 g 

To plot the equilibrium isotherm 

curves. 

Temperature 20, 35, and 50 °C 
To study the thermodynamic 

parameters of adsorption. 

Initial conc. 
10, 50, 100, and 150 

ppm 

To study the effect of initial 

conc. on the adsorption. 

 

 

 

 

 

 

 

 

 

 

Manufacturer reported 

surface area (m
2
/g) 

Specific surface 

area (m
2
/g) 

External surface 

areas(m
2
/g) 

40-60 63 61 
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Table 7.Thermodynamic constants of adsorption obtained for Cu
+2

, Cd
+2

and 

Ni
+2   

ions sorption onto nanoadsorbent. 

 

 

 

 

 

Metal 
Temperature 

(K) 

∆G⁰ 
(kj.mol⁻1

) 

∆H⁰ 
(kj.mol⁻1

) 

∆S⁰ 
(j.mol⁻1

K⁻1
) 

R
2 

Cu
+2 

293 

308 

323 

-2.23055 

-3.26050 

-3.77921 
 

12.8 0.051 0.964 

Cd
+2 

293 

308 

323 

-0.9404 

-1.69034 

-2.12666 
 

10.59 0.039 0.977 

Ni
+2 

293 

308 

323 

-0.0359 

-0.41427 

-0.7686 
 

7.119 0.024 0.999 
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Table (8). Parameters of single solute isotherm for Cu
2+

, Ni
2+

 and Cd
2+

 ions for nanosorbent 

SINGLE 
PERAMETER MODEL 

Ni
+2 

Cd
+2 

Cu
+2 

5.7933 11.698 9.4223 qm(mg/g) 

  
     
     

 

Langmuir 

,Lin and lai, 2006. 

0.0639 0.0613 0.4247 b(l/mg) 

0.86 0.865 0.8143 R
2
 

0.9446 1.8751 3.544 
K, 

(mg/g)(mg/l)
(1/n)

 

     
   

 

Freundlich 

,Öztürk et al.,2004. 

2.4801 2.4836 3.6695 n,- 

0.8816 0.9217 0.899 R
2
 

1.562e13 0.1569 0.2138 kRP(mg/g) 

    
     

       
   

 

Redlich–Peterson 

,Maurya et al., 2006. 

1.913e13 -0.3198 -0.2283 aRB(l/mg) 

0.556 0.000006 0.00002 ß,- 

0.8807 0.768 0.5604 R
2
 

0.05114 0.5227 0.46034 ks, (l/g) 

   
    

  

      
  

 

Sips 

,Sips, 1984. 

0.00684 0.0498 0.02268 ß 

-0.963 -0.772 -0.8729 as,( l/mg) 

0.865 0.902 0.877 R
2
 

0.34003 0.25353 0.6502 qm (mg/g) 

   
        
(      )  

 

Khan 

,Khan et al., 2006. 

12.7709 139.262 513.204 bk,(l/mg 

0.59743 0.596 0.728 ak 

0.8714 0.9015 0.8887 R
2
 

44.5025 227.12 102.994 qm (mg/g) 

   
        

[  (    )
 
  ]

  
 

Toth 

0.4606 1.8023 736.78 bT 

5.2311 7.443 8.789 nT 

0.877 0.913 0.8908 R
2
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,Vijayaraghavan and Yun, 2008. 
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Table10. Parameters of ternary system solutes isotherms for copper,nickel and cadmium 

ions onto nanosorbent. 

Ternary system 

Model Parameters 
Cu

+2
,Cd

+2
,
 
Ni

+2 
system 

Cu
+2

 Cd
+2

 Ni
+2

 

Combination 

of 

Langmuir-

Freundlich 

Eq.(10) 

qm (mg/g) 0.746 1.78 0.622 

b (l/mg) 2.482 0.098 0.103 

n 1.999 1.065 1.124 

R
2 

0.95 0.874 0.833 
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Figure 1. Scanning electron micrographs for nanosorbent. 

  

 
Figure 2. Effect of different pH  values on 

copper, nickel and cadmium ions  uptake   by 

nanosorbents, Cnanosorbents= 6g/l, Co(Cu, Ni and 

Cd)=50 mg/l. 
 

 

 
 Figure 3.  Adsorption efficiency for 

nanosorbent with different contact time, 

Co=50 ppm, pH=6, Wnanosorbent=0.6 g, 200 

rpm. 
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Figure 4. Percentage of removal adsorption 

efficiency with variation of initial 

concentration, contact time 50 min and 

200rpm 

 

 
  Figure 5. Variation of percentage removal 

with solution temperature, Co=50 ppm, 

contact time 50min.,Wnanosorbent=0.6g, and 

200rpm. 

 
Figure 6. Change in free energy with 

temperature for the adsorption of Cu
2+

, Ni
2+

 

and Cd
2+

 ions by nanosorbent at initial 

concentration of 50 mg/l, and pH 6. 

 

   
 

Figure 7. Adsorption isotherm for copper 

ions onto nanosorbent. 

 

 

 

 
Figure 8. Adsorption isotherm for nickel ions 

onto nanosorbent. 

 

 
Figure 9. Adsorption isotherm for 

cadmium ions onto nanosorbent. 
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Figure 10. Adsorption isotherms of Cu, Ni 

and Cd ions as single solutes onto 

nanosorbent. 

 

 
 

                                                                                      
Figure 11. Comparison of some selective 

models applied in single system for copper 

ions onto nanosorbent. 

 
Figure 12. Comparison of some selective 

models applied in single system for nickel 

ions onto nanosorbent. 

 

 
Figure 13. Comparison of some selective 

models applied in single system for cadmium 

ions onto nanosorbent. 

 

 

 
Figure 14. Adsorption isotherms of copper 

and cadmium ions onto nanosorbent. 

 
Figure 15. Adsorption isotherms of copper 

and nickel ions onto nanosorbent. 
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Figure 16. Adsorption isotherms of cadmium 

and nickel ions onto nanosorbent. 

 

 
Figure 17. A three-dimensional adsorption 

surface for the simultaneous uptake of Cd                                                        

ions onto nanosorbent from Cd ions and Cu 

ions binary mixtures. 

 
Figure 18. A three-dimensional adsorption 

surface for the simultaneous uptake of Cu 

ions onto nanosorbent from Cu ions and Cd 

ions binary mixtures. 

 

 
Figure 19. A three-dimensional adsorption 

surface for the simultaneous uptake of Cd 

ions onto nanosorbent from Cd ions and Ni 

ions binary mixtures. 
 

 
Figure 20. A three-dimensional adsorption 

surface for the simultaneous uptake of Ni ions 

onto nanosorbent from Ni ions and Cd ions 

binary mixtures. 

 
Figure 21. A three-dimensional adsorption 

surface for the simultaneous uptake of Cu 

ions onto nanosorbent from Cu ions and Ni 

ions binary mixtures. 
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Figure 22. A three-dimensional adsorption 

surface for the simultaneous uptake of Ni ions 

onto nanosorbent from Ni ions and Cu ions 

binary mixture. 

  

 
Figure 23. Adsorption isotherms of copper, 

cadmium and nickel ions onto nanosorbent. 

 

Figure 24.  Adsorption of copper, nickel and 

cadmium ions, when used in single system. 

 

 
Figure 25. Adsorption of copper, nickel and 

cadmium ions, when used in binary system. 

 

 
Figure 26. Adsorption of copper, nickel and 

cadmium ions, when used in ternary system.
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ABSTRACT 

This paper studies the effect of mean wind velocity on tall building. Wind velocity, 

wind profile and wind pressure have been considered as a deterministic phenomenon. 

Wind velocity has been modelled as a half-sinusoidal wave. Three exposures have been 

studied B, C, and D. Wind pressure has been evaluated by equation that joined wind 

pressure with mean wind velocity, air density, and drag coefficient.  

Variations of dynamic load factor for building tip displacement and building base 

shear have been studied for different building heights, different mode shapes, different 

terrain exposures, and different aspect ratios of building plan. SAP software, has been 

used in modelling and dynamic analysis for all case studies. 

Results For different building heights considered maximum dynamic load factor 

(DLF) occurs in height range from 100-150m because fundamental building frequency is 

so close as to dominate wind frequency. Effect of higher modes become insignificant for 

height greater than 175m. Effect of three different terrain exposures B, C, and D on DLF 

for tips displacement and building base shear have been insignificant effect on response of 

tip displacement and building base shear. . Finally, effect of aspect ratio   for different 

building heights with dynamic load factor (DLF) for tips displacement and for building 

base shear have   approaching 2, fundamental building frequency is so closed to dominate 

wind frequency. 

 

KEY WORDS: dynamic load factor, frequency, terrain. 

 

 لبناياث العاليت متعذدة الطوابقلتأثير أحمال الرياح على ا التحليلاث المحذدة 

 
 السلمانيحميذ أشرف                                                                                صلاح رحيمت عبيذ                 

 هدزض هعاعد                                                                      دكحىز                      –هدزض   

 كلُة الهٌدظة                                                                                               كلُة الصزاعة    

 جاهعة بغداد                                                                                      جاهعة بغداد             

 

 الخلاصت

والارٌ جان اعحراازٍ كراا س  ظسعة السَاح ، هقطع السَاح و ضغط السَااح جوث دزاظة جأثُس السَاح فٍ هعدلاجها ، 

و  Cو  Bظسعة السَاح جوث هعاهلحها كدالة ًصف جُررة. جان جصاٌُف اضزا الاً ثانخ هٌاارض جعاسا  اٍ هحدد  ، 

D.جن جقُُن ضغط السَاح هي خنل هعادلة جسبط ضغط السَاح بوعدل ظسعة السَاح و كثافة الهىاء و هعاهل اضعاقة . 

جوث دزاظة  جأثُس السَاح فٍ هعدلاجها ، علً اخحنف هعاهال الحوىلاة الدٌَاهُةُاة ضقصاً اشاااة واكرسقاى  قا  

فٍ القاعد  اخرَي بٌرس اضعحراز الوعاهنت الحالُاة  ازجاااا الرٌاَاة ، خةاىًة جساازَط الوٌطقاة، راىز اض حاصاش، ًعارة 

 الطىل الً العسا بالٌعرة للرٌاَة. 

د  ازجااعااات للرٌاَااة ضقصااً اشااااة واكرااس قااى  قاا  فااٍ القاعااد  هااع اخااحنف هعاهاال الحوىلااة لعااكاًااث الٌحااا   

(م وذلك بعرب هعاهال الحوىلاة الدٌَاهُةُاة َاصداد عٌاد اقحاسا  051-011الدٌَاهُةُة جحدخ فٍ هدي ازجااا الرٌاَة بُي )

 جسدد السَاح هي أاد جسددات الرٌاَة.

mailto:ashraf.hameed@gmail.com
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اخااحنف هعاهاال الحوىلااة الدٌَاهُةُااة ضقصااً اشااااة واكرسقااى  قاا  فااٍ هااع  رااىز اض حااصاشجااأثُس بالٌعاارة لٌحااا   

 .م075القاعد  كاى الحأثُس غُس ههن  عٌدها َةىى ازجااا الرٌاَة اكرسهي  

اخاحنف هعاهال الحوىلاة الدٌَاهُةُاة ضقصاً اشااااة هاع  Dو  Cو  Bكاًاث ًحاا   جاأثُس هٌاارض الحعاسا الاثنخ 

 جأثُس ا  غُس ههن.واكرسقى  ق  فٍ القاعد  

اخاحنف هعاهال الحوىلاة الدٌَاهُةُاة ضقصاً هاع اخُسا كاى جأثُس اخحنف ًعرة الطىل الً العسا بالٌعرة للرٌاَة 

وذلك بعرب هعاهل الحوىلة الدٌَاهُةُة َصداد عٌد اقحسا   2وَة الً هعا λاشااة واكرسقى  ق  فٍ القاعد  عٌدها جةىى 

 رٌاَة.جسدد السَاح هي أاد جسددات ال

 

 الةلوات الس ُعة  هعاهل الحوىلة الدٌَاهُةُة ، الحسدد ، الحسازَط.

 

1.   INTRODUCTION 

  To study the effect of mean wind velocity for high-rise buildings, different 

parameters have been studied in this study: 

 

Time Function of Gust Front Winds 

A half-sine wave could be used to describe time-varying feature of 

windstorms. Even though it may not represent the exact time variation of winds 

in a typical gust-front, it captures the underlying feature potentially responsible 

for enhanced loads. At a future time, this description may be revised once a 

sufficient number of measurements become available and an acceptable 

description of this function is arrived at based on an ensemble average of such 

observations. The function is defined as, ,Kwon, and Kareem, 2013. 

 

 ̅̇        ̇̅     
 

  
                                                                                                                              (1) 

                                                                                                                               

where td, is pulse duration of the excitation. The simplicity of above 

expression is an attractive feature, as it requires only a single parameter td in 

addition to  ̅̇  ,Kwon, and Kareem, 2013. 

 

Wind Profile 

Every building site has its own unique characteristics in terms of surface 

roughness and length of upwind terrain associated with the roughness. Simplified 

code methods cannot account for the uniqueness of the site. Therefore, the code 

approach is to assign broad exposure categories for design purposes, ,Taranath, 

2005. 
Similar to the ASCE method, the UBC distinguishes between three exposure 

categories; B, C, and D. Exposure B is the least severe, representing urban, 

suburban, wooded, and other terrain with numerous closely spaced surface 

irregularities; Exposure C is for flat and generally open terrain with scattered 

obstructions; and the most severe, Exposure D, is for unobstructed coastal areas 

directly exposed to large bodies of water, Taranath, 2005. 

Each exposure differs from another exposure in the thickness of boundary layer 

and power law. Exposure B is depicted with power law        with thickness 

of boundary layer 366m. On the other hand, exposure C is depicted with power 

law        with thickness of boundary layer 274.5m. Finally, exposure D is 

depicted with a power law        with thickness of boundary layer 213.5m, 

,Taranath,2005. Equations below depicted mean wind velocity within the 

atmospheric boundary layer:  
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 ̅̇     ̅̇(    ) (
 

    
)
 

                                                                                                    (2) 

 ̇̅    is the mean wind speed at height z above the ground,      is the 

reference height, and   is the power law exponent, depending on the type of the 

exposure,Balendra,1993. 

 

Wind Pressure: 

For calculating the wind pressure, Eq. (3) that is prepared for wind force, 

should be adjusted by dividing by B: 

 

   
 

 
    [ ̅̇   ]

 
                                                                                                                                     (3) 

 

   
 

 
   [ ̇̅   ]

 
                                                                                                                                                            (4) 

where    is the drag pressure in Pa,   is the density of air (1.2 kg/m
3
), CD is 

the drag coefficient, and [ ̅̇   ]  is the square of mean wind velocity in m/sec, 

which, is within the atmospheric boundary layer is described by power law in 

Eq.(2). 

By substitute Eq. (2) into Eq. (4), the drag pressure will be: 

   
 

 
   [ ̇̅      ]

 
[(

 

    
)
 

]
 

                                                                                      (5) 

 

Drag Coefficient: 

For rectangular buildings, the drag coefficients depend strongly upon aspect 

ratio  , which equal to D/B, 

  
                                       

                                        
                                                                (6) 

See Table1. ,Simiu, and Robert, 1996.  

Response Spectrum for Wind Load 

Based on above discussions, it is clear that wind drag force and wind drag 

pressure will be in a quadratic proportional relation with wind velocity, which in 

turn is a sinusoidal function. Then wind pressure and wind force will be a 

sinusoidal function with second power order. 

Dynamic load factor (DLF) for single degree of freedom systems when 

subjected to above second power sinusoidal function has been determined 

numerically based on Matlab routine. Results have been depicted graphically in 

Fig.1. 
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2. SAP MODELLING 

Frame Element 

Frame element has been used in model of building beams and columns. The frame 

element is a very powerful element that can be used to model beams, columns, braces, 

and trusses in planar and three-dimensional structures. A Frame element is modeled as 

a straight line connecting two points. Each element has its own local coordinate system 

for defining section properties and loads, and for interpreting output. 

Each Frame element may be loaded by gravity (in any direction), multiple 

loads (concentrated, distributed, strain deformations etc.). Element internal 

forces are produced at the ends of each element and at a user specified 

number of equally spaced output stations along the length of the element 

,CSI, 2009. 

Shell Elements: 

SAP shell element that could accommodate arbitrary geometry, and which 

could interact with edge beams and supports, has been used in slab modelling for 

floors and roofs ,Wilson,2002.  

Mass Modelling 

In SAP, mass and weight serve different functions. Mass is used for the 

inertia in dynamic analyses, and for calculating the built-in acceleration loads. 

Weight is a load that one defines and assign to one or more members, and could 

then be applied to one or more load cases. 

SAP offers three different methods, shown in the interactive box below, to 

generate mass matrix see Fig.2 

The two approaches in Fig.2 could be combined together with From Element 

and Additional Masses and Loads option,  

In this work, the applied load that consists of dead and live loads have been 

applied through From Loads option.  

SAP Wind Idealization: 

 

2.1.1 Spatial modeling of wind load 

With SAP, the following steps could be followed to define spatial variation 

in drag wind pressure: 

 Create an area with "None" properties (SAP offers such types of area object to 

be used in cladding modeling). 

 Assign uniform pressure to the created area with a magnitude, which depends 

on story level (calculated from wind profile). 

 

2.1.2 Temporal modelling of wind load: 

With SAP, time function is used to define temporal variation in wind 

pressure. 

 

2.1.3 Load case definition 

Finally, temporal and spatial time variation are merged together through load 

case definition. 

This procedure is called the mode superposition method, or more precisely 

the mode displacement superposition method, ,Clough, and Penzien, 2003. 

 

 

 

mk:@MSITStore:C:/Program%20Files/Computers%20and%20Structures/SAP2000%2014/SAP2000.chm::/Menus/Define/Load_Cases/Applying_Acceleration_Loads.htm
mk:@MSITStore:C:/Program%20Files/Computers%20and%20Structures/SAP2000%2014/SAP2000.chm::/Menus/Define/Load_Pattern/Define_Load_Patterns.htm
mk:@MSITStore:C:/Program%20Files/Computers%20and%20Structures/SAP2000%2014/SAP2000.chm::/Menus/Define/Load_Cases/Define_Load_Cases.htm
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3.  CASE STUDY 

Structural system for all case studies of this chapter has been assumed as Bundled 

Tube system, as this system is the most suitable one for considered height range. 

Within case studies of these sections, dynamic load factor for mean wind pressure has 

been determined for different: (Heights, Modes, Roughness, Aspect Ratio, and Gust.  

In all case studies, following data have been used, see Table 2. 

 Building self-weight has been computed automatically by the SAP 

 Mean wind speed has been assumed to be 45 m/sec with a sinusoidal time 

history. 

 Slab thickness for floors, roofs, and shear walls has been assumed 0.2m. 

 Damping ratio has been assumed 0.03 for all modes, ,Arkawa, and 

Yamamoto, 2004. 
Height Versus Dynamic Load Factor: 

Five buildings with different heights of 60, 120, 180, 240, and 300 m have 

been considered. For all buildings, plan dimensions have been assumed 63m by 

63m. 

Exposure B and wind gust time duration of 5 sec have been assumed with all 

heights with drag coefficient 1.18. 

Results for above different heights have been presented, summarized, and 

discussed in sub-sections below: 

For example, one hundred story (300m height) has been presented 

 

3.1.1 One hundred story high building 

SAP rendering view for the building has been shown in Fig.3: 

Time history for tip displacement and building base shear are shown in Fig.4  

and 5. 

 

3.1.2 Summary of results for different heights 

Variation of tip displacement and building base shear with building height 

have been summarized in Table.3, Fig.6, and 7 

From Table 3. and Fig.6 and Fig.7, maximum DLF occurs in height range 

from (100-150)m. Comparing between wind response spectrum that discussed in 

section 1.5 (reproduce here for convince), one can conclude that within this 

height range, fundamental building frequency is so close as to dominate wind 

frequency.  

Modes Versus Dynamic Load Factor: 

This section aims to discuss the effect of higher modes on accuracy of 

estimating DLF under mean wind pressure.  

 Dynamic responses for five buildings with different heights (60, 120, 180, 240, 

and 300 m) have been estimated based on and including (first mode only, first 

and second mode, and lower 12 modes. 

For all buildings, plan dimensions have been assumed 63m by 63m with drag 

coefficient 1.18 and with gust time 5sec. 

Results for tip displacement and building base shear with different modes are 

summarized in the Fig.8 and Fig.9 below. From these Figures, one can conclude 

that for buildings that have plan similar to considered in this study, effects of 

higher modes become insignificant for building height greater than 175m. While 

for lower heights, at least lowest two modes, they should be considered in 

building dynamic response.  
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Roughness Versus Dynamic Load Factor: 

Effects of terrain exposure on DLF have been considered in this section. 

Wind pressures that are derived based on three different exposures (B, C, and D) 

have been subjected on buildings with different heights (60, 120, 180, 240 and 

300 m). All buildings considered in this section have plan dimensions of 63m by 

63m with drag coefficient 1.18 and with gust time 5sec. 

Results for DLF for tips displacement and DLF for building base shear 

versus height for the three terrain exposures have been summarized in Fig.10 and 

11. From these Figures, one can conclude that for buildings that are considered in 

this section, terrain exposure has insignificant effect on response of tip 

displacement and building base shear.  

Aspect Ratios Versus Dynamic Load Factor: 

Effect of aspect ratio for building plan on DLF for tip displacement and 

building base shear are considered in this section. Aspect ratio in this section is 

defined as Eq. (6) 

Four different “D” values (20, 40, 100, and 200) with constant “B” value of 

20m have been considered. These lead to four different aspect ratios “ ” of 1, 2, 

5, and 10. For each aspect ratio, corresponding drag coefficient “CD” has been 

determined based available wind tunnel data, ,Simiu, and Robert, 1996. 

Exposure B, wind gust duration of 5 sec, and building height 150m have 

been assumed with all case studies of this section. 

Results of DLF for tips displacement and DLF for building base shear versus 

aspect ratio are summarized in Table 4. Fig.12, and 13. Tables and Figures, 

show that maximum DLF tip displacement occurs when   approaches 2. 

Comparing between wind response spectrums discussed in section 1.5, one can 

conclude that within this   range, fundamental building frequency is so close to 

dominate wind frequency.  

 

4.  CONCLUSIONS 

 Based on modeling of building beams and columns as frame elements, and modeling of 

floors, roofs and shear walls as shell elements, and modeling of wind gust as a sinusoidal 

function, following results and conclusions have been obtained:  

 For different building heights considered in this study, it has been noted that the 

maximum dynamic load factor (DLF) occurs in height range from 100-150m. Within this 

height range, fundamental building frequency is so close as to dominate wind frequency. 

 In an attempt to determine effects of higher modes on dynamic response of tall buildings, 

different numbers of mode shapes have been included in this study. From tip 

displacement and base shear results, it has been noted that for buildings, that have a plan 

similar to that considered in this study, effects of higher modes become insignificant for 

height greater than 175m. While for lower heights, at least lowest two modes they should 

be considered in building dynamic response.  

 Effects of three different terrain exposures B, C, and D on DLF for tips displacement and 

DLF for building base shear have been considered. Based on obtained results, it has 

found that terrain exposure has insignificant effect on response of tip displacement and 

building base shear.  

 Dynamic load factor (DLF) for tips displacement and for building base shear have been 

determined for different aspect ratios of building plan. Based on obtained results, it is 

noted that maximum DLF occurs when   approaching 2, where within this   range, 

fundamental building frequency is so closed to dominate wind frequency. 
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NOMENCLATURE 

 = cross sectional area, m2 

B= plan dimension across wind direction, m 

  = drag Coefficient, unit less 

D=plan dimension along wind direction, m 

DLF =dynamic load factor  
        

       
 

   drag Force 

   drag pressure in Pa 

   pulse duration 

  period of motion 

 ̇̅    velocity in time domain, m/sec 

 ̇̅    mean wind speed, m/sec 

 ̇̅(    )  mean wind speed depending on building site, m/sec 

 ̇̅        mean wind speed on gust front, m/sec 

  =height above the ground, m 

   roughness length, m 

      height where  ̅    occurs , m 

     gradient height (thickness of boundary layer) , m 

  =power law 

  =air density 

  =aspect ratio D/B, unit less 
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   the nth mode shape 

  =modal Matrix 

 

 

 

Figure 1. Response spectrum for square of-sinusoidal pressure of duration td 

where td, is pulse duration of the excitation, T is the period of motion   

  √
 

 
,       

        

       
. 

 

Figure  2. SAP Interactive box for mass definition. 
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Figure 3.  Isometric for 100 stories building. 

 

Figure 4. Tip displacement on   0 stories. 
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Figure 5. Building base shear at X-coordinate on     stories. 

 

Figure 6. Height versus dynamic load factor for tip displacement. 
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Figure 7. Height versus dynamic load factor for building base shear. 

 

Figure 8. Modes versus dynamic load factor for tip displacement. 
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Figure 9. Modes versus dynamic load factor for building base shear. 

 

Figure 10. Roughness versus dynamic load factor for tip displacement. 
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Figure 11. Roughness versus dynamic load factor for building base shear. 

 

 

Figure12. Aspect ratios versus dynamic load factor for tip displacement. 
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Figure  13. Aspect ratios versus Dynamic load factor for building base shear. 

Table 1. Drag coefficients for a rectangular plate normal to smooth flow. 

 
Rectangular Plate in 

Normal Wind 

Rectangular Plate on Ground Standing on 

Long Side 

Aspect 

Ratio 
1.0 2.0 5.0 10.0 20.0 40.0   1.0 10.0   

   1.18 1.19 1.20 1.23 1.48 1.66 1.98 1.10 1.20 1.20 

 

Table 2. Specifications of structural buildings with loads and cross sections. 

Structure 

Loads   

Dead kN/m
2
 Live kN/m

2
  Line kN/m Span 

Cross 

Section 

Beams 2.5 3.0 - 4.5         

Columns 4.0 1.5 - 3.0         

Portions - - 1.5 - - 
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Table 3. Different heights with tip displacements and base shear. 

Building 

Ht. 

(m) 

Fund. 

Time 

Period 

(sec.) 

Static Load Dynamic Load DLF 

Tip Disp. 

(m) 

Building 

Base 

Shear 

(kN) 

Tip 

Disp. 

(m) 

Building 

Base Shear 

(kN) 

Tip 

Disp. 

(m) 

Building 

Base Shear 

(kN) 

60 0.46 0.0201 2419.2 0.022 2386.0 1.09 0.99 

120 0.65 0.0165 6066.9 0.026 8237.0 1.58 1.36 

180 0.83 0.060 10376.1 0.092 13690.0 1.54 1.32 

240 0.98 0.140 15157.8 0.191 15350.0 1.37 1.01 

300 1.19 0.290 19901.7 0.316 16060.0 1.09 0.81 

 

Table 4 Aspect ratios versus dynamic load factor on displacement and building base shear. 

Aspect 

Ratio 

  

Drag 

Coefficient 

CD 

Static Load Dynamic Load DLF 

Tip 

Disp. 

(m) 

Building 

Base 

Shear 

(kN) 

Tip 

Disp. 

(m) 

Building 

Base 

Shear 

(kN) 

Tip 

Disp. 

(m) 

Building 

Base 

Shear 

(kN) 

1 1.18 0.1754 2604 0.2832 3279 1.61 1.26 

2 1.19 0.069 2538 0.1139 3391 1.65 1.34 

5 1.20 0.0281 2640 0.0458 3666 1.63 1.39 

10 1.23 0.0146 2718 0.0237 3799 1.62 1.40 
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ABSTRACT 

        In this work, strains and dynamic crack growth were studied and 

analyzed in thin flat plate with a surface crack at the center, subjected to 

cycling low velocity impact loading for two types of aluminum plates 

(2024, 6061). Experimental and numerical methods were implemented to 

achieve this research. Numerical analysis using program (ANSYS11-

APDL) based on finite element method used to analysis the strains with 

respect to time at crack tip and then find the velocity of the crack growth 

under cycling impact loading. In the experimental work, a rig was 

designed and manufactured to applying the cycling impact loading on the 

cracked specimens. The grid points was screened in front of the crack tip 

to measure the elastic-plastic displacements in the x and y direction by 

grid method, from which the strains are calculated. The results show that 

the strains increase with increasing in the crack length. It was found that 

the cumulative number of cycles leads to increase in the strain values with 

increasing in crack growth velocity.  

                                                                                                                         

Key words: strain, velocity, crack tip, analysis, plate. 

 

صفيحة رقيقة جحث جأثير حمم صذمة محكررفي نشق سطحي  الأنفعال جحهيم  

 

   و.و. بساو عهي احمذ                                                             انشماع عبذ انصاحب  د. فححي أ.و.                        

 انُٓذست انكٓشٔيٍكاٍَكٍت             لسى انُٓذست انًٍكاٍَكٍت                              

 انجايعت انخكُٕنٕجٍت / ستكهٍت انُٓذ                   جايعت بغذاد                                     /كهٍت انُٓذست    

 

 ةانخلاص
 ٔيسخٌٕتنصفائح سلٍمّ  ٔحشكت ًَٕ انشكالأَفعالاث فً ْزا انعًم حى دساست ٔححهٍم         

 راث سشعت يُخفضت دٔسي ك سطحً فً ٔسطٓا ٔيعشضت نحًم صذيتش عهى ححخٕي

حى اسخخذاو طشق عًهٍت ٔعذدٌت لاَجاص ْزا ( .2026,0001ٔنُٕعٍٍ يٍ سبائك ألانًٍُٕو )
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بألاعخًاد عهى طشٌمت  (ANSYS11-APDL)أسخخذاو بشَايج حى  انعذدي انخحهٍمفً  انعًم.

عت ًَٕ ٔيٍ ثى حساب سش نهضيٍ عُذ لًت انشك ة ٔرنك نخحهٍم الأَفعالاث بانُسبتانعُاصشانًحذد

حى حصًٍى ٔحصٍُع جٓاص نخسهٍظ حًم  فً انجضء انعًهً انًخكشس. انشك ححج حأثٍش حًم انصذيت

رنك نمٍاط لًت انشك ٔ انصذيّ انًخكشس عهى يشكض انعٍُّ. حٍث حى طباعت شبكّ انُماط عُذ يمذيت

 .ٔبانخانً اٌجاد الاَفعالاث انًخٕصعّ حٕل لًت انشك انصذيّ انخكشاسي الاصاحاث بطشٌمت انشبكت

انًخٕنذِ حضداد بأصدٌاد طٕل انشك كزنك أظٓشث بأٌ عذد الأَفعالاث ٔلذ أظٓشث انُخائج بأٌ 

 شعت ًَٕ انشك . ٔبانخانً صٌادة س َفعالاثانذٔساث انخشاكًً ٌؤدي انى صٌادة لٍى الأ

 

 . صفٍحتححهٍم,  لًت انشك, سشعت, أَفعال, : انكهمات انرئيسية

 

1. INTRODUCTION 

          In real life cracks may occur in some parts of structure that may 

lead to failure like accidental cracking of welded connection, explosion of 

pressure vessel, buildings and sudden failure of jet aircraft. Therefore, 

strain analysis and study the cracks propagation within structures is very 

important to improve the design against fracture, ,Ayoub, 1984.  In this 

work, strain of surface cracked thin plate under cyclic loading was 

analyzed. Cycling load involved in many structures such as automobiles 

(piston inside cylinder), wing of aircraft, bridges, and machines 

structures. In general, three different fluctuating stress-time modes are 

possible. One is represented schematically by regular and sinusoidal time 

dependence. Where in the amplitude is symmetrical about mean zero 

stress level, alternating from a maximum tensile stress to a minimum 

compressive stress of equal magnitude, this is a reversed stress cycle. 

Another type, termed repeated stress cycle, is illustrated the maximum 

and minimum are asymmetrical relative to the zero stress level. Finally 

the stress may vary randomly in amplitude and frequency. Gears are 

subjected to reversed stress cycles, while the connected rod in a petrol 

engines and the wing of an aircraft are subjected to repeated stress cycles, 

,Stephens, et al., 2001.  

There are many researcher were studied the strain at crack tip with 

different fluctuating stress-time modes. ,Toribio, and Kharin, 2009. 

studied the plane-strain crack subjected to mode I cyclic loading under 

small scale yielding. ,Sahoo, et al., 2007. analyzed the effects of 

plasticity on the stress and deformation field near the crack tip, while 

,Boljanovic, 2012. proposed a computational model for estimating the 

crack growth behavior and fatigue life of a plate with a semi-elliptical 

surface crack. 

The aim of this work is to build up a model described the strain behavior 

at crack tip to thin plate under cyclic loads. A rig system will be designed 

and manufacturing for this purpose. ANSYS11-APDL package will be 

employed to build up the model and analysis the strains. 

 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                     

142 
 

       2. NUMERICAL ANALYSIS    

        Numerical analysis of structures subjected to various kinds of 

actions is an important issue for structural safety. A numerical method 

can be used to obtain an approximate solution; approximate numerical 

procedures have become very accurate and reliable for the solution with 

the advent of high speed digital computers, Kareem, 1998. Solving 

fracture mechanics problems involves performing a linear elastic or 

elastic-plastic state analysis and then using specialized post processing 

commands or macros to calculate desired fracture parameters. The 

following topics describe the two main aspects of procedure: 

       1. Modeling the crack region. 

         2. Selecting of element and meshing. 

       3. Calculating fracture parameters. 

In this research, the ANSYS software APDL is used for solving fracture 

problem. Selecting of element and meshing: The element Solid185 is 

used for 3D modeling of solid structures. It is defined by eight nodes 

having three degrees of freedom at each node, translations in the nodal x, 

y and z directions. The element has plasticity, hyper elasticity, stress 

stiffening, creep, large deflection, and large strain capabilities. It also has 

mixed formulation capability for simulating deformations of nearly 

incompressible elastoplastic materials, and fully incompressible hyper 

elastic materials. The boundary conditions are clamped-clamped with 

simply supported at the other edges plate and clamped-clamped with free 

at the other edges plate. 

 

                  2.1 The Crack Region Modeling  

       Stress and deformation fields around the crack tip generally have 

high gradients. The precise nature of these fields depends on the material, 

geometry and other factors. To capture the rapidly varying stress and 

deformation fields, use a refined mesh in the region around the crack tip. 

For linear elastic problem the displacement near the crack tip (or crack 

front) vary as  √  , where (r) is the distance from the crack tip. The 

stresses and strains are singular at the crack tip, varying as 1/√ . To 

produce this singularity in stresses and strains, the crack tip mesh should 

have certain characteristics, the crack faces should be coincident and the 

elements around the crack tip (or crack front) should be quadratic, with 

the mid side nodes placed at the quarter points. Such elements are called 

singular elements. Fig.1 

 

2.2 Loads and Boundary Conditions 

        The cycling impact loading is applied at the cracked thin flat plate; 

the boundary conditions are clamped-clamped with simply supported at 
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the other edges plate and clamped-clamped with free at the other edges 

plate. Fig.2 

 

 3. EXPERIMENTAL WORK  

         A rig system was designed and built up to achievement this work. 

The main purpose of rig system design to get a cycling impact loading to 

strike vertically at center of plate’s surface and measurement the induced 

deformations and calculated the strains. It consists of electric motor, 

control number of cycle’s equipment, gearbox, one step of pulleys and 

impactor arm. The specifications of electric motor were, power (100watt), 

voltage (220 volt), frequency (50Hz), and rotation velocity (780rpm) was 

reduced by gearbox that have a reduction ratio (1:40), the step of pulleys 

having (53mm) diameter of pinion pulley and (64mm) diameter of wheel 

pulley so as a reduction ratio (1:1.2), so that have a velocity for pinion 

pulley (19.5rpm) and suitable velocity for the wheel pulley (16.25rpm). A 

control number of cycle’s equipment determinates the number of cycles 

needed to strike a plate’s surface, for this work, the number of cycles was 

(1000 cycle/sec). The impactor mass (1.5kg), which have a hemispherical 

end (R=1.5mm), moves vertically to strike the plate’s surface. The 

distance between end of impactor and the surface of plate was constant 

(80mm). The samples were hold from four sides (clamped-clamped with 

simply supported at the other edges) and once again through (clamped-

clamped with free at the other edges). Fig.3 is shown the experimental 

rig. Two types of metals were used in this work, aluminum (2024) and 

aluminum (6061). The specifications of metals have shown in tables 1. 

and 2.  A grid has been printed in the front of the crack tip with square 

grid for measuring the displacements of each point after deformation by 

cycling impact load. 

 

 3.1 Procedure of Work        

         Grid method is one of the methods of strain analysis, which is whole 

field in nature. In order to determine displacements and strain 

components at given points of arbitrarily shaped surfaces a grid can be 

engraved on the surface to be studied. This grid acts as a reference 

element and the changes that the grid experiences from the unreformed to 

the deformed conditions can be utilized to determine either displacements 

or strains. Two difficulties are encountered which limit the use of grids 

for measuring deformations; firstly, the strains to be measured are usually 

very small, and in most cases the displacement readings are difficult to 

make with sufficient accuracy. This is particularly true in strain analysis. 

However, this method is very much suitable for the study of deformation 

in materials .Secondly, when the photographs of the grid network are 

magnified by microscope, the images of the grid lines are usually poorly 
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defined introducing appreciable errors into the displacement readings. 

This method has the advantages that a photographic record of 

deformations covers the entire field of the specimen. This record can be 

obtained for either static, dynamic elastic or plastic deformations. The 

strain was measured directly. The distance between the grid lines on the 

model was measured by a microscope by keeping the magnification of 

microscope same before and after loading. The specimen was impacted 

vertically through a number of cycles by the impactor on the center of the 

sample. The number of the cycles was controlled by controlling 

equipment.  The grid method was used to calculate the displacement in X-

axis (u) and in Y–axis (v). The dimensions of grid were (30 mm×30 mm) 

and the length of square is (1mm) .The grid was photographic before and 

after the cycle of the sample and the measurements of the displacements 

was taken by microscope as shown in Fig.4 for all the samples. Then the 

strains at the surface crack tip were calculated in the plate.  

 

3.2 Boundary Conditions Change under Cyclic Impact Load 

   Two types of boundary conditions were used in this work. The first, 

clamped-clamped with simply supported at the other edges plate (CSCS) 

as shown in Fig.5. The second of boundary condition, clamped-clamped 

with free at the other edges plate (CFCF) as shown in Fig.6. 

 

4. RESULTS AND DISCUSSION 

      The results showed substantial convergence in the numerical analysis 

with experimental work and illustrated the effect of cyclic impact load on 

the strains and crack growth velocity at surface crack tip due to number of 

cycles. 

4.1 Numerical Analysis (ANSYS Program) 

4.1.1 The effect of the crack lengths on the strains 

      The extension in length (deflection) is direct proportional with applied 

stresses that means the increasing in crack length which leads to increase 

the values in strain as shown in Fig.7 to 10. The instantaneous length of 

crack for aluminum 6061 is greater than aluminum 2024.Because the 

aluminum 6061 is more ductile than the aluminum 2024 (young modulus 

for aluminum 2024 greater than aluminum 6061). Increasing in the 

cumulative number of cycles leads to increase in the strains with 

nonlinear behavior so that the increasing in crack length also will be 

nonlinear .The yield region will be not appoint, so that there is some 

limiting values that strain hardening will affect the results therefor the 

rate of increasing curve slope will be low till nearly 600 cycles then after 

that, the rate of curve slope will have a high increasing. Materials 

especially metals tend to exhibit a yield stress, above which they deform 

plastically. This means that there is always a region around the tip of a 
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crack in a metal, where plastic deformation occurs, and this plastic region 

is known as the crack tip plastic zone. The plastic zone size vary with the 

number of cycles and it increases with increase the number of cycles, 

because the increase in the number of cycles means increasing in the 

applied stresses that is leading to increase in the plastic zone size. 

 

4.1.2 The effect of the boundary conditions on the strains          

      Fig. 11 to 14. show, the results of the strain values at clamped-

clamped with free at the other edges boundary condition will be higher 

from the clamped –clamped with simply supported at the other edges 

boundary condition by maximum error percentage (17%) for Al-6061 and 

(18.9%) for Al-2024 between numerical analysis and experimental work, 

this is because the value of the deflection at clamped-clamped with free at 

the other edges will be higher from clamped-clamped with simply 

supported at the other edges, that is leading to the stress and strain values 

become higher.  

 

4.1.3 The effect of the crack growth velocity on the strains 

       The crack growth velocity depends on the applied stress which 

increases with increase the cumulative number of cycles that means the 

crack growth velocity increases with increasing in the number of cycles. 

As shown in the Fig. 15 and 16. noticed after 500 cycles nearly for 

aluminum 2024, the crack propagation values were started more 

increasing and faster propagate before500 cycles, while for aluminum 

6061 after 525 cycles nearly the crack propagation values were started 

more increasing before 525 cycles, So that the plastic zone consists at 

aluminum 6061 before aluminum 2024 and the crack propagation at 

aluminum 6061 faster from aluminum 2024. The main reason of this case, 

the effect of  ductility of material on the stress and strain values under 

cycling impact loading will become more clearly appeared in aluminum 

6061rather than in aluminum 2024 and noticed from ANSYS program 

results the crack growth velocity values were increased with increasing 

the crack length and aspect ratio of plate. The crack propagation don’t 

occur under impact load only because the plastic zone due to low velocity 

impact with applied cyclic loading which cause crack propagation. 

 

4.2 Experimental Work  

4.2.1 The effect of the crack lengths on the strains    

        Fig. 17 to 20. illustrate the effect of the experimental combined load 

(cycling impact load) on the strains at surface crack tip due to number of 

cycles with crack lengths (7mm, 10mm) and constant depth (2mm) for 

aspect ratio (1) of aluminum plates. Maximum error percentage of strains 
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(12.5%) for aluminum 6061 and (13%) for aluminum 2024 between 

experimental work and numerical analysis. 

 

4.2.2 The effect of the boundary conditions on the strains 

       Fig. 21 to 24. illustrate the effect of the experimental under cycling 

impact load on the strains at surface crack tip due to number of cycles 

with boundary conditions, clamped-clamped with free at the other edges 

and clamped-clamped with simply supported at the other edges, with 

crack length (6mm) for aspect ratio (1). 

  

      5. VERIFICATION     

       Fig. 25 to 28. show the behavior of metal in the distribution of strains 

with number of cycles at different crack lengths for methods, numerical 

analysis and experimental work. Noticed that the behavior of metal for 

the ANSYS program more regularly than experimentally, because 

ANSYS program be more accurate while it is natural there would be an 

error in the proportion of experimentally. When the results of 

experimental work were compared with the results of the numerical 

analysis found the maximum error in strain (18.9%). In experimental 

work was found that values of displacements were higher at crack-tip and 

reduced when leaving the crack tip. Thus, the strains have greatest value 

at crack tip. The determination time of entry of the specimen in the plastic 

zone in experimental work was very difficult. But in the ANSYS program 

it was identified as the time when the specimen in the region of the plastic 

zone. Also it was found that in numerical analysis (ANSYS program), the 

strains have greatest value at crack tip.  

 

       6. CONCLUSIONS    

      1. Plastic zone has a significant effect on crack growth velocity under 

cycling impact loading for two materials used in this work. There are 

some specific values of strains at which strain hardening effect on the 

results. Therefore the rate of curve slope will be lower until about 600 

cycles. After that, the rate of curve slope will back to increase.  

2. The number of cycles has a significant effect on crack growth velocity 

specially at 400 cycles were the rate of increasing of crack growth 

velocity will be very high which is reflect the effect of plastic zone.  

3. The effect of ductility of material on the strains under cycling impact 

loading will become more pronounced in aluminum 6061rather than in 

aluminum 2024. 

4. With cumulative number of cycles under the cycling impact loading on 

the plate, using clamped-clamped with simply supported at the other 
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edges boundary condition was better than clamped-clamped with free at 

the other edges.  
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NOMENCLUTURE 

                     Ar = aspect ratio, dimensionless. 

Lc = crack length, mm. 

       Strains at crack- tip region, dimensionless. 

 

Table1. The specifications of aluminum 2024. 

Young 

modulus 

(E)Gpa 

Yield  Tensile 

Strength (  ) 

Mpa 

Ultimate 

tensile 

strength 

(     ) Mpa 

Poissons 

ratio( ) 

Density 

3
)Kg/m ( 

73 325 470 0.33 2780 

 

                    Table2. The specifications of aluminum 6061. 

Young 

modulus 

(E)Gpa 

Yield  Tensile 

Strength 

(  ) Mpa 

Ultimate tensile 

strength (     ) 

Mpa 

Poisson’s 

ratio( ) 

Density 

3
)Kg/m ( 

69 275 310 0.33 2700 
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Figure1. 3D Model with solid185. 

 

 

 

 

 

Figure1.Load and B.C 

 

  Figure2. Load and B.C. 
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Figure3. Rig system. 

 

 

 

 

 

 

 

 

Figure4. Crack with grid. 
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    Figure5. CSCS-Boundary Condition. 

 

         

       Figure6. CFCF-Boundary Condition. 
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          Figure7. Єx Numerical with number of cycles (Ar=1&Lc=7mm). 

 

Figure8. Єy Numerical with number of cycles (Ar=1&Lc=7mm). 

 

Figure9. Єx Numerical with number of cycles (Ar=1&Lc=10mm). 
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    Figure10. Єy Numerical with number of cycles (Ar=1&Lc=10mm). 

    

 
           Figure11.Єx. Numerical with number of cycles (B.C for Al-6061). 

    

 

      Figure12. Єy  Numerical with number of cycles (B.C for Al-6061). 
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       Figure13.Єx Numerical with number of cycles (B.C for 2024). 

 

                Figure14.Єy Numerical with number of cycles (B.C for 2024). 

 

            Figure15.Crack velocity numerical with number of cycles 

(Ar=1&Lc=7mm). 

0

0.001

0.002

0.003

0.004

0.005

0.006

0 200 400 600 800 1000 1200

Є
x

 

Number of cycles 

Ar=1 
Al-2024 
ANSYS 

Clamped-Free

Clamped_Simply
supported

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0 200 400 600 800 1000 1200

Є
y

 

Number of cycles 

Ar=1 
Al-2024 
ANSYS 

Clamped-Free

Clamped-Simply
supported

0

1

2

3

4

5

0 200 400 600 800 1000 1200

cr
ac

k 
ve

lo
ci

ty
 ×

1
0

-5
  

(m
/s

) 

Number of cycles 

Ar=1 
Lc=7mm 
ANSYS 

Al-6061

Al-2024



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                     

155 
 

 

Figure16.Crack velocity numerical with number of cycles 

(Ar=1&Lc=10mm). 

 

Figure17. Єx  Experimental with number of cycles (Ar=1&Lc=7mm). 

 

  Figure18. Єy  Experimental with number of cycles (Ar=1&Lc=7mm). 
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Figure19.Єx Experimental with number of cycles (Ar=1&Lc=10mm). 

 

 

Figure20 .Єy Experimental with number of cycles (Ar=1&Lc=10mm). 

      

 

    Figure21. Єx  Experimental with number of cycles (B.C for Al-6061). 
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       Figure22. Єy Experimental with number of cycles (B.C for Al-6061). 

    

 

            Figure23.Єx Experimental with number of cycles (B.C for 2024). 

     

 

             Figure24.Єy Experimental with number of cycles (B.C for 2024). 
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        Figure25.Єx Numerical and experimental with number of cycles       

(Ar=1&Lc=7mmforAl-6061). 

 

         Figure26.Єy Numerical and experimental with number of cycles  

          (Ar=1&Lc=7mm forAl-6061). 

 

          Figure27. Єx Numerical and experimental with number of cycles      

(Ar=1&Lc=10mm for Al-6061). 
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        Figure28. Єy Numerical and experimental with number of cycles         

(Ar=1&Lc=10mm for Al-6061). 
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ABSTRACT 

It has increasingly been recognised that the future developments in geospatial data handling will 

centre on geospatial data on the web: Volunteered Geographic Information (VGI). The 

evaluation of VGI data quality, including positional and shape similarity, has become a recurrent 

subject in the scientific literature in the last ten years. The OpenStreetMap (OSM) project is the 

most popular one of the leading platforms of VGI datasets. It is an online geospatial database to 

produce and supply free editable geospatial datasets for a worldwide. The goal of this paper is to 

present a comprehensive overview of the quality assurance of OSM data. In addition, the 

credibility of open source geospatial data is discussed, highlighting the difficulties and 

challenges of VGI data quality assessment. The conclusion is that for OSM dataset, it is quite 

difficult to control its quality. It therefore makes sense to use OSM data for applications do not 

need high quality spatial datasets.     

  

Key words: OpenStreetMap; VGI; spatial data quality; geometrical similarity; positional 

accuracy. 

 

 بياناجه ث السيطرة على جودةو: هل ج OpenStreetMap هشروع ذ بذايةعشر سنوات هن

 
 م.د. هيثن هطشر شرقي

 لسى ُْذست انًسازت

 كهٛت انُٓذست / خايؼت بغذاد

 

 الخلاصة

انًسخمبهٛت فٙ يؼاندت ْذِ انبٛاَاث سخخزكز ػهٗ  لاحداْاث انبسثٛتاٌ ا انًخؼهمت بخسهٛم انبٛاَاث انًكاَٛتسذٚثت ثبخج انذراساث انأ

 Volunteered Geographic Information دراست طبٛؼت ٔخٕدة انبٛاَاث انًكاَٛت انًداَٛت انًُشٕرة ػهٗ شبكت الاَخزَٛج

(VGI) .   ٍَٚظاو انخًٕضغ  طزٚك خًغ انبٛاَاث اندغزافٛت بانًسر الأرضٙ باسخخذاو يسخمبلاثػٍ انخزائظ  ُُخح ْذا انُٕع ي

، ٔ كذنك  فٙ اغهب اخٓزة انٓاحف انًسًٕل انًخٕفزة زانٛا  Global Positioning System (GPS)  انًسًٕنت انؼانًٙ

. ًٚكٍ نهًسخخذيٍٛ حسزٚز انًساراث انصٕر انفضائٛت انًداَٛت انًُشٕرة ػهٗ شبكت الاَخزَٛجك بالاسخؼاَت بًصادر ززة أخزٖ

شكال شٓذث انؼشز سُٕاث الاخٛزة دراست ٔحسهٛم دلت ٔحداَس يٕالغ ٔا  .ٔانطزق ٔحسذٚثٓا يٍ خلال ٔسائم انخسزٚز انًخازت

 OpenStreetmapانؼٕارض ػهٗ انخزائظ انًُخدت ػهٗ شبكت الاَخزَٛج ٔبالاخص يشزٔع خزائظ انشارع انًفخٕذ 

(OSM) . حمذو خزٚطت ززة نهؼانى بأكًهّ لابهت نهخسزٚز يٍ لبم أ٘ شخص، شبٛٓت بطزٚمت ػًم انًفخٕذ خزٚطت انشارع

 يصذالٛتيُالشت  ، بالإضافت انٗ OSM بٛاَاث خٕدة ضًاٌ ػٍ شايهت َظزة حمذٚىْذا انبسث إنٗ ٚٓذف  .يٕسٕػت ٔٚكٛبٛذٚا

mailto:m.m.m.s.albakri@gmail.com
http://ar.wikipedia.org/wiki/%D9%86%D8%B8%D8%A7%D9%85_%D8%A7%D9%84%D8%AA%D9%85%D9%88%D8%B6%D8%B9_%D8%A7%D9%84%D8%B9%D8%A7%D9%84%D9%85%D9%8A
http://ar.wikipedia.org/wiki/%D9%86%D8%B8%D8%A7%D9%85_%D8%A7%D9%84%D8%AA%D9%85%D9%88%D8%B6%D8%B9_%D8%A7%D9%84%D8%B9%D8%A7%D9%84%D9%85%D9%8A
http://ar.wikipedia.org/wiki/%D9%86%D8%B8%D8%A7%D9%85_%D8%A7%D9%84%D8%AA%D9%85%D9%88%D8%B6%D8%B9_%D8%A7%D9%84%D8%B9%D8%A7%D9%84%D9%85%D9%8A
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 حمٛٛىفٙ  VGI يسخخذيٙ حٕاخّ انخٙ ٔانخسذٚاث انصؼٕباث ػهٗ انضٕء ٔحسهٛظ انًكاَٛت، اندغزافٛت بٛاَاثنه انًفخٕذ انًصذر

 انبٛاَاثْذِ  سخخذاوا انًُطمٙ فًٍ نذا OSMبٛاَاث  خٕدة ػهٗ نسٛطزةا خذا انصؼب يٍاَّ إسخُخح ْذا انبسث  ٓا.بٛاَاح خٕدة

     انٗ دلت ػانٛت ، ٔنلاغزاض الاسخطلاػٛت ٔػًم انذراساث الازصائٛت. حسخاج لا نخطبٛماث

 

1. INTRODUCTION 

The past 30 years has seen the start and the development of the Internet technologies, which 

were initially used to obtain information only, Harris, 2008. However, in recent years, the 

advancement of web technologies has favoured the design of new patterns and practices models 

on the web extending beyond passive receiving of data. These cumulative developments are 

grouped under a common concept known as Web 2.0. The first official introduction of the term 

Web 2.0 was in the first conference of Web 2.0 (O’Reilly Media) by Tim O’Reilly in October 

2004. Although the term Web 2.0 indicated a major change in the approaches of software 

developers on the web, it did not mean a new version of the World Wide Web. Web 2.0 has been 

described essentially as being a platform that can collect together different sites and software and 

make them easily available and useable to users, ,O’Reilly, 2005.  

The emerging of Web 2.0 technologies has led to significant changes in the methods of 

producing, processing, sharing and spreading information through the Internet, ,Rinner et al., 

2008. One consequence is enabling users to collaborate and interact among each other more 

easily and effectively. This is represented by the availability of a variety of social networking 

and communicating sites such as Facebook, Twitter, Flickr and You Tube. By using these 

facilities, it is possible to upload pictures or videos for public sharing; at the same time, it is also 

possible to make comments on the postings of others. Both of these practices facilitate the 

sharing of huge amounts of information on the web. Hence, nowadays not only professional 

users, but also non-experts, can generate and publish information on the Internet. This free 

sharing system was known as User Generated Content (UGC), ,Krumm et al., 2008. 

Since the term UGC refers to a variety of activities and applications, it is difficult to offer a 

standard definition for it. For instance, in their review of UGC, ,Vickery and Wunsch-Vincent, 

2007. identified the meaning of UGC as the ability of creating publicly, data on the Internet 

which can be achieved by amateurs or professionals with limited creative efforts. However, other 

authors did not accept this description as a common UGC definition; for example, ,Ochoa and 

Duval, 2008. reported that the UGC concept may be considered local rather than universal, as 

uploaded data may be available only for a specific group and not for common usage, or it may be 

simply rearranging such information and not making new contributions. Nonetheless, generally 

speaking, UGC can refer to information or media that may appear on the web which was 

contributed by volunteers without anticipation of any type of income, ,Krumm et al., 2008. 

A classical example of this kind of provision of information is Wikipedia (the free 

encyclopaedia). Wikipedia was originally established and founded by Larry Sanger and Jimmy 

Wales in 2001, Miliard, 2008. As Wikipedia adopts an open model for uploading and editing the 

contributions of others, which are in most cases articles, the numbers of the registered users and 

the articles in Wikipedia have increased significantly according to its statistics. However, the 

question of accuracy will arise when comparing this freely available data with professional 

productions. Inaccurate structure, bad quality and wrongly edited articles might be expected. 

Nevertheless, this is not the case in some situations when the free data is created by a group of 

people rather than single person, a factor that has been emphasised by, ,Goodchild and 

Glennon, 2010. They reported that the information obtained from a few contributors will be less 

http://en.wikipedia.org/wiki/O%27Reilly_Media
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accurate than that obtained from many people. Furthermore, the Wikipedia community has 

developed its regulations and rules through a specific section of wiki space. This offers an 

opportunity to members to contact each other and decide upon standards for documented data in 

Wikipedia. This is why the concept of UGC expanded to several fields rapidly. For instance, the 

trend towards user-generated content which can be provided or shared online has had profound 

impacts on the geo-data scene. 

By using Web 2.0 practices, an amateur can readily upload geo-data on the Internet. For 

example, nowadays any person can pick up the geographical information regarding their routes 

by using GPS in their driving or biking activities. Then, it is possible to contribute to updating 

and extending existing road databases on the web. It is also possible to add names or 

photographs to these datasets by means of the geotagging process. As these data are typically 

produced by volunteers, they have been labelled by ,Goodchild, 2007. as volunteered 

geographic information (VGI). There are many alternative names and definitions for the 

phenomenon of geospatial information on the web. For instance, the term 'geospatial information 

bottom-up' was used by ,Bishr and Kuhn, 2007. to refer to geo-data on the Internet, whereas 

according to a definition provided by ,Turner, 2006. this kind of information was coined as 

'neogeography' and the same concept was also used by ,Haklay et al., 2008. On the other hand, 

for ,Sui, 2008. VGI means 'geography without geographers'. Whatever concepts that have been 

used to describe the open spatial data enabled on Web 2.0, the term VGI is the most widely 

adopted by many authors; see for example, ,Mooney et al., 2010. ,Coleman et al., 2009. and 

,Elwood, 2008. The term VGI was generally used to refer to creating, disseminating and 

updating geospatial data voluntarily on websites. This basically means combining the efforts of 

individuals or collaborative communities in such a way as to supply this new kind of geospatial 

data. Similar to UGC applications, VGI data can be effectively utilised by people other than the 

producers without any restrictions or rules. 

VGI is similar to other open source productions in that producers and users of VGI data come 

from a variety of backgrounds because any person can become involved in this activity. In 

addition, there are no standard methods for uploading this kind of data. Since most VGI data are 

created by non-professionals, interest in integrating VGI with formal data, for instance, to 

develop and update formal datasets, may raise some concerns. From this point of view, ,Elwood, 

2008. highlighted the need to investigate the different types of VGI with specific emphasis on 

examining the impacts of VGI services, such as tools and procedures that were used to collect, 

create and share this data, on the accuracy and the validation of using VGI for multiple purposes. 

Therefore, these databases are easily subject to heterogeneity and errors. However, VGI does 

suggest a new and powerful approach that could be efficiently used to create up to date datasets. 

Real time geospatial data that can be obtained from VGI are necessary for several purposes such 

as emergency actions; for example, ,Zook et al., 2010. reported that the flexibility of free web-

based mapping services played a major role in aiding and rescuing people when an earthquake 

hit Haiti in January 2010. After the earthquake free information technologies such as aerial 

photographs were used in order to supply the necessary information about the most devastated 

areas and to produce route maps to deploy resources. Therefore, VGI can offer the most 

interesting and the cheapest geographic information to users and sometimes it will be the only 

source of information, especially for remote areas, ,Goodchild, 2007.  

In view of the fact that this article focuses on OpenStreetMap (OSM) data quality investigations 

in general, as OSM is the leading example of VGI projects that are concerned with geospatial 
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data development around the world, the OSM project will be discussed in greater detail than 

other VGI data types.  

 

2. CHARACTERSTICS of OPENSTREETMAP 

The OpenStreetMap (OSM) is an online geospatial database launched in England (London) by 

Steve Coast in 2004, ,Chilton, 2009. In particular, it aims to produce and supply free editable 

geospatial datasets for a worldwide audience. The OSM fundamentally relies upon the 

collaborative volunteers’ contributions for collecting and uploading geographic data to the 

common data base on the Internet, ,Ciepluch et al., 2009.  In general, contributors can collect 

the OSM data by controlling handheld portable GPS devices (navigation mode) such as the 

Garmin series. Nowadays, it is also possible to use built-in GPS applications which are available 

in most mobile phones models such as iPhone. In order to map a certain area using GPS 

technique, for instance, the OSM community gathers volunteers through an activity called 

'mapping parties'. An example of this can be found in the study carried out by ,Perkins and 

Dodge, 2008. in which they illustrated a case study of a mapping party in Manchester, UK, in 

2006. Although the GPS receivers may probably be considered as being the most important 

information source for the OSM project, there are also alternative data sources such as tracing 

data Yahoo imagery and /or Landsat images, ,Ramm et al., 2011.  

The OSM database allows for every user to reproduce or edit its datasets without the necessity 

for any authorization although attributing the data to OSM is required. Thus, the OSM project is 

technically similar to the Wikipedia (free encyclopaedia) concept. The users of these systems are 

able to modify and add or even delete the contributions made by others. The underlying OSM 

map data can be uploaded by creating a user account and edited online through a wiki-like 

interface. There are many other services that provide mapping on the Internet freely. For 

example, Microsoft offers Bing Maps, and Yahoo Maps and Google Maps are readily available. 

However, the users of these alternative map sources have only been provided with a very limited 

right to use their datasets. It is not permitted for users of these services to edit or update their 

datasets. Compared to the OSM data, there are several restrictions and conditions for using the 

Google Map service, as illustrated in ,GoogleMaps, 2012. For example, the raw data of Google 

Maps is not available to the users at all; however, it can be used by commercial companies such 

as TeleAtlas and Navteq, as they pay for downloading these, while OSM data can be 

downloaded by any user. Consequently, the OSM project can be considered as being one of the 

most useful online mapping services in that it is suitable for education in schools and 

undergraduate studies. The survey conducted by ,Bartoschek, and Keßler, 2013. revealed that 

OSM is the most renowned online mapping service among students. The above mentioned 

positive aspects of OSM data, in addition to the possibility of using OSM as a base map for 

studies in cartography, make OSM a flexible tool in education.   

The main other difference that may be noticed when comparing OSM data to other public 

mapping services is the level of detail as far as features are concerned. It is clear from Fig. 1 that 

the site of Newcastle upon Tyne appears more complete in the OSM map than in the Google 

Maps version. However, the levels of detail of OSM maps vary around the world, ,Ramm et al., 

2011. There are some places, such as the UK, that are mapped very well, whereas there are other 

parts of the world, such as Iraq for example,  that have a little coverage for the centres of the big 

cities only. In fact, there is no detailed data for the countryside or the suburban areas, see Fig. 2. 

The detail of OSM maps is fundamentally based on the number of the volunteers that are 

available in each place around the globe.  
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The amounts of OSM data are increasing every day on the Internet. The number of registered 

users of this project is also growing at a remarkable rate. For example, ,Haklay, and Weber, 

2008. reported that in 2008 the number of registered users of the OSM project was 

approximately 33,000, while at the time of writing this paper there are about 1,600,000 

registered users, see Fig. 3 and Table.1 ,OSM-stats, 2014. It is clear that the number of 

registered people has increased by more than forty five times during the last six years. However, 

the number who edit is a minority of these. This view is supported by ,Neis, and Zipf, 2012. 

who concluded that the rate of the registered users who achieved at least one edit of OSM data 

was only 38% of the total number of members. They also found that only 5% of the registered 

members have contributed more than 1000 nodes. Information can also be obtained from the 

,OSM-stats, 2014. with regard to the total number of uploaded GPS points, nodes, ways and 

relations for the real time OSM database. These statistics reflect the rapid growth of OSM data 

on the web, as shown in Fig. 4 and Table. 2.  

There are various aspects to the most important motivations for these developments, for instance, 

gaining advantages from the free accessibility of OSM data (licence, cost, sharing) and opening 

up a new paradigm of 'geo-data-people’s' Spatial Data Infrastructures (SDI). Access to current 

OSM data without any charge is available to anybody with web connections. In addition, the 

wide-ranging coverage of OSM data sources (around the world) allows visitors to search a world 

map and download different portions from a distance for any part of the world. Although these 

are positive aspects, the problem of heterogeneous data quality has emerged, ,Al-Bakri, and 

Fairbairn, 2011. as will be discussed in more details in section 3.  

 

3. THE ASSERTION of DATA QUALITY and CREDIBILITY of OPEN SOURCE DATA  

Before discussing the problems of VGI data quality, it is necessary to understand the meaning of 

'data quality'. Data quality as a concept may be defined differently, depending on the context in 

which it applies. There are many definitions of data quality in the literature. Each varies from 

organisation to organisation, application to application or person to person. For instance, the 

term 'quality' can be defined as an indication of high degree of craftsmanship or creativity,  

,Veregin, 1999.  In contrast,  ,Jakobsson, 2002. regards data quality as a function of the 

difference between a dataset and the universe of discourse, when the universe of discourse is the 

actual objective world view and the dataset is the identifiable collection of any related dataset. In 

terms of spatial data, the notion of quality has been clarified by ,Korte, 2001. as being the degree 

of how accurately the GIS data can be represented or meet a specific accuracy standard. 

In most cases, the VGI data on the web may not contain any information about their quality. 

From this perspective, ,Flanagin, and Metzger, 2008. supposed that the VGI data may improve 

spatial data content in general; however, the quality and accuracy of this data has still attracted 

the most attention to date. There are many reasons making VGI quality information extremely 

significant. For instance, the increasing of the decision making procedure based on the 

information of spatial data and the possibility of integrating different datasets which can be used 

for more GIS analysis and applications. The dependability of VGI data quality should be taken 

into consideration by people who have been collecting and disseminating this information. VGI 

data is usually collected by volunteers; thus its quality will vary and nobody can guess or know 

the value of it. This drawback has been agreed upon by authors such as, ,Haklay, 2010. and 

,Auer and Zipf, 2009. 

There are several legitimate criticisms that make the assessment of VGI quality difficult. For 

example, there is an enormous variety of people who contribute VGI data and there is no unified 
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authority whose role is to assess the quality of spatial data.  Additionally, because of the different 

perspectives of data developers, it is highly likely that heterogeneities will be found in resulting 

datasets, ,Elwood, 2009. This inspired ,Exel et al., 2010. to include crowdsourced dynamics as 

an indicator of crowdsourced spatial data quality determination. They aimed to establish spatial 

data quality operational indicators for both user and feature quality. Their proposed approach 

fundamentally considered different crowdsourced activities such as the number of editors or 

edits per feature and the historical (or temporal) information of the features which includes the 

development of such features over time. This suggested framework may assist in measuring the 

density of edits to an area of crowdsourced data and ultimately assessing its data quality.  

Elsewhere, ,Goodchild and Li., 2012. have argued that although VGI may offer numerous 

advantages such as the free availability and accessibility of spatial datasets, the quality of VGI 

data should be considered as a vital issue as VGI data does not follow a standard structural 

design. Therefore, they investigated three different approaches to assess the quality of VGI data. 

Such quality assurance approaches are firstly, validation by crowdsourcing, secondly the social 

approach, relying on a hierarchy of 'trusted' individuals, and finally the geographic approach, 

which examines the probability of features being correctly located with reference to the 

surrounding context and geographical area. Subsequently, they compared these approaches with 

the quality assurance approach that is usually used by traditional mapping agencies. Some 

analysts e.g. ,Hagenauer, and Helbich, 2012. have pointed out that VGI data quality issues, 

especially completeness, can affect the fitness for use for such applications (e.g. urban planning). 

Therefore, they suggested a methodology to calculate through OSM data which urban areas in 

Europe are mapped or partially mapped. Their results found that the delineations of urban areas 

are based on the location.   

The increase in the amount of data has also led to an increase in the heterogeneity between 

datasets. For instance, within different datasets, the features may be varying in accuracy due to 

the methods or skills that were employed for the purpose of collecting data. According to 

,Haklay, 2010. the distribution of errors in VGI data is usually based on the carefulness of each 

contributor. Therefore, the concern of trust of VGI data quality is the main issue facing the GI 

community. These heterogeneities may be especially problematic when the integration of multi-

source spatial datasets is the target, for example.  

 

4. HISTORY of OSM GEOMETRICAL SIMILARITY MEASUREMENT 

4.1 Positional Discrepances 

In order to understand the legitimate criticisms that the assessment of VGI quality is difficult, it 

is necessary to study previous researches and investigations which place emphasis on the 

assurance of VGI data quality. Furthermore, it is important to present research literatures related 

to quantitative measures for evaluating VGI quality. For instance, ,Ather, 2009. carried out a 

research to look at the positional accuracy of OpenStreetMap data through comparison with the 

OS MasterMap dataset. Further map quality tests were also conducted in terms of a completeness 

study of road name attribution, and an analysis of number of users per area.  The results of this 

analysis found that the positional accuracy of OpenStreetMap data to be very good in 

comparison to OS MasterMap, with over 80% overlap between most the road objects tested 

between the two datasets. The results also found there to be a positive correlation between road 

name attribute completeness and number of users per area. 

,Haklay, 2010. examined the positional quality of OSM information by comparing it with OS-

Meridian 2 datasets. The Meridian 2 dataset supplies detailed data of road networks in Great 
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Britain such as motorways, minor and major roads. In addition to use more data sources in order 

to complete this investigation. These involved the 1:10,000 raster files from OS, and some data 

about the neighbourhood size which is based on Census from OS and national statistics office. 

The main focus of Haklay’s work was limited to the measuring of the quality of roads or 

motorways of OSM datasets. The findings of Haklay’s study also showed that the quality of 

OSM data is variable when compared to OS datasets within the average of 6m of positional 

accuracy. 

,Girres and Touya, 2010. assessed the quality of OSM datasets in France. In their investigation, 

many quality elements for OSM data were evaluated. The more interesting parameters that will 

be illustrated and described in this paper is geometric accuracy. Their analysis included the 

comparison of OSM data with the French National Mapping Agency geographic datasets. The 

results of their positional analysis of the road intersections indicated that the most frequent 

positional differences ranged between 2.5m to 10m, and the average value of the positional 

differences was nearly 6.65 m. 

The differences between linear features were calculated by applying two techniques: the 

Hausdorf distance approach, which computes the maximum distance between the compared 

linear features, and the average distance approach, which takes the average distance between the 

compared polylines, a method suggested by McMaster (as cited in ,Girres and Touya, 2010.). 

The principles of these methods can be seen in Fig. 5. The results of their study showed that the 

mean difference values between the compared roads were about 13.57m and about 2.19m for the 

Hausdorf distance and average distance methods respectively. 

,Fairbairn, and Al-Bakri, 2013. also investigated the positional similarity of OSM dataset. 

They presented a methodology for assessing positional quality for Volunteered Geographic 

Information (VGI), such as OpenStreetMap (OSM) data, and authoritative large-scale data, such 

as Ordnance Survey (OS) UK data and General Directorate for Survey (GDS) Iraq data. The 

analyses are presented with a user-friendly interface which eases data input, computation and 

output of results, and assists in interpretation of the comparison. The results showed that a 

comparison of positional of OS data or GDS data, with those of OSM data, indicates that their 

integration for large scale mapping applications is not viable. 

In another study ,Ming et al., 2013.  proposed a quality analysis model for OpenStreetMap 

crowd sourcing geographic data. Firstly, a quality analysis framework was designed based on 

data characteristic analysis of OSM data. Secondly, a quality assessment model for OSM data by 

three different quality elements: completeness, thematic accuracy and positional accuracy was 

presented. Finally, take the OSM data of Wuhan for instance, the research analysed and assessed 

the quality of OSM data with 2011 version of navigation map for reference. The result showed 

that the high-level roads and urban traffic network of OSM data has a high positional accuracy 

and completeness so that these OSM data can be used for updating of urban road network 

database. 

In ,2014,Yang et al.. published a paper in which they developed an approach for integrating VGI 

POIs and professional road networks. The proposed method first generates a POI connectivity 

graph by mining the linear cluster patterns from POIs. Secondly, the matching nodes between the 

POI connectivity graph and the associated road network are fulfilled by probabilistic relaxation 

and refined by a vector median filtering VMF. Finally, POIs are aligned to the road network by 

an affine transformation according to the matching nodes. Experiments demonstrate that the 
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proposed method integrates both the POIs from VGI and the POIs from official mapping 

agencies with the associated road networks effectively and validly, providing a promising 

solution for enriching professional road networks by integrating VGI POIs. 

 

4.2 Shape Similarity Measurement 

In addition to the investigation of the positional similarity issue, there are several authors have 

examined various issues and problems that may relate to OSM data quality assessment such as 

measuring the quality of the shapes. For example,  ,Haklay, 2010. investigated the linear quality 

of OSM information by comparing it with OS-Meridian 2 datasets as mentioned above. The 

methodology which was applied to assess the quality of motorways of OSM data was based on 

approaches by ,Hunter, 1999. and ,Goodchild and Hunter, 1997. The method of buffer was 

adopted to determine the accuracy of such lengthy objects by applying a certain distance of 

buffer size for this test. The results of the analysis showed that the average of overlap 

percentages when comparing OSM with OS datasets were approximately 80%, 88% and 77% for 

motorways, A-roads and B-roads respectively.  

The quality of VGI data has received more attention from the GI community; for example, the 

investigation that was carried out by ,Zielstra and Zipf, 2010. They studied the quality of the 

routes and roads of OSM data in Germany. The OSM information has been compared with a 

commercial dataset known as Tele Atlas. They based their approach on that suggested by 

,Goodchild and Hunter, 1997. to measure the quality of linear features. Their results found that 

the overlap percentages between the roads of OSM data and Tele Atlas datasets were ≥ 80% for 

most of the roads in major cities. In addition, they reported that the overlap percentage in towns 

of medium size was between 50% and 80%. They argued that the results of their comparisons 

revealed that the accuracy seems quite good and the OSM data can be used for many routing 

applications. However, they found that there are still shortcomings in the accuracy of the 

regional OSM datasets. 

,Girres, and Touya, 2010. assessed the shape quality of OSM datasets in France. In their study, 

they considered the differences between polygonal objects of lakes. The surface distance method 

which was proposed by Vauglin (as cited in ,Girres, and Touya, 2010.) was adopted to quantify 

polygon differences. The method based on the common area of the two compared objects. The ds 

value will be zero if polygon A is equal to polygon B, while it will be one if A is not equal to B. 

The results of this method showed that there is a small difference between the polygons of the 

comparison datasets.  

,Koukoletsos et al., 2012. suggested an automated feature-based matching method specifically 

designed for VGI, based on a multi-stage approach that combines geometric and attribute 

constraints. It was applied to the OSM dataset using the official data from Ordnance Survey as 

the reference dataset. The results were then used to evaluate data completeness of OSM in 

several case studies in the UK. The method combined geometric and attribute constraints (road 

name and type) in order to deal with heterogeneous datasets, taking into account that attributes 

may be missing. When tested on OSM (VGI) and ITN (Reference) datasets for the selected rural 

and urban areas, the process lasted eight and 15 hours, respectively. Data matching proved to be 

efficient, with matching errors between 2.08% (urban) and 3.38% (rural areas). Data 

completeness of the VGI dataset is then calculated for smaller areas (tiles), giving more 

representative results of its heterogeneity. 



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                     

168 
 

,Neis et al., 2012. outlined the development of Volunteered Geographic Information in Germany 

from 2007 to 2011, using the OpenStreetMap project as an example. Specifically, they 

considered the expansion of the total street network and the route network for car navigation. 

With a relative completeness comparison between the OSM database and TomTom‘s 

commercial dataset, they showed that the difference between the OSM street network for car 

navigation in Germany and a comparable proprietary dataset was only 9% in June 2011. The 

results of thier analysis regarding the entire street network revealed that OSM even exceeds the 

information provided by the proprietary dataset by 27%. Further analyses showed on what scale 

errors can be reckoned with in the topology of the street network, and the completeness of turn 

restrictions and street name information. In addition to the analyses conducted over the past few 

years, projections have additionally been made about the point in time by which the OSM dataset 

for Germany can be considered complete in relative comparison to a commercial dataset. 

A recent study by ,Fairbairn, and Al-Bakri, 2013. involved creating a user-friendly interface 

incorporating quantitative and visual analysis of dataset comparison that could be used to assess 

geometrical similarity of OSM data. The interface was designed for assessing linear and shape 

matching, in this case comparing the formal data OS and GDS, with the rigorous field survey 

(FS), and the informal OSM data. The results of this analysis showed that the shape 

measurements of the informal OSM data do not match the formal data in any of the case study 

areas examined. 

 

5. DISCUSSION and CONCLUSION 

This paper has shown that there are significant incompatibilities preventing the matching of VGI 

with formal datasets. However, some of these can be addressed in a positive manner with regard 

to certain aspects such as the richness of datasets that have been offered by VGI data sources, 

,Ballatore, and Bertolotto, 2011. For example, the richness of feature type definition in OSM 

could enhance the value of integration. The growing availability of the subclasses of OSM 

features may enable a wealth of new opportunities to enhance and update the quality of feature 

classification of formal or governmental data. For instance, by comparing the children levels (i.e. 

fourth level) of XML schema trees of OSM datasets with those of formal datasets, as shown in 

,Al-Bakri, and Fairbairn, 2012. it can be seen that the schema of OSM feature classifications 

display more distribution and classes especially at the latest or end levels. The dynamic nature in 

terms of the frequency of updating and gathering detailed features of OSM data have established 

these aspects of feature types of OSM project as being particularly useful. This can be 

considered as one positive aspect of OSM or informal datasets which could enable these kinds of 

spatial datasets to be beneficial or advantageous.  

Although the current study demonstrated that a divergence exists when evaluating the 

geometrical elements of VGI and formal spatial data sources, ,Zielstra, and Hochmair, 2011. 

showed that the integration of pedestrian routes’ accessibility to transit stations (bus and metro 

stations) of VGI data, such as the OSM project, into the data produced from Tele Atlas and/or 

NAVTEQ can be useful in US and German cities. The reason for including OSM data in this 

integration process as a worthy source of pedestrian routes has been explained by the authors as 

being a potential rich and valuable source of pedestrians’ data that can be supplied from OSM 

project. This merit of OSM data has been proved by the findings of the numerical analysis of,  

,Zielstra, and Hochmair, 2011. They showed that the information about pedestrian segments of 

OSM data can increase the usage of the transit facilities when the commercial data is not 

available, as in the case studies in Germany and some US cities such as Chicago and San 

Francisco. It seems possible that these results are due to the effective efforts of OSM 
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communities in Germany and some US cities to develop comprehensive OSM pedestrian path 

networks.   

The positive aspects of VGI data that were mentioned in Section 2, such as the easy access, free 

use and the rapid growth of these kinds of datasets, makes it possible to envisage further 

practical applications of them. For example, the combining of the richness of the OSM database 

into the addresses of places around the world, by following mapping mashup technologies, may 

produce a compatible and helpful database. This could be used for tourist or navigation purposes 

rather than using traditional formal and expensive tourist maps. Another useful VGI application 

was suggested by ,Neis et al., 2010. They explained that the integration of up-to-date OSM data 

into the UN Spatial Data Infrastructure for Transportation would make it possible to manage 

disaster relief by creating crisis maps. The obvious example of this situation was when an 

earthquake hit Haiti in 2010 and how the use of OSM helped in the rescue of people, as 

described in introduction.   

The availability of other VGI data sources beyond OSM can also be useful and valuable for such 

applications. The other VGI data sources, especially those which do not provide pure spatial 

datasets, such as Flickr, may be used for such applications that do not need to consider the spatial 

data quality elements in the processing flowline. For instance, ,Schade et al., 2011. proposed a 

workflow for using VGI data such as Flickr images for risk detection events. They initially 

described the positive characteristics of this kind of dataset and why it can be applied for this 

application. The massive growth of images through this website, the multiplicity of options for 

uploading images and the ability of users to geotag images can be considered the main positive 

aspects of this service. As an example of their application, Flickr images were used to detect the 

risk of flood in the UK for the period from 2007 to 2009. The analysis of the approach taken was 

basically based on the fundamental information that can be obtained from the Flickr website, 

such as the location of the picture, the time and date a picture was taken and the time and the 

data the pictures were uploaded onto the website.  

Another example of a benefit gained from VGI data was illustrated by ,Spinsanti, and 

Ostermann, 2010. They developed a methodology to test the framework of assessing the 

contribution of VGI data to detecting the spread of fire events, and compared this with the 

official information sources that can be obtained from the European forest fire information 

system. For their project, the authors used picture data from Flickr and text data from Tweeter. 

They argued that using VGI data for communicating during disasters is an effective method of 

crisis management which may reduce the amount of risks and losses. 

The above discussion has shown that although this paper concluded that it is difficult to integrate 

VGI data with formal spatial datasets, there is a wide range of applications that VGI data can 

serve and assist with; especially those which do not need high quality spatial datasets. Updating 

transit maps, enhancing pedestrian navigation systems and addressing disaster scenarios are all 

examples of small-scale topographic data which can be more easily integrated with formal 

datasets. Large-scale data show more limited promise due to geometric and semantic 

mismatching. Therefore, the conclusion that formal data providers would not be interested in 

integrating their datasets with, for example, OSM data is correct. VGI users, on the other hand, 

are certainly keen to incorporate official datasets into their own, and the results obtained in this 

research would give confidence to such procedures. The issue of data quality is taken seriously 

throughout the OSM community, for example. The section on Quality Assurance in the OSM 

blog shows that a number of tools are available and in development for detection, reporting and 

monitoring of data quality ,Wiki-OpenStreetMap, 2012. 
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Table 1. The growth of OSM registered users ,OSM-stats, 2014. 

Date Numbers of OSM Registered Users 

Aug 2005 1,000 

Jan 2006 1,500 

Aug 2006 2,500 

Jan 2007 3,000 

Aug 2007 5,000 

Jan 2008 10,000 

Aug 2008 50,000 

Jan 2009 100,000 
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Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                     

174 
 

Aug 2009 150,000 
Jan 2010 200,000 

Aug 2010 300,000 

Jan 2011 350,000 

Aug 2011 450,000 

Jan 2012 530,000 

Aug 2012 700,000 

Jan 2013 1,000,000 

Aug 2013 1,300,000 

Jan 2014 1,500,000 

 

Table 2. The growth of OSM data ,OSM-stats, 2014. 

Date No. of Nodes No. of Ways No. of Relations 

08/08/2005 8,000,000 8,000,000 8,000,000 

23/01/2006 10,000,000 10,000,000 10,000,000 

10/07/2006 20,000,000 15,000,000 15,000,000 

25/12/2006 25,000,000 18,000,000 18,000,000 

11/06/2007 30,000,000 20,000,000 20,000,000 

26/11/2007 200,000,000 22,000,000 21,000,000 

12/05/2008 230,000,000 24,000,000 22,000,000 

27/10/2008 290,000,000 26,000,000 23,000,000 

13/04/2009 320,000,000 27,000,000 24,000,000 

28/09/2009 450,000,000 28,000,000 25,000,000 

15/03/2010 580,000,000 31,000,000 26,000,000 

30/08/2010 760,000,000 65,000,000 27,000,000 

14/02/2011 1,000,000,000 80,000,000 28,000,000 

01/08/2011 1,200,000,000 100,000,000 29,000,000 

16/01/2012 1,300,000,000 110,000,000 30,000,000 

02/07/2012 1,500,000,000 130,000,000 31,000,000 

03/06/2013 1,100,000,000 200,000,000 32,000,000 

05/05/2014 2,200,000,000 220,000,000 32,000,000 
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   a-OpenStreetMap data (http://www.openstreetmap.org/).          b-  Google maps data (http://maps.google.co.uk/).  

Figure 1. A comparison of the details of maps for the centre of Newcastle upon Tyne – UK 

(images sampled on 01/05/2014, both rendered at equivalent zoom levels – 16/19 for OSM, 

15/18 for Google maps). This comparison facility is now available at 

http://tools.geofabrik.de/mc/. 

 

 

 

 

 

 

 

 

a-London / UK                                                               b- Baghdad / Iraq 

 

Figure 2. A comparison of the details of OSM data for the capital of UK (London) and the 

capital of Iraq (Baghdad). Images sampled on 1/05/2014, both rendered at equivalent zoom 

levels – 11/19 (http://www.openstreetmap.org/). 
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Figure 3. Statistics account graph reflecting the growth of OSM registered users ,OSM-stats, 

2014. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Statistics account graph reflecting the growth of OSM data (nodes, ways, and 

relations) on the web ,OSM-stats, 2014. 
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a-Hausdorff distance method                             b- average distance method 

Figure 5. The methods that have been adopted by Girres and Touya (2010) to determine the 

linear differences between road features. 
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المخاطر عمى اهداف وسلامة المشاريع الانشائية في العراقتأثير تقييم   
  

 رشيد انتصار كاظمأ.م.د. 
 قسم اليندسة المدنية

 كمية اليندسة / جامعة بغداد
 

 الخلاصة
ذات طبيعة خاصة وتؤثر عمييا عوامل كثيرة مما يجعميا تتعرض الى مخاطر متعددة وذلك نتيجة  التشييدتعتبر مشاريع     

لطول فترة التنفيذ وتعدد المراحل ابتداءً من مرحمة القرار مروراً  بالتنفيذ وحتى التسميم النيائي، الامر الذي يؤدي الى زيادة عدم 
تحميل وادارة المخاطر من الاساليب الفعالة والمثمرة التي تستخدم في ادارة  تعد عمميةر، تمالية وقوع المخاطالتأكد وزيادة اح

 مشاريع التشييد لغرض زيادة فرص انياء المشروع بنجاح من ناحية الكمفة  والوقت والجودة وبأقل ما يمكن من المشاكل.
الاىمية  المختمفة وفق استراتيجية محددة ييدف البحث اولًا الى التخطيط الفعال لتحميل وادارة المخاطر ذات مستويات       

لاستجابة لممخاطر بما يكفل لاجراءات التوصل الىى وفعالة معتمدة عمى خبراء متخصصين في مجال ادارة المخاطر، وثانياً 
 في مشاريع البناء.ادارة ىذه المخاطر 

من مشاريع البناء المنجزة ومن الدراسات  حددت في ىذا البحث عدد من المخاطر التي تم حدوثيا فعلًا من دراسة عدد     
 النظرية ومقابمة عدد من خبراء صناعة التشييد لتحديد مدى تأثير ىذه المخاطر في كل من أىداف المشروع وسلامتو.

)عدم توفر المخططات لمشبكات الخدمية المارة خلال المخاطر في المشاريع الانشائية في العراق ىي ان من اىم ظير      
قع كالمخططات الكيربائية , الياتف , الماء , وغيرىا ( و ) فروقات بين التنفيذ والمواصفات المطموبة نتيجة لسوء فيم المو 

قميا كان عمى السلامة المينية، وان وأكما ظير ان اكبر تاثير لممخاطر ىو عمى مدة تنفيذ المشروع (، المخططات والمواصفات
 .ميو الاجراءات الاخرىيثم ط عقدية ىو الاجراء المفضل اجراء الاستجابة  لممخاطر بوضع شرو 

المخاطر، عدم التأكد، ادلرة المخاطر، تحميل المخاطر، مشاريع التشييد: الرئيسيةالكممات   
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ABSTRACT 

Construction projects have a special nature and affect them many factors making them exposed 

to multiple risks as a result of the length of the implementation period and the multiplicity of 

stages, starting from the decision stage through implementation until the final delivery, which 

leads to increased uncertainty and the likelihood of risk.  

The process of analysis and risk management is one of the effective and productive methods that 

are used in managing the construction projects for the purpose of increasing the chances of 

ending the project successfully in terms of cost, time and quality and at the lowest possible 

problems. 

The research aims first to the effective planning for analysis and risk management with different 

levels of importance according to specific strategy and effective based on experts in the field of 

risk management and, secondly, reaching measures to respond to the risks in order to ensure the 

management of these risks in construction projects. In this research a number of risks are 

identified which  that have been incurred actually after studying  a number of completed 

construction projects and theoretical studies and interview a number of experts in the 

construction industry to determine the impact of these risks in each of the project's objectives and 

safety. 

It appeared that the most important risks in construction projects in Iraq  is ( the lack of drawings 

for networks service through the site such as electrical drawings, phone, water, etc.) and ( 

differences between the implementation and the required specifications because of a 

misunderstanding of the plans and specifications, It also appeared that the biggest effect of the 

risks is the on the duration of the project  and the least was on occupational safety, and the best  

response  to the risk is to fix certain  conditions in the contract followed by other responses. 

Key words: risk, uncertainty, risk management, risk analysis, construction projects 

 
:. المقدمة1  

والانشاءات اليندسية بأنواعيا بالاضافة الى يتكون قطاع البناء والتشييد من مجموعة نشاطات ترتبط باعمال المباني      
القطاع بعلاقة وثيقة مع جميع القطاعات الاقتصادية الاخرى مما جعمو مؤشراً ميماً وموثوقاً لحركة  ااعمال الصيانة ، وتميز ىذ

 تنفيذقد تؤثر عمى  الاقتصاد الوطني واتجاىاتو ، الا ان الكثير من المخاطر تواجييا مشاريع البناء والتشييد وىذه المخاطر
ان من اىم ما يجب أخذه في الاعتبار ان  العمل.جودة  تؤثر عمىالى تأخير التسميم وزيادة الكمفة وأحياناً تؤدي  وقد  المشروع

صناعة التشييد بطبيعتيا محفوفة بالمخاطر والتي يصعب تجنبيا او التنبؤ بيا او بتأثيرىا، وقد دعا ذلك الى الاىتمام بموضوع 
ى الدولي واتفق الخبراء عمى انو من مصمحة صاحب العمل و المخاطر في ىذه الصناعة في العقدين الاخيرين عمى المست

ادارتيا وانو يجب  تحمميا و الاقتصادية ان يتم تجنب او تقميل او قبول او تحويل المخاطر الى طرف اخر ذو قدرة وكفاءة عمى
لقد . (Malcolm,1997قاول وحده كل ىذه المخاطر وذلك خدمة لمصمحة المشروع. )التخمي عن الفكرة العقيمة بأن يتحمل الم

لإدارتيا والتعامل معيا. فادارة المخاطر معينة أصبح الآن من الضروري فيم طبيعة المخاطر وتحميميا بيدف وضع استراتيجية 
وتساعد ادارة المخاطر  ،ينية وبيئية (تحقيق أىداف المشروع ) زمن, كمفة، جودة، سلامة معممية  في قطاع التشييد ىي 
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وتخصيص الموارد وتساعدىم ايضاً في عممية صنع القرار بشكل أكثر وثوقاً مما يسيم في مديري المشاريع في جدولة أولوياتيم 
 (2012واخرون، منىإنجاح المشروع وتحقيق أىدافو.)

. واقع ادارة المخاطر في العراق :2  
اولة لجمب مح -بررات انجاز ىذا البحث وىي اولًا ميمكن التعرف عمى واقع ادارة المخاطر في العراق من خلال توضيح      

انتباه أصحاب العلاقة لخطورة واىمية الموضوع، حيث ان الملاحظ عدم إلاكتراث وقمة الخبرة لدى المقاولين وأصحاب العمل 
إتخاذ الإحتياطات اللازمة تنبؤ بيا ولكن عدم د المخاطر وعدم التنبؤ بيا او الوجو ان  –بموضوع المخاطر وتأثيراتيا. ثانياً 

 –ثالثاً  مع استنزاف لمموارد وىدر لموقت.جداً للاقتصاد الوطني ولممقاول وصاحب العمل  اً مكمف اً ية تأثيراتيا يعتبر أمر لمواج
مك المخاطر في أىداف المشروع، ولتحقيق ىذه الاىداف لابد من لتزويد المقاولين بييكمية لإدارة المخاطر وتبيان ماىية تأثير ت

في صناعة التشييد، ثم تحديد المخاطر الاكثر احتمالًا والأكثر تأثيراً في مشاريع التشييد في تيا دراسة مفيوم المخاطر وادار 
ليا ولمخاطر ممكنة والملائمة المخاطر المحددة ومن ثم تحديد الاستجابة الىذه اىمية  تحديد مستوىالعراق لكي نصل الى 

 .المحتممة اخرى
. تعاريف اساسية :3  

 (  Uncertainty( وعدم التاكد )  Risksالمخاطر )  3.1
 نتيجة عدم توقع مخرجات العممية التي تقوم بتنفيذىا بسبب عدم التأكدية تعرف المخاطر بأنيا إمكانية حدوث شئ خطير       

 (Uncertainty  ) الواحدة وتغيرىا، وقد رجع عدم التأكدية الى تعدد المتغيرات المدخمة لمعممية وت بالعممية قيد التنفيذ.المحيطة
ن والعمماء عممية صناعة التشييد بأنيا متعددة المتغيرات وذات طابع حاد التغير والتذبذب خلال مراحل تنفيذه. صنف الباحثو 

 عاطفد.) (  Risks Management)  يسمى بإدارة المخاطرتظير أىمية دراسة المخاطر من خلال ما  ىنا  ومن
كما تم تعريف المخاطر بانيا احتمالية حدوث أية حادثة مستقبمية والتي يمكن أن تؤثر عمى الخطط  ، (2008واخرون،

الى ان ناك وجية نظر تشير ى. (2013،علاء) وبالتالي الانحراف عما مخطط لو الموضوعة لممشروع ومنيا المالية والزمنية
لو تأثير سمبي فقط في اىداف مشروع معين. وقد نشأت ىذه الفكرة من مفيوم عدم التأكد حدث محتمل المخاطرة  ىي 

(Uncertainty الذي ينتج عنو نتيجتين مختمفتين، اما الفرصة التي ينجم عنيا الربح أو المخاطرة التي ينجم عنيا الخسا ) ،رة
 .(Malcolm,1997)( 1رقم )كما ىو موضح في الشكل 

 (2012واخرون، منى) :يمكن تعريف المصطمحات الاتيةو 
واحد عمى الاقل من  المخاطرة : عامل أو حدث مجيول لو احتمال حدوث، وفي حال حدوثو لو تأثير سمبي في ىدف  ●

 جدولة وكمفة وجودة وسلامة المشروع.
عدم التأكد : حدث او عامل لايمكن تحديده بدقة ولكن لو احتمال حدوث، ولا يمكن توقع نتيجتو بدقة بسبب ندرة   ● 

 المعمومات حول ما سيحدث في المستقبل ومتى التأثير ومداه. 
 الفرصة : حدث حدوثو غير مؤكد إلا انو داعم لإنجاز الأىداف في حال حدوثو.  ● 

ن الفرصة بنوع التأثير اذا حدثت العناصر نفسيا من احتمال الحدوث ومستوى التأثير ولكن تختمف عفالمخاطرة والفرصة ليما 
( بأنيا كل مكروه لا يمكن توقعو بشكل دقيق لاعتماده عمى 2008،عديكما وتعرف المخاطرة )، (2012واخرون، منى)
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ديد والاستفادة من المشاريع السابقة المماثمة لتح ظروف مستقبمية غير معروفة مسبقاً، ويتم الاعتماد عمى الطرق الاحصائية
 تمالية حدوث كل منيا وكيفية تفادييا او تقميل آثارىا خدمة لأىداف المشروع.المخاطر التي يمكن حدوثيا واح

   ويقترب البحث من ىذه التعريفات.
. ادارة وتحميل المخاطر :2.3    

التي تمكن من معرفة المخاطر وتحميل تمك المخاطر باستخدام الطريقة المناسبة تعرف ادارة وتحميل المخاطر بأنيا العممية      
 من نجاح والمشروع وتحقيق اىدافو  ومن ثم وضع الحل المناسب الذي يزيل ذلك الخطر او يقمل من تأثيره وبذلك تزيد

(Taylor et al,1997) . ويمكن ان تبدأ في اي مرحمة من دورة ان تحميل وادارة المخاطر في المشروع تعتبر عممية مستمرة
المشروع ويمكن ان تدوم وتستمر الى ان تصبح تكاليف استخداميا اكثر من فائدتيا المحتممة والتي يمكن كسبيا، وكمما تقدم 

اميا تقل المخاطر وبيذا فان فعالية استخدام تحميل وادارة المخاطر تميل الى التقمص لذلك فانو من المستحسن استخد  المشروع
( بأن دراسة مركبات الخطر 2008،عديكما ويرى الباحث )، (Malcolm,1997)ار المبكرة من دورة حياة المشروعفي الاطو 

عطاء الاجابات لأي شخص في موقع اداري أو تنفيذي يعمم  والتحقق منيا والالتباس الحاصل في اتخاذ القرارات ىو لتوفير وا 
اي مشكمة او حالة او عند ادارة الفعاليات لممشروع وىذا يحصل من خلال استيعاب  مدى صلاحياتو وماعميو من واجبات تجاه

 افضل الفرص الممكنة لمنجاح وتقميل فرص الفشل.
. تقنيات ادارة المخاطر ومراحمها :4  

ادوات ادارة المخاطر الى ىناك العديد من التقنيات لكل مرحمة من مراحل ادارة المخاطر، اذ يحتاج اي اجراء في      
 وىذه المراحل ىي: ، (2012واخرون، منى)لتطبيقو

( Check Listالتحقق )  وقائمة(   Brainstorming العصف الدماغي ) ديد المخاطر : تستخدم فييا تقنيةمرحمة تح  ●
 ا المجال.ذبشكل كبير أكثر من اي تقنيات اخرى، ويعد الاستبيان ايضاً من التقنيات المستخدمة في ى

( وكمية Qualitativeمرحمة تحميل المخاطر وتقييميا : تصنف التقنيات المستخدمة في ىذه المرحمة الى نوعين : نوعية ) ●
(Quantitative اذ تستخدم التقنيات النوعية اكثر من ) تمال والتأثير حالكمية. ومنيا ايضاً مصفوفة الا  (Probability _ 

Impact Matrix  ) تحميميوطريقة التدرج ال AHP (Analytical Hierarchical Process . ) 
مرحمة الاستجابة لممخاطر ذكر العديد من الباحثين انو يوجد اربع وسائل للاستجابة لممخاطر في مشاريع التشييد وىي :  ●

المخاطر وتحويل (  Risk Reduction( وتخفيض ) احتمال او تأثير ( المخاطر ) Risks Retentionالاحتفاظ بالمخاطر )
( Risk Transfer( وتجنب المخاطر )Risk avoidance.) 
 .التحكم في رد المخاطر : الاستجابة لمتغييرات في المخاطر عمى مدى فترة المشروع ●
فوائد تطبيق تحميل وادارة المخاطر: .5  

 (Taylor et al،1997)المخاطر في مشاريع التشييد ىي: ان من اىم الفوائد التي يمكن تحقيقيا من عممية تحميل وادارة       
وتحديد مدة المشروع، كما وان فيم جيد لممشروع ويقودنا ىذا الفيم الى تكوين خطط واقعية ومنطقية في تقدير تكمفة المشروع  ●

 ىذا الفيم يمكن جميع الاطراف المتعمقة بالمشروع من معرفة التعامل مع تمك المخاطر.
 الفيم الجيد لممخاطر يساعد عمى الاختيار الانسب لنوع العقد. ●
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معرفة المخاطر في المشروع تسمح بتقدير منطقي مدروس بعيداً عن العشوائية لاحتياطي الطوارئ الذي يعكس فعلًا  ●
 المخاطر وكذلك يوجو بعدم تشجيع قبول مشاريع غير فعالة من الناحية المالية.

 مومات احصائية لممخاطر تساعد في التصميم الجيد لممشاريع.المساىمة في بناء مع ●
 تسييل الأخذ بالمخاطر الكبيرة بمعقولية اكثر مما يزيد الفائدة المكتسبة من الأخذ بالمخاطر. ●
  سوء الحظ والادارة السيئة.المساعدة في التمييز بين الحظ والادارة الجيدة وبين  ●

 6.جمع البيانات وتحميمها :
تحديد المخاطر: .1.6  
، والجسور الطرقمشاريع المشاريع الانشائية قيد الدراسة  والتي شممت )  فعلًا فيتم تحديد اىم المخاطر التي حدثت      

المباني، المستشفيات، المشاريع النفطية، شبكات الماء والمجاري، الابنية المدرسية( في عموم المحافظات في العراق اضافة الى 
، وبذلك تم خبراء في مجال صناعة التشييد ونتائج الاستبيانظرية لمبحوث والادبيات وعدد من المقابلات مع ة النالمراجع

 ( والتي ادت الى تغييرات في الكمفة والوقت وجودة المشروع وكما يمي:42يف ىذه المخاطر والبالغ عددىا )نتص
وكما موضحة في جداول  مخاطر سياسيةو  مخاطر قانونية ،مخاطر مالية ،مخاطر فنية، مخاطر مكانية ،مخاطر تنظيمية
     مايمي:ىذه المشاريع  الدراسة الاولية لمبيانات الحقمية التي تم جمعيا منمن يتضح التحميل المرفقة، 

مشاريع والسياسية فكانت في بينما المخاطر الفنية  الطرق والجسوران المخاطر التنظيمية تركزت بشكل كبير في مشاريع  -1
 .الابنية المدرسية والمستشفيات وغيرىاتركزت في قد فوالمالية المكانية والقانونية المعالجة وشبكات المياه اما المخاطر 

ممخاطر في ىذه المشاريع ىي المخاطر الفنية  تمييا المخاطر المكانية ثم التنظيمية ثم مرات حدوث لان اكثر عدد  -2
 .، ويفيم من عدد المرات مستوى الاىمية لكل من ىذه المخاطرنونية ثم الماليةالسياسية واخيراً المخاطر القا

ان العدد الكمي كحد اعمى  لممخاطر مجتمعة كانت في مشاريع المعالجة وشبكات المياه أما المشاريع الاخرى فكان العدد  -3
 اقل.
:في أهداف المشروع وسلامتهالمخاطر  تأثير .2.6  

معياران في تحميل المخاطر:اعتمد في ىذا البحث   
احتمال حدوث المخاطر ●  
درجة تأثير المخاطر في اىداف المشروع اذا حدثت تمك المخاطر ●  

 :(Godfrey,1996)دمج ىذان المعياران في المعادلة الاتية لتقدير اىمية المخطرأو درجة المخطر
R = P * I 

(1) 
 حيث ان :

( 1،  0= مؤشر المخاطر او درجة المخطر، وقيمو تتراوح بين )    R 
( 1،  0= احتمال حدوث المخطر وقيمو تتراوح بين )    P 
( 1،  0= تأثير المخطر وقيمو تتراوح بين )    I  

اربعة محاور: تضمنتاستبيان ت استمارة ولتقدير احتمال حدوث المخاطر وتأثيرىا صمم  
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الى الحصول عمى معمومات عامة لافراد العينة المختارة من المستبينين كالاختصاص، التحصيل المحور الاول: ييدف 
(.2( و )1كما في الجدولين رقم ) الدراسي، قطاع العمل، المركز الوظيفي وعدد سنوات الخبرة  

 المحور الثاني: يصف المقياس المستخدم لاحتمال الحدوث والتاثير لممخاطر وكما يمي:
 

جدا  عالي   الاحتمالية قميل جدا   قميل متوسط عالي 
0.9 0.7 0.5 0.3 0.1 
 التأثير 0.05 0.1 0.2 0.4 0.8

 
 .( 2004، لمعيد الأمريكي لممقاييس القوميةا) ووضع ىذا المقياس بالاعتماد عمى مقياس وضعو 

 اىداف المشروع.المحور الثالث: صمم لتحديد احتمال حدوث المخاطر ونسبة تاثير المخاطر عمى 
 اجراء الاستجابة المتبع لمواجية تمك المخاطر.المحور الرابع: صمم لتحديد نوع 

وزعت عدد من استمارات الاستبيان الى مدراء المشاريع الانشائية وميندسين في المكاتب الاستشارية وفي شركات المقاولات 
( استمارة اعتمدت لاغراض  44قابلات الشخصية استرد منيا ) القطاع العام والخاص واساتذة الجامعات ودعم الاستبيان بالم

 التحميل.
:البيانات معالجة تحميل و .1.2.6  
من المستبينين لدييم  مايقارب نصف حجم العينة تبين ان  لقد( لمعالجة البيانات،  Excelاستخدم البرنامج الحاسوبي )      

برتيم في مجال مستبينون لتصوير الواقع من خلال خ( سنة مما يزيد من وثوقية المعمومات التي وفرىا ال15خبرة اكثر من )
موحد تم اعطاء اوزان معادلة لنوع الشيادة  رالنتائج وتوحيدىا لتكون ذات معياولغرض الاستفادة من ىذه ، صناعة التشييد

، في مجال ادارة المخاطر قمما استخدمتوىذه التقنية  (2008عدي،)( 3وعدد سنوات الخبرة كما موضح في الجدول رقم )
تمك  تساب معدل الاحتمالية والتأثير لكل نوع من انواعن استخدام اجوبة المستبينين في احيمك تينالتالي المعادلتين وبتطبيق
 (:2001،حسين)المخاطر

 
                             

   ------------------------------------------------دل احتمالية حدوث الخطر = مع
(2)  
 
  

    ---------------------------------------------------معدل تأثير حدوث الخطر = 
 (3)                                              

: حيث ان  
لكل منيا القيم القياسية= احتمالية وتأثير حدوث الخطر   

عدد مرات تكرار اجابة معينة مضروبة بالاوزان المعادلة لكل اجابة =التكرار   

دذوث انخطز * تكزارهب ( تأثُزيجًىع )   

 يجًىع انتكزاراد

 يجًىع ) ادتًبنُخ دذوث انخطز * تكزارهب (

انتكزاراديجًىع   
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كرارات لجميع العوامل مع الاوزانالمجموع التراكمي لمت =مجموع التكرارات   
ان احتمالية حدوث  كثير من المخاطر حيث يتضح  (4) كما في الجدول رقم تنازلياً  قيم مؤشر المخاطروقد تم ترتيب 

(  1.6كما ورد في الفقرة ) الفعمية  من دراسة البيانات الحقمية  ايضاً التنظيمية والفنية والمكانية تكون عالية وىذا مالوحظ 
ميل الاحصائي وقد اعتمد المقياس ل المقياس الكيفي بأرقام عند التحىناك عدة مقاييس للاحتمال والتأثير عند استبدا اعلاه.

(2012واخرون، منىالآتي: )  

 المقياس منخفض جدا   منخفض متوسط عالي
60 ˂ 31 - 60  11 - 30  0 - 10  المجال  % 

 
حساب الفرق بين اكبر قيمة مبدأ لاحتمال والتأثير لممخاطر ووفق بالاعتماد عمى ىذا المقياس لىمية لأتحديد مستوى أتم 

حدود  يمكن الاعتماد عميو لتحديد ( وىذا المبدأ  D( والرمز لو بالحرف ) 4لمؤشر المخاطر واصغر قيمة لو من الجدول رقم )
 :وكما يمي المخاطر لغرض معالجتيا وفقاً لمموارد المخصصة لذلك مؤشر

D = 0.112555 - 0.002564 = 0.109991 
( عمماً 5الحد الادنى والحد الاعمى لمؤشر المخاطر ) المجال ( في كل مستوى ، كما في الجدول رقم )وبذلك يمكن حساب 

فيكون الحد الاعمى لكل مجموعة ىو الحد الأدنى لمجموعة المخاطر التي ، بأنو تم تقريب الارقام الى اربعة مراتب لمسيولة
( بينما يقع مؤشر المخاطر  0.0134و  0.0026جداً بين ) تمييافي الأىمية، فيقع مؤشر المخاطر المنخفضة الأىمية 

( 4في الجدول رقم ) حسب مستوى اىميتيا ( وىكذا، وقد تم ترتيب المخاطر 0.465 0و  0.135منخفضة الأىمية بين ) 
لكيربائية , )عدم توفر المخططات لمشبكات الخدمية المارة خلال الموقع كالمخططات ا كالمخطرحيث تقع الأعمى أىمية أولًا، 
)  المخطر(، وىذا يعكس أىمية معالجة ىذه المخاطر. أما  0.1126عد عالي الأىمية بمؤشر ) يالياتف , الماء , وغيرىا ( 

 .اً في اىداف المشروع( اي ان مستوى اىميتو منخفض جد 0.0026تأخر اجراءات تحويل العمل الى الورثة ( فان مؤشرىا ) 
 :اختبارالفرضية 2.2.6

 ( بين احتمال وتأثير المخاطر:X2كاي تربيع  –اختبار الاستقلالية )اختبار 1.2.2.6
 X2يتم فرض الاستقلال لأي علاقة بين متغيرين يراد التأكد من انيما مستقلان عن بعضيما، وتقوم طريقة مربع كاي )       

 :(1983محمد،)ل وىذا المقياس ىوبفرض الاستقلا( عمى ايجاد مقياس الأخطاء الناجمة عن تقريب القيم المشاىدة 

    ∑
(         ) 

   
 

 

  

 

                                                                         ( ) 
 ( ( والعمود الذي ترتيبو ) : عدد المشاىدات في السطر الذي ترتيبو )      حيث ان :   

 ( بفرض   ( والعمود الذي ترتيبو ) : عدد القيم المتوقع وجودىا في السطر الذي ترتيبو )                     
 الاستقلال ويتم ايجاده كما يمي:                   
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(   )(   ) 

 
 

                                                                   ( ) 
 ( : مجموع قيم المشاىدات في السطر الذي ترتيبو )  +niحيث ان:    
            n+j ( مجموع قيم المشاىدات في العمود الذي ترتيبو : ) 

( الجدولية. وقد كانت   X2( اعلاه اقل من قيمة )  4( المحسوبة من المعادلة ) X2يقبل فرض الاستقلال اذا كانت قيمة ) 
 ( حيث ان:C-1   ( )R-1%( ودرجة الحرية تساوي ) 5) نسبة الخطأ المسموح بو مساوية الى

R عدد الاسطر في جدول التوافق = 
Cعدد الاعمدة  في جدول التوافق = 

عدم ( وىذا يثبت    .27 1345( اصغر من قيمتيا الجدولية والمساوية الى )  1( المحسوبة  تساوي )   X2لقد كانت قيمة )
 .فلاعلاقة بين احتمالية حدوث المخطر وتأثيره فقد تكون الاحتمالية عالية لكن التاثير منخفضات وجود العلاقة بين المتغير 

(  (Contingency Coefficient (G)وفي حالة الاستقلال بين المتغيرين يتم استخدام العلاقة الآتية لمعرفة درجة الاحتمالية  
: 

  √       (       ) 
                                                                         ( ) 

 G ˂ 1حيث ان : 
( وىذا يؤكد 0.71( مساوية الى )G( تعد ذات درجة عالية من الاحتمالية. وقد كانت قيمة )1( من العدد )Gفكمما اقتربت )

 .الاحتمالية والتأثير اعتماد بين المتغيرينعدم علاقة الاستقلال اي وجود 
 ( بين احتمال وتأثير المخاطر:Correlation Coefficient  - Rاختبار معامل الارتباط ) 2.2.2.6

 =Rلقد تمت كذلك دراسة مدى الارتباط بين النتائج عن طريق احتساب معامل الارتباط وكانت قيمتو مساوية الى )     
 ( مما يدل عمى وجود ارتباط قوي  بين النتائج.α=0.05( لمستوى دلالة )أىمية( مساوية الى )0.854
تاثير المخاطر عمى اىداف المشروع وسلامتو: نتائج مناقشة 3.2.6  

  مايمي: ( حيث يتضح4النتائج في الجدول رقم )دراسة  يمكن 
ان كل من المخاطر التنظيمية والفنية حيث ظير  صنف من الاىمية  كانت من يعالالمستوى الالمخاطر ذات  ان -1

المخاطر الثلاث )عدم توفر المخططات لمشبكات الخدمية المارة خلال الموقع كالمخططات الكيربائية , الياتف , الماء , 
 )ثم المخطر   0.2682) المناسبات الدينية والعطل المفاجئة ( بدرجة تأثير = يميو المخطر  0.3159بدرجة تاثير=  ( وغيرىا

اضافة الى ، 0.277بدرجة تأثير =  ( صفات المطموبة نتيجة لسوء فيم المخططات والمواصفاتفروقات بين التنفيذ والموا
( وىذا ما يعكس اولوية اتخاذ اجراءات الاستجابة 4لذا كان مستوى اىميتيا عالي في الجدول رقم )الاحتمالية العالية لحدوثيا 

 . عند ادارة المخاطرليا 
المخاطر التنظيمية والفنية حيث نرى ان المخطر )ضعف التنسيق  صنف ايضاً منكانت المخاطر متوسطة الاىمية ان  -2

حيث لم تكن  (تمزيم العمل لمقاول غير كفوء )والمخطر 0.205بدرجة تاثير =     (والاتصالات بين صاحب العمل والمقاول
ره عالِ فاصبحت لو اىمية متوسطة مؤش وبالتالي كان  0.3125=  ةلكن احتمالية حدوثو عالي 0.1955=  درجة تاثيره عالية
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ثم المخطر )عدم  0.2045ذو درجة تأثير =  (ثم يميو المخطر )تصنيع القطع الكونكريتية الجاىزة في اماكن بعيدة عن العمل
ىذه  وبالتالي فان ، 0.2114تاثير=  درجة(  (توفر المعمومات الضرورية ) تأخر وصول المخاطبات الرسمية الى موقع العمل

 .اطر تاتي اولوية الاستجابة ليا بالدرجة الثانية عند ادارة المخاطرالمخ
 .جدا الاىمية ىمية ومنخفضة لااما بقية المخاطر فقد توزعت بين منخفضة ا -3

كان  عدم دقة المسوحات المتعمقة بموقع المشروع من قبل الطرف الاول(ولكن من الجدير بالملاحظة ان المخطر الفني )     
متوسط الاىمية )عدم توفر المعمومات الضرورية )  التنظيمي المخطر  ره معتاثيمستوى اىميتو منخفضاً برغم تساوي درجة  

، نستخمص من ذلك  0.1057تأخر وصول المخاطبات الرسمية الى موقع العمل(( وذلك لان احتمال حدوثو كان منخفضاَ = 
مى العوامل الثلاثة وىي بة تعتمد عمى مستوى اىمية المخطر والذي بدوره يعتمد عانو لادارة المخاطر فان اجراءات الاستجا
 احتمالية ودرجة حدوث المخطرو مؤشره.

لتحديد الأىداف التي تتأثر بكل مخطر حسبت النسب المئوية لمتكرار لكل ىدف من أىداف المشروع في الاستبيانات و     
لمئوية، ويظير ان تأثير المخاطر في السلامة المينية منخفض جداً مقارنةً بالتأثير ( ىذه النسب ا 6المستردة، ويبين الجدول ) 

في المدة والكمفة والجودة. فيناك فقط ثلاثة من المخاطر )تصنيع القطع الكونكريتية الجاىزة في اماكن بعيدة عن العمل( و 
ع في منطقة نائية ( ( أثرت وبشكل واضح في )عدم تخصيص مكان لرمي الانقاض ( و )صعوبة الوصول الى الموقع ) الموق

%( اي من 30سنعتبر ان المخطر يؤثر في اليدف اذا كانت النسبة اكبر من ) .(%30) السلامة المينية بتكراراكثر من
كل ( نسب تكرار 7يبين الجدول رقم ). سابقاً وقد تم تظميميا في الجدولحتمال والتأثير المعتمد متوسط فأكثر حسب مقياس الا

%(  47.69ىدف بالنسبة الى تكرار أىداف المشروع جميعيا ضمن الاجابات المستردة. يلاحظ ان المدة تكررت بنسبة )
%( اقل نسبة تكرار وىذا يعكس قمة الاىتمام بالسلامة المينية في 6.7كاعمى نسبة تكرار، اما السلامة المينية فكان تكرارىا )

.في ادارة المخاطرمشاريع التشييد وضعف ثقافة السلامة   
لممخاطر:الاستجابة اجراءات  3.6  
عمى المخاطر) فقط لدراسة الاجراءات الممكنة والمطبقة في مشاريع التشييد في العراق للاستجابة لممخاطر مع التركيز      

ذلك( لتحديد اجراءات ، صمم استبيان مغمق بعدد من الخيارات للاجابة عميو اضافة الى خيار)غير وسطة الاىمية (عالية  ومت
لقد عرضت في ىذا الاستبيان الاجراءات الشائعة الاستخدام للاستجابة في استمارة الاستبيان،  الاستجابة لممخاطر التي لم تذكر

 :(2013علاء،)،  (2012منى واخرون،):لممخاطر وىي 
 اضافة شروط عقدية. ●
روع لمتخمص من المخاطر او لممحافظة عمى اىداف وىو مجموعة التغييرات في خطة المشتجنب حدوث المخاطر:  ●

 المشروع من التاثيرات ليذه المخاطر.
 قبول المخاطر: وىو مفيوم معاكس لمفيوم تجنب المخاطر ويعني قبول الخسائر عند حدوثيا ويقسم الى: ●
 .مع مادة سريعة الاحتراقالقبول المخطط لممخاطر باتخاذ اجراء داخمي: كترتيب نظام إنذار ضد الحريق عند التعامل  -
    قبول غير مخطط: باىمال المخطر او الجيل بوجودىا.ال -
 تخفيض الخسائر بادخال تأثير المخطر بالحسابات عند تحديد سعر العرض. ●



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                     
 

10 
 

ونقل التاثيرات المالية لو الى طرف اخر كالتعاقد مع مقاول ثانوي لتنفيذ  رتحويل المخطر الى طرف آخر: اي ترحيل المخط ●
 .بعض الاعمال التي تتسبب في حدوث مخطر ما

جمع البيانات: 1.3.6  
( استمارة فقط لعدم دقة الاستمارات الاخرى ، 37( استمارة استبيان الى عددمن الخبراء اعتمدت منيا )50لقد تم توزيع )     

( سنة وىذا مؤشر 15لوحظ ان اكثر من نصف العينة كانت خبرتيم اكثر من ) وقدوقد اختمفت عدد سنوات الخبرة لممستبينين 
 الى موثوفية اجاباتيم.

:يانات ومناقشة اجراءات الاستجابةالب تحميل 2.3.6  
الجدول  يوضحاجراءات الاستجابة، و استبيان ( لتحميل البيانات التي تم جمعيا من استمارات Excelاستخدم ايضاً برناج )      
%( 57.5فقد ظيرمثلًا ان ) ( النسب المئوية لتكرار اجراءات الاستجابة في اجابات المستبينين لكل مخطر عمى حدة.8رقم )

مخطر )عدم توفر المخططات لمشبكات الخدمية المارة خلال الموقع كالمخططات الكيربائية , الياتف المن المستبينين يعالجون 
يجب ان  خطر حيث انومال اوىذا يوضح اىمية ىذ لك المخطرذ, الماء , وغيرىا ( باضافة شروط تعاقدية كاجراء للاستجابة ل

ظمل الاجراء ذو نسبة التكرار  .ضمن دراسة الجدوى في المرحمة الاولى لممشروع وىي مرحمة اتخاذ القرار مخططات وتوفر ال
( كي يعتمد كاجراء اساسي لمعالجة 8بالمون الرمادي الغامق في الجدول ) وفق مقياس الاحتمال السابق (  %30الأكبرمن )

فقد ظمل بالمون الرمادي الفاتح كي يعتمد كاجراء ثانِ للاستجابة  %( 30من ) المخطر المعني، اما الاجراء ذو النسبة الأقل
.لوحظ ايضاَ ان المخاطرعدا )عدم توفر المخططات لمشبكات الخدمية كما في المخطر) المناسبات الدينية والعطل المفاجئة (

%( مما يدل عمى عدم 50سبة تكرار اقل من )المارة خلال الموقع كالمخططات الكيربائية , الياتف , الماء , وغيرىا ( ليا ن
لمعرفة  اجراءات الاستجابة الاكثر استخداماً لممخاطر حسبت النسب . و اتفاق أغمب المستبينين في معالجة ىذه المخاطر

 (، حيث ظير ان الاجراء ) شروط عقدية ( ىو9المئوية لتكرار كل اجراء في الاجابات المستردة كما مبين في الجدول رقم )
%( يمييا 21.05بنسبة تكرار مساوية الى ))اي المجموع الكمي لجميع الاجابات( جابة الأكثر استخداماً بشكل عام اجراء الاست

 %( ثم الاجراءات الاخرى.17.59%( واجراء )تجنب المخاطر( بنسبة تكرار )20.22اجراء )قبول المخاطر( بنسبة تكرار )
شجرة القرار: 3.3.6  
يانية تستخدم كثيرا لدراسة القرارات في حالة عدم التأكد مع وجود احتمالات، واسم الطريقة ىو دلالة عمى ىي طريقة بو      

وتتفرع الشجرة إلى أفرع بناء إما عمى   شكميا، فيذه الطريقة تعتمد عمى رسم القرارات والحالات المتوقعة عمى شكل شجرة.
ي أييا يقع، فيناك نقاط لمقرار يتفرع منيا القرارات المختمفة ويرمز ليا اختيار نختاره أوبناء عمى أحداث مستقبمية لا ندر 

. لقد تم رسم الاستنتاجات التي تم وىناك نقاط للأحوال يتفرع منيا الأحوال المستقبمية المختمفة ويرمز ليا بالدائرة بالمستطيل
اجراءات الاستجابة لممخاطر ذات نسبة المشروع و تأثير المخاطر عمى أىداف ( حول 8)( و6)رقم  ينالتوصل الييا في الجدول

( وذلك لتسييل العمل عمى متخذي القرار بشأن 3)( و2) رقم ين%( في شجرة القرار الموضحة في الشكم30تأثير اكبر من )
الخطر  لتخصيص الميزانية المطموبة وتدريب العاممين لمواجية ذلك وعمى اي ىدفاختيار الاجراء المناسب للاستجابة لممخاطر 

 .عمى ذلك اليدف
:. الاستنتاجات والتوصيات7  

 : ومنياوادارة المخاطر في المشاريع الانشائية في العراق تقييم تأثير موضوع  فيالنتائج  لقد توصل البحث الى بعض     
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ان اىم المخاطر في مشاريع التشييد ىي عدم توفر المخططات لمشبكات الخدمية المارة خلال الموقع كالمخططات  ●
 )فروقات بين التنفيذ والمواصفات المطموبة نتيجة لسوء فيم المخططات والمواصفات (.ة , الياتف , الماء , وغيرىا ( والكيربائي

وتاثير المخاطر مما يدل عمى وجود علاقة بين المخاطر وان باط بين احتمال ارت علاقة توجد علاقة عدم استقلال اي ● 
قبة المخاطرحيث ان تخفيف بعض حدوث بعض المخاطر يكون سبباً في حدوث مخاطر اخرى مما يوضح اىمية متابعة ومرا

 اطر اخرى في نفس الاجراء.المخاطر يؤدي الى تخفيف مخ
  .واقميا كان عمى السلامة المينيةالمشروع كمفة دة تنفيذ المشروع ثم عمى مظير ان اكبر تاثير لممخاطر ىو عمى  ●
بوضع شروط عقدية ىو الاجراء المفضل للاستجابة لممخاطر بشكل عام ولجميع الاجابات اتضح ان الاستجابة لممخاطر  ●

 يميو قبول المخاطر ثم اجراء تحويل المخاطر ثم تمييا الاجراءات الاخرى.
 التي يمكن اعتمادىا في ىذا البحث ما يمي : تمن التوصياو 
 ة الادارية لمدراء المشاريع من خلال الاستفادة من التكنموجيا الحديثة في جميع مرافق المشاريع الانشائيةافضرورة تطوير الثق ●
مية لمميندسين لغرض ادارة المخاطر من خلال الدورات التعميمية والتأىيتحميل و اليندسية في مجال  الكوادرتأىيل وتطوير  ●

 تطبيقيا والاستفادة منيا في مشاريع التشييد.
قدية بين صاحب العمل والمقاول فيما يتعمق بتحميل وادارة المخاطر بما يضمن حقوق جميع العمل عمى تطوير الصيغ التعا ●

 المخاطر.ىذه الاطراف مع عمل برامج لادارة 
 

:العربية ادرـــالمص  
  إدارة مخاطر التشييد لمشاريع التشييد في سورية"، مجمة جامعة دمشق د.عمر عاموري، و د.محمد نايفة و منى حمادة "

 .2012،لمعموم اليندسية، المجمد الثامن والعشرون، العدد الأول 
 .2008، " تقييم إدارة المخاطر"، جامعة القاىرة محمد محمود الكاشف و عاطف عبد المنعمد. 
 ارة المخاطر المسببة لممطالبات في المشاريع الانشائية الحكومية"، رسالة ماجستير، كمية اليندسة، ،" إدعلاء محسن ميدي

 .2013جامعة بغداد 
 2008بغداد  ،" التقنيات الحديثة في دراسة العمل في المشاريع"، رسالة ماجستير، كمية اليندسة، جامعةعدي لطيف قاسم. 
 د ادارة المشروعات،" الدليل المعرفي لادارة المشروعات"، مكتبة الكونجرس، المعيد الأمريكي لممقاييس القومية، معي

 .2004الاصدار الثالث 
 تقييم التقنيات: دراسة العمل في قطاع التشييد في العراق "، رسالة ماجستير، كمية اليندسة، حسين ىشام مصطفى "،

 .2001جامعة بغداد 
 في الاحصاء"، جامعة اليرموك، إربد، الاردن، الناشر: جون وايمي ،" مقدمة محمد صبحي ابو صالح وعدنان محمد عوض

 .1983وابناءه، نيويورك، 
:الاجنبية المصادر  

 Godfrey. P,” Control of Risk: A Guide to the Systematic Management of Risk from 
Construction Published by CIRIA, London, UK,1996. 
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 Malcolm, N.E. and McKennon, J. ,”A Process Driven Approach to Integrated 
Environments”, Proceedings INCOSE International Symposium 1997. 

 Taylor,I and Bassler, J.,” Application of ANSI Standard to Space Station Resources”, 
Proceedings INOSE International, 1997. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (2112منى واخرون،( نتائج عدم التأكد )1الشكل )
 

 

 عدم التأكد

 Uncertainty 

 Riskالمخاطرة  

 )امكانية الخسارة (

  Opportunity الفرصة

 )امكانية الربح(
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لتأثير المخاطر عمى أهداف المشروع الانشائيشجرة القرار : (2شكل رقم )  

 

 

 
 

تأثير انمخاطر عهً 

 أهذاف انمشروع

مخاطر 

 مكانيت

مخاطر 

تنظيمي

مخاطر 

تــفني  

مخاطر 

سياسي

مخاطر 

 مانيت

ذةـــانم  

 انكهفت

 انجىدة

انسلام

ة 

انمهني

47.69%  

680%  

573%  

184%  

 اكبراجابت%

 اكبراجابت%

 اكبراجابت%

 اكبراجابت%
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 لممخاطر الاستجابة لاجراءات القرار شجرة(: 3)رقم الشكل
 
       لافراد العينة( : سنوات الخبرة 2جدول رقم )                        ( : التحصيل الدراسي لافراد العينة1ول رقم )جد 

                     
 التحصيل الدراسي التكرار النسبة المئوية

 بكالوريوس ىندسة 22 50
 ماجستير ىندسة 15 34
 دكتوراه ىندسة 7 16

100%  المجموع 44 
 

(2111حسين،( : الاوزان المعادلة لافراد العينة)3جدول رقم )  
الشخصية العامة المعمومات وصف البيانات الوزن المعادل  

  بكالوريوس 1
 ماجستير 1.25 التحصيل الدراسي

 دكتوراه 1.5
سنة 15اقل من  1  الخبرة 
سنة 15اكثر من  2  

 سنوات الخبرة التكرار النسبة المئوية 
سنة 15% اقل من 52  16 7 1 – 5  

36 16 6 – 15  
سنة 15% اكثر من 48 15اكثر من  21 48   

 100%  المحموع 44 
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مستوى أهميتهامؤشرها و حسب  تنازليا   (: ترتيب المخاطر4جدول رقم )  
 

مستىي 

 الاهميت

 انتسهسم انمخاطر الاحتمانيت انتأثير مؤشر انمخاطر

اِهًُخػبنُخ   0.112555 

 

ػذو تىفز انًخططبد نهشجكبد انخذيُخ انًبرح خلال انًىلغ  0.3563 0.3159

 كبنًخططبد انكهزثبئُخ , انهبتف , انًبء , وغُزهب ( 

1-  

0.092502 

 

-2 انًُبسجبد انذَُُخ وانؼطم انًفبجئخ 0.3449 0.2682  

0.08918 

 

انًطهىثخ َتُجخ نسىء فهى فزولبد ثٍُ انتُفُذ وانًىاصفبد  0.3216 0.2773

 انًخططبد وانًىاصفبد

3-  

يتىسطخ 

 الأهًُخ

0.070781 

 

-4 ظؼف انتُسُك والاتصبلاد ثٍُ صبدت انؼًم وانًمبول. 0.321 0.2205  

0.061094 

 

 تهشَى انؼًم نًمبول غُز كفىء.    0.3125 0.1955

  

5-  

0.060532 

 

فٍ ايبكٍ ثؼُذح ػٍ انؼًم   تصُُغ انمطغ انكىَكزَتُخ انجبهشح 0.296 0.2045

6.2960.2045 

 

6-  

0.052723 

 

ػذو تىفز انًؼهىيبد انعزورَخ ) تأخز وصىل انًخبغجبد  0.2494 0.2114

 انزسًُخ انً يىلغ انؼًم (.

7-  

يُخفعخ 

 الأهًُخ

0.044986 

 

-8 ػذو وظىح الانتشايبد انتؼبلذَخ. 0.2869 0.1568  

0.032953 

 

ثؼط انًىاد وانتجهُشاد يٍ ثهذ انًُشأ تأخز وصىل 0.2057 0.1602  9-  

0.027878 

 

-16 تأخز انًصبدلخ ػهً انًخططبد انتُفُذَخ يٍ لجم انجهخ الاستشبرَخ 0.225 0.1239  

0.022345 

 

-11 ػذو دلخ انًسىدبد انًتؼهمخ ثًىلغ انًشزوع يٍ لجم انطزف الاول 0.1057 0.2114  

0.0223 

 

انتصبيُى او تغُُز فٍ انتصًُىتأخز اكًبل  0.1784 0.125  12-  

-13 تأخز انًجبشزح ثبنؼًم فٍ انًشزوع 0.2068 0.1063 0.021983  

0.015384 

 

-14 تأخز فٍ تسهُى انًىلغ انً انًمبول ثسجت ػذو تهُئخ انًىلغ 0.1381 0.1114  

0.014844 

 

-15 دذوث يشبكم داخهُخ ثٍُ اػعبء فزَك انًمبول 0.1653 0.0898  

0.014587 

 

-16 ػذو كفبَخ انتخصُصبد انًبنُخ لاكًبل الاػًبل 0.138 0.1057  

يُخفعخ 

 الأهًُخ جذا  

تبخُزاَجبس انفمزاد ثسجت ػذو تىفزانسُىنخ انًبنُخ نذي انًمبول )  0.1256 0.1114 0.013992

 ػذو انتذكى ثبنتذفك انُمذٌ (

17-  

0.012741 

 

كبنًُبِ انجىفُخ, اَبثُت انًُبِ, تبسُبد وجىد ػىائك فٍ انًىلغ  0.1438 0.0886

انخ ---كهزثبئُخ   

18-  

0.011757 

 

تأخز استلاو انسهف انتشغُهُخ وفك انؼمذ نذٍُ اكًبل الاجزاءاد  0.1398 0.0841

 انمبَىَُخ

19-  

0.011633 

 

-26 ػذو تطبثك انًخططبد ) اَشبئٍ , يؼًبرٌ ( او وثبئك انؼمذ 0.1034 0.1125  

0.010236 

 

تذهىر الاوظبع الايُُخ فٍ انًشزوع ثبلاظبفخ انً تكزار تفجُز  0.1193 0.0858

 انًؼذاد

21-  

0.009048 

 

-22 َشاػبد خلال يزدهخ انتشُُذ ثٍُ اغزاف انؼًم 0.1034 0.0875  
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 0.00891 

 

انتعخى وتمهجبد الاسؼبرخلال فتزح تُفُذ انًشزوع                     0.1188 0.075

      

23-  

0.008629 

 

-24 ػذو تخصُص يكبٌ نزيٍ الاَمبض 0.146 0.0591  

0.008341 

 

-25 سىء انظزوف انجىَخ  0.1165 0.0716  

0.007092 

 

ارض انًشزوع يستًهكخ يٍ لجم انذونخ ونكٍ نى َتى تسذَذ  0.1057 0.0671

 استذمبلبد انًبنكٍُ

26-  

0.007061 

 

-27 جذونخ غُز دلُمخ نهًشزوع 0.0875 0.0807  

0.006715 

 

-28 وفبح انًمبول 0.0693 0.0969  

0.00659 

 

-29 ارتفبع كجُز فٍ اسؼبر دذَذ انتسهُخ 0.1017 0.0648  

0.006577 

 

-36 تأخز وصىل انًىاد ثسجت الاجزاءاد الايُُخ 0.0818 0.0804  

0.006487 

 

-31 اختلاف غجُؼخ الارض 0.1392 0.0466  

0.006182 

 

-32 تجذَم يىلغ انؼًم 0.0892 0.0693  

0.006022 

 

-33 ػذو استطبػخ انًمبول استلاو انًىلغ ثسجت ادذاث ايُُخ 0.0693 0.0896  

0.005899 

 

-34 ػذو ايكبَُخ الاستفبدح يٍ انًشزوع ثسجت وجىد َىالص كبنًصبػذ 0.1017 0.058  

0.005219 

 

انًشزوع نًذح غىَهخ ظزوف انذزة ) استمزار ودذح ػسكزَخ فٍ  0.0625 0.0835

) 

35-  

0.004886 

 

-36 يطبنجخ انًمبول ثفزق سؼز لارتفبع اسؼبر انًىاد ثسجت انتبخُز 0.1131 0.0432  

0.004819 

 

ظُك انًسبدخ داخم انًىلغ وصؼىثخ دزكخ انًؼذاد وػذو تىفز  0.1324 0.0364

 يكبٌ نتجهُش انًىاد، اظبفخ انً انشخى انًزورٌ فٍ انًُطمخ 

37-  

0.004818 

 

-38 دذوث اظزار فٍ ثؼط اجشاء انًشزوع ثسجت الادذاث الايُُخ 0.0807 0.0597  

0.00427 

 

-39 تؼزض انًشزوع انً اغلالبد َبرَخ َتُجخ ادذاث ايُُخ 0.0659 0.0648  

0.004229 

 

تأخز تُفُذ ثؼط انفمزاد ثسجت ػذو استًلان انًُبغك انًذزيخ  0.0818 0.0517

 نهًشزوع

46-  

0.003298 

 

-41 صؼىثخ انىصىل انً انًىلغ ) انًىلغ فٍ يُطمخ َبئُخ ( 0.1018 0.0324  

0.002564 

 

-42 تأخز اجزاءاد تذىَم انؼًم انً انىرثخ 0.0659 0.0389  

 

( : حدود مؤشرالمخاطر لكل مستوى أهمية5جدول رقم )  
 أهمية المخاطر)مستوى الاهمية( الحد الادنى الحد الاعمى

0.0026 + 10%  D =    0.0134       0.0026  ًمنخفضة الأىمية جدا 
0.0135 + 30% D =    0.0465    0.0135 منخفضة الأىمية 
0.0466 + 30% D =    0.0796  0.0466 متوسطة الأىمية 
0.0797 + 30% D =    0.1127   0.0797 عالية الأىمية 
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مخطر في أهداف المشروع (: النسب المئوية لتكرارتأثير كل6جدول رقم )  

تصنيف  ث انمخاطر كهفت مذة جىدة سلامت

 انمخاطر
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ػذو تىفز انًخططبد نهشجكبد انخذيُخ انًبرح خلال انًىلغ  30 87.5 7.5 0

 كبنًخططبد انكهزثبئُخ , انهبتف , انًبء , وغُزهب ( 

 تنظيميت 1-

  2- انًُبسجبد انذَُُخ وانؼطم انًفبجئخ 37.5 87.5 5 0

  3- ظؼف انتُسُك والاتصبلاد ثٍُ صبدت انؼًم وانًمبول 17.5 92.5 7.5 0

  4- تصُُغ انمطغ انكىَكزَتُخ انجبهشح فٍ ايبكٍ ثؼُذح ػٍ انؼًم 40 60 52.5 32.5

ػذو تىفز انًؼهىيبد انعزورَخ ) تأخز وصىل انًخبغجبد  25 52.5 47.5 2.5

 انزسًُخ انً يىلغ انؼًم (

-5 
 

  6- ػذو وظىح الانتشايبد انتؼبلذَخ 67.5 37.5 35 17.5

تأخز انًصبدلخ ػهً انًخططبد انتُفُذَخ يٍ لجم انجهخ  7.5 62.5 52.5 0

 الاستشبرَخ

-7 
 

  8- تأخز انًجبشزح ثبنؼًم فٍ انًشزوع 5 65 40 17.5

  9- دذوث يشبكم داخهُخ ثٍُ اػعبء فزَك انًمبول 10 85 12.5 2.5

انًىلغ انً انًمبول ثسجت ػذو تهُئخ انًىلغتأخز فٍ تسهُى  15 90 2.5 0  مكانيت 16- 

وجىد ػىائك فٍ انًىلغ كبنًُبِ انجىفُخ, اَبثُت انًُبِ, تبسُبد  52.5 67.5 20 17.5

انخ ---كهزثبئُخ   

-11 
 

  12- ػذو تخصُص يكبٌ نزيٍ الاَمبض 20 27.5 37.5 50

  13- سىء انظزوف انجىَخ  35 52.5 12.5 20

  14- اختلاف غجُؼخ الارض 17.5 77.5 35 20

  15- تجذَم يىلغ انؼًم 42.5 77.5 10 0

ظُك انًسبدخ داخم انًىلغ وصؼىثخ دزكخ انًؼذاد وػذو تىفز  35 32.5 42.5 5

 يكبٌ نتجهُش انًىاد، اظبفخ انً انشخى انًزورٌ فٍ انًُطمخ 

-16 
 

َبئُخ (صؼىثخ انىصىل انً انًىلغ ) انًىلغ فٍ يُطمخ  47.5 20 30 50  -17  

فزولبد ثٍُ انتُفُذ وانًىاصفبد انًطهىثخ َتُجخ نسىء فهى  15 87.5 5 0

 انًخططبد وانًىاصفبد

 فنيت 18-

  19- تهشَى انؼًم نًمبول غُز كفىء        32.5 12.5 77.5 0

  26- تأخز وصىل ثؼط انًىاد وانتجهُشاد يٍ ثهذ انًُشأ 27.5 82.5 7.5 0

دلخ انًسىدبد انًتؼهمخ ثًىلغ انًشزوع يٍ لجم انطزف ػذو  20 47.5 72.5 0

 الاول

-21 
 

  22- تأخز اكًبل انتصبيُى او تغُُز فٍ انتصًُى 20 45 52.5 5

  23- ػذو تطبثك انًخططبد ) اَشبئٍ , يؼًبرٌ ( او وثبئك انؼمذ 27.5 52.5 47.5 5

  24- َشاػبد خلال يزدهخ انتشُُذ ثٍُ اغزاف انؼًم 5 65 27.5 10



Journal of Engineering Volume   21  April  2015 Number 4 
 

                                                                                                                                                                                     
 

19 
 

 

 

 

 

  25- جذونخ غُز دلُمخ نهًشزوع 20 82.5 17.5 0

تذهىر الاوظبع الايُُخ فٍ انًشزوع ثبلاظبفخ انً تكزار تفجُز  20 75 12.5 12.5

 انًؼذاد

 سياسيت 26-

  27- تأخز وصىل انًىاد ثسجت الاجزاءاد الايُُخ 17.5 85 5 2.5

استلاو انًىلغثسجت ادذاث ايُُخ نى َستطغ انًمبول  57.5 47.5 20 20  -28  

ظزوف انذزة ) استمزار ودذح ػسكزَخ فٍ انًشزوع نًذح  42.5 32.5 25 10

 غىَهخ (

-29 
 

  36- دذوث اظزار فٍ ثؼط اجشاء انًشزوع ثسجت الادذاث الايُُخ 22.5 85 10 30

  31- تؼزض انًشزوع انً اغلالبد َبرَخ َتُجخ ادذاث ايُُخ 22.5 85 15 7.5

 مانيت 32- ػذو كفبَخ انتخصُصبد انًبنُخ لاكًبل الاػًبل 17.5 80 17.5 0

تبخُزاَجبس انفمزاد ثسجت ػذو تىفزانسُىنخ انًبنُخ نذي انًمبول  5 55 47.5 10

 ) ػذو انتذكى ثبنتذفك انُمذٌ (

-33 
 

انتعخى وتمهجبد الاسؼبرخلال فتزح تُفُذ انًشزوع                   37.5 70 12.5 0

       

-34 
 

  35- ارتفبع كجُز فٍ اسؼبر دذَذ انتسهُخ 67.5 42.5 22.5 0

ػذو ايكبَُخ الاستفبدح يٍ انًشزوع ثسجت وجىد َىالص  90 17.5 5 0

 كبنًصبػذ

-36 
 

  37- يطبنجخ انًمبول ثفزق سؼز لارتفبع اسؼبر انًىاد ثسجت انتبخُز 85 17.5 5 0

انؼمذ نذٍُ اكًبل الاجزاءاد تأخز استلاو انسهف انتشغُهُخ وفك  42.5 57.5 5 0

 انمبَىَُخ

 قانىنيت 38-

ارض انًشزوع يستًهكخ يٍ لجم انذونخ ونكٍ نى َتى تسذَذ  25 75 2.5 0

 استذمبلبد انًبنكٍُ

-39 
 

  46- وفبح انًمبول 15 80 2.5 0

تأخز تُفُذ ثؼط انفمزاد ثسجت ػذو استًلان انًُبغك انًذزيخ  12.5 85 7.5 0

 نهًشزوع

-41 
 

  42- تأخز اجزاءاد تذىَم انؼًم انً انىرثخ 10 87.5 12.5 0
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(: تكرار أهداف المشروع بشكل عام7جدول رقم )  
 

 

 

 

تكرار اجراءات الاستجابة لممخاطر في الاجابات المستردة(: نسبة 8جدول رقم )  

 النسب المئوية التكرار أهداف المشروع
 24.75 680 الكمفة
 47.69 1310 المدة
 20.86 573 الجودة

 6.70 184 السلامة المينية
 %111 2747 المجموع

 

 غير

 رنك

تحىيم 

نطرف 

 انتأمين آخر

 بسعر

 انعرض

إهمال 

  أو

 جهم

 قبىل

 تجنب مخطط

 شروط

 عقذيت

تسهسم  انمخاطر

 انمخاطر

تصنيف 

 انمخاطر

7.5 2.5 2.5 0 5 12.5 12.5 57.5 

ػذو تىفز انًخططبد نهشجكبد انخذيُخ 

انًبرح خلال انًىلغ كبنًخططبد 

 انكهزثبئُخ , انهبتف , انًبء , وغُزهب ( 

1و  تنظيميت 

2.5 2.5 2.5 0 2.5 17.5 35 37.5 
2و انًُبسجبد انذَُُخ وانؼطم انًفبجئخ  

15 2.5 5 2.5 10 35 5 5 

ظؼف انتُسُك والاتصبلاد ثٍُ 

 صبدت انؼًم وانًمبول

3و  

7.5 15 12.5 5 0 25 20 10 

تصُُغ انمطغ انكىَكزَتُخ انجبهشح فٍ 

 ايبكٍ ثؼُذح ػٍ انؼًم

4و  

5 5 7.5 2.5 5 20 32.5 22.5 

ػذو تىفز انًؼهىيبد انعزورَخ ) تأخز 

وصىل انًخبغجبد انزسًُخ انً يىلغ 

 انؼًم (

5و  

12.5 2.5 5 10 5 17.5 30 15 
6و ػذو وظىح الانتشايبد انتؼبلذَخ  

7.5 7.5 7.5 0 10 7.5 35 25 

تأخز انًصبدلخ ػهً انًخططبد 

 انتُفُذَخ يٍ لجم انجهخ الاستشبرَخ

7و  

7.5 5 5 2.5 5 17.5 45 5 
8و تأخز انًجبشزح ثبنؼًم فٍ انًشزوع  

10 5 7.5 0 7.5 20 30 12.5 

دذوث يشبكم داخهُخ ثٍُ اػعبء فزَك 

 انًمبول

9و  

7.5 5 10 0 7.5 25 15 30 

تأخز فٍ تسهُى انًىلغ انً انًمبول 

 ثسجت ػذو تهُئخ انًىلغ

16و  مكانيت 

20 5 15 5 2.5 32.5 5 12.5 

وجىد ػىائك فٍ انًىلغ كبنًُبِ 

انجىفُخ, اَبثُت انًُبِ, تبسُبد كهزثبئُخ 

انخ ---  

11و  

12.5 10 10 2.5 7.5 32.5 15 12.5 
12و ػذو تخصُص يكبٌ نزيٍ الاَمبض  

25 0 17.5 0 5 27.5 7.5 12.5 
13و سىء انظزوف انجىَخ   
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7.5 15 10 5 10 45 2.5 5 
14و اختلاف غجُؼخ الارض  

12.5 2.5 0 0 5 10 47.5 10 
15و تجذَم يىلغ انؼًم  

12.5 10 0 2.5 2.5 22.5 15 22.5 

ظُك انًسبدخ داخم انًىلغ وصؼىثخ 

دزكخ انًؼذاد وػذو تىفز يكبٌ 

نتجهُش انًىاد، اظبفخ انً انشخى 

 انًزورٌ فٍ انًُطمخ 

16و  

15 7.5 5 2.5 5 10 15 25 

صؼىثخ انىصىل انً انًىلغ ) انًىلغ 

 فٍ يُطمخ َبئُخ (

17و  

7.5 2.5 20 2.5 5 30 7.5 17.5 

فزولبد ثٍُ انتُفُذ وانًىاصفبد 

انًطهىثخ َتُجخ نسىء فهى انًخططبد 

 وانًىاصفبد

18و  فنيت 

2.5 17.5 15 2.5 2.5 25 15 15 
19و تهشَى انؼًم نًمبول غُز كفىء         

2.5 25 10 2.5 0 7.5 25 22.5 

تأخز وصىل ثؼط انًىاد وانتجهُشاد 

 يٍ ثهذ انًُشأ

26و  

7.5 17.5 10 2.5 0 20 25 7.5 

انًتؼهمخ ثًىلغ ػذو دلخ انًسىدبد 

 انًشزوع يٍ لجم انطزف الاول

21و  

2.5 12.5 5 0 0 5 27.5 32.5 

تأخز اكًبل انتصبيُى او تغُُز فٍ 

 انتصًُى

22و  

15 20 20 0 0 10 12.5 15 

ػذو تطبثك انًخططبد ) اَشبئٍ , 

 يؼًبرٌ ( او وثبئك انؼمذ

23و  

15 2.5 7.5 0 7.5 15 37.5 7.5 

انتشُُذ ثٍُ َشاػبد خلال يزدهخ 

 اغزاف انؼًم

24و  

0 12.5 2.5 0 5 25 25 17.5 
25و جذونخ غُز دلُمخ نهًشزوع  

17.5 15 35 0 5 12.5 2.5 7.5 

تذهىر الاوظبع الايُُخ فٍ انًشزوع 

 ثبلاظبفخ انً تكزار تفجُز انًؼذاد

26و  سياسيت 

20 20 25 0 5 17.5 2.5 5 

تأخز وصىل انًىاد ثسجت الاجزاءاد 

 الايُُخ

27و  

15 15 27.5 0 2.5 20 15 2.5 

ثسجت ادذاث ايُُخ نى َستطغ انًمبول 

 استلاو انًىلغ

28و  

12.5 15 27.5 5 7.5 20 7.5 2.5 

ظزوف انذزة ) استمزار ودذح 

 ػسكزَخ فٍ انًشزوع نًذح غىَهخ (

29و  

10 15 25 0 2.5 22.5 7.5 10 

دذوث اظزار فٍ ثؼط اجشاء 

الايُُخانًشزوع ثسجت الادذاث   

36و  

10 20 15 5 5 20 10 12.5 

تؼزض انًشزوع انً اغلالبد َبرَخ 

 َتُجخ ادذاث ايُُخ

31و  

7.5 2.5 10 5 5 15 12.5 37.5 

ػذو كفبَخ انتخصُصبد انًبنُخ لاكًبل 

 الاػًبل

32و  مانيت 

15 5 5 2.5 10 2.5 17.5 35 

تبخُزاَجبس انفمزاد ثسجت ػذو 

انًمبول )ػذو تىفزانسُىنخ انًبنُخ نذي 

 انتذكى ثبنتذفك انُمذٌ (

33و  
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(: تكرار اجراءات الاستجابة في الاجابات المستردة9جدول رقم )  

 

 

 

 

10 10 12.5 7.5 7.5 12.5 15 22.5 

انتعخى وتمهجبد الاسؼبرخلال فتزح 

 تُفُذ انًشزوع                        

34و  

35و ارتفبع كجُز فٍ اسؼبر دذَذ انتسهُخ 32.5 2.5 12.5 5 10 20 0 12.5  

10 0 22.5 5 7.5 27.5 0 12.5 

ايكبَُخ الاستفبدح يٍ انًشزوع ػذو 

 ثسجت وجىد َىالص كبنًصبػذ

36و  

7.5 7.5 7.5 5 2.5 20 5 42.5 

يطبنجخ انًمبول ثفزق سؼز لارتفبع 

 اسؼبر انًىاد ثسجت انتبخُز

37و  

20 10 10 2.5 2.5 10 10 25 

تأخز استلاو انسهف انتشغُهُخ وفك انؼمذ 

 نذٍُ اكًبل الاجزاءاد انمبَىَُخ

38و  

10 7.5 10 0 2.5 2.5 17.5 47.5 

ارض انًشزوع يستًهكخ يٍ لجم انذونخ 

 ونكٍ نى َتى تسذَذ استذمبلبد انًبنكٍُ

39و  

46و وفبح انًمبول 37.5 10 22.5 0 0 10 2.5 22.5  

20 17.5 15 0 0 20 5 20 

تأخز تُفُذ ثؼط انفمزاد ثسجت ػذو 

 استًلان انًُبغك انًذزيخ نهًشزوع

41و  

42و تأخز اجزاءاد تذىَم انؼًم انً انىرثخ 15 5 17.5 0 2.5 12.5 22.5 30  

6 6 1 6 6 4 6 2 
 %36ػذد انًخبغز انتٍ تؼبنج ثبلاجزاء انًؼٍُ ثُسجخ اكجز يٍ 

 النسب المئوية التكرار اجراء الاستجابة
 21.05 329 شروط عقدية
 17.59 275 تجنب المخاطر
 20.22 316 قبول مخطط
 4.73 74 إىمال او جيل
 2.56 40 بسعر العرض

 12.86 201 التأمين
 8.45 132 التحويل لطرف آخر

 12.54 196 غير ذلك
 %111 1563 المجموع
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 في العراق أىمية الإستخدام الحديث لمادة الخرسانة
ستخدام مادة الخرسانة في العمارة   دراسة تحميمية لتطور إنتاج وا 

 
 محمد رضا شاكر مجيد

 مدرس
 جامعة بغداد -كمية اليندسة 

mridhachalabi@gmail.com:إيميل  
 

 خلاصةال
اث طفرة في حدعمى إول مرة كتشافيا لأخرى حيث ساعدت منذ إكأي مادة أ اتيا ومواصفاتيا المميزةمادة الخرسانو بإمكانليست 

عن الشكل اليندسي المعتاد وذلك مما ساعد عمى الخروج عن  عالم التصميم وتنويع إنتاج الأعمال المعمارية العظيمة بعيداً 
 .مكناً المألوف وتحقيق مالم يكن م

 .نشاء بما فييا المشكمة الاقتصاديةالحل الأفضل والأسيل والأوفر لأغمب مشاكل الإ تعتبر مادة الخرسانة الى وقتنا الحاضر و
بإستخدام مادة  ذاع صيتيم من خلال تصاميم تميزتو المينية مسيرتيم  في الحداثة )بالذات( ن المبدعينيغمب المعماريألذا بدأ  

ومن ثم تطورت ، في العراق سكاننت الحل الإقتصادي لأزمة الإحيث كا 1في فتره مابين الحربين شائية أساسيةالخرسانة كمادة إن
 ضاً.يية أوالنحت ظيفي البحت الى الجوانب التعبيريةمع الحداثو لتنتقل من الجانب الو 

ستغلال مواصفاتيا وتحسينيا كمادة أساسيوت ة في العمل المعماري حيث لايزال ىنالك برز ىنا أىمية الخرسانة كمادة إنشائية وا 
في إستخدام مادة الخرسانة في العمل المعماري في العراق ولاتزال تستخدم ىذه المادة بصيغتيا الإنشائية أكثر من  واضح صورقُ 

 كونيا مادة يمكن إستثمار خصائصيا وتطويرىا لمعمل المعماري.
ين لإستغلال خصائص ىذه المادة خلال أربعينيات وخمسينات القرن الماضي لقد عمل الكثير من المعماريين المحميين والعالمي

 .لإنتاج أعمال ومباني معمارية متميزة وظيرت من خلاليا حركات وتوجيات معمارية مرموقة أثرت بشكل كبير عمى العمارة
مايوصف بالتردي في الشكل  نما ىنالكمن ىنا تبرز مشكمة البحث حيث لانرى تطوراً واضحاً في إستخدام ىذه المادة في العراق وا  

 حتى في مواصفات المادة المنتجة من الناحية الإنشائية والتنفيذ.و 
بشكل إيجابي من قبل وييدف البحث الى التعريف بإمكانات مادة الخرسانة التقميدية ومواصفاتيا وكيف أستخدمت ىذه الخصائص 

لتشكل  والدور الذي تمعبو ىذه المادة في ىذا المجال، المنشاي للأبنيةالشكل ، وبيان العلاقة بين الشكل المعماري و رواد العمارة

                                                 
 الحرب العالمية الأولى والحرب العالمية الثانية 1

mailto:mridhachalabi@gmail.com:إيميل
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ستخدام  ىذه المادة لمخروج  ي توصل إلييا المعماريونإطاراً نظرياً لمبحث ومن ثم إستخلاص أىم التجارب الت في إنتاج وا 
ستخداميا وتطويرى  ا لإنجاز مباني ذات طابع معماري متميز.بإستنتاجات وتوصيات تعين المعمار لمدخول وفيم ىذه المادة وا 

الخرسانة، قحطان المدفعي، مواصفات، الوحشيو، ميتابولزم، العضويو، دوكتل، لافارج،  :الكممات الرئيسة
 الإجيميا، الخرسانة الشفافو. 

Importance of New Use of Concrete in Iraq 
Analysis of Development And Use of Concrete in Architecture 

 
Mohammed Ridha Shakir Majeed 

Lecturer 
Engineering College – Baghdad University 

E-mail:mridhachalabi@gmail.com 
 

ABSTRACT 

Since its invention by the Ancient Romans and later developed during the mid-18th century, the 
concrete structure and finish, has been considered as the most powerful, practical, economic and 
constructional material that meets the building’s architectural and aesthetical requirements. By 
creating unique architectural forms, the pioneer architects used concrete widely to shape up their 
innovative designs and buildings.  
The pre-mixed ultra-high performance concrete which manufactured by Lafarge. 
The transparent concrete and cement that allow the light beams to pass through them, introduces 
remarkable well-lit architectural spaces within the same structural criteria. This product is a 
recyclable, sustainable, friendly environmental and cost efficient back up . 
Due to its characteristics, strength, flexibility, affordability and long term performance, the concert 
integrated and contributed in modern architecture, urbanism and civil developments. Apparently, 
most of the 20th Century architects employed high-tech concrete method to deliver Iconic and 
bespoke architectural monuments world-wide. The interaction between the architectural form and 
the concrete as a buildable, executable, structural and constructional material has been always the 
main concern for architects over generations . 
The formalism in architecture was first identified by the Art-Nouveau movement during the early 
20 century in Europe as well as in Northern America. It formed, utilized and sculptured the 
concert to meet the use, function, aesthetical and spatial needs of spaces. This wave generated 
series of most significant, outstanding and impressive buildings in the architectural symbolized 
record . 
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This was followed by the Brutalism architecture presented by Alison and Peter Smithson in 
England and also by Le Corbusier works in Marseille and India. However, Alvar Alto and Louis 
Khan have participated and established a tremendous use of concrete to erect public interest 
developments on the same era  
The concert as a structural element dominated the Metabolism architecture that represented by 
the Japanese architects like Kiyonori Kikutake, Kisho Kurokawa, Noboru Kawazoe, Masato 
Otakaand and Fumihiko Maki. They visualized the city of the future to be viable, evaluable, 
expandable, flexible structures that evoked the processes of organic growth as it is in nature. 
Their developments are often called technocratic and described as avant-garde with a rhetorical 
character. The Metabolist mega structures heavily relied on advanced technology and adaptable 
plug-in building techniques in using this material . 
The research concluded the influences of the concrete as a building material upon the modern 
and building forms from the outsets. By exploring the history of the material, expanding its 
characteristics and specifications and later demonstrating the modern architecture movements and 
architects, this research has achieved its targets to acknowledge the importance of concrete in the 
current construction market and architectural developments. 
Key Word: Concrete, Kahtan Al Madfai, Specification, Brutalism, Metabolism, Organism, 
Ductal, Lafarge, Agilia, Translucent concrete. 
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 المقدمة -1
من أىم مواد البناء في العصر  تعدالتي الركام، ت والرمل والماء مع إضافة سمنمن الإ المشيورة إنشائياًوالمتكونة مادة الخَرَسَانَة إن 

الخرسانة  حيث إستخدمواالرومان يميا بالحديد لتصبح خرسانة مسمحة كانت قد أستخدمت من قبل مع تدع الحديث خصوصاً 
مكان ت ستعممت في معظمحوالي ألفي عام وقد أ قبل Plain Concreteالعادية  فيذىا بعمالة مدربة نمبانييم لسيولة تشكيميا وا 
 .بسيطاً  تدريباً 

 :ىي ىي التصمب عند إضافة الماء ولكنيا ليا خصائص أخرى لمخرسانة إن الصفات التقميدية
 الابتدائى  تصمبتأخذ شكل صمد ومتين مع الزمن تدريجيا وتبدأ بالInitial setting النيائى  وتنتيى بالتصمبFinal 

setting . 
 ضغط قوى الإنشديدة المقاومة لCompressive Forces  ًلشد قوى افي مقاومتيا ل ولكنيا في نفس الوقت ضعيفة جدا

Tensile Forces الشد  إجياداتدث فيو إفي الأماكن التي تح بداً لعادية )غير المسمحة( لا تستخدم ألذلك فالخرسانة ا
وىو مقاوم ممتاز لقوى الشد وقوى قضبان حديد التسميح  متغمب عمى ىذه المشكمة، يوضعول (.Beams )مثل العتبات

ن تتحمل قوى الشد كميا فإن الخرسانة لا تتحمل ويمة يمكن أالطفي آن واحد، في حين أن قضبان حديد التسميح  الضغط
 .Bucklingنبعاج الخرسانة فيحدث نتيجة ليذا إ Slenderقوى الضغط كميا إذا كانت قطاعاتيا نحيفة 

من الخرسانة والحديد يعطى مادة مثالية لمقاومة الإجيادات المختمفة المؤثرة عمييا، وىذا المركب  ن مركبا خميطاً إ وكما ىو معروف
 .(21 مصدر) Reinforced Concreteىو ما يعرف باسم الخرسانة المسمحة 

وأكثر سيولة، وميد الطريق لفن  عندىم ب أقل كمفةاأصبح بناء القبالجسور من خرسانتيم الجديدة و بناء  أدرك الرومان إمكانيةلقد و 
الخرسانة،  جفاف ية وتُصب الخرسانة فوقيا، لتتمكن من حمل وزن السقف ككل حينىياكل خشب من اطرقناللبناء و عمارة جديد، 

ي مممساً وشكلًا وتعط طوطًا في السقف، وبالتالي تعكس مكان وجودىاأحيانًا إذا لم تكن الألواح الخشبية ناعمة فستخمف خو 
 .معمارياً 

وبشكل فعّال من ناحية الوظيفة اً مساعد صبحت عاملاً عمى حل المشكمة الجمالية فقط بل وأ اً مساعد الخرسانة عاملاً ولم تكن 
يك أو إرتفاعات الأبواب كما في إستخدام ث منحت المصمم فرصة عدم التقيد بأحجام الفضاءات أو فتحات الشبابحي ،يضاً أ

 .وصغيرة من وحدات بقياسات محددة تألفانما يو الحجر كونيالطابوق أ
ليا داخميا من دون التأثير عمى  الخدمات والحفاظ عمييا بخمق أنفاقدخال المنشأ من ناحية سيولة إ ىذا وقد خدمت الخرسانة 

ادة عازلة لمحرارة مما سيحافظ عمى البيئة الداخمية المريحة لممنشأ وسلامتو من مضافة الى كونيا جماليتو بالإىيكل المنشأ و 
 التأثيرات الخارجية.

ن في الواجيات  لخرسانةا واستخدمإ من الأوائل الذين أما في العصر الحديث فبعد معماريي الفن الجديد )الآرت نوفو كما سبق( وا 
حيث لم يكن من ، (1–وبيت الشلال )شكل بيوت البراري وذلك في Frank Lloyd Wright المعماري الشيير فرانك لويد رايت ىو

 وجو اميموفي تص )رايت( ع رائد الحداثةابد، ولكن أنياءإستخدام الخرسانة كمادة إ لو )في الولايات المتحدة( سابقاً  المتعارف
 .الخرسانة التعبيريةمكانيات ار لإنظالأ

ستمرت مادة الخرسانة بإستقطاب إ سماء مثل لو بداية القرن العشرين ولغاية الآن، وبرزت أومقمدييم  في عماريين الكبار ام المىتموا 
 ،  Louis Kahnلويس كان و ، Walter Gropiusغروبيوس والتر و ، Le Corbusier  كوربوزيو
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كأىم من  Pier Luigi Nervi لويجي نيرفيبيير و ،  Kisho Kurokawaكاوااكيشو كار و  ،Eero Saarinenيرو سارينين   وا  
و تانغ كنزوفضلًا عن ، حيث لقب بشاعر الخرسانةمخرسانة إستخدامو لي ف الأخير بدعأوقد إستخدموا المادة بصفاتيا التعبيرية 

Kenzo Tange ،ة العراقية زىا حديدوالمعماري Zaha Hadid  ،وتتواصل التصاميم لإكتشاف إمكانيات جديدة ومواصفات وغيرىم
 ولو التشكيل وجمالية التصميم.تساعد في سي محسنة

عودة عدد من الفنانين التشكيميين والمعماريين الى العراق يحممون معيم ذات الأفكار  في العراق ولقد شيدت فترة الخمسينات
الغربيو وما والمفاىيم الفمسفية إزاء العمارة التي أشاعتيا الأنماط والمدارس التي إنتشرت في أمريكا وأوروبا من معطيات التكنموجيا 

العراقية  ظير في ميدان التداول الفعمي من مواد وأساليب تنفيذية...فكان من جراء ذلك أن قفزت سمات جديدة الى واقع المدينة
ومجتمعيا ومنيا إستخدام متجدد لممواد الإنشائية مع ما أفرزتو مادتي الفولاذ والخرسانة من طواعية ومتانة لم تكن  وخاصة بغداد

واقع التنفيذ فأعطت ىذه الإستخدامات متسعاً من المرونة نحو التلاعب بالأشكال بإتجاه خالٍ نسبياً من تعقيدات المادة  مألوفة في
 وكان في مقدمتيا إمكانية الحصول عمى بحور مترامية...من خلال إستخدام النظم المنشاية الييكمية.

قنيات المعسكر الإشتراكي بعد أن كانت العلاقات والخطوط العريضة إن الإنفتاح عمى التقنية الغربية وكذا الأمر بالنسبة لت
 لسياسات الدولة ترسميا الدوائر البريطانية..

بحيوية إضافية من  العراقي )مع غيره من رواد العمارة العراقية المعاصرة( لقد ساىم المعمار قحطان المدفعي برفد النتاج المعماري
إستيوتنا  وكما يشير د.خالد السمطاني إنو قدمايظير عمى الساحة من شواخص الأعمال...خلال تحركو وتطمعاتو وتقصيو لكل 

وراقت لنا تمك التكوينات الديناميكية والتكوينات المتناغمة التي طالعناىا في متنزه الأوبرا ومدينة الألعاب في بغداد والتي أقترنت 
 (22)مصدر  .(2–مع كل مايوحي بالحركة والتغيير )شكلق بإسم المعمار قحطان المدفعي..وحيوية الشباب التي تتواف

 الخرسانة وميزاتيا : مادةل التقميدية مواصفاتال -2
a. :المواصفات الفيزيائيو والكيمياوية 

 .بطيئة الإشتعال 
  مقاومة للأملاح والأحماض.0.1درجة نفاذيتيا لمماء % 
 .مقاومة للاحتكاك والكسر 
 .رديئة التوصيل لمكيرباء 
  صيل الحراري.ضعيفة التو 
  2نيوتن / مم 50تتحمل إجياد ضغط يصل إلى. 
 .مقاوم للأشعة فوق البنفسجية 

b. الخرسانة: مادة ميزات 
 .إحدى مواد البناء الأكثر طواعية المتوفرة لمميندسين والمعماريين 
  .عممية لإعادة الإنتاج والترميم وذات جمالية عالية وصديقة لمبيئة 
 عوامل أمان كبيرة لميياكل الضخمة والأساسات.تخفف الحمولات عمى الأبنية ب 
 .يمكن تموينيا بالصباغات والدىانات 
 .الإكساء بواسطتيا يمكن أن يحل محل الخرسانة مسبقة الصنع عندما تكون ىناك مشكمة في الوزن والشكل 
  النيائية بأفضل نوعية.سيمة التصنيع والقولبة لإنتاج الاشكال والتفاصيل الدقيقة كما تعطي المممس المطموب لمسطوح 
  .شديدة الصلابة ومقاومة للاحتكاك 
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 .مقاومة لمتآكل والظروف الجوية الخارجية من حرارة ورطوبة وخاصة الاجواء البحرية 
 .عازلة لمحرارة والصوت وتتسم بمقاومة عالية لمحريق وتسرب الماء 
 .غير قابمة لتكاثر الحشرات ونمو الفطريات والمكروبات 

 الخرسانة :ادة بم طرق العمل 3-1
 (  الصب بالموقع مباشرةCast in situ) 
 (  الخرسانو المسبقو الصبPre-cast) 
 (  الخرسانو المسبقو الاجيادPre-stressed) 
 (  القوالب المنزلقوSlip form ) 
الخرسانة: مادةل التقميدية ستخداماتالإ -3

 يا:تستخدم الخرسانة في الكثير من الأعمال المعمارية والبنائية وأىم
 تكسيات واجيات المباني 
  الأعمدة والجسور 
  الشبابيك أو المشربيات الإسلامية 
  تغطية الأسقف بديلًا للأسبستوس والقرميد 
 الأسقف المعمقة 
   جدران المباني 
 وحدات معمارية وزخرفية مختمفة 
 الشرفات 
  القباب 
 التماثيل 
 أقنية لمري والصرف 
 النافورات 
 أحواض زىور 
 ءجدران عزل الضوضا 
 أىم التوجيات المعمارية التي إستخدمت مادة الخرسانة: -4
a.  التعبيرية العضويةOrganic expressionism: 

متمدت فمي أنحماء Art Nouveau2كانت بدايتيا بحركو الآرت نوفو  تسعت لتشممل العممارة، وا  التي إبتدأت بتصميم الفضاء الداخمي وا 
 ة والتعبير عن شخصيو المصمم خلال البناية.أوربا لتمثل بداية تجسيد الفكر المبدع في العمار 

وممن ثمم نمممت ىمذه الحركمو لتصممل المى مسممتوى النحمت والتعبيمر الجمممالي المتفمرد فمي كممل بنايمة الممذي ىمو توجمو النحتيممة، ولكمي نعممرف 
ييما شمروط الإنتفماع النحتية في العماره نستطيع القول إنيا المباني التي أنشأت بالإعتمماد عممى أسمموب النحمت لإنشماء مبماني تتموافر ف

                                                 
( أسمموبُ دولميُ مِمنْ الفمَنل واليندسمة المعماريمةِ والتصمميمِ المذي بَممف المذروة فمي الشمعبيةِ فمي بِدايمة Art Nouveauأرت نوفمو )الكمممة الفرنسمية لل الفمَنّ الجديمد ل  2

( ويتمَيَّمممزُ بتصمممميماتو المتُجَمممدَّدِة جمممداً، المتَدَفتقمممة، وتصمممميمات ذات خطممموط منحنيمممة وأشمممكال الأزىمممار والأشمممكال المسمممتوحاة ممممن 1914-1880القمممرنِ العشمممرونِ )
 النباتات.
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والمتانة والجمال والإقتصاد وتفمي بحاجمات الإنسمان الماديمة والنفسمية و الروحيمة والإجتماعيمة فمي حمدود الإمكانمات المتموافرة وبأحسمن 
 الوسائل في ظل محددات المكان والبيئة المحيطة. 

، والذي ىو عبارة عن مرصد Erich Mendelsohn( من أشير أعمال المعماري الألماني إريك مندلسون 3 –برج انيشتاين )شكل 
 (15)مصدر  ، تكريماً لمفيزيائي ألبرت أنيشتاين في بوتسدام في ألمانيا. 1921 - 1917فمكي أقيم ما بين سنتي 

يوضممح المبنممى أفكممار مندلسممون فممي التصممميم البلاسممتيكي بممدون زوايمما أي بخطمموط منحنيممة،  وكانممت الخرسممانة ىممي المممادة المطواعممة 
 ذ ىذا المبنى، ولكن بسبب الحرب تم تنفيذ بعض الأجزاء بواسطة الطابوق وطميت بطلاء نيائي لمبرج.لتنفي

 و يعد ىذا المبنى من المباني المتألقة المعبرة عن عمارة القرن العشرين.
نتقممال الضمموء إلممى تغطممي البممرج قبممة صممغيرة تسمممح لمراصممد الفمكممي بممالنظر مممن خلاليمما بواسممطة مرقابممو إلممى قبممة السممماء،  وتسمممح بإ

مستوى تحت الأرض داخل المبنى،  يمكن فيمو رصمد حركمة الأفملاك،  ويتميمز المبنمى ممن الخمارج بخطوطمو الانسميابية، والديناميكيمة 
 الفائقة لمشكل الخارجي لمبرج وقاعدتو التي تحتوي المدخل الذي يرتفع بضع درجات عن الأرض. 

عمدم إسمتخدام الزوايما القائممة، والرمزيمة فمي التشمكيل، والتكوينمات المعماريمة الحمرة )غيمر إن إستخدام الخطوط والمستويات المنحنيمة و  
 (3.)مصدر  المنتيية( النحتية المعبرة والمؤثرة في النفس،  ومادة الخرسانة ىي المادة الطيعة لتنفيذ فكر التعبيريين.

الأنظمممة المنشممأية القشممرية الخرسممانية )الأنظمممة المنشممأية  وىنالممك كممما سممنرى لاحقمماً نممماذج رائعممة مممن العمممارة النحتيممة، حيممث تشممكل
 السطحية( الأنظمة الأكثر نقاءاً في تراكب الأشكال المعمارية مع الأشكال المنشأية.

b.  العماره الوحشيوBrutalism Architecture 3 
متمرا ممن خملال أعممال المزوجين ظير ىمذا الاتجماه المعمماري فمي النصمف الثماني ممن خمسمينات القمرن الماضمي حيمث إنطمقمت ممن إنك

 .Alison & Peter Smithsonسميتسون أليسون وبيتر  
ممن خملال طمابع المبنمى السمكني الشميير فمي  Le Corbusierوىنماك ممن ينسمب بدايمة العممارة الوحشمية إلمى المعممار لمو كوربوزيمو  

رامة المممادة، وتكممرار العناصممر الشمماقولية، وتغييممر ( ومممن خمملال إسممتخدام الخرسممانة العاريممة والتأكيممد عمممى مبممدأ صمم4 –مرسمميميا )شممكل 
مقياس الفتحات في واجيات المبنى ، كما إن كنيسة رونشام في فرنسا تعكس بعض صمفات الوحشمية ىمذه إلا أن المبعض يقمول أنيما 

 ذات إتجاه فريد وخاص.
( وىمو 5 –ي مدينمة شمنديغار )شمكل ومن الأعممال الأخمرى لممعممار لمو كوربوزيمو التمي تعكمس صمفات الوحشمية مبنمى قصمر العمدل فم

 (3المصمم في استخدام ىذه المادة وتطويعيا لتخدم أفكاره.)مصدر  ويوضح أسموبمشيد من الخرسانة المسمحو 
 : اىم ميزات ىذا الاتجاه المعماري 
o  .صياغة التكوين الأساسي لممبنى من عدد من الحجوم المعمارية المترابطة والمتداخمة 
o ظيممار الييكممل الخرسمماني  إظيممار مممادة البنمماء الاساسممية بشممكل صممريح فممي المظيممر الخممارجي والفراغممات الداخميممة لممبنممى وا 

 المسمح.
o  إسممتخدام الجممدران الخرسممانية والاجريممة العاريممة وذلممك لمحصممول عمممى خشممونة متعمممدة فممي الطممابع المعممماري لممبنممى لمرغبممة

 نى. المقصودة في التوصل الى حجوم معمارية ضاغطة توحي بثقل المب

                                                 
3

نبثممق إ، وقممد القممرن العشممرين ىممو نمممط معممماري ازدىممر فممي فتممرة الخمسممينيات حتممى منتصممف السممبعينيات مممن   Brutalist architectureالعمااة الالشيةاا   
ظيفيممة بتكمفمممة مثمّمل ىممذا الممنمط بالمبممماني الحكوميممة والمسمماكن منخفضممة الإيجممار ومراكممز التسمموق لخمممق ىياكممل و وتفممي البدايممة،  الحركممة المعماريممة الحداثيممة مممن

 .منخفضة، حتى أتى بعض المصممين في نياية المطاف وغير الاستخدامات بطريق أخرى مثل مباني الكميات
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o  كثيممرا ممما تشممكل الجممدران الخارجيممة والداخميممة القاطعممة زوايمما مختمفممة )منفرجممة، حممادة، قائمممة( وذلممك مممن أجممل الإبتعمماد عممن
 الأشكال التقميدية.

o .يلاحظ في الواجيات عدم الإنتظام والعشوائية المقصودة في توزيع الفتحات 
o عمارية قريبة من أصول العمارة التعبيرية.في الكثير من شواىد العمارة الوحشية إتبعت حمول وأساليب م 
o  إستخدام التأثيرات الجمالية والحسية الناجمة عن تكرار المرازيب الخرسانية الضخمة ذات المقطع المربع أو الدائري كما لا

يمماس تخمممو عمممارتيم مممن لمسممات تميزىمما كالأعمممدة المفممردة او المزدوجممة التممي تتقممدم سممطوح الواجيممات والتضمماد ممما بممين المق
 الصغير الناعم والمقياس الكبير الضخم لعناصر واجيات المباني الرئيسية والثانوية. 

o .لم يمتزموا بان تعكس واجيات المبنى طبيعة الفراغات المعمارية الداخمية 
 :أىم معماريو ىذا الإتجاه وأىم أعماليم 
o   سميتسون أليسون وبيترAlison & Peter Smithson 
  حدائق روبن ىود في لندن )شكل  1956والمبنى السكني في واتفوورد  1954نورفمك في إنكمترا عام ومن أعماليما مدرسة  
 (23)مصدر  (.6 –
o  ألفار آلتوAlvar Aalto  

للأفكار التي صاغيا لنفسو ويظير ىمذا التمأثر فمي إحمدى الكنمائس  مؤكداً المعمار الفنمندي الذي تأثر نوعما بالوحشية لكنو بقي 
 (.7 –كل في فنمندا)ش

o  لويس كانLouis Isadore Kahn  
ستخدام الجدران الخرسانية العارية ومن أىم أعمالو مبنى الأقسام  الأمريكي الذي ركز عمى الكتل الشاقولية والسطوح الصماء وا 

       (.8 –الداخمية في ولاية بنسمفانيا )شكل 
c.  الميتابولزم حركةMetabolism : 

ن التعامل ممع المجتممع الإنسماني لابمد أن  الميتابولزم الى نظر معماريو المجتمع الإنساني عمى إنو عممية حيوية وتتطور بإستمرار وا 
يؤخممذ كوحممدة واحممدة أو جممزء مممن إسممتمرارية الوجممود الطبيعممي الممذي يشمممل جميممع الحيوانممات والنباتممات وعميممو تعتبممر التكنولوجيمما إمتممداداً 

 ( 2للإنسانية. )مصدر 
زم  ىممم مجموعمة مممن المعمماريين اليابممانيين ممن المشماركين فممي الإعمداد والمشمماركة فمي مممؤتمر التصمميم العممالمي إن معمماريوا الميتمابول

، وظيرت ىذه المجموعمة عقمب الحمرب العالميمة الثانيمة إذ كمان المدمار سمائدا و النماس فمي حالمة تشمرد 1960الذي إنعقد في طوكيو 
 الكارثة.تام دون مأوى، وقد حاول ىؤلاء وضع الحمول ليذه 

 المعماريون ىم :
 كيونوري كيكوتيKIYONORI KIKUTAKE  
      كيشو كوروكاوKISHO KUROKAWA 
      نوبور كاوازويNOPORU KAWAZOE 
              ماساتو اوتاماMASATO OTAK  
         فومييكو ماكيFUMIHIKO MAKI    
           كيوشي اوازو KIYOSHI AWAZU 

نضم إلييم كنزو تانغ  .ربصورة غير رسمية تأييداً للأفكا   KENZO TANGEي   وا 
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 وتضمن البيان الاول لممجموعة:
لمتعبير عن المجموعة يعود الى الايمان بان التقنية والتصميم يجب أن يرمزا الى حيوية  Metabolismختيار مصطمح إ

 .الكائنات الحية
مع التقدم الطبيعي والتاريخي بل يشجع التطور والنشاط  فقط عن التلاؤم والتوافق Metabolismولايعبر الميتابوليزم 

 الميتابوليزمي وذلك لسببين:
 يجب أن يمثل المجتمع الإنساني جزءاً من الإستمرارية الطبيعية لمكون. •
 التقنية ىي إمتداد إنساني. •

  الأفكار الأساسية لمميتابوليزمMetabolism: 
o ب أن تتمتع بالحيوية الإنشائية التي تتمتع بيا الكائنات الحية.اليدف من استعمال ىذا الرمز ىو أن العمارة يج 
o .ستبدال بعض أجزاء المبنى المستيمكة   النتاج المعماري الجديد يجب أن يتصف بإمكانية التطور والنمو وا 
o .أنظمة تخطيطية تسمح بالتطور والنمو 
o .ستخداميا الى أقصى الحدود في مجال العمارة  تطويع التقنيات وا 
o د الأفكار الخاصة بالبنى العملاقة.إعتما 
o .تمييز الفراغات المعمارية وتصنيفيا وفقاً لتغير الإحتياجات الإنسانية ووفقاً لممدة التي تصمح فييا للإستخدام 
o .نشائية تحقق ذلك  إعتماد الأفكار الخاصة بالمباني ذات الإستمرارية الزمنية القميمة والعمل عمى تطوير أنظمة معمارية وا 

 (1در )مص
 مميتابولزم:ل أىم الأعمال 

o  مشاريع الحضارة البحريةMarine City  ( 9 –)شكل 1960كيونوري كيكوتيك  في عام  لممعمار 
المجموعة المحيطية العائمة عبارة عن مباني برجية أسطوانية ترتكز عمى جزر إصطناعية في المحيط ترتبط مع حيث نرى إن 

 م. 300شقة سكنية وبارتفاع  1250نسمة و 5000بعضيا بجسور عائمة وكل برج يتسع ل
o  المدينة المولبيةHELIX CITY  (10 –لكيشو كوروكاوا )شكل 

 البنية الحجمية تقوم عمى بنى حمزونية مروحية الشكل )كلاستر مروحي(.
d. ( عمارة ما بعد الحداثةPostmodern architecture) 

ية  تخمق الممل الرتيب صار الميل إلى إستحداث أشكال ضد مايعتبره بعد أن أصبحت ما ذكر سابقاً من تيارات وحركات معمار 
(. فظير إتجاه بتمجيد الفوضى بدلًا من النظام وكذلك تحميل الشكل المعماري أساليب معمارية Internationalالأسموب العالمي )

 تعود الى عصور مختمفة ومتباينة بدلًا من الشكل الموحد.
، كما وظير إتجاه آخر وىو الحنين الى الماضي وتكييف الأطر  (11 –)شكل  ارة روبرت فنتوريوكان من أىم رواد ىذه العم

 (.3)مصدر رقم التقميدية القديمة لتلائم الحاجات والمضامين الحالية.
 وقد لعب إستخدام مادة الخرسانة المسمحة دوراً متميزاً في بروز ىذه المفاىيم

 المنشأي ودور مادة الخرسانة في إغنائيا: العلاقة بين الشكل المعماري والشكل -5
ن النظام المنشأي ىو العنصر الأكثر تأثيراً وقوة لمشكل عندما لايكون آخر سمسمة القرارات المتخذة لتحديد شكل كما يظير و  ا 

نو يعدل ويغير كافة القرارات الأخرى المتخذة بشأن المبنى.  المبنى وا 
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متعممق بالأفكمار المبدأيممة لمنظمام المنشمأي بفتممرة متمأخرة خملال العمميمة التصممميمية ينمت  عنيما نظممام إن الأبنيمة التمي يتخمذ فييمما القمرار ال
 منشأي لايتكامل مع وظيفة المبنى ونواحيو الجمالية.  

ىنالممك الكثيمممر مممن الأمثممممة لميياكممل المنشمممأية تممتكمم وتصمممرخ وتعبمممر بشممدة عمممن ملامحيمما المعماريمممة وفممي ىمممذه الحالممة فمممأن مصمممممييا 
عماريين والإنشائيين قد إتخذوا قرارىم لكي تكون قراراتيم المنشأية بحيث لاتقمل من بل تعزز الأفكمار المعماريمة ومتطمباتيما، حيمث الم

لايمكممن أن يسممتمر الييكممل المنشممأي صممامتاً بممل يتوجممب أن يكممون صمموتاً مسممموعاً، وعنممدما يعطممى الييكممل المنشممأي صمموتاً فأنممو يسمميم 
 ويغنييا وأحياناً يكون العنصر المعماري الأكثر تميزاً في المبنى.بإعطاء العمارة معناىا 

وىنالممك الكثيممر مممن الفممرص المنشممأية لإغنمماء وتقويممة خبراتنمما المعماريممة، فبإمكاننمما السممماح لمييكممل المنشممأي أن يممتكمم ويُسمممع وبإمكاننمما 
 ي لقراءة خصائصو المعمارية المتفردة.تصميم الييكل المنشأي بحيث لايكتفى بالنظر إليو وتحميمو ولكن يغري المتمق

 وىنا تدخل الخرسانة كمادة عاملًا ميماً في ىذا المجال.
وتنقممل الأنظمممة المنشممأية المنحنيممة والمتدليممة كالأنظمممة النسمميجية الأحمممال الممى نقمماط الأسممناد مممن خمملال إجيممادات الشممد،  ويمكممن أن 

ناد عمماليتين أبسممط مثممال عممن ىممذه الأنظمممة، وتصمممم ىممذه الأنممواع مممن يكممون الحبممل المتممدلي الممذي يغطممي بحممر معممين بممين نقطتممي إسمم
ظمممة عممادة لمسممقوف بحيممث يتغمممب وزنيمما عمممى قمموى الريمماح الشممافطة أو قمموى الضممغط الرافعممة والتممي قممد تممؤدي الممى حركممة عموديممة الأن

مفرطممة لمسممقف، وتسممتخدم الخرسممانة المسمممحة أحيانمماً ليممذا النمموع مممن الأنظمممة لتلافممي ممماورد أعمملاه، وتممدعم الخرسممانة بحديممد التسممميح 
الحماية الكافية ضد قوى الشد، ويتم تثقيل الأنظمة التي تشيد من مواد أخف وزناً أو تمربط بنظمام  ولمسطوح الخارجية والداخمية ليوفر

 ربط منفصل ومحكم بالأرض لتلافي قوة رفع الرياح.
ويبممين الآتممي مممن الأمثمممة التنمموع بالعلاقممة مممابين الشممكميين المعمممماري والمنشممأي وىممي أعمممال معماريممة تممم فييمما بشممكل أسمماس تراكمممب 

 ال المعمارية والمنشأية معاً.الأشك
خيممر مثممال ليممذه  1998عممام Álvaro Siza 4( لممعمممار ألفممارو سمميزا 12 –ولعمل سممقف قاعممة الجنمماح البرتغممالي فممي لشممبونة )شممكل 

بسمممقف  98متمممر  فمممي الجنممماح البرتغمممالي لمعمممرض 65متمممر وطمممول 58الأنظممممة، حيمممث سمممقف ألفمممارو سممميزا سممماحة إحتفمممالات بعمممرض 
 ذا إنجاز كبير وتحدي في آن واحد.ممم، وى200وبسمك لايتجاوز خرساني منحني متدلي 

ويمكن وصف صبة السقف كحجاب أو برقع أو خيمة لنحافة سمكيا وشمكميا المتمدلي بشمكل واضمح، وقمد تمم تشمييد رواقيمين معممدين 
ة جممدران متوازيممة تعمممل تعمممل عمممل الكتممل الضممخمة النيائيممة التممي تقمماوم سممحب السممقف المتممدلي، وقممد تممم تعزيممز ىممذه الأروقممة بتسممع

 كأكتاف تقاوم السحب الكبير الداخمي لمسقف المعمق.
إن بسمماطة تصممميم تفاصمميل التعميممق مممن خمملال الأروقممة لاتعكممس ضممخامة وأىميممة الحمممل والمعبممة الإنشممائية لممبنممى، ويتممألف المبنممى 

 المصمم لمجناح البرتغالي من شكمين، السقف المتدلي والأروقة المتعامدة.
( التقمرب التقميمدي لمعالجمة مثمل 13 –لدعائم الخرسمانية المسمتخدمة فمي قاعمة مطمار دالاس لممعممار إيمروو سمارينين )شمكل وتشكل ا

ىممذا النمموع مممن الأنظمممة المنشممأية كونيمما مسممموبو ومائمممة تعكممس ضممخامة الكتمممة الخرسممانية المسمممحة الثقيمممة لمسممقف. ويتجممو التصممميم 
وة السممطوح الخارجيممة المائمممة مممع إسممتخدام التطميعممات المقوسممة العميمما والتأكيممد عمممى المممداخل البممارع لممبنممى بشممكل مبممدأي لتشممتيت قسمم

 والفضاءات المحصورة بين الدعامات المستخدمة من قبل المستعممين للإنتظار والإستقبال.
فماع والكبيمرة البحمور كأبنيمة فمإن قناعتمو فيمما يتعممق بالمنشمآت العاليمة الإرت Pier Luigi Nerviوممن وجيمة نظمر بييمر لمويجي نيرفمي 

القاعممات الرياضممية والملاعممب فممإن الييكممل المنشممأي ليمما سمميكون خادعمماً فممي حالممة عممدم الإلتممزام الصممارم بتكامممل الييكممل المنشممأي مممع 
 ( كونيا:14 –الأفكار التصميمية. وذلك واضح في مبنى قصر الرياضة في روما )شكل 

                                                 
 البرتغال. 1933حزيران  25( من أشير المعماريين من مواليد  Álvaro Siza Vieira) ألفارو سيزا فييرا 4
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 الرقيقة )قميمة السمك(. تقاوم الأحمال من خلال أسماكيا الخرسانية •
تجاىاتيممما الدقيقمممة ومواقمممع نقممماط  • تعتممممد ىمممذه الأنظممممة المنشمممأية بأداءىممما المنشمممأي عممممى ثلاثيمممة أبعادىممما وأشمممكاليا المنحنيمممة وا 

 الإسناد.
القشممرة التممي تشممكل سممقف القاعممة الرياضممية لاتتصممل بالأسممس بشممكل مباشممر ولكنممو ينتيممي بحافممات عميمما وتمتقممي بممدعامات  •

 مة تقاوم الدفع بإتجاه الخارج.خرسانية مائ
وتشمممكل القشمممرة الخارجيمممة فمممي آن واحمممد شمممكل السمممقف وتعممممل إنشمممائياً وكغمممالق لممبنمممى وتمممم تضمممميع سمممقفيا ممممن المممداخل، حيمممث تظيمممر 
الأضلاع المتشابكة من الداخل طبيعة القوالب المسبقة الصب والتي تزيد من إستقرار المنشأ القشري وتعطي إنطبماع متميمز لمممممس 

 (.15 –لداخمي لمسقف )شكل ا
في ىذه الأمثمة تعرف الأنظمة المنشأية الأشكال المعمارية وغالباً الوظائف ولو بشكل جزئي لمقشرة الغالقة لممبنمى، وتشمكل الأنظممة 

ة القشمرية وتسممى المنشأية القشرية الأنظمة الأكثر نقاءاً في تراكب الأشكال المعمارية مع الأشكال المنشأية، وتقاوم الأنظمة المنشمأي
بإعتممد ىمذه الأنظممة المنشمأية أداءىما المنشمأي عممى ثلاثيمة ‘ أيضا بالأنظمة المنشمأية السمطحية الأحممال ممن خملال أسمماكيا الرقيقمة

تجاىاتيا الدقيقة ومواقع نقاط الإسناد.  أبعادىا وأشكاليا المنحنية وا 
ظمممة اليياكمل القشممرية أنشمأ العديممد ممن المنشممأت القشمرية بإسممتخدام أحمد المصمممين الأوروبيممين المرواد لأن Heinz Islerىمانز آشممر 

 (23)مصممممممممدر  الخرسممممممممانة المسمممممممممحة وبسممممممممطوح ممسمممممممماء مممممممممن الممممممممداخل والخممممممممارج وتشممممممممبو الممممممممى مممممممممدى كبيممممممممر بيضممممممممة الدجاجممممممممة.
تمر لتغممق وحدت المنشآت القشرية التي صمميا ىانز آشمر الأشكال المعمارية والمنشأية وجعميا تنبع من الأسس وتنحني بشكل مس

 (.16 –الفضاء الداخمي )شكل 
( مثمالًا آخمراً لإنجمازات 71 –)شمكل   Francisco Serranoويمثل مبنمى السمفارة المكسميكية فمي بمرلين لممعممار فرانسيسمكو سميرانو 

مبنى، وتشكل العناصر العموديمة الخرسمانية المتقاربمة ضمرورة لنقمل أحممال الخرسانة والذي يوضح عمل الواجية كشاشة أو حاجب لم
الجاذبيمة وأحمممال الريمماح وتييممأ الأمممان والنممواحي الجماليممة لممبنممى، وىمدف المعممماري خمممق تكمموين متكامممل لايعطممي صممورة خاطئممة عممن 

 المبنى.
والناحيمة الإنشمائية فمي نفمس الوقمت، وكممما تحركمت العمين إن تشكيل ىذه العناصر العمودية بيذه الطريقة لإعطماء الناحيمة الجماليمة  

بشممكل تممدريجي بإتجمماه العناصممر العموديممة فتبمممدو وكأنيمما تتحممرك، ويكمممل المظيممر الإيجمممابي لمنظممام المنشممأي إسممتخدام مممادة الإنيممماء 
نشاء السفارة.  الخشنة المممس وبمون أبيض من الخرسانة ولتعكس التصنيف العالي لتصميم وا 

  :الخرسانة لمادة م المعاصرالأستخدا -6
ن حركة الإ أىمية الخرسانة في الوقت الحاليتكمن  عمار بإعتبارىا عصب البناء، وذلك لشيوع إستخداميا كمادة إنشائية رئيسة، وا 

، نواعيا عالمياً ستخدامات الخرسانة بأر المستجدات والتطوير الحاصل في إتحتاج إلى التعرف بآخ في العراق التي تمضي قدماً 
لمواد الجديدة من نذكر ىنا تطوير بعض ا لا الحصر عمى سبيل المثالو ، والظروف المحميةم مع طبيعة العمل اليندسي وبما يتلائ

الجسور و الطرق  يشمل أرخص و قابمة لمدوام بشكل أكبر و ىذا إنشاءاتلتشييد  لإسمنت،صناعة الضخمة   قبل شركات 
 . ريعة و المبانيالس

حديثة وتم تطوير إنتاج مادة الخرسانة وتحديث إستخداماتيا لتتلائم مع العصر الحالي والمتطمبات الإقتصادية  مواد حيث أنتجت
 والبيئية:

a.  لوكتالد مادة (Ductal): 

http://eng.archinform.net/arch/108205.htm
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حيمث إنيما وعممى الضمد  (7 -مصمدر) ،الفرنسمية 5(Lafarge) الخرسمانة الخماص بشمركة لافمارج ممادة ىو المنت  الأحدث منو  
 قبمل أن تعطمي إشمارات لمتشمقق وكتل المد ممادة الضمغط الكبيمر فمإن تحمت تمأثير لممتحطم ةو القابمم ةاليشم ةقميديمالت الخرسمانة من
 .الجديدة والجيدة اوىي من ميزاتي نييارالإ حد صل الىت

تمتع من الألياف المعدنية أو العضوية، وت %4-2ل ىو نوع من مادة الخرسانة المسمحة بالألياف وتحتوي عمى وكتالد إن مادة
 :(18 –)شكل  بأداء فائق يتميز بما يمي

  أضعاف الخرسانة العادية. ليونة عالية. السيولة وسيولة الصب.  8إلى  6مقاومة الضغط بما يتراوح من 
  أضعاف. 3عمرىا الافتراضي أطول من مادة الخرسانة التقميدية بما يتراوح من ضعفين إلى 
 .مقاومة عالية لمصدأ، والكشط، والصدمات 
 نت  متعدد الاستعمالات إلى حد بعيد. م 
  صديقة لمبيئة ومعترف بيا من قبل الميندسين والعاممين في حقل اليندسة المعمارية لما تتمتع بو من صفات جمالية

  وبنائية بارزة.
 مكونة وىذه الألياف ال االى تركيبتي ضافة ألياف صغيرة مضافةرسانة التقميدية بسبب إأكثر صلابة بخمس مرات من الخ

نو  خرسانة و تنيي الحاجة الى قضبان حديد التسميحال من الفولاذ أو مادة البوليمر تعزز صلابة مادة  من الجسر المشيد ا 
  .ةالخرسانة التقميديمادة من  أخف وزناً من الجسر المشيدشراقاً و أكثر إل وكتالد

فإن الممح  عمى سبيل المثال،ف عمر الأعمال الإنشائية إطالة خرى منياقضبان حديد التسميح يتضمن فوائد أستخدام إنياء إ إن
ن ىذاقضبان حديد التسميح  الأمر الذي يؤدي الى صدأ الخرسانة المكون لجسر ما، المستخدم في عممية إزالة الثموج يتسرب الى  وا 

  .مر سينيار الجسرالا عم و في نيايةالحديد الدا قضبان عن بعضيا البعض و عن التآكل يؤدي الى فصل أجزاء الخرسانة
بينما الطبقة  من التشييد، سنة 25بعد تحتاج الى تصميحات كبيرة أو إعادة بناء  ةيديلجسر من الخرسانة التقم إن الطبقة السطحية

ر ىذه المادة طريقيا في العديد من جسو  أخذتلقد   الاقل الى ضعف ىذه المدة، يدوم عمىل وكتالسطحية لمجسر المنشأ من الد
  .حول العالم المشاة

b. ( خرسانة الإجيمياAgilia) 
(، وىو نوع من الخرسانة ينض  ذاتياً ولا يتطمب ىزه، Agilia) ميايجأخرى ىي مادة خرسانة الإ  مادة نفسيا الشركة حيث أنتجت

الزوايا لتتناسب  مما يؤدي إلى تقميل التكمفة والجيد والضوضاء في مواقع البناء، فيي خرسانة سيمة الإستخدام وتتدفق داخل أصغر
ن تركيبتيا السائمة تزيل الحاجة إلى عممية اليز المرىقة والم فعمة بالضجي  حتى تنتشر بشكل تماما مع كافة الأشكال، كما وا 

 .(19 –)شكل  ، مما يوفر الوقت والجيد ويقمل من الضجي سمس
متر مكعب  60الى تخفيض عممية صب كتمة حجميا  دييميا مع الخرسانة فان ذلك يؤ جختبارات الشركة إذا قمنا بمزج الإلإ ووفقاً 

 (.7 -مصدر) ثنين فقطأشخاص إ 8كما يؤدي الى خفض عدد العاممين من  ساعات الى ساعتين 8من مادة الخرسانة من 
ة طويمة مميالخرسانة أن يقوم عاملًا بالمرور عمى السطح بآلة تستخدم لإزالة الفقاعات اليوائية وىذه الع يتطمب عادةً بعد صبو 
ىذه الحاجة لعممية الذبذبة لإن  دونذلك يساعد الخرسانة عمى التصمب  نفإ ميايجباستخدام مادة الإ ولكنتصدر أصواتاً عالية، و 

 فضلًا عن إستخدام ،سائلاً  اوية مثل المواد السوبر بلاستيكية التي تجعل الخرسانةيعمى مزي  من الاضافات الكيم تحتوي المادة
 .بشكل أسرعالخرسانة عمى التصمب مر الذي يساعدلمتقميل من الحاجة الى الماء الأ خرىأياوية مواد كيم

                                                 
منات خااجننورم  ااةذ ر ااركرناكاا صنرخجخااسنر ااسرنتخااإن رمنا صااجدرناإخااعتيدرفااسرناعكااسسيرلافااج شركاا صنرع اانسيرف نخااسنرإعت  اانرة نعااجشرأ أاانرإنع ااج ر  5

 نا نئيةرفسرإ جلرإمنيرناةنجءو
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 نا  نياية ممساء و  ةً كميا تارك اءات المعقدة نشغطي الإن تأالمعقدة و  باستطاعة الخرسانة ان تملأ القوالب ونبسبب ىذا السيلان فإو 
 .بكثافةستخدام العوارض الحديدية إ لمناطق الزلزالية حيث يتمستخدام في المادة مثالية للإالرطوبة المتزايدة تجعل ىذه ا

c.  الخرسانة الشفافةTranslucent Concrete 
LiTraCon (-ightLوىي نوع جديد من مادة الخرسانة يختمف عما ورد سابقاً عن مادة الدوكتل حيث قامت شركة ليتراكون 

Transmitting Concreteغير المفيوم السائد عن مادة الخرسانة التقميدية بأنيا شيئاً جامداً ( بالكثير من التجارب والجيود لت
 Translucent Concreteقاسياً غير قابل لمتفنن فى إستخدامو، الى أن وصمت الى ما نحن بصدده اليوم وىو الخرسانة الشفافة 

، مما تسمح  Optical Fibersرية )التى تسمح بمرور الضوء خلاليا(، حيث يتم مزج الخرسانة بنوع معين من الألياف البص
 (.8لمرور الضوء من خلاليا )مصدر 

بسماكة الشعرة لتسمح لمضوء بالدخول من الطرف الاول لمخرسانة الى الطرف  Optical Fibersوقد أضيفت الألياف البصرية 
بالقيام  خرسانة نصف الشفافةال Áron Losonczi(  20 –الآخر، وقد اخترع الميندس المعماري الينغاري آرون لوسونكزي )شكل 

لضمان إتصال الألياف الزجاجية مع الأسطح  بتجارب عمى المواد الإنشائية، ولكنو قام بانشاء قطع من البموك بمراحل متعددة
 (23الجانبية لمخرسانة.)مصدر 

من ثم صبّ طبقة من الألياف بصب طبقة رقيقة وطويمة من الخرسانة و  وىنالك طريقة أخرى لإنتاج ىذا النوع من الخرسانة وذلك
الممزوجة  الزجاجية فوقيا، وبعد عدة تجارب ليذه العممية نت  عنيا لوح طويل يمكن أن يتم تقطيعو الى قطع من البموك القصيرة

 (.21 –ميمي ميكرون )شكل  2ميكرون الى  2بالألياف الزجاجية الضوئية المتنوعة التي تتراوح أقطارىا بين 
ن تنويع حجم قطع البموك لا يؤدي الى  الأقطار يمكننا الحصول عمى تأثيرات ضوئية متعددة،  لياف المتعددةوبإستخدام ىذه الأ وا 

بإستطاعتيم بناء عدد  بإستخدام ىذه القطع المضيئة من البموك فضلًا عن إن الميندسين المعماريين أي تأثير عمى الأثر الضوئي
 (10الأرضيات المضاءة من الأسفل.)مصدر  خرساني نصف مضيء الى متنوع من الإنشاءات التي تتراوح بين جدار

و قد إزدادت رغبة الميندسين المعماريين لإستخدام ىذه المادة الخرسانية الجديدة في العديد من دول العالم، وعمى سبيل المثال  
لأن مادة البيتون ممتازة أيضاً في  كويت،طمبت إحدى الشركات إستخدام ىذه المادة الخرسانية في إنشاء كمية الشرطة في مدينة ال

نيا تسمح بإدخال أشعة الشمس الى البناء بدون الشعور بالحرارة اللاىبة، ونرى إستخدام ذلك أيضاً في مبنى  عزل حرارة الصحراء وا 
 (.22 –الجناح الإيطالي في المعرض العالمي بمدينة شنغياي في الصين وىو مشيد بالخرسانة الشفافو )شكل 

ستخدم تقنية أخرى في الخرسانة وىي بوضع ثقوب صغيرة في الخرسانة لا تؤثر عمى فعاليتيا ولكنيا تزيد من الشفافية لتصبح وت
 ( 23 –%. )شكل 20شفافية الخرسانة

وأرى من مجية نظري كباحث ضرورة إستخدام مثل ىذه الخرسانة في العراق وعمى نطاق واسع وضرورة التوعية بإستخداميا لنبدا 
عصراً جديداً من العمارة والحد من الجوانب السمبية لمعمارة في الوقت الحاضر والتي يتم تداوليا دون دراية  ولا تخطيط مسبق ومن 

 .(24 –)شكل  قبل حرفين ليس ليم إلمام كامل بالمظير المعماري اللائق
في تصميميا لمنى البنك المركزي العراقي في بغداد  حديد إضفاء لمسة معمارية جميمة ومعاصرة المعمارية العراقية زىالقد حاولت 

 .(25 –)شكل  ووضفت فيو إستخدام معاصر وجميل وىمن لمخرسانة المسمحة نتمنى أن نراه في تصاميم أخرى مستقبمية
 الإستنتاجات -7

 ا فييا تعتبر مادة الخرسانة لوقتنا الحاضر الحل الأمثل والأسيل والأوفر لأغمب مشاكل الإنشاء والتشييد بم
 المشكمة الإقتصادية.

 .لازال ىنالك قصوراً في إستخدام مادة الخرسانة في العمل المعماري في العراق 
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  لمادة الخرسانة مواصفات ميمة ومتعددة تخدم النواحي الوظيفية والمعمارية والبيئية في آن واحد، وقد أستخدميا
شأت توجيات معمارية متعددة كانت لمادة الخرسانة جيل واسع من المعماريين الرواد العراقيين والعالميين ون

 الأساس في نشأتيا.
  والشكل المعماري ومن لقد أستخدمت مادة الخرسانة كمادة إنشائية أساسية لتقوية العلاقة بين الشكل الإنشائي

لشكمين خلال مواصفات ىذه المادة مكنت الميندسين المعماريين والإنشائيين من عمل التداخل والتراكب بين ا
 معاً، وقد أنت  المعماريون أمثمة عديدة ورائعة في ىذا الإتجاه في مختمف بمدان العالم.

  تقوم شركات عديدة ضخمة بإنتاج أنواع جديدة من مادة الخرسانة وبمواصفات حديثة تختمف عن مادة الخرسانة
 وتعطي إنطباعاً معمارياً جديداً وتوسع من مجال إستخداماتيا التقميدية

 توصياتال -8
  ضرورة معرفة المعمار بخصائص مادة الخرسانة التقميدية وطبيعتيا وصفاتيا وميزاتيا المختمفة لكي يتم

 إستخداميا بشكل كفوء.
  توسيع القاعدة المعرفية لمميندسين والتواصل والتفاعل مابين الإختصاصات المختمفة لإستخدام مادة الخرسانة

 ة والمعمارية والخدمية.بشكميا الأمثل من النواحي الإنشائي
  الإطلاع عمى المباني التي أنشأت بشكل أساسي من مادة الخرسانة والتي أخذت شيرتيا من ىذه المادة

 وتحميميل ودراستيا وتحديد كيفية معالجة النواحي المعمارية بإستخدام ىذه المادة والتي أوصمتيا الى ىذه الشيرة.
 ستخداماتيا في دول العالم المختمفة ومحاولة التعرف عمى مستجدات الإنتاج الجديد لم ادة الخرسانة الحديثة وا 

 إدخاليا في المشاريع والتصاميم الجديدة في العراق.
  يجاد مواد البدء مما إنتيت إليو دول العالم في مجال تطوير إستخدامات مادة الخرسانة ومحاولة الإبتكار وا 

 والنواحي الإقتصادية والحاجة الممحة لممشاريع والأبنية المختمفة. خرسانية حديثة وجديدة تتلائم وبيئتنا المحمية
  إعداد البحوث والدراسات المتخصصة في ىذا المجال والتعمق في كيفية تطوير إستخدام مادة الخرسانة

دخاليا ضمن مجال البحوث والدراسات العميا المشتركة بين الإختصاصين المعماري والإنشائي.  وا 
  مناى  تركيب المباني وتقنيات سانة الحديثة في مناى  تدريس طمبة الدراسات الأولية وبالأخص إدخال مادة الخر

 البناء المتقدمة والإنشاء التقني في القسام المعمارية لكميات اليندسة في الجامعات العراقية.
 المصادر والمراجع -9
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 1961وتي كيك
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