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Comparative Study for Damaged
Plasticity Models of Concrete

Ammar Fejlat (1) Abdul-Karim Al-Jerf @) Mohammad Ali Issa ()

Abstract: Modeling the physical behavior of concrete materials in structural
components remains as one of the most challenging fields in structural
engineering. Throughout the years, different concepts involving plasticity theory
and/or continuum damage mechanics have been used to simulate the
experimentally observed behavior of concrete materials. Many efforts were
presented by researchers to modify the classical theory of plasticity in order to
make it more suitable for concrete materials by including the softening directly in
the expression of a plastic yield surface by means of a hardening—softening

function [20].

In this research, a trying to summarize and simplify of concrete damaged
plasticity model by presenting equations, calculations and simulations of
structural elements on Abaqgus CAE Software using finite element method to

verify the model.

It has been observed that the presented model gives an acceptable results
comparing with laboratory experiments, but sometimes, overestimate the load
carrying capacity for some structural concrete elements. Also there is some

differences for concrete elements subjected to tension.

Keywords: Concrete Damaged Plasticity — Concrete Failure - Unconfined

Concrete — Numerical Analysis — Finite Element Method (FEM) — Failure Criterion .
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() Lecturer at Structural Department in Faculty of Civil Engineering — Homs University.
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500000 0.000585786 0.003414 &l Ala ietoa' 0
90909.09091 0.001396977 0.002603 (C 2 558) 0001396977 0.000811191
0 [Co-002 0.002 0.002 | 0.001414214
166666.6667 0.001183503 0.002816497 0.002816497 0.00223071
285714.2857 0.000930955 0.003069045 0.003069045 0.002483259
375000 0.000775255 0.003224745 0.003224745 0.002638958

1 ASY 0 98l iluaa Jai (e ﬁ

Cplall al 350 0,002 el 8

= (jalll 5 gaal)
Salall 5 38U (0,002 Al oy Ol o gl - (ASY) 5 guzlf
stress (MPa) Inelastic strain Damage parameter C Inelastic strain
15.5 0 ' 0 0
16.31578947 6.88829E-06 0 6.88829E-06
17.22222222 1.57928E-05 .l s - 0 1.57928E-05
18.23529412 2.74616E-05 ke p 0 2.74616E-05
Al Jgea st
19.375 4.30221E-05 (& gecadl) M| 0 4.30221E-05
5\.“.3L'n:m ?3'3 20.66666667 6.42509E-05 ‘f;' Jl.ée;u 0 6.42509E-05
JLQA,;U 22.14285714 9.41173E-05 0 9.41173E-05
23.84615385 0.000138021 0 0.000138021
25.83333333 0.000207193 0 0.000207193
28.18181818 0.000331911 0 0.000331911
I 31 0.000828427 L 0 J 0.000828427
25.83333333 0.001840186 0.166666667 0.001840186
22.14285714 0.002232207 0.285714286 0.002232207
19.375 0.002492512 0.375 0.002492512
Alslaally ) (e 5 gl
inh _ I e ol el b
& T & TR, cAalaally Covin iz al)
d.=—1— Ie
UC]I

Tl e alll ) jall z3gail sl Glaall ik = (8) JSal

Concrete tensile behavior Concrete tension damage
: 2
cralic ) Al Mga) LI 5 gl
34 7-10% 3ds iy stress (MPa) .\.:J\ i‘_\\{u . Strain Cracking strain Damage parameter T
Bey) Jaiuall deal M
.Ln,:u...; : \*"3 => 3.130495168 4k (o) 4551 [0.00018338 0 0
R - = 1 * 1
"IN (pa LS ) 2086996779 93 454 g 00055014 0.000427887 0.333333333
f -0 :7\/? 1.173935688 0.001077358 0.001008591 0.625
# =0.
crmax ¢ 0.521749195 0.001925492 0.001894928 0.833333333
; - dio Ly i ytia o Allaal Ga anin
A W )\ TR 5 g e . ;
aiotis it o sy A g0 o gl o, Allaall ¢ Guan
iy 5 ualll Aaidll " 3.00 egk.h =g —— o,
o . e = dy=1-—
23 5.875 Eo ‘ o
3/8 10.50
1/6 = gacall » g »@j' Sk
dgad) gy 5 gal) 2 e KA

2l e oalll ) puall 3sail il Cluall Ak ¢ (9) JSal
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15 ) layh i jlona @lshand aladind Y dens (ol el 3008 daa (0 (i
Aol shans¥ ) e slial) (pe Ailide sy Fualall LD (e (30 €M) Leelis) 5 (cm
$28 Alaally Baganal) jealiall iyl Tnitioaall Cialeal) G ladny Giati .z 3pail

gl aladiuly (FEM) sasaaall jualiall dipk Llshau) Jilad Jal e Lieaiin
ilaslie Jal (e gl e claad) (1) dsaad) gan 5 -Abaqus 6.14 31l
MPa 20 30 40 : Laall Je dluall 3hea

sasanall jualiall 44yh) dadal Jal (e ADaQUS maliy e cdlaadl s 1 Jsaall

40, 30, 20 MPa ki) o AilAl Sad dastial

0.002 LAl A gaal) sl
4750,/0,, MPa LAY dg ja Jalaa
0.18 * Ll Al &) gl gy Ao

0.2 50.1 o ple JS5 LAl ¢ sulsy dpusi 7l *

A=) Abaqus 6.14 zeliy o syl Dlshaul) z3sa (10) JSEU Gy
.(static, general) ale Sl Jilas Jdaill g3 «15%30 cm

ole Jsemall JEy-lgeall Linie sl 5 Abaqus 6.14 geliy Hainly

(11) S8l b Ll el 5 ¢ paliadl Algaal)
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-

3, Mises <

(Avg: 759%)
+2.864e+01
+2.652e+01
+2.439e+01
+2.227e+01
+2.014e+01
+1.801e+01
+1.589e+01
+1.376e+01
+1.163e+01
+9.509e+00
+7.382e+00
+5.256e+00
+3.130e+00

30 cm

15 cm
Abaqus 6.14 zaliy Jle Gugpall lghanl) ziga : 10 J

(2) sl G daiagall alll ) puall 2 3sad Clitie a5 Al Bskadl) ) Jas

Ailyal) skl dadar b dexdiiua) Galll ) pall 2 3sa8 Cilyria 1 2 Jsaall

T

1.16 fby/fco
0.0002 Lag3u
0.667

0.1 A58 00

o A 5 ol o5l aa axall oplly (dilation angle) sxall dyly Bl
53l Cum (JSS mdgail Lo i LS pald) degllae e 35 5 ¢ 40° - 20° Sale
[8] . (flexibility) dleall 450 25 saaill 445

Ll goad slga) A fby AV s gsbiiall harall gond dlea) da

[8] . (fbg/fcy = 1.16 ) dualsit) dad Jaad ((fep) 51 ysaall salal]
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Liall o Aulaal Dk spiirdlea) iaie (11) JS3) 4 el
(£,"=40MPa)

Cylinder in Compression

a5
a0
35
30
25
20
15
10

(MPa) 342y

0 0.001 0.002 0.003 0.004 0.005 0.006

%ﬂu.a:\l'l a}..':'.m

zaliyy okl e dnlal) Llghan) 7 dsatl ogiimalea) iaie s 11 S
Abaqus 6.14

o e ) dyan i (Bresilien test) dlly) dpanlly ail) 43 55ah
) g WY A $8a Cua (150 MM kd 5 300 MM Jskay dsilshan) disd)
ek 5 ¢(12) M\@w@ﬂyhi&w\@aﬁj.%zz kil
(13) Sl b oii—slea) Jinia

AL ) e sl e

*

P
(N) Jbe¥)sgd: Pr
(Mm) el e Caai iR

(Mmm) il ¢ &) :H

28



4 larall g Aniaall dpuigl) a glad) Aleles uaaa daala ddaa
e IS daaas dijall e Sl ae s cdlad jles 2025 als 4 ax2l) 47 alaal)

L1, Magnitude
+9.379e-01
+8.597e-01
+7.816e-01
+7.034e-01
+6.253e-01
+5.471e-01
+4.68%9e-01
+3.908e-01
+3.126e-01
+2.345e-01
+1.563e-01
+7.816e-02
+0.000e+00

Abaqus maliy cduluya lgha) o EYL 28 4)a0 88w 12 Ll
6.14

Cylinder in Tension

4.5
3.5
2.5
15

0.5

(MPa) 342!

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007

W.a;“ ay.'ﬁﬁ

el 2l e Aluyall Dlghauy) 7 3sail ogiialga) fnie: 13 <A
Abaqus 6.14

5 il Aaall Ly glan 3Sal galiny Lo Jaial) slea) dad of Ladls *
gl il & Jaxh 5 WS 0.002 % sl o sl
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dga) dad 50 9.8 % sl BSladll maliy o adll slga) Aad of Ll **
i) daglie calias gl .11% JJsa dplall bl 8 A3 s 8 carall

o glaall COURY] s (3) Jsaad) can 5 Aplaill e (2l zdgaill 3) dladl)
.(15 3 14) ")Auw A ‘; ;L‘L"L.. X Al cjm‘ v I LS .a..}Lm)ﬂ Azl A

ol zasaill & sl aal) cilaslie CDEAT a3 ol

hivall Ao dagliall MPa MPa MPa
ks 20 30 40

19.63854 29.39073 39.77128
(%) DAY Ay 1.8 2 0.6
ey | wee | wea | wea
[ 3.130495 3.834058 4.427189
Lo 1.87615 3.409355 3.948517
(%) CDERY) Aol 40.1 1.1 10.8

A vie Ll e S slauN) S Uil b A lae
20MPa, 30 MPa, 40 MPa

40
35
30
25
20
15
10

5

2 3

Lok glass

o

Lose 5 Ll el e Al il oslia o 43)6e 14 JS0
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o i 28l e Al & el o6 & i
20MPa, 30 MPa, 40 MPa

3
2
B
0
2 3

1

Ll mlae
Loae 5 Lt sl Jle 4lujall daslia o Ajlia : 15 JSI

Ailud Bake dalad

AKhaveissy Zul) (e 4l A saie 73 sal 31Slae Cadi (z dgaill (g 38al) Jal (1
—alga) Sliata (4) Jsaall A daia se deddiiall ) pall 303 lidana o[ 1] eF &/
(16) JSal) 8 daiase 2il 5 Lkl e Dlusall elglal oo

Aol Al Bakal) Aadai b Aeakiaeal) alll ) pual) g 3gai ciliia t 4 Janl

s T

1.16 fby/fcy
0.0175 Ao 30
0.667

0.1
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Compression

20
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14
g; 12
210
3 8
4 6
1]
S 4
2 2
0
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Gy M 8 gl
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3
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i 2
i 15
_ 1
(]
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S os
0
0 0.0005 0.001 0.0015 0.002
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21 e (b)

‘).AA\_\SJ\ CJ}A{, :;\:\Jaj\ L})ﬂ\ .(17) dS..ﬁ\ L_é AA.;A}A a).\:\MM 3axl d:\mm
Al digyal Jalaa) LD i) T 2t (18) JS 3 daiage 350aal
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Aaslia (e Byseie ABay (1) Qsmlsr Jalae 5 (E) (Jshall &355all Jalas g asiyy
23l gall

G £ (27)
2(1+p)
£
=1
®
o
S
g ¢ 8@ 60mm 98 @ 30mm
g
®
o
& r—
] E
¢ 8014 ¢ E 7o 14| |E
. & &
250mm S20mm
column Section Beam Section
v
L. X
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(a)

PE, Max. Principal

(Avg: 759%)
+1.0342-01
+9.452e-02
+8.620e-02
+7.758e-02
+6.896e-02
+6.034e-02
+5.172e-02
+4.310e-02
+3.448e-02
+2.586e-02
+1.724e-02
+8.620e-03
+0.000e+00

Control Displacement

A ..: F'-ffF:' UX_ = Uy = UZ = 0

(b) & URy=URz=0
1 Abaqus galiy Je Ailuyall saiall 5agaaall jaliall zigai: 18 J<

fpaad) Jag)dll (b) cdialll e sl (a)
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Dl Cun cageall ang die el saall ledl Jaat of (17) JSEU e sl
Cpriniall A5jlaa jelai g . lall dgeal)l Jlad) ddads die daadact) Aaalll Cla sl
A Y Ay JEY) 5l gl (la Bl ¢(19) ISl b gaml) 5 il

5% e

dali Adlu A e 3Slaa Akhaveissy - Simulation
W0
7 3 A S (S S T e P
3 - - -~
l - - K"
3 1o z e
=2
£
25
z
£ ;
£ oSkl malin — = ABAQUS
“ s
1 (:ﬂ._n)aill) :i.‘n-\)d\ ;\-L_BJ\ —e—Control Specimen C1
10
5 [1] U“:"""n E""U):‘ ~o— Ansys Model
® mm JEiy)
i} i 2 30 40 56 80 6 80

Displacement

Aleyal) saiall JEY -4l seall Cilgaie 1 19 JS

glsil ((3D) aladyl DG U<y saial) 5 Llshau) dadel Caa haddiaall 4y k)
el dadal A deodiial) Baganall pualiall

adadin) & 5 mshadl el jelige oamg die 10 jaic :(C3D1OR) o
(a5enlly el Jlsi) Ay 3 Calgall AUsiil aaal) 508l 3 Al il
Aaladinl & 5L amida JalS aa 2l DG sic 8 jaic :(C3D8R) e

Al & Ll all
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bl Jaf (e deladind @ 5. Gfisiny b)) DB Sod paic :(T3D2) o

o) 5 sl 53l

10908l il acde Alusd s Ll

33))s (CFRP 50 KU Gl (e (pfiny i 558 Aagimy a 20 Jila Aadet Cudi LS

(21 ¢ 20) oSl 8 daimse dngiall 5 ladl aladd L[7] Auhall 3

4810 €8 @100 -~ T
Y o gy ) .
|, \ N 2810
L '\I
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L 1 ES
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Concrete

A}

\'® &/ | Adhesive

4
L ———

HCPY CFRP
500 500 500

FB2 G

20.0

[7] dhall 5 53,00 Ay gl Angiua aladf £ 21 JS

Cui 5 (22) S b ela LADAQUS 6.14 malin o sasl) zisaill ol o
el Gan (b Gy LS L(23) JSAl ciliniadl 8 ome s oS bl A3l

Aaluall 4plsall pualiall Loglie dal gigiall (go e Tt JJaad Galll ) yuall
Pl dada 8 el saganal) jualiall g5l

aalaiin) g L phide JalSS ae alal) DG dic 8 yaic :(C3D8R) e
Al iyl Aa )l saldl) 5 el il Al
(abia JalS5 Aian o) Al 39,08 o liadY) Sl cdie 4 yoaic :(S4R) e
A 5 Jawl st 12 patell Eua (Hourglass Control) lasuias oSas
b Jal e 4alatin) & 5 agane AL Clapd ccalial) auall Ll

.CFRP (5 5l

0.83 el Loy A ¢iyysdise die) 23 MPa Liall o G5l jall deslic

Sshll bl (lumdl adll deoglia . 3 MPa adll e 5 (dlshal ) eyl
Jsaall sy 5« 350 MPa 5l 5460 MPa aseall 5 3ilall 8 dexiiodll

37



:ULHUS.“ Gl el G:\w ;\.'U&A ;\.ubé

250X250 duss el saiad) 3 3ganll sl . malocll Lol KISl Gailiasdl) (5)

220 MM Gaye 5250 mm gla) A sl 50 mm

Alupal) saiall & o) luadl 4810 (ailadd) 1 5 Jsaal)

g aad) o gal)
(%)

U, Magnitude

+8.179%e+01
+7.50%+01
+6.83%e+01
+6.16%+01
+5.499e+01
+4.8292+01
+4.1509e+01
+3.48%+01
+2.681%+01
+2.14%9e+01
+1.479e+01
+8.002e+00
+1.392e+00

150*300*2500 mm feless s 3 3ila

Y

20%150*2000 mm 4t
CFRP (328 7l s 5) gia

Abaqus gzaliy Ao [7] Auball (e aedad) Jilall 38Las 2 22 (R
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CFRP )y 51 sia gildnmy ae2e i 53 Jila

(k) 3580

-10 0 10 20 30 40

(mm)JE=)

— = Hafezolghorani [8]
—a— Helwani [4]

ki 7]

o adsai (385 lapal)l el JEEY Al geal) cilpaie djlie 1 23 JSa

_...S... Uﬂ

Oe S Al e 4] gl (B o)) g ises BN (23) ISl (e i
O ST B] el (g Tl gl s 0m b ey Wganll i 33%
ehaY Al dualid) e Yo Sl aleny Laa (J&N) e 20% 5 Aganld) e 5%

Aiahl bl colaill 38l

Al Al Bakal) Aadai b Aenkiaeal) alll | peml) 3 g Ciyitia 1 6 ol

g

1.16 fby/fco
0.008 Ao 30
0.667

0.1
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Conclusions and Recommendations ciluagill ¢ claliiuy) .5
ragllall mibinl) el Ry
Laaad) Aadedll 6 Vs Dlae Alupall Galll ) pall =350 Sliie) Say (-1
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RRPREOA|]
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ol e iy 38 sl degliad Jlaall cslis oK) cAilall Cayal
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Mipse 33 5m50 A 3 aladiial

Aplshul e Jal e caluhall 4 g ol osill dad (alyil (Say (-5
iadll a2 s Sl ¢ gl = 0.002 of (Park) cilay & 5 .ddghe ye
) e jaS <o i

b dine sa LS gl Al pe dydad 50LS IV plucll dadas 5 (—6
el bl A Alla e S il GRS Y 8 5 lSlad) =3l e
NP ERIN

40



4 larall g Aniaall dpuigl) a glad) Aleles uaaa daala ddaa
e IS daaas dijall e Sl ae s cdlad jles 2025 ole 4 222l 47 Alaal)

aliall daf (e (Allam et al.) J8 (e 7 5o 28l Jane Gyl i gy (=7
il 5 Jumdl il dany g6 5 .CalladU diajeall Zald) dglujal
gyl

Son (Anlaall) Lphill e (ol zisall ) 23l daglie cabias (-8
le U< (%40~10)

taluagill ¢ cila y8al)

ol gl Ay Ll damy @) 5 = giall )l 3ga pladinl e
lagl 5 ablas) e sl abaed 5 zisaill ek Alglas @
i lpadli 5 fialll 38 (e dagia) (A dysaid) il laps @
ALY paliall ol Jilatl) 8
A dagie 385 Oialdl o Gl jlaiay

41



Al Al Gall) 5 pal) gz 3adl 45 jl8a Al 4o

References P\J.d\ .6

1-) Akhaveissy ,A & Permanoon ,A & Mirzaei ,M (2017) — Seismic Retrofit of

Defective RC Beam-Column Joints. Periodica Polytechnica Civil

Engineering, 33p.
2-) Allam et al. (2013) - Evaluation of tension stiffening effect on the crack width
calculation of flexural RC members. Faculty of Engineering, Alexandria

University, 11p.

3-) Alejano ,L & Bobet ,A (2012) — Drucker—Prager Criterion. Rock Mech Rock
Eng (2012) 45, 5p.

4-) Al Helwani ,A (2021) — An application for concrete material creation using

Concrete Damaged Plasticity model of Abaqus. Higher Institute of

Earthquake Studies and Research (HIESR), Damascus University, 3p.
5-) Cuong-Le ,T & Minh ,H & Sang-To ,T (2022) - A nonlinear concrete

damaged plasticity model for simulation reinforced concrete structures

using ABAQUS. Frattura ed Integrita Strutturale, 59 (2022), 11p.

6-) Doran ,B et al. (1998) — The Use of “Drucker—Prager Criterion” in the

Analysis of Reinforced Concrete Members by Finite Elements. Digest 98,

6p.
7—) Esmaeeli, E & Barros, J (2015) — Flexural strengthening of RC beams using

Hybrid Composite Plate (HCP): Experimental and analytical study.

Composites Part B 79 (2015), 17p.

8—) Hafezolghorani, M et al. (2017) — Simplified Damage Plasticity Model for
Concrete. Structural Engineering International Nr. 1/2017, 11p.

9—) Hognestad E. (]951) — Study of combined bending and axial load in

reinforced concrete members. University of lllinois: Urbana,.

10-) Jankowiak ,T & Lodygowski ,T (2013) - Identification of parameters

of concrete damage plasticity constitutive model. Foundations of Civil And

Environmental Engineering, No. 6, 2005, 17p.

42



4 larall g Aniaall dpuigl) a glad) Aleles uaaa daala ddaa
e IS daaas dijall e Sl ae s cdlad jles 2025 ole 4 222l 47 Alaal)

11-) Kent .DC & Park ,R (1971) - Flexural members with confined

concrete. J Struct Div, ASCE 1971; 97(7):1969-90.
12-) Kmiecik ,P & Kaminski ,M (2011) — Modelling of reinforced concrete

structures and composite structures with concrete strength degradation

taken into consideration. Archives of Civil and Mechanical Engineering, Vol.

X, No. 3, 14p.
13-) Lubliner et al. (1989) — A Plastic-Damage Model for Concrete. Int.

J. Solids Structures Vol. 25. No. 3., 28p.
14-) Mander ,J & Priestley, M & Park ,R (1988) — Theoretical Stress-

Strain Model for Confined Concrete. Journal of Structural Engineering, Vol.

114, No. 8, August, 1988. ©ASCE, 23p.
15-) Massicotte ,B & Elwi, A E & MacGregor, J G (1990) - Tension

stiffening model for planar reinforced concrete members. ASCE Journal of

Structural Engineering 116 (11).
16-) Michat ,S & Andrzej W (2015) - Calibration of the CDP model

parameters in Abaqus. Advances in Structural Engineering and Mechanics,

Korea, 11p.
17-) Park R. (1975) - Reinforced concrete structures. John Wiley &

Sons: New York.

18-) Shafaei, J & Hosseini ,A & Marefat ,M S (2014) — Seismic retrofit of

external RC beam-column joints by joint enlargement using prestressed

steel angles. Engineering Structures 81 (2014), 23p.
19-) SCOTT ,B (1988) — STRESS - Strain Relationships for Confined

Concrete : Rectangular Sections. University of Canterbury. New Zealand,
120p.
20-) Truty ,A (2016) - Elastic-Plastic Damage Model for Concrete.

ZSoilr.PC 160102 report, 51p.
21-) Voyiadjis ,G & Tagieddin ,Z (2009) - Elastic Plastic and Damage

Model for Concrete Materials: Part | - Theoretical Formulation.

43



Al Al Gall) 5 pal) gz 3adl 45 jl8a Al 4o

INTERNATIONAL JOURNAL OF STRUCTURAL CHANGES IN SOLIDS -

Mechanics and Applications, 29p.

( In Arabic)

22—) Syrian Arab Code for design and implementation of structures with

reinforced concrete (2012). Syrian Engineer Candidate, 404p.

44



4 larall g Aniaall dpuigl) a glad) Aleles uaaa daala ddaa

llall ssaw 3 cllall 2aal, s 2025 als 4 2l 47 Aaal)
Sildgh os0ni 99 dhgdaoll dvilduull slgoll olsdiaul
dad ylall e ]l

aan daalay Jillly Chlalsall Audia and . Apisall dusigl) B o) 5360 . mllall daa) a9
Jallly colalsall dutin acd . dgaall dusigl LS. Gaan daaly b ] . pllal) e .

aald)
Lo Aplall Gl Cilighs ppanal b Ada giCal) Aglan) lsall Alasind ) Gl Cang,
Colats dgylas ciluha eha) Canall ey ApalaBY )y 4l Gl (e (gsine Jumdl iy
(Cayll i apesd asle 3 Liall kil ilialsd) 4de Cuai L Gy 456
cazanaill 8 3adinall Ciliialpall lgiiat (pa ST Ao U Coylail) (g ya0 s Lpapanal aly Capmy
Gl geanlls Ao siSall Mgall alatin Bl 3gaaldl () Jgeasll LglS Juli g luaalsan (i
pobie aal (g A pia Ailiu) Mo pladiind Cinall 138 3 5 cllaa 88 siall A5lin) Loy s
slas dshaie allia (o dypean Jse ) dila) 4y sudd) Al dyysgand) (B ansl) dilaidll
gpeanll Galul) Aagal 3y K0l sall (o Caumll il araal b dpustigl) 35kl Chadiel
smalls @l JleeY Lalall 4l cilialgally Jag pil) (a3 lgnsans Aglinyle | jiaY) ddkay
el iy A Sl ol sall alasiind sale) o G Canl) 3 (e eyl DUl gall 351

tlean] 2058l e
Sl e 4 e Jalialls Lealasiil & il 5 panll WY Al e Ll L]
A G3SA) ol gall

AL 5 sgally gl gy ahaanal) salely ikl Gyl Julisale) S jadds. 2
A € Ay el (e %o 50 alasinly (elul) dial 4y pas 3LlA apaai i @
a5l Alauy) dsall (e % 75 alasinly olyiay) dida) dglind AlA srasi i @
call gl bl (e i % 1.4 dalals
: Aalidal) alall)
) alS ¢ By9tal) cilpuand) ¢ i) i Bale) ¢ AlRLY) dagdSall aladiia)

45



48 jhal) Ciua ) ciliph avanali (B dda gdall A1Y) 3) gall aladind

Study of the Use of Reclaimed Asphalt Pavement in

Designing Road Pavement Layers
Abstract

The research aims to use reclaimed asphalt pavement in designing road
pavement layers in order to achieve the best level of technical and
economic aspects. The research includes conducting theoretical studies and
laboratory experiments in accordance with what is stipulated in the
specifications and modern trends in the design of pavement layers, so that
they are designed and the necessary experiments are conducted to ensure
that they meet the specifications for these layers, improve their properties,
and reduce their cost until reaching the optimum limits for the gravel, and
asphalt binders available locally. In the research, reclaimed asphalt
pavement were used from a project in the central region of the Syrian Arab
Republic, in addition to gravel materials from the quarries of the Hassia
region. Engineering methods were used to design paving layers from the
aforementioned materials for the gravel base layer and the wearing course
layer, all of which fulfill the general technical conditions and specifications
for road and bridge works. To the Syrian Ministry of Transportation.
Through research, it was found that reusing Reclaimed Asphalt Pavement
achieves many benefits, the most important of which are:

- 1 Preserving gravel raw materials and saving on their use through:

*A gravel mixture was designed for the base layer using 50% Reclaimed

Asphalt Pavement.

«an asphalt mixture for the wearing course layer was designed using 75%

of Reclaimed Asphalt Pavement and adding only 1.4% of the new

bituminous binder.

-2 Preserving the environment from the effects of Reclaimed Asphalt
Pavement.

-3 Reducing the costs of rehabilitating roads through scraping and reuse.
-4 Saving time, effort and energy.

In addition, reuse in cities maintains the levels of intersections, water
drainage, sidewalks, and other services, where scraping and then
rehabilitation are done at the same level.

Keywords: Reclaimed Asphalt Pavement (RAP)- Asphalt recycling-
Pavement recycling - Recycled Materials in Aspalt.
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Developing a Low —cost Methodology
for 3D Modeling using Digital
photogrammetry and GIS

Abstract

The production of photorealistic 3D models enables the provision of

reliable surveying outputs for the planning and execution of
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engineering works, particularly for the preservation and digital

documentation of cultural heritage sites.

This paper presents a low—cost methodology for 3D modeling of
buildings using digital photogrammetry and Geographic Information
System (GIS), based on open-source and user—friendly
technologies and software. A mobile phone camera was used to
capture images, which were processed and oriented to achieve the
geometric reconstruction of the building using the open-source
software VisualSFM. To obtain dense point clouds, the open—-source
software SURE was utilized for the dense image matching. Finally,
the photorealistic 3D model was produced using CloudCompare and
SketchUp software. Given the role of GIS in displaying geographic
and descriptive data for 3D models, the integration between image-
based modeling and GIS is fulfilled by incorporating the models into
the GIS environment and defining their geographic and descriptive

data.

The proposed methodology was applied to two case studies in the
Hama countryside with the aim of producing photorealistic 3D
models. And then evaluating the accuracy of the results and the
potential use of these models in the applications of digital
preservation and documentation of cultural heritage. The geographic

locations of the models were identified, and attributes were entered
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Abstract
Triangulation networks are considered the basic structure on which
surveying work is based. In other words, they are the basic reference
base for horizontal measurements. They are a set of fixed points with
widely spaced locations that form the vertices of a network of

triangles. These points are called “Triangulation Points”.

Triangle networks consist of a chain of basic geometric shapes, such
as a simple triangle, a braced quadrilateral, or a central-point figure.
The shape of the triangle networks and the method of creating them
depend on several factors, including (the required accuracy, the
nature of the ground...)
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It is also the cadastral basis for the polygon network in order to reach
the density necessary for surveying of all natural and artificial details.

It is known that the accuracy of surveying work in general is largely
related to the accuracy of the cadastral basis used for it, as grids are
usually modified considering their reference points as fixed and their
accuracy is not taken into account as they are measurements that have

been pre-processed and thus contain some amount of error.

Hence the importance of analyzing the accuracy of the coordinates of
the triangle points and knowing the extent of their impact on the new
networks that will be built on them

In this research, some issues related to the establishment and
establishment of geospatial networks were discussed, and then a
number of previously implemented networks were analyzed using a

device.(SOKIA 510K, TOPCON GTS 601) In two cases: the first was

introduced considering the reference points in the network were
correct and stable and did not contain errors, and the second was
based on the accuracy of the reference points, using the
“MicroSurvey StarNet 9” program, which relies on least squares
theory in the modification process. The two cases were compared and
the results of the modification were discussed (as the largest
difference was in The coordinates of the points in both cases are 4
cm, and some recommendations were proposed based on this.

Keywords: Geodesic Networks, Reference Points, Accuracy,
Network Adjustment.
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T3 -223823 56386.35 | T3-HO1-TZ1 | 222.5814 | 1442.96391
T9 -224339 56968.67 | T9-HO1-TZ1 | 145.6248 | 982.051025
HO1 -223376 56479.5 | TZ1-T3-HO1 | 394.6212 | 1877.37362
TZ1-T3-T9 366.05815

T3-HO1-T9 266.90195

(@) Jexd

tAs Al -

R TMA LIRS
mmge sp LS Ll cilglaa) oSy A5 dumayal) B el Joaetl) lya)
(2) Jsaall
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Station X(m) Y(m)
T3 -223822.7973 56386.3533
T9 -224339.2978 56968.6707
HO1 -223376.2949 56479.4961
TZ1  -225249.7699 56600.6418

(2) Jgaad
bl Gyl Alany) Judasl)

Ll s, @

Normal 0-Q Plot of resifang)

Tests of Normality 1
Shapiro-Wilk I
Statistic  df  sig ~
Residual .928 5 .584 .
(ang)

ralaliudd) ;.Lub‘) °

Normal Q- Plot of Res (dis)

Tests of Normality

Shapiro-Wilk 7.
2
Statistic df  sig £
Residual .874 3 .306 :

(dis)

Obsarved Value

Shapiro-Wilk laa) caua xadal) aysill o luldll sy o o Gaw Las
(1) 3Dl 33y xnsil) Jasgiall Uadll dad Olua oSy Ul (%5 <)
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4 jlarall g didall dpigl) o glal) bl U daala ddaa

g0k 3 0 ead) daala el 2025 als 4 23l) 47 Al
Station Mx(m) My(m) M,y (M)
T3 0 0 0
T9 0 0 0
HO1 0 0 0
TZ1  0.008154 0.018168 0.019914

(3) Jgaad
Al Al -
AGAY Jad o
& LS Bl lilany el o giall Uadll dad (il Qs dlee o)
(1) &l
M, = My = +2.8cm

Station X(m) Y(m)
T3 -223822.803 56386.36
T9 -224339.2824 56968.66

HO1  -223376.3047 56479.5
TZ1  -225249.7686 56600.64

(4) Jgaad
L) g ) Slasy) Jalaxl) <

(Ll Qg @
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Normal Q-0 Plot of Res{ANG)

Tests of Normality

Shapiro-Wilk L
Statistic  df sig :
Residual 912 5 478

(ang)

slilcall Gy, ©

ormal 0-Q Plot of Res (DIS)

Tests of Normality

Shapiro-Wilk
Statistic  df  sig i,
Residual 912 3 424
(dis) = - Obseredvalse

Shapiro-Wilk laa) caua xadal) aysill o luldll sy of cb Gas Las
damge Al Bl eyl dausgial) Undd) e loa oSy il (%5 <)
-(5) sl

Station Mx(m) My(m) M,y (M)
T3 0.020274 0.017116 0.026532858
T9 0.022074 0.024314  0.03283949
HO1  0.01994 0.02326 0.030637089
TZ1  0.018132 0.054234 0.057184755

(5) dadl

c A A 8 Aaiall Jalya) (385 S Ay 8 allall el dlee ¢l &
(u.a_').\.u.a "&ﬂ,ﬁ ‘ﬁ\){:}\ﬂ\ Q—i)j\ EJJ.&A) 3\.}31::3\ M\—Z
(D) Jsanll & daimse o LS (colubially Lol culilaal) A<uill calily
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Ay el Aiaal) dguaigh o sl Aduades s daala Alaa
g0k 3 0 ead) daala el 2025 als 4 23l) 47 Al
POINT X(m) Y(m) DIS(m)
S1 -219096 | 93683.79 | 1157-S16 | 1467.795
1157 -220500 | 94119.73 | 1157-S1 1470.819
S16 -219050 | 94343.2 | 1157-T3 1417.78
N -220500 95811 | S1-S16 660.9
S1-T3 884.901
T3-516 1478.413
T2-1157 802.59
T2-T3 630.659
(1-b) Jgaad
(2-b) Jgad
DIR ANG
S16 0 S1 0 | N-1157-516 | 100
1157 |52 28.8827 | o | T3 21.9199
MA 33.6163 MA 31.286
T3 68.4581 1157 85.84
S16 0 1157 0
g |13 238.1473 | T2 | MA 106.8873
MA 299.5481 T3 181.133
1157 314.7241
1157 0
13 | MA 58.1243
S16 67.6211
S1 83.8468
tA Al -
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Clilial) il 48a o dag jal) bl 48s Jiy) i Judas

Station X(m) Y(m)
1157 -220500.44 94119.73
S16 -219049.66 94343.2

S1 -219095.6441 | 93683.9019
T3 -219644.3089 | 92989.6282
T2 -220103.0024 | 93422.4444
MA | -219450.0789 | 93706.0785

(6) Jyaad
bl gyl Alasy) Judasl)

Ll cauly, @

Normal 0.0 Plot of es [ds

Tests of Normality

Shapiro-Wilk '
Statistic  df sig 5 ;
]
Residual .850 7 122

(ang)

HGH L WA L._u.n\_” ]

Normal Q-Q Plot of Residualidir

Tests of Normality

Shapiro-Wilk
Statistic  df sig ; ‘
Residual 963 19 .632 L

(dis)

Observed Value
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4 jlarall g didall dpigl) o glal) bl U daala ddaa
90k 3 2 eadl daala e e 2025 sls 4 22211 47 Alaal)

Shapiro-Wilk laa) caua xadal) aysill o cluldll Canlsy of o Gas Las
damse A8l Tl el oy giall Ukl Al ol Sy Ul (%5 <)

(7) Jsaall
Station Mx(m) My(m) M,y (M)
1157 0 0 0
S16 0 0 0
S1 |0.012376 | 0.0125 | 0.01759
T3 10.017061 | 0.011311 | 0.02047
T2 |0.018476 | 0.014033 | 0.023201
MA | 0.023506 | 0.016083 | 0.028481
(7) dgsd
Al Al -
AGEY Jaamd o
(8) Usally zringe 5 LS Lol il
Station X(m) Y(m)
1157 | -220500.4074 | 94119.74
S16 | -219049.6926 | 94343.2
S1 -219095.6427 | 93683.89
T3 | -219644.3013 | 92989.62
T2 | —220102.9856 | 93422.44
MA | -219450.0785 | 93706.07
(8) Jgandl
bl ualgd Alaal) Jadadl) o

Ll gy o
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Tests of Normality

Shapiro-Wilk i
Statistic  df  sig I
Residual .981 7 .966

(ang)

Tests of Normality

Shapiro-Wilk
Statistic  df  sig P
Residual 929 19 .166 X

(dis)

Observed Value

Shapiro-Wilk laa) caua xadal) aysill i luldll anlsy o o Gaw Las
dange A<l Bl el Jaygial) Undll Gl Gla (S Sl (%5 <)
-(9) Jsall

Station Mx(m) My(m) M,y (M)
1157 | 0.022567 | 0.027883 | 0.035871035
S16 | 0.022567 | 0.027883 | 0.035871035
S1 0.027633 | 0.029825 | 0.040658496
T3 0.04256 | 0.023418 | 0.048577323
T2 0.035191 | 0.025836 | 0.043656676
MA | 0.033844 | 0.027252 | 0.043452133

(9) dssa
P(Aalalll 3ol ) salal) w8l £ ia)ARIAY dSpl-3
(€)Ustall b Aamge b LS (lublly Ll i) A8l il
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A anal o) s o el Al s s i
290k (Bl aalt vaal s M LiaNe 202E 4le 4 2aal) 47 alaall
Point X(m) Y(m)
DK1 | -223492.845 | 98756.365
DK2 | -224165.077 | 97761.393
DK3 | -224569.076 | 98368.508
2516 | -222430.66 | 99648.05
2517 | -223953.18 | 99166.65
SK | -222686.969 | 97993.044
SKD | -223853.609 | 98454.277
1051 | -226451.17 | 97333.99
(1-c) dsaa)
DIS(m) DIR DIR
2517-
2516 1596.803 2517 | 0 s34 |0
2517-DK1 | 616.62894 | PK3 [SkD | 50.563 SK | 5.72065
2517-S34 | 2258.8283 S13 | 50.6457 DK4 | 25.6277
2517-DK4 | 1409.2649 2517 | 0 2516 I"pka | 51.4818
2517-S13 | 720.24185 SKD | 17.3652 S13 | 51.4452
2517-DK2 | 14211246 | ., | S13 | 17.5161 SKD | 51.5008
2517-DK3 | 1008.1539 DK4 | 79.135 2517 | 76.4431
DK1-DK4 | 860.99058 SK | 80.5767 2516 | 0
DK1-S13 | 469.75293 S34 | 105.607 DK2 | 311.069
2516-S34 | 2276.2168 DK4 | 0 DK4 | 336.657
2516-DK4 | 1938.2105 S13 | 69.615 S34 [ SKD | 340.548
2516-DK1 | 1386.8026 | ., | SKD | 69.836 S13 | 340.566
2516-S13 | 1856.5523 2517 | 160.558 2517 | 354.189
DK2-S13 | 759.67066 2516 | 269.761 SK | 384.581
DK2-DK4 | 876.77281 SK | 362.491 2517 | 0
DK2-534 1635.26 2516 | 0 2516 | 64.4851
DK3-S13 | 722.15706 DK1 | 65.8361 DK1 | 64.3769
DKA4-S34 | 905.34607 SK_[67.0779 | . [SK [ 13204
DK4-513 768.378 S34 | 77.7467 S34 | 153.606
S13-S34 | 1670.0109 | 2517 | DK4 | 88.9227 DK4 | 158.214
S13 | 110516 DK2 | 236.02
SKD | 110.652 DK3 | 301.46
DK2 | 129.02 s34 |0
DK3 | 161.334 DK2 | 147.04
DK1 | 245.064 | DK4 | SKD | 208.465
DK4 | 2516 | 288.971 S13 | 208518
SK | 351.422 2517 | 228.709
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Clilial) il 48a o dag jal) bl 48s Jiy) i Judas

(2-¢) Jsa
tAeY) Al -
2 TIRA AR
(10) Jsaall mage 5o LS Lalal) ciliilas)

Station X(m) Y(m)
4626 -226204.31 127901.63
S1 -229470.16 128812.72
S3 -230181.73 127920.9
4749 | -229252.9338 | 126059.6269
S5 -228370.7981 | 127481.8071
S6 -230592.0051 | 128820.7112
S66 -228908.7339 | 126331.2867
S8 -230563.9099 | 126270.609
S2 -229533.2631 | 127175.9387
S42 -231098.8151 125568.543
M -229999.1805 | 127414.7877

Tests of Normality

(10) dssa
G g (lany) Jala)
G LA Cuslgy @

Normal Q-Q Plot of Residual(dis)

Shapiro-Wilk
Statistic  df  sig
Residual 924 21 103
(dis)

ExpectecNomal
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4 jlarall g didall dpigl) o glal) bl U daala ddaa
90k 3 2 eadl daala e e 2025 sls 4 22211 47 Alaal)
ralalany) k._b.n\j‘) °
Tests of Normality B
Shapiro-Wilk _
Statistic  df  sig i
Residual 952 58 .072 i
(dir)

o

&

—

Observed Value

L) anlgy o G G Laa

dange Al Bl eyl Jassgial) Undd) dad loa oSy s (%5 <)
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(11) Jsaaly
Station Mx(m) My(m) M,y (M)

4626 0 0 0

S1 0 0 0

83 0 0 0

4749 | 0.014144 | 0.008681 | 0.016595557

85 0.008804 | 0.010184 | 0.013461956

86 0.008269 | 0.008758 | 0.012044871

S66 | 0.013144 | 0.009736 | 0.016357091

S8 0.014592 | 0.013949 | 0.020186656

S2 0.009246 | 0.007866 | 0.012139295

S42 | 0.023996 | 0.020271 | 0.031412123

M 0.010857 | 0.013819 | 0.017573822

(11) Jgaad
Al Al -

Al Juaad o



Clilial) il 48a o dag jal) bl 48s Jiy) i Judas

Station

i)

Vi)

4626

-226204.3147

127901.6263

S1

-229470.1783

128812.7176

83

-230181.7069

127920.9061

4749

-229252.9103

126059.6334

S5

-228370.7826

127481.8174

S6

-230592.001

128820.7084

S66

-228908.7116

126331.2943

S8

-230563.8878

126270.6091

S2

-229533.2429

127175.9446

S42

-231098.789

125568.5385

-229999.1614

127414.7938

Tests of Normality

(12) Jdgsa
L) Gy ) Slasy) Jalazl) <
tldlocall 6,\“!3 B

Normal - Plot of Residualidis

Shapiro-Wilk
Statistic  df  sig :
Residual 988 21 994 |
(dis) w

Tests of Normality

Shapiro-Wilk
Statistic  df  sig
Residual 949 58 .066
(dir)
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4 jlarall g didall dpigl) o glal) bl U daala ddaa
90k 3 2 eadl daala e e 2025 sls 4 22211 47 Alaal)

Nermal Q-Q Plot of res(dir

Expected Normal

Shapiro-Wilk ,la) cuus ga_.&d:d\ @J}'\ﬂ & Slubal) gy Qi O (B Laa
daiage 40 G Lol QS’TPJ:J‘ Lougild) sl e Clus (S ‘éjtﬁ\__a} (%5 <)
(13) dssally

Station | Mx(m) My(m) My (
4626 | 0.026601 | 0.027377 0.038172
S1 | 0.020523 | 0.019117 0.028047
S3 | 0.020668 | 0.022276 0.030387
4749 | 0.033799 | 0.019259 0.038901
85 | 0.023278 | 0.01961 0.030437
S6 | 0.021113 | 0.025835 0.033365
S66 | 0.031512 | 0.01916 0.03688
S8 | 0.032455 | 0.027821 0.042747
S2 0.02499 | 0.019889 0.031939
842 | 0.041738 | 0.034514 0.05416
M 0.024404 | 0.024828 0.034814

(13) dsaad

m)
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(Ul 530 el @) 5 55) Aa) ASyli-4

(d)Jdsaall L damse o LS (blabilly Ll cililal) A8 @bl

Point X(m) Y(m)

DF1 -249787.1 | 74823.66

156 -250449.08 | 74353.14

DF3 -250144.54 | 75393.65

DF4 -250739.15 | 75403.96
(1-d) Jyad
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Al o) sl i) o s s i
g0k 3 0 ead) daala el 2025 als 4 23l) 47 Al

DIS(m) DIR DIR
DF1-DF2 687.1244 156 0 DF6 DF5 330.1509
DF1-DF8 873.2035 SS 3.3266 DF4 0
DF2-DF1 687.1098 DF4 74.1861 DF5 0
DF2-156 1479.9201 | DF1 | DF3 103.6809 DF4 33.8954
DF2-DF6 1493.6735 DF2 179.3923 DE7 DF3 41.2305
DF2-DF3 761.9421 DF8 196.2915 DF6 57.8691
DF2-DF8 276.8721 156 0 SK 58.1123
DF2-DF1 687.0949 DF1 0 DF5 0
DF3-DF2 761.9369 156 11.1736 DF1 0
DF3-DF8 1038.8198 SS 13.1758 156 1.7882
DF3-DF6 791.7691 DE2 SK 42.8946 SS 3.449
DF3-DF2 761.9355 DF6 43.0497 DES SK 28.9594
DF4-DF6 425.181 DF3 61.1593 DF6 29.0922
DF4-DF7 1144.0535 DF8 262.0371 DF3 44.493
DF4-DF5 707.2713 DF1 0 DF2 45,1353
DF5-DF4 707.2712 DF2 0 DF1 0
DF5-DF1 1781.1652 DF8 0.2352 DF5 0
DF5-DF6 791.458 DF1 63.1329 DF4 28.7929
DF5-156 1503.3313 DF3 156 116.9175 DF3 64.0668
DF5-DF7 582.0045 SS 119.8924 156 DF2 97.1628
DF5-DF4 707.2709 SK 164.229 DF8 104.6781
DF6-DF4 425.1996 DF6 164.4822 DF1 106.5993
DF6-DF3 791.7664 DF2 0 DF5 0
DF6-DF2 1493.6388 156 0 DF1 0
DF6-DF8 1760.2101 SS 2.3587 156 1.2317
DF6-DF7 1002.356 SK 29.8655 DF9 SS 2.5342
DF6-DF5 791.467 | DF4 | DF6 29.9381 DF8 0.811
DF6-DF4 425.1996 DF7 96.7196 DF1 0
DF7-DF5 582.0025 DF5 124.1533
DF7-DF4 1144.0538 156 0
DF7-DF3 1716.5097 DF4 0
DF7-DF6 1002.3448 DFS DF1 17.0844
DF7-DF5 582.0039 DF6 35.9381
DF8-DF1 873.1858 SK 36.1925
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Clilial) il 48a o dag jal) bl 48s Jiy) i Judas

DF8-156 1684.7368 156 47.0561
DF8-DF6 1760.1856 SS 47.9777
DF8-DF3 1038.7904 DF7 138.6728
DF8-DF2 276.8763 DF4 0
DF8-DF1 873.1714 DF4 0
DF9-DF1 1344.5488 DF3 52.899
DF9-156 2156.1435 | DF6 | DF2 70.3085
DF9-DF8 471.4127 DF8 73.2529
DF9-DF1 1344.5479 DF7 290.7552
(2-d) dsaad
P 1Y) Alad)-
A Jaamd o
(14) Jsall miage o LS Lalaal) ildilas)
Station X(m) Y(m)
DF1 -249787.1 74823.66
156 -250449.08 74353.14
DF3 -250144.54 75393.65
DF4 -250739.15 75403.96
DF2 | -249382.8646 | 75379.133
DF8 | -249106.1834 | 75370.0512
DF6 | -250823.9834 | 74987.3866
DF7 | -251824.612 | 75043.1652
DF5 | -251442.0114 | 75481.6009
DF9 | -248732.848 | 75657.7602
SS | —250495.4812 | 74373.9388
SK | -250824.2705 | 74983.5383

(14) Jsaa
t bl g 4 Alaay) Juladll o
rlilcall gy @

138



4 jlarall g didall dpigl) o glal) bl U daala ddaa

g0k 3 0 ead) daala el 2025 als 4 23l) 47 Al
Tests of Normality J R
Shapiro-Wilk
Statistic  df  sig 1
Residual 953 43 .074 T

(dis)

Observed Value

. -
ralalay) gy
Normal Q-0 Plot of RES [DIR

Tests of Normality

Shapiro-Wilk ‘
Statistic _ df  sig :
i
Residual 973 71 131 LB

(dir)

Observed Value

Shapiro-Wilk laa) caua xadal) aysill o cluldll oy o o Gas Las
damge Al Bl ey sil) dasgial) Undd) e Ol oSy Ul (%5 <)
(15)d sl
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Station |  Mx(m) My(m) M, (M)
DF1 0 0 0
156 0 0 0
DF3 0 0 0
DF4 0 0 0
DF2 | 0.004502 | 0.005833 0.007368
DF8 | 0.004917 | 0.007672 0.009112
DF6 | 0.004767 | 0.004942 0.006866
DF7 | 0.006236 | 0.014208 0.015516
DF5 | 0.005051 | 0.009392 0.010664
DF9 | 0.014508 | 0.018291 0.023346
SS | 0.018604 | 0.021451 0.028395
SK ] 0.012386 | 0.013923 0.018635 (15) dsaad
Al Al
FCIA ISR
(16) Jsaally riase 58 LS Juawill aay Lalal) cildlas)
Station X(m) Y(m)
DF1 | -249787.1276 | 74823.68
156 | -250449.0782 | 74353.17
DF3 | -250144.5422 | 75393.63
DF4 | -250739.122 | 75403.93
DF2 | -249382.8696 | 75379.14
DF8 | -249106.1883 | 75370.05
DF6 -250823.976 | 74987.37
DF7 | -251824.6014 | 75043.17
DF5 | -251441.9922 | 75481.6
DF9 | -248732.8473 | 75657.75
SS —-250495.4857 | 74373.96
SK | —250824.2507 | 74983.53

(16) dsaad
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4 jlarall g didall dpigl) o glal) bl U daala ddaa
90k 3 2 eadl daala e e 2025 sls 4 22211 47 Alaal)

b)) g ) laay) Jalal) o

reilblocal) aly, @

Normal Q-Q Plot of RES{ DI

Tests of Normality

Shapiro-Wilk 1
Statistic  df  sig i
Residual 979 43 594

(dis)

Observed Value

rallady) gy e

Normal Q-Q Plot of RES (DIR

Tests of Normality
Shapiro-Wilk ! ;
Statistic  df  sig T
Residual 988 71 732 ,
(dir) .

Shapiro-Wilk jlia) cues apdall a0y sill ais lulall cly) O O o Laa
A mge Al Bl ey sil) Jasgial) Undd) e loa oSy Ul (%5 <)
(17) Jsaally

Station Mx(m) My(m) M, (m)
DF1 0.014959 0.018869 0.024079262
156 0.021384 0.015221 0.026247939
DF3 0.017402 0.014973 0.022956923
DF4 0.017666 0.018499 0.025579299
DF2 0.017336 0.026736 0.031864566
DF8 0.017245 0.032926 0.03716869
DF6 0.01441 0.01994 0.024601864
DF7 0.014697 0.042173 0.044660539
DF5 0.019004 0.032814 0.037919792
DF9 0.024207 0.043234 0.049549547
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SH] 0.02457 0.021362 0.032557947
SK 0.016961 0.021899 0.027699129

(17) Jsaa

HpeS il Lihe sl b))l &g i) dsaldd) AEN-5

(€)Jsan)) b dninge o LS (calulilly Ll cililhal) sl clily
Point X(m) Y(m)

DK1 -223493 | 98756.365

DK2 -224165 | 97761.393

DK3 -224569 | 98368.508

2516 -222431 | 99648.05

2517 -223953 | 99166.65

SK -222687 | 97993.044

SKD -223854 | 98454.277
1051 -226451 | 97333.99

(l—e) Jeaad

DIS(m) DIR DIR
2517-
2516 1596.803 2517 0 2516 0
2517-DK1 | 616.6289 DK3 SKD 50.56299 DK2 311.0688
2517-S34 | 2258.828 S13 50.6457 DK4 336.6575
2517-DK4 | 1409.265 2517 0 534 SKD 340.5477
2517-S13 | 720.2418 SKD 17.36523 S13 340.566
2517-DK2 | 1421.125 DK2 S13 17.51611 2517 354.1891
2517-DK3 | 1008.154 DK4 79.13501 SK 384.5807
DK1-DK4 | 860.9906 SK 80.57669 2517 0
DK1-S13 469.7529 S34 105.6068 2516 64.48514
2516-S34 | 2276.217 DK4 0 DK1 64.37693
2516-DK4 1938.21 S13 69.615 513 SK 132.9401
2516-DK1 | 1386.803 DK1 SKD 69.83603 S34 153.6061
2516-S13 | 1856.552 2517 160.5577 DK4 158.2135
DK2-S13 759.6707 2516 269.7607 DK2 236.0202
DK2-DK4 | 876.7728 SK 362.4905 DK3 301.4598
DK2-S34 1635.26 | 2517 | 2516 0 DK4 S34 0
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3 jlanall g Aiaall Auaigh o glal) Aludus
90k 3 2 eadl daala e e

2025 pls 4 22211 47 Al

DK3-S13 | 722.1571 DK1 | 65.83612 DK2 | 147.9398
DK4-S34 | 905.3461 SK 67.07794 SKD | 208.4653
DK4-S13 | 768.378 s34 77.74671 S13 | 208.5183
$13-534 | 1670.011 DK4 | 88.92269 2517 | 228.709
513 110.5156 DK1 | 245.0637
SKD 110.652 2516 | 288.9706
DK2 | 129.0202 SK 351.4224
DK3 | 161.3339 DK1 | 51.48183
534 0 ,51g | S13 | 51.44521
2516 | SK 5.72065 SKD | 51.50081
DK4 | 25.62765 2517 | 76.44313
(2-€) Jyadl

A Aladi-

[AGAD Jamd o

(18) Jsaall s sa WS Joaedl) ae Lala) cillaa)
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Station X(m) Y(m)
DK1 -223492.845 | 98756.365
DK2 -224165.077 | 97761.393
DK3 -224569.076 | 98368.508
2517 -223953.18 99166.65

SK -222686.969 | 97993.044
SKD -223853.609 | 98454.277
2516 -222430.6273 | 99647.947
S34 -222575.8057 | 97376.3409
DK4 -223302.1762 | 97916.7464
S13 -223851.9624 | 98453.5458

Tests of Normality

(18) s

bl Gl Alaay) Juladl) o

Shapiro-Wilk
Statistic  df  sig
Residual 970 19 .783

(dis)

Expected Normal

tldlocall h.wub B

Normal Q-Q Plot of res{dis
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MNormal Q-Q Plot of res (dir

Tests of Normality
Shapiro-Wilk
Statistic  df  sig

Expected Normal

Residual 985 54 715
(dir)

Shapiro-Wilk lia) Gaua xadall a)sill o luldll calsy o o Gaw Lae
Jsaadly dain g Al Jaliil a5l s giall Undll) G losa S0y Ml 5 (%5 <)

.(19)
Station Mx(m) My(m) M,y (M)
DK1 0 0 0
DK2 0 0 0
DK3 0 0 0
2517 0 0 0
SK 0 0 0
SKD 0 0 0
2516 | 0.010166 | 0.010631 0.014709
S34 0.008461 | 0.009843 0.01298
DK4 | 0.005986 | 0.00504 0.007825
S13 0.004393 | 0.004419 0.006231
(19) Jsaa

Al Al -
A Juaas o
+(20) Jsaall riase oo LS Jaaaill aay Lalaall culiilaa)
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Station X(m) Y(m)
DK1 —223492.8333 | 98756.37
DK2 -224165.0653 | 97761.4
DK3 —224569.0838 | 98368.5
2517 -223953.1661 | 99166.64

8K -222686.9869 | 97993.05
SKD -223853.6206 | 98454.28
2516 —222430.6184 | 99647.94
S34 —222575.7945 | 97376.35
DK4 -223302.1679 | 97916.75
S13 —223851.9535 | 98453.54

(20) Jgaa

b)) g ) laay) Jalal) o
scliluall ndy, o

Hormal -0 Plot of Resldual(dls

Tests of Normality

Shapiro-Wilk E
Statistic df sig L
Residual 939 19 257

(dis)

ralalany) c._m\j_) ]

Normal 0-Q Plot of Residualicir

Tests of Normality

Shapiro-Wilk 1
Statistic ~ df sig § ’
Residual 987 54 .803

(dir)

Observed Value
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29ad gild o

el daaf 2

A e e

oaaa dxala Al
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Shapiro-Wilk laa) cua xadall aysill o clulall sy of o Gaw Las
Jsanlls dain o A0 Jalat) | ag il Jaws el Undl) e Gl oS0y Ml (%5 <)

Station Mx(m) My(m) M,y (M)
DK1 0.013424 | 0.013153 0.018794
DK2 0.016007 | 0.014138 0.021357
DK3 0.013042 | 0.01825 0.022431
2517 0.016978 | 0.012695 0.021199
SK 0.015689 | 0.021101 0.026294
SKD 0.014834 | 0.016266 0.022014
2516 0.02355 | 0.025281 0.03455
S34 0.020843 | 0.023289 0.031254
DK4 0.014643 | 0.014317 0.020479
S13 0.012119 | 0.012211 0.017204

(21) Jsaad

(21)

gl 438l

lS bl oyl ralal) sl e 3By Glally Jpsall Alee o) 2xy
Tannpall AN Wl b 23l oy clifiall Ll cililaa) ) cililaay) G 8
(22) Jsaall Aage & LS (Rltl) Alally Joontl dlec aay Llail) ol

Networks | Station | AX(m) AY(m) M, A(m) M, A(m) M, A(m)
A T3 0.0057 | -0.0054 | -0.02027 -0.01712 -0.02653
) 9 -0.0154 | 0.0109 -0.02207 -0.02431 -0.03284

HOI 0.0098 | -0.0055 | -0.01994 -0.02326 -0.03064

TZ1 | -0.0013 | 0.0006 -0.00998 -0.03607 -0.03727

A 1157 | -0.0326 | —0.005 -0.02257 -0.02788 -0.03587
4 S16 0.0326 0.005 -0.02257 -0.02788 -0.03587
S1 -0.0014 | 0.0072 -0.01526 -0.01733 -0.02307

T3 ~0.0076 | 0.0126 -0.0255 -0.01211 -0.02811

T2 -0.0168 | 0.0017 -0.01672 -0.0118 -0.02046
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MA | -0.0004 | 0.0122 | _-0,01034 | -0.01117 -0.01497
dal | 4626 | 0.0047 | 0.0037 -0.0266 -0.02738 -0.03817
A S1 0.0183 | 0.0024 | -0.02052 | -0.01912 -0.02805
S3 | -0.0231 | -0.0061 | -0.02067 | -0.02228 -0.03039
4749 | -0.0235 | -0.0065 | -0.01966 | -0.01058 -0.02231
S5 | -0.0155 | -0.0103 | -0.01447 | -0.00943 -0.01698
S6 | -0.0041 | 0.0028 | -0.01284 | -0.01708 -0.02132
S66 | -0.0223 | -0.0076 | -0.01837 | -0.00942 -0.02052
S8 | -0.0221 | -0.0001 | -0.01786 | -0.01387 -0.02256
S2 | -0.0202 | -0.0059 | -0.01574 | -0.01202 -0.0198
S42 | -0.0261 | 0.0045 | -0.01774 | -0.01424 -0.02275
M| -0.0191 | -0.0061 | -0,01355 | -0.01101 -0.01724
dga DF1 | 0.0276 | -0.0197 | -0.01496 | -0.01887 -0.02408
Al 156 | -0.0018 | -0.0309 | -0.02138 | -0.01522 -0.02625
DF3 | 0.0022 | 0.0228 -0.0174 | -0.01497 -0.02296
DF4 | -0.028 | 0.0277 | -0.01767 -0.0185 -0.02558
DF2 | 0.005 | -0.0031 | -0.01283 -0.0209 -0.0245
DF8 | 0.0049 | -0.0004 | -0,01233 | -0.02525 -0.02806
DF6 | -0.0074 | 0.0204 | -0.00964 -0.015 -0.01774
DF7 | -0.0106 | -0.0062 | -0.00846 | -0.02797 -0.02914
DF5 | -0.0192 | -0.0002 | -0.01395 | -0.02342 -0.02726
DF9 | -0.0007 | 0.0053 -0.0097 -0.02494 -0.0262
SS | 0.0045 | -0.0224 | _0.00597 | 8.9E-05 -0.00416
SK | -0.0198 |  0.01 -0.00458 | -0.00798 -0.00906
LA DK1 | -0.0117 | -0.001 | .0.01342 | -0.01315 -0.01879
4wy | DK2 1 -0.0117 | -0.011 | -0.01601 | -0.01414 -0.02136
DK3 | 0.0078 | 0.0109 | -0.01304 | -0.01825 -0.02243
2517 | -0.0139 | 0.0107 | -0.01698 -0.0127 -0.0212
SK | 0.0179 | -0.007 | -0.01569 -0.0211 -0.02629
SKD | 0.0116 | -0.002 | -0.01483 | -0.01627 -0.02201
2516 | -0.0089 | 0.004 | -0.01338 | -0.01465 -0.01984
S34 | -0.0112 | -0.007 | -0.01238 | -0.01345 -0.01827

148




4 jLanall g Agiall Apuaigh o glal Aldey

g0k 3 0 ead) daala el 2025 als 4 23l) 47 Al
DK4 | -0.0083 | -0.002 -0.00866 -0.00928 -0.01265
S13 | -0.0089 | 0.0022 | -0.00773 | -0.00779 | -0.01097
(22) dssad

4.cm = ifywe e oK oallall b Ll cidla) 8 @ sl )

il | bl se | Ll ae | AXmax(cm) | AYmax(cm) | My ,Amax(cm)
PR 3254l
1 3 1 1.5 1.1 4
2 2 4 3.3 1.3 2
3 3 8 2.6 1 2
4 4 8 2.8 3.1 3
5 6 4 1.8 1.1 2

Glilhaay) a8 n @Al Gl saaall e Llie 4t Ll ase bl asl Jaadl
LB S allally

tAuaDA

LY (e Al bl la UL el ay il i Qo) il of Ly
csrnb O e UadY) a8 Qo) dglee (381555 33U adlly
lBlay) 4 g sl of o callall 8 L) G clilay) 58 DA e
idee Jullg dagpill 58y 8 4y msanall aall e B a5 dom Ssla Y
L A g Al Al 385 Joawil

by Al Alally e e JE Y1 Al 6 asil) lagiad) Uadll o)
Al Jg pill 8y 8 4 zgansal) 2l e JE allall

Lotad Ll ol sapaal) e A )lae 450N i) aae sl ail Ladls
LB S allally A<
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tGlua gil)
il Ay iail) ) Lol Gleliaall @ilSd e danll 3)S8 Gadas v
A sl Ll adlse e cibladl o Uadf Jla)
Al s (385 ol Ay Lalaill ey i) o i) Uil G byl o v/
"deaell lilee 8 deatiiall Ayl Al o V) A G lield
1 31 s gl L) e il dilee o) o S ik Al
agpall iy 8 laeY) e eVl
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