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Using Analytical Hierarchy process
(AHP) approach and its application in
geotechnical engineering

Abstract :
The main goal of this research is to discover the approach of using
Analytical Hierarchy process (AHP) and its application in
geotechnical engineering. Microsoft Excel program was used to
interpret the mathematical relationship of AHP method. The
problem of the research was decomposed into factors with a
hierarchy order. Final karst potential map factors were used such as
lithology, lineament density (tectonic), elevation, rainfall, and
drainage density. Pair wise comparisons were carried out between
each two factors and establish priorities among the elements in the
hierarchy. Then weighting factors were obtained to be used in
producing final karst potential map. Validation process and
evaluation were carried out through checking the consistency factor
which does not exceed the allowable percentage of 10%. It was
concluded that using Analytical Hierarchy process is an important
tool for multiple criteria decision-making and can be used

effectively in geotechnical engineering application.

Keywords: Analytical Hierarchy process, pair wise comparison,

multiple criteria decision-making, consistency ratio, Karst.
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033 | 1 3 5 T | (Casbpns 08 ) se oulS 5 S |
1 3 5 7 9 (oSl ) AShe S |
1.78 | 4.67 | 9.53 | 16.33 | 25 g saadl

Gk oo iy 1 Ly A Ed) A siae Aalil pleal) A sins (adAT)

Laslsilll Jabaal 3 laall 4 sicaa (17) Jsaal

A N z - i Salaall
0.06 | 0.03 | 0.02 | 0.02 |0.04 (i) e s il
0.08 | 0.04 | 0.03 | 0.06 |0.12 (<) s m ol
0.11| 0.07 | 0.10 | 0.18 | 0.2 () o=
0.19 | 0.21 | 0.31 | 0.31 | 0.28 | (3) (cuashsds oS ) (s e (ol 5 i€
0.56 | 0.64 | 0.52 | 0.43 |0.36 (2) (ComSln ) Ao (ol

IS adh pen Gyl 0 Bplaal) A ghian B Caca JSI dail) ()51 A
Al Apaa¥) oy A A sl Ul saagy claaxe o Lgiads Ciua

25

[2] dalae I




360 ) Auatighl Jlaa (paa iy AHP (o sl Jalal) A8y oy Jenll e

Ln sl gl 48 giime Cagiial Lyl (35Y) ol (18) Jsaal

%ol |gad | 5 | 2 | & | @ | Lasdsill

348 | 0.17 | 0.06|0.03| 0.02 | 0.02 | 0.04 (1) Sime 5 ciaal
6.78 | 0.34 | 0.08 | 0.04| 0.03 | 0.06 | 0.12 (@) gne S
13.44 | 0.67 | 0.11 [0.07| 0.10 | 0.18 | 0.2 (z) o~
Gl ) (g e oS 5 (uilS

26.02 | 1.30 | 0.1910.21| 0.31 | 0.31]0.28 .
() (cestsos
50.28 | 2.51 [ 0.560.64| 0.52 | 0.43 | 0.36 (2)

AAJMA ‘éﬁ dgac K clas é.),)la oe Amax GALL;Y\ u_ahu;l\ Lujld\ il
S Gl Laal) Jaleay (17) Jsaadl ( apsleall dishian ) dagil cliladll
O LS Slaull B8l el delee e Sl gsens daud & (18) Jsaal

(19) Jsal
elae Y bl lan il dad Gl (19) Jsaal
consistency , R 4

measure Tl Jalaa < ' Jalaal)
5.09 0.03 0.1110.14|0.20| 0.33 (‘) ity ilial
5.03 0.07 0.1410.20| 0.33 1 (0) 6 ont S
5.20 0.13 0.20 ] 0.33 1 3 (z) ol
5.43 026 (033 1 | 3 | 5 g oshe oulS 5 el
() (cmesisns ulS)
5.46 0.50 1| 3| 5|7 ) S el
() (CSb

5.24 Amaxkﬁl"“'“ Lo siall
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Olakll a3 M dana Ao B 2023 ple 3 uadl 45 Al Eal) Ay Al

AmaxJiar a5 bl 55laall 3 A3l 0l bl Jasssiall lus 2
Amax = 5.24
Lugial ded Je oy CI ( consistency index ) bl jdige clua o
SADAR) (385 N Adsheaal) Aye log Aoy ebaeY) olual)

__ Amax—n __ 5.24-5

=
|
|
|
o
o
[*))

Jwala 5450 CR ( consistency Ratio ) puilaill Jalas el clua
355 (14 Jsadl a ) Jlsdall Gl g o lEl d5e dend
s Al d8dal)

cR=<=2%_0.054 <0.10

TRl 112

BB Apl) Al (alie paad il cecans 0 (geRAN AR -2-1-7

3
Gl S Laaly ojel) Qi e (uliia (20) Jsaadl
. Laal Sl gl Jeladll

3 - 43.28 - 86.55

5 - 86.55 - 129.83
0 - 43.28

7 @ 129.83 - 173.10

- 173.10 - 216.38

L] & same il Apag 311 0l laal) 48 shnn JSy oLl
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360 ) Auatighl Jlaa (paa iy AHP (o sl Jalal) A8y oy Jenll e

GAL LS Jalaal G 3l 43)lial) Adghia (21) Jsaal)

A 2 z - | TRARETRS
0.11 | 0.14 | 0.20 | 0.33 1 0-43.28| |
0.14 | 0.20 | 0.33 1 3 43.28 - 86.55 |
0.20 | 0.33 1 3 5 86.55 - 129.83 z
0.33 1 3 5 7 129.83 - 173.10 | 2
1 3 5 7 9 173.10 - 216.38 | &
1.78 | 4.67 | 9.53 | 16.33 | 25 g saxal)

Gk e iy 1 Ly A Ea) A i ae Aalal pleal disins (DAt

Gsaill 286 Jalaal 8 yslaall ddsiias (22) Jsanll

A N z - i Salaall
0.06 | 0.03 | 0.02 | 0.02 |0.04 0 - 43.28 ())
0.08| 0.04 | 0.03 | 0.06 |0.12 43.28 - 86.55 (<)
0.11| 0.07 | 0.10 | 0.18 | 0.2 86.55 - 129.83 (z)
0.19 | 0.21 | 0.31 | 0.31 |0.28 129.83 - 173.10 (»
0.56 | 0.64 | 0.52 | 0.43 |0.36 173.10 - 216.38 (=)

JS a pan Gybe o Bpleall Ashian 8 Ciia (< Al (oY) a8 et
Al Apaa¥) oy A A sl Ul saagy claaxe o Lgiads Ciua
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Skl a2

ME saaa o Pha 2023 ale 3 sl 45 Alaal) Gl daals Alaa

(o sal) A8 b ghnn Cagiial Lpaill (35Y) Gl (23) Jsaal

% sV | gsanall | a 3 z - | R RAEIA

3.48 | 0.17 | 0.06|0.03| 0.02 | 0.02 | 0.04 0 -43.28 ())
6.78 | 0.34 | 0.08 [ 0.04 | 0.03 | 0.06 | 0.12 43.28 - 86.55 (<)
13.44 | 0.67 | 0.11]0.07| 0.10 | 0.18 | 0.2 | 86.55-129.83 (z)
26.02 | 1.30 | 0.19]0.21 | 0.31 | 0.31 | 0.28 | 129.83 - 173.10 (=
50.28 | 2.51 [ 0.56 | 0.64 | 0.52 | 0.43|0.36 | 173.10 - 216.38 ()

fujw gﬁ Jgac XK elaa é.))la o Amax wla:;‘}“ ‘;Il.m;j‘ .La.».njld\ k._ll.m;
G\ Gl Laal) Jaleay (22) Jsanll ( splaall dighinas ) Lmg3l cliladl)
O WS hudl Galsd) el Jelas e 5l gsane dad &S (23) Jsaall

(24) s
b lall bl ded laa (24) Jsaal)

consistency | Jalaa | N o i

measure | ¥l © ' Jeloel
5.09 | 0.03 [0.11]0.14]0.20 | 0.33| 1 0-43.28 ()
5.03 | 0.07 |0.14]0.20|0.33| 1 3 43.28 - 86.55 (=)
5.20 | 0.13 |0.20(0.33| 1 3 S | 86.55-129.83 (z)
543 10261033 1 | 3 | 5 | 7 | 12983-173.10 (9
546 1 050 1 1 1 3 15 17 |9 117310 - 216.38 ()
5.24 N cstad) Laus sial
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360 ) Auatighl Jlaa (paa iy AHP (o sl Jalal) A8y oy Jenll e

AmaxJiar a5 bl 55laall 3 A3l 0l bl Jasssiall lus 2
Amax = 5.24
Lugial ded Je oy CI ( consistency index ) bl jdige clua o
SADAR) (385 N Adsheaal) Aye log Aoy ebaeY) olual)

__ Amax—n __ 5.24-5

=
|
|
|
o
o
[*))

Juals 545 : CR ( consistency Ratio ) _uilaill Jeles daf Gilus
Gis (14 Jsanll e ) lsdall B H85e o i) e desd
20U 4k

cR=<=2%_0.054 <0.10

TRl 112

Jsbaell Al L0aaYl (uliie yaad i) ey @ gplaall Jshagd) ~3-1-7

bl
el Johell Aanaly cajed) Jidail) ddae (ulida (25) Jgaall
) Laal ST Legdl Jalaall

3 - 16.10 - 19.78
5 - 19.78 - 23.47

12.42 - 16.10
7 - 23.47 - 27.15
- 27.15 - 30.83

leiac g yana s g3l il iall & ghoma JS5 Sl o
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Olakll a3 M dana Ao B 2023 ple 3 uadl 45 Al Eal) Ay Al

rhall Jshagll Jalaal dung 3l Alaall G ghaa (26) Jsaal

» 3 z - i @) J shgl)
0.11 | 0.14 | 0.20 | 0.33 | 1 12.42 - 16.10 i
0.14 | 0.20 | 0.33 | 1 3 16.10 - 19.78 -
0.20 | 0.33 | 1 3 5 19.78 - 23.47 z
033 | 1 3 5 7 23.47 - 27.15 3
1 3 5 7 9 27.15 - 30.83 2
1.78 | 4.67 | 9.53 | 16.33 | 25 g s

Gob oo dlliy t Lag LG A shias aldl 3plad) A ghias Gadlail S

bl Jshagl) Jaladl 8l dgiana (27) Jsaal

2 3 z - i Jaladll
0.06 | 0.03 | 0.02 | 0.02 |0.04 12.42 - 16.10 ()
0.08 | 0.04 | 0.03 | 0.06 |0.12 16.10 - 19.78 (%)
0.11| 0.07 | 0.10 | 0.18 | 0.2 19.78 - 23.47 (z)
0.19 | 0.21 | 0.31 | 0.31 |0.28 23.47 - 27.15 (3
0.56 | 0.64 | 0.52 | 0.43 | 0.36 27.15 = 30.83 (»)

IS adh pen Gyl 0 Bplaal) Aghian B Caca JSI Aauil) ()01 A 2t
Al Apaal) Cpmy A A sl Ul saagy claaxe o lgiads Ciua
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360 ) Auatighl Jlaa (paa iy AHP (o sl Jalal) A8y oy Jenll e

@bl Jshgl) 48 i Cisial L) oY) Clua (28) Jsaall

% sV | gsanall | a 3 z - i @l Jshagl)

3.48 | 0.17 | 0.06|0.03| 0.02 | 0.02 | 0.04 12.42 - 16.10 (j)
6.78 | 0.34 | 0.08 [ 0.04 | 0.03 | 0.06 | 0.12 16.10 - 19.78 (<)
13.44 | 0.67 | 0.11|0.07 | 0.10 | 0.18 | 0.2 19.78 - 23.47 ()
26.02 | 1.30 | 0.19]0.21 | 0.31 | 0.31 | 0.28 23.47 - 27.15 (3)
50.28 | 2.51 [0.56|0.64| 0.52 | 0.43 | 0.36 27.15 - 30.83 ()

fujw gﬁ Jgac XK elaa é.))la o Amax wla:;‘}“ ‘;Il.u;j‘ .La.».njld\ &._11.»:;
G\ Gl Laal) Jaleay (27) Jsanl ( splaall dighinas ) Lamg3l cliladll
O WS hudl Galsa) el Jelas e 5l gsane dad S (28) Jsaall

(29) Jsaadl
b lall gl g lea (29) Jsaal)

consistency | Jalaa | s o i

measure | iz S delad
5.09 | 0.03 [0.11]0.14]0.20|0.33| 1 12.42 - 16.10 ()
5.03 | 0.07 |0.14|0.20|0.33| 1 3 16.10 - 19.78 (<)
520 | 0.13 {0.20]0.33| 1 3 5 19.78 - 23.47 (z)
543 | 0.26 |0.33] 1 315 |7 23.47 - 27.15 ()
546 1050 ) 1 1 3 |5 |7 19 | 27.15-30.83 (a)
5.24 At Jass sidl
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AmaxJiar a5 bl 55laall 3 A3l 0l bl Jasssiall lus 2
Amax = 5.24
Lugial ded Je oy CI ( consistency index ) bl jdige clua o
SADAR) (385 N Adsheaal) Aye log Aoy ebaeY) olual)

A -n 5.24-5
CI — max — —
n-1 5-1

I
I
e
o
o

Jwala 5450 CR ( consistency Ratio ) puilaill Jalas el clua

Gis (14 Jsanll e ) lsdall B H85e o i) e desd
: 3t 3B

CR—CI— 0'06—0054<010
ORI 112 '

& 1,0 Apnatl) BpaaY) (uliie ant Sl ey ;g WYY —4-1-7

gl Ll ared) Jadl lee uliia (30) Jsaal

) Laal Sl gl Jalall
3 - 760.40 - 927.8
5 - 927.80 - 1,095.2
593 - 760.4
7 o 1,095.20 - 1,262.6
o 1,262.60 - 1,430

leiac g yana s Kyl il iall & ghoma JiS5 Sl o
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360 ) Auatighl Jlaa (paa iy AHP (o sl Jalal) A8y oy Jenll e

£ 165 Y1 Jalaal Bng 3l 43l ddsiina (31) Jsaall

A 3 z - i gy
0.11 | 0.14 | 0.20 | 0.33 1 593 - 760.4 i
0.14 | 0.20 | 0.33 1 3 760.40 - 927.8 -
020033 1 | 3 | 5 927.80 - 1,095.2 -
0.33 1 3 5 7 1,095.20 - 1,262.6 J
1 3 5 7 9 1,262.60 - 1,430 2
1.78 | 4.67 | 9.53 | 16.33 | 25 g saxal

Gob oo dlliy t Lag LG A shias aldl 3plad) A ghias Gadlail S

&EBJY\ Calzal 'é)gl:_al\ M}MA (32) d}l;j\

A N z - i Salaall
0.06 | 0.03 | 0.02 | 0.02 |0.04 593 - 760.4 ()
0.08| 0.04 | 0.03 | 0.06 |0.12 760.40 - 927.8 (<)
0.11| 0.07 | 0.10 | 0.18 | 0.2 927.80 - 1,095.2 (¢)
0.19| 0.21 | 0.31 | 0.31 |0.28 1,095.20 - 1,262.6 (2
0.56| 0.64 | 0.52 | 0.43 |0.36 1,262.60 - 1,430 (=)

IS adh pen Gyl 0 Bplaal) Aghian B Caca JSI Aauil) ()01 A 2t
Al Apaal) Cpmy A A sl Ul saagy claaxe o lgiads Ciua
[2]dalae IS

34



Skl a2

ME saaa o Pha 2023 ale 3 sl 45 Alaal) Gl daals Alaa

& Y b ghas Cagaial Lyl (35Y) Glaa (33) Jsandl

% s | gsanall | a 3 z - i £ iy

3.48 | 0.17 | 0.06 | 0.03 | 0.02 | 0.02 | 0.04 593 - 760.4 ()
6.78 | 0.34 | 0.08|0.04 | 0.03 | 0.06 | 0.12 |  760.40 - 927.8 (=)
13.44 | 0.67 | 0.11 0.07| 0.10 | 0.18 | 0.2 | 927.80 - 1,095.2 (z)
26.02 | 1.30 [ 0.19]0.21| 0.31 | 0.31 | 0.28 | 1,095.20 - 1,262.6 (3
50.28 | 2.51 [ 0.56|0.64 | 0.52 | 0.43 | 0.36 | 1,262.60 - 1,430 (=»)

fujw gﬁ Jgac XK elaa d.))la o Amax wla:;‘}“ L";a\.m;l\ .La.».njld\ k._ll.m;
G\ Gl Laal) Jaleay (32) Jsanll ( sylaall dighinas ) damg3l cliladll
O WS hudl Galsd) el Jelas e 5l gsane dad S (33) Jsaadl

(34) Usal
b lall il ed lea (34) Jsasd)
consistency | Jabra | 5 o i
measure | iyl S Jiad
509 |0.03]0.11|0.14/0.20{0.33 | 1 593 - 760.4 (|
503 |0.07]0.14[0.20/0.33| 1 | 3 760.40 - 927.8 (=)
520 1 0.1310.2010.33) 1 | 3 | 5 | 927.80 - 1,095.2 (z)
543 1026(033] 1 | 3 | 5 | 7 |]09520- 12626 (3
546 050 1 305 1T 19 | 1,262.60 - 1,430 (»)
5.24 A il Jass sidl
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360 ) Auatighl Jlaa (paa iy AHP (o sl Jalal) A8y oy Jenll e

AmaxJia sas A0l 35laal) & A5 adll luad) Jausgial) Gl 5
Amax = 5.24

Lugial ded Je oy CI ( consistency index ) bl jdige clua o
SADAR) (385 N Adsheaal) Aye log Aoy ebaeY) olual)

Cl = Amax—n __ 5.24-5 — 0.06

Juala 5450 CR ( consistency Ratio ) juilaill Jalas dad Glua

Gis (14 Jsanll e ) lsdall B H85e o i) e desd
A AL
CI 0.06

——=0.054 < 0.10

CR=217 112

A Al 3V el aaat Sl ety @ ciypeall) ABES -5-1-7

oy el
Cagpeail) 8EST Ay oyl Jidaill Alee (e (35) Jsand)
) Laal ST Legl Jalzall
L) b i i
3 - 3.35 - 4.45
5 o 2.25-3.35
4.45 - 5.56
- 1.14 - 2.25
- 0.04 - 1.14

L] & sane il Gum g3l il laall 48 ghone JSiny oLl
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Skl a2

ME saaa o Pha 2023 ale 3 sl 45 Alaal) Gl daals Alaa

iyl BB Jalaal G 3l 3liel) 3 i (36) Jsoal)

2 3 z - i iy ) 43S
0.11 | 0.14 | 0.20 | 0.33 | 1 4.45 - 5.56 i
0.14 | 0.20 | 0.33 | 1 3 3.35 - 4.45 -
0.20 | 0.33 | 1 3 5 2.25 - 3.35 z
0.33 1 3 5 7 1.14 - 2.25 2
1 3 5 7 9 0.04 - 1.14 2
1.78 | 4.67 | 9.53 | 16.33 | 25 g saxall

Gob oo dlliy t Lag LG A shias aldl 3plad) A ghias Gadlail S

w‘)mﬂ\ WS Jaladl 'é)gl:_al\ M}MA (37) d}l;j\

2 3 z - i Jaladll
0.06 | 0.03 | 0.02 | 0.02 |0.04 4.45 - 5.56 (i)
0.08| 0.04 | 0.03 | 0.06 |0.12 3.35 - 4.45 (9
0.11 | 0.07 | 0.10 | 0.18 | 0.2 2.25 - 3.35 (z)
0.19 | 0.21 | 0.31 | 0.31 |0.28 1.14 - 2.25 (3)
0.56 | 0.64 | 0.52 | 0.43 |0.36 0.04 - 1.14 ()

IS adh pen Gyl 0 Bplaal) Aghian B Caea JSI Aail) (i3] A daat
Al Apaal) Cpmy A A sl Ul saagy claaxe o lgiads Ciua

37

[2] dalae I




360 ) Auatighl Jlaa (paa iy AHP (o sl Jalal) A8y oy Jenll e

iyl 28 48 shme ool Tgnal) 35 e (38) Jpaadl

% s | gsanall | a 2 z - | iy patl) 43U
3.48 | 0.17 [ 0.06|0.03| 0.02 | 0.02 | 0.04 4.45 - 5.56 (i)
6.78 | 0.34 | 0.08|0.04 | 0.03 | 0.06 | 0.12 3.35 - 4.45 (<)
13.44 | 0.67 | 0.11 | 0.07 | 0.10 | 0.18 | 0.2 2.25-3.35 (¢)
26.02 | 1.30 [ 0.19 [ 0.21 ] 0.31 | 0.31 [ 0.28 1.14 - 2.25 (3
50.28 | 2.51 | 0.56 | 0.64 | 0.52 | 0.43 | 0.36 0.04 - 1.14 (»)

fujw gﬁ Jgac XK elaa é.))la o Amax wla:;‘}“ ‘;Il.m;j‘ .La.».njld\ k._ll.m;
G\ Gl Laal) Jaleay (37) Jsanl ( splaall dishinas ) damg3l liladll
O WS hudl Galsd) el Jelas e 5l gsane dad &S (38) Jsaadl

(39) Jsaadl
b lall il Aed lea (39) Jsasd)
consistency | Jabra | 5 o i
measure | iyl S Jiad
5.09 [0.03]0.11|0.14|0.20]0.33| 1 4.45 - 5.56 ()
5.03 [0.07 [0.14]0.20 | 0.33| 1 3 3.35 - 4.45 (<)
520 [0.1310.20/0.33| 1 3 5 2.25-3.35 (z)
543 1026033 1 | 3 | 5 | 7 1.14 - 2.25 (9
5.46 0.50 | 1 3 5 7 9 0.04 - 1.14 (»)
5.24 A il Jass sidl
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AmaxJiar a5 bl 55laall 3 A3l 0l bl Jasssiall lus 2
Amax = 5.24
Lugial ded Je oy CI ( consistency index ) bl jdige clua o
SADAR) (385 N Adsheaal) Aye log Aoy ebaeY) olual)

A -n 5.24-5
CI — max — —
n-1 5-1

I
I
e
o
o

Juals 545 : CR ( consistency Ratio ) _uilaill Jeles daf Gilus
Gis (14 Jsanll e ) lsdall B H85e o i) e desd
200 4

CR—CI— 0'06—0054<010
ORI 112 '

s Bl -2-7
DLl A (0441 G5 ) easdsul) Jalall Lagy st Loaglsidll 1
ay i o)l J Aaabisall Jalpald) aal e axs olaalls lisall dunglaal)
ST e Cnaslsnll 5 @lamall ulSH yaally paally Glall 5 ulSl) yaal)
Dlae VL Ll Al gal anll caglaef Gl o Lally (5000 AL L sl gl L)
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- LaaaY) O alad Y1 aill el
S a5 U laginy Ll dnslgnll Al o G881 ot 1 (3580 ABUS |
s e ae b Gua (0.31 (35 53 ) ConlSI) IS Laalse O aladd) )
-GSl S8 Alae e gt (AUlb g dilalil) doa gl oad) LS ) Lol

ARC GIS 10.3 zalin Gah e da il G588l A0S ddayd PIA (e
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5 Gds siuhll Cile G liiai 5 (aghaall 285S ,W)) ARC map 9.3
O 2 a8 Jeaad)l Gl dpaa (3dy lan CdSH ) las asdidl e iy
)\ aa ) Aaiiig Adlaia) ld & GRS ) Bl o) gsia Y ) Blaliall
pan Cu)lSI sk Led ol o Judimal) (e SV (35800 28BS 3 (3haliall Laiy
ke
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Claleal) sdaiy olpall daabisal hhas (grdaall Johagl) 2Ll Cos) ISl Eigan Jldial
i)\ alaall el b A<

o)\l ypdaig o5t Aglee 8 aSais AN Julsall e g L) iy s g LAY 4
g LN i G ISl IS ALaaY) A6l Aadl) (e %8 al5 el
o isal) Jalsall Aty daale Pl o )8l JS35 e 358k 2 )5
Sooiaell ol saly) A ) Gl el Jlaial Aoy g La ¥l salah
(3l clleall Hsdai ok 2ba)) (B 5 s Gl QAW (grhaall Jsdaglly
Ce W) laiy SV 1 paidy Lay

e asndl sl Cayypat Canm o 3: S e Cayyuail) 280K juats Ciy puatl) A8US .5
A ) EOlelrall Al Aadl) e %4 )5 bl Cip A gl A 8Y) 35k
Al Gt UL olaall oyt Jana (it Cigy ol 266K 2Ll L IS

coSall (pSally ) SY) JSES
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sk 8 5yl Jalsad)
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e laa e 0 bl Al 45lad) DA 5 Al e dasll)
L el
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Bllodlls 3881 (e Ayl Bhaliall aali Ca Al dihaie e Caw)Sl
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An Experimental Study of the Effect of The
Openings Number and Their Dimensions on
Reinforced Concrete Beams

Abdulaziz Mahmoud Al-Mouhammad ¢
Monib Al-Allaf @

Abstract:

This research includes an experimental study and a nonlinear
analysis using the finite element method on Abaqus Software of simply
supported reinforced concrete beams with one or two circle openings in
web exist in shear zone.

The tested beams are simply supported with rectangular cross section and
without additional reinforcement in opening region. The opening has
circle shape with variable dimensions and constant distance from the
support.

Studying the effect of changing opening height on the behavior of these
reinforced concrete beams has been conducted. The modes of cracks,
(load-deflection) relationship, ultimate load, max displacement and the
mode of failure for all beams were determined for each specimen of
beams.

The study showed that the existence of circle openings in shear region of
simply supported concrete beams reduces the ultimate strength capacity
by about 28% to 65% of them comparing with the reference beam
without openings and affect the mode of shear failure. And any increase
in the diameter of the opening leads to early cracks, more deflections and
less ultimate failure load.

Keywords:  Reinforced Concrete Beams - Web Openings - Opening
Diameter - Beams Shear Resistance.

@) Master Student at Structural Department in Faculty of Civil Engineering — Al Baath
University.
@ Pprofessor at Structural Department in Faculty of Civil Engineering — Al Baath
University.
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Abstract
The research aims to produce bituminous mixtures from bond-
modified abrasives and new gravel by adding tire rubber to achieve
specifications and quality, by studying the effect of rubber on some
engineering properties of asphalt scrapers, in terms of stability, flow
and indirect tensile values.

The research included the theoretical and practical study, in which
bitumen 70/60 from Homs Refinery was used, and rubber produced
from recycling the damaged rubber tires resulting from vehicles,
originating from the city of Maharda in Hama governorate, where
the granular composition of the rubber crumbs passing through the
sieve was used 0.3 mm, and a count of 0.3 mm was used.
Percentages of rubber which are (15-10-5-2.5-1-0.5)% of the
bitumen weight. Experiments were also conducted to determine the
properties of the modified and unmodified bitumen, in addition to
the properties of the abrasives, the stones and the rubber crumbs
used, as well as the formation of mixtures of the abrasives modified
with the new gravel. and the new link, The mixing was carried out
according to the usual manual method in the formation of Marshall
molds, and the conditions of the experiment were taken into account
in the methods laboratory at the College of Civil Engineering, and
then the results were processed on the Excel program. The rubber
both decreased in stitches and elongation and the liquefaction point
increased, and the bituminous mixtures modified with rubber
showed an increase in stability and a decrease in flow from the
values of stability and flow in the unmodified mixtures.

Key words: rubber modified scraper, rubber crumb, rubber modified

bond .
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Specific composition of Phyto and
Zoobenthic communities in the hard
substrates of Banias coast

Dr. Izdihar Ammart  Dr. Hadeel Arraj2 Heba Alebraheem?

L Professor, Dept of Marine biology at HIMR, Tishreen University,
Lattakia, Syria. Email: izdiammar@gmail.com

2 lecturer, Dept of Marine biology at HIMR, Tishreen University,
Lattakia, Syria.
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Abstract

Specific composition of benthic communities in hard substrate has
been identified for four areas south of Banias: South of the
Thermal station, AL basia, Sahm albher and finally AL mahjor
beach. Eight sampling  trips  were performed during 2019-
2020, in which the samples were manually collected by horizontal
scon and classified to species level. The total number of species of
Zoobenthos in the four research areas (44) belongs to seven
macrotaxons distributed as follows: (18) species of Gastropoda, (8)
species of Bivalvia, ( 7) species of Crustacea, (5) species of
Echinodermata, (3) species of Cnidaria, (1) species of each all:
Spongia, Polychaeta, and Ascidiacea, have been associated with the
presence of (10) species of Rhodophyta (8) species of Chlorophyta
and (7) species of Phaeophyta and.The ratio of alien species was
28,57% with (16) species of zoobenthos and (4) species of
macrophytes.

Keywords: Eastern Mediterranean, Syrian Coast, Marine
Biodiversity, Zoobenthos, Macrophytes, Hard substrate, Alien
species.
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4alyll dikia 4 Enteromorpha linza gl (2) Jsid)
Abadl Ggin 2Bga b eheudl QL o Padina  pavonia g3 i)
- sl halally

Anemonia viridis, Patella rostica, Saccostrea &b_'&\ gy yaaid)

',, }“
oS

i Jehie e cuccullata, Codium decorticatum, Laurencia obtuse.
Mactra  stultorum, ¢\sN1 Gaas Laiy (3) JSal) sagal) z dalally dasdl)
Chama pacifica, Diodora italic, Diodora ruppellii, Galaxaura

s /apidescence, Laurencia pappilosa, Styppopodium schimperi.
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Arbacia lixula, Phallusia nigra, Hypnea cervicornis, Scytosiphone

lomentaria, Cladophora albida, Codium vermilara, Caulerpa prolifera
Patella ulyssiponensis, Patella &\J_'&\ Loty cddanall Cagin o8 Ciaag
aspera, Asteropecten spinulosus, Holothoria sanctori, Hypnea
ol ags aBge e Wassag sl musciformis, Dictyota dichotoma,
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:Infralittoral zone 4 ihlil) ciad dakhial)
Cerithium -3l sy Brachidontes pharaonis sl wly (e JS sl
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species g s

g ) bl 5al

stl

st?2 | st3 | st4

GASTROPODA

Cantharus dorbignyi (Payraudeau, 1826)

Cerithium scabridum(Philippi,1848)

+ [+

Columbella rustica( Linnaeus,1758)

+
+ [+
+ [+ |+

Diodora ruppellii(G.B.Sowerby 1,1835)

+ |

Diodora gibberula (Lamarck,1819)

Diodora italica (Defrance,1820)

+

fissurella nubecula (Linnaeus, 1758)

Gibbula divaricata (Linnaeus,1758)

Littorina punctata (Gmelin,1790)

Monodonta turbinata (Born,1780)

M. articulata (Lamarck,1822)

Patella caerulea (Linnaeus,1758)

1
|+ [+ [+ [+ ]+ +]+]

+ |+ |+ |+

Patella rostica(Linnaeus,1758)

[+ |+ [+

Patella ferruginea (Gmelin,1791)

|+ |+ + | +]+]

Patella ulyssiponensis(Gmelin,1791)

Patella aspera (Lamarck,1819)

Strombus decorus persicus Swainon,1821

=+

1
+ [+ [+
1

Tonna galea (Linnaeus,1758)

+

BIVALVIA

Brachidontes pharaonis (P. Fischer, 1870)

Chama pacifica (Broderoi,1824)

Gafrarium pectinatum (Linnaeus, 1758)

+

Glycymmeris bimaculata (Poli,1775)

Mactra stultorum (Linnaeus, 1758)

Pinctada radiata (Leachi,1814)

+ |

Ruditapes decussatus (Linnaeus, 1758)

+ 1+
[+ [+ [+ ]+ ]+
+ [

Saccostrea cuccullata (Born, 1778)

[+ |+ |+ ]|+ |+

1
1
+

CRUSTACEA

Balanus balanus (Linnaeus,1758)

+

+
+
+

+

Clibanarius erythropus (Latreille, 1818)
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Dardanus arrosor (Herbst,1796) + + |+

Eriphia verrucosa (Forskale,1775) + + |+

Heteropanope laives (Dana,1852) + + |+

Palaemon alagans (Rathke,1836) + + |+

Pachygrapsus marmoratus

(J.C.Fabricius,1787) + + |+
ECHINODERMATA

Arbacia lixula (Linnaeus, 1758) + - -

Astropecten aranciacus (Linnaeus, 1758) + - -

Amphiura chiajei (Forbes,1845) + - -

Asteropecten spinulosus (Gray,1840) - + -

Holothoria sanctori (Delle Chiaje,1823) - + -
CNIDARIA

Actinia equina (Linnaeus,1758) + + |+

Anemonia  sulcata (Pennant, 1777)

Anemonia viridis + - |+

Dendrophyllia cornigera (Lamarck,1816) + - -
POLYCHAETA

Heteronereis fucicola (Orsted, 1843) + + |+
DEMOSPONGIAE

Hippospongia communis (Lamarck, 1814) + - -
ASCIDIACEA

Phallusia nigra (Savigny,1816) + - -
RHODOPHYTA

Corallina elongata J.Ellis & Solander,1786 | + + |+

Galaxaura lapidescence (J.Ellis & Solander)

J.V.Lamouroux, 1816 + + -

Galaxaura rogusa (J.Ellis & Solander)

J.V.Lamouroux, 1816 + + +

Goniolithon elegans + - -

Hypnea  musciformis  (Wulfen)  J.V.

Lamouroux,1813 - + -

Hypnea cervicornis J.Agardh,1851 + - -

Jania rubens (Linnaeus) J.V.Lamouroux,

1816 + + |+

J. Longifurca Zanardini, 1844 + - -
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Laurencia pappilosa (C.Agardh)
Greville,1830 + -+ -
Laurencia obtusa (Hudson)J.V.Lamouroux,
1816 + - - |+
PHAEOPHYCEAE
Colpomenia sinuosa (Mertens ex Roth)
Derbes & Solier,1851 + |+ - -
Cystoseira compressa (Esper) Gerloff &
Nizamuddin,1975 - - - +
Dictyota dichotoma (Hudson)
J.V.Lamouroux, 1809 - - + -
Padina pavonia (Linnaeus) Thivy,1960 + - |+ |+
Scytosiphone lomentaria (Lyngbye)
Link,1833 + |- - -
Styppopodium schimperi (Kiitzing) Verlague
& boudouresque,1991 + - + -
Sargassum vulgare C.Agardh,1820 + |+ |+ |+
CHLOROPHYTA
Cladophora albida (Nees) Kutzing,1843 + - - -
Codium decorticatum (Woodward)
M.A.Howe, 1911 + - - |+
Codium vermilara (Olivi) Delle Chiaje, 1829 | + - - -
Caulerpa prolifera (Forsskal)
J.V.Lamouroux, 1809 + - - -
Cheatomorpha linum (O.F.Miller) Kutzing,
1845 + - - +
Enteromorpha linza (Linnaeus, 1753) + |+ |+ |+
Enteromorpha compressa (Linnaeus)
Nees,1820 + |- - -
Ulva fasciata Delile, 1813 + + + +

Al s gﬁ gl Qb — A tsa uﬁ gsill gy Ao Jai +
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Influence of some soil Properties in the soil
surrounding Lake Al-Sin, Banias, on
Adsorption Nitrate lon.

Abstract

In this research, the adsorption capacity of soil and its affected
factors on nitrate ions adsorption were studied. The adsorption
nitrate ratio was obtained after soil saturation by nitrate solution
with various concentrations (5, 10, 25, 50, 100) ppm, and was
calculated by Spectrophotometer on wavelength 206 nanometre.
The maximum adsorption capacity ( gmax ) Of nitrate ions reached
the (0.06-0.12) mg/Kg. By using Langmuir & Freundlich equations,
for data analysing, results showed that, Langmuir equation, to study
nitrate adsorption by soil, was nearest, which R? ranged between (
0.93 — 0.99), comparing with Frendlich ones, which R? ranged
between (0.78- 0.98 ).

The statistical study between soil properties & nitrate adsorption
showed that, the maximum adsorption capacity gmax as indicator is
correlated with factors affected on it: the organic matter (OM), total
nitrate washed from soil section, and adsorption constant of
Langmuir (R.), respectively, with the following values (-0.750,
0.836, 0.740). The maximum amount of adsorbed nitrates on soil
sites, respectively, were: Beit Al-Alouni, Al-Rahbeyia, Bestwair ,
Geiboul, Al-Waha Spring, Beit Aana, Al-Qutailbiya, Quorfase.

Keywords: Adsorption, Equation Langmuir, Equation Frendlich,
Nitrate ion.
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Sialaig By ety (goludiall HITaY) Jlalae alasinly 4 il Glikall Gl
fsb LS ApliaY) (ailadlly clall ~ il
: mgariy Adalaa
de = (0 X K, xC)/(1+ K, xC,)....(2)
1/q9, =[1/(q,. x K, xC)1+1/q,----(3)
(mg/ 1) AN Jsladl 4 bl gl 385 40 Ci G
(Mgl 1) sl bl os 585 :Ce
(0.05 1) . jillly Tyaia Jolaall aan a1V
M=1x10"°Kg :deaiual (4gll) sjlall salal) 2kS & m
(MQ/KQ) Al (s (135 33n5 X 5taal) il (ol 20820
(Mg/KQ) s3lell salall _alaall 453)55Y) dasd) ,Qmax

s Al el s day ) )8 sy 5 Langmuir & 48! culs K
(I/Kg) sl A a3l
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((O<RL< 1) Aglse W) eVt 4pla) ) i s Langmuir <G :R
(88e (R = 0) 4 dan, ¥ 5l (R = 1) obd « (R> 1) 450 e

A Asbaall b (Ry) <l lasal
R, =1/1+C, xK)).....(4)
e g 8 Alalea
g. =K, xCY"....(5)
logqg, =logK; + (1/n)xlogC.....(6)
D) e 3508 Ll aodien s Freundlich <l (K
<1/n<0.5) 4dlse W) 5eY) Aleel/N Al a s ¢ GlieY) 324 Jiai:1/N

(2 <1/n) dslse o 0.1

(Bl et

g pdal) aBlpall Ayiliasslly Al 3l Ayl alsd Yol

ool Lo ) Uil i Ayl ol cloasSUly il Al Galid e oy

Sle (ssina g Ayl S Jaas Aties Lmgan 13 gl g el ol s
Gp dadds Agpanll B3l e e ) augie blsiaey sl GlinS e
gl Q) J8 Ay Al Raesl @ Adle Rawy Aada ol Ayl adlsal
a5 -(0.85 -1.88) cm/min g zohib pade Sl Silgus Juag @l

g paal adlsall gl ALy A0 5N (aleddl (s Jidas 30 (1) Jsaal
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gilsall J g1 5 il Alpally Al 3l Galgdll Jilat guilss 1(1) Jsa

-
Ay {9 J.\AS‘
N(leaching) . N .
SHC Silt Ca CaCO3 oM Ec &8 sall
Average i %Clay Sand% (Total) pH B
(Cm/min) % (mg/Kg)) % % (ds/m) A p2al)
(mgl/l) %
28.626 1.30 43 30 27 2700 0.18 30 2.60 0.78 7.24 Ll e
26.544 1.09 47 31 22 2200 0.18 47 3.48 0.35 7.71 sk
21.276 0.85 72 19 9 7020 0.48 29 4.66 0.34 7.28
st
22.084 1.10 39 36 25 1840 0.47 52 3.47 0.34 7.81 Jswn
41.129 1.88 64 22 14 6100 0.32 28 1.89 0.85 7.04 e
31.833 1.79 44 20 36 3210 0.64 43 1.99 0.45 7.26 AL sl
26.750 0.87 54 39 7 5730 0.48 61 4.22 0.26 7.68 Lap)
30.423 1.12 23 58 19 1560 0.51 33 2.89 0.17 7.21 FRE

A ool Biiaall aShal Ay Wil

38l Ll daad g paal) adload) o o il (5o siiaal) oSl Al die
Ll G dslsll & ¢Jsua 6J.Uj:u.n=\ Ayl c‘";b&:d\ [T :%At\]\ i )
Qi le il sl sheal SN s (2) JSA g cpadE bl

rlil) (ol S5 ks ag paal sl
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adsorption NO3- (mg/kg)

bl gall i e B Faal) il il gl a0 S
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ANy A g ) a8l gal) s o 5 Faad) ol S8l ¢ gal 380 5 s 2(2) JSA)
LA gl 58 5

sofislaig By p gardy (ilalaal J) iaY) ) pdige Ay SEIG

Slo bl el Y Gluigdy psaad il Glpite (2) dsal) mas

g el gilsall o
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&5l G i Sl ol I 1Y Ghlaig By L sakdY (ililas il pdisa (2) Jsta

A g jaall
Langmuir Isotherm Friendlish Isotherm
Omax (MQ/KQ) (I/'I<<Lg) R. | R 1/n Ky R?

Ule e 0.07 0.14 [0.26|0.978| 0.29308 | 0.0192 | 0.933
sk 0.08 0.13 [0.28|0.997 | 0.29979 | 0.02021 | 0.902
(Astal) 0.12 0.03 [0.64|0.933| 0.48708 | 0.00856 | 0.778
Jsa 0.08 0.18 [0.21]0.991 | 0.25114 | 0.02631 0.94
oasd B 0.06 0.14 [0.26 | 0.99 0.2931 | 0.01617 | 0.948
dalidast) 0.07 026 [0.16| 0.99 | 0.21994 | 0.02671 | 0.983
A 0.08 0.05 0.5 | 0.96 | 0.44527 | 0.0093 | 0.887
dalgll g 0.07 0.07 [0.42|0976| 0.3919|0.01057 | 0.877

aa O S ST el dupl e il ool 35y Langmuir dsbee cujeas
o) sl @dlsall sl (0.93-0.99) Jladl) (e msljii R o e e 2a
Ol ey 1 W3sai g isotherm Langmuir of ) ei Aasall R? o
ol yila daylyy Sy cAallal) Aiail s 50 e daall galal) cufyl) s
ol (0.77-0.98) Uladl) (parim 555 R? ab goo (g o Alalaey 4)lie dienial)
Gilginie (3) JSE sy ey lilead St S il iy gyl ol gl
by adlse o el clinia (4) S ¢ usend) duby adloe @ Sl

(alaig )
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1/qe

(25aY) Al Al 2B gad 31 i) e

Blle cuy

® ishay

A bl o

L JEe g

© Al

oLl
dalgh g

0.01 0.06 0.11 0.16 0.21 0.26
1/Ce

(30 A jal) 2B ga it ) FiaY) ciliiada 3(3) JSA)
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log ge

1.9
1.8
1.7
1.6
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14
13
1.2
1.1

(Ualaig ) g yaal) ad) gall 31 JiaY) ciliiaia

ol cuy

W 2 shoy
el
ds

& ab p

@ Al dasl)

X dga) )

Adalgh ad

1 15 2 25
log Ce

(i g J3) Al Al a8) g ol ) 350 Ciliadia (4) JSAY)
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aibadll g il Gailad o Jals V) cdlaleal duibas) Al )3 slagl
s g yal) 28) gall dualiaady)

qmgx N-Lﬂchinq SHC N-tot_al OM DH KL RL EC
Omax Pearson R - .
. 1 -.750- -.674- 175 | .836 204 | -.532- | .740" | -.420-
Correlation
Sig. (2-tailed)
.032 .067 .678 .010 .629 175 | .036 | .300
N 8 8 8 8 8 8 8 8 8
KL Pearson -
Correlation |-532-| .301 723" 124 | -715-" [ -.012- 1 928- | .347
Sig. (2-tailed)
175 469 .043 770 .046 .978 .001 | .400
N 8 8 8 8 8 8 8 8 8
RL Pearson R R . -
) 740 -417- -713- 147 788 | -.029-|-.928- 1 -.443-
Correlation
Sig. (2-tailed)
.036 .304 .047 729 .020 .946 .001 272
N 8 8 8 8 8 8 8 8 8

5eY 35S Qe oalaall Apf5aY) Axadl i b BaliY) Adsiian (e Laaly
(OM) Organic 4 saall salall :a il clyriall pe Jaiyg ¢ cadacy) bl o
ey Apla) ey gsll adaia e N-Leaching dusiall <is3Y1s <Matter

.(0.740, 0.836, -0.750 ) casizill e Gl adlly (Ry) _usaiy conen

s A Al slagY Enter (385 saidl sVl Gadss (4) Jsaall Jias
COmax e Cibaial)
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ssiall lasdy) ddsiuas (4) Jsia

Coefficients

Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
(Constant) 114 073 1.560 194
L oM -.002- 014 -.126- -.159- .881
N.Leaching | -.002- .002 -.610- -1.137-| .319
R. .065 .055 585 1.176 305

a. Dependent Variable: gmax

Al Aaleall @lld ey

Q. =0.114—0.002(0OM)—0.002(N.Leach) +0.065(R, ).....(7)

il oo JS Sig Aslaa) dpgidl ad oL cliablll doan (e Laal
OSar ¥ Asladd) G e Jay Les ¢ (0.05)3ANV A ssime o ST cylilly Al
Agsima e Gliahlll (S Gl sull aldic!

b Uy Les € iyl o Baloy¥) Jeles af b Gl Jlas o oS
Regression saiall jlasa¥) Hlod) ubay ASE Jady G5y dleay 5l
1(5) Jsall miase 54 L (385 Stepwise 4dyha
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Stepwise s jlaaiy) d8giaa (5) Joaa

Coefficients

Unstandardized Standardized

Model Coefficients Coefficients
B Std. Error Beta t Sig.
1 | (Constant)
.031 013 2.315 .060
oM .015 .004 .836 3.728 .010

a. Dependent Variable: gmax

A0l Adaladdl S e g
O,ex = 0.031.+0.015(OM).....(8)

Daxially culill e JSI Sig Aibiany) dygimall a8 oL bl Jsas (e sl
Jiall s dalaal) ) e Jy Las ¢(0.05) VA (s5iin e JiTl (OM) Jsisall
el oS il el Sl 8 Alalall ahsally sl lolde) (S

PEPLEON

sclalitigy)

Gsine iy iyl SLE Juai Aliea daiagen il Ll Ay o) gl cipea L1
dadis JAggand) Balall e (e () Janisia s5inag asand Sl ClisS e e
Gl J8 sy Al Baasl o cille daniy Ak Lol g el @dlsall i
e s\l
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Gan s ST Al e clmll el Sl Langmuir dsbee a3 .2
Ljlie gyl adlsall il (0.93-0.99 ) Jaall (am R o caagls
il (0.78- 0.98 )Jlaall aum R” o canglp il (alaig b Alalasy
g y2all sl

Ll Laad e g paall adlsall i e clil) Y 33l Lkl Al xie .3
Ca <Aalgll o <Jgua < sl <Rl < slall Cap s JEN syl 32l
Lo i <dlLhdll <lle

coalae ) il al 5eY 85eS Qax salaall ApliieY) daudl e o) .4
<5395 «(OM) Organic Matter & seasll salall 3l clyiall o Jaiy
G ey Anlka) culiy Ayl ahie e N-Leaching Jussd) S
.(0.740, 0.836, -0.750 ) cuiiill e il aily (RL) Lsascy

sCila dal)

+coadial) 4510 ) A Al e el yuall Aaalyl) i) 80 A —2
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