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Effect the strengthening by Ferro-cement on
the behavior of fire -Damaged reinforced
concrete slabs

pro. Muneeb Al-allaf pro. Abdulrazzak Salem
E. Ranin Aldarf

Abstract
This research proposes a reinforcement method to strengthen fire-

damaged reinforced concrete slabs that have been exposed to direct
flame and subsequently cooled with water. The methOd involved the
application of 25mm-thick layer of Ferro-cement on the entire
damaged lower surface. All the slabs considered in this study are
simply supported and subjected to a concentrated external load.

This research includes an experimental study to investigate the
effect of Ferro-cement with different bonding patters((surface
roughing +SBR),(surface
roughing+8bolts+SBR),(12bolts+SBR),(16bolts+SBR)) on  the
behavior of concrete slabs tested after being exposed to fire.

The results indicate that strengthening fire-damaged slabs with
Ferro-cement using different bonding patterns increased their
maximum load-carrying capacity and significantly reduced
deflections at this load. The strengthened slabs regained their
resistance by (38-92)% compared to the reference slabs ,and
reduced deflection by (6-25)%. Furthermore, the collapse of the
slabs occurred upon reaching their maximum load capacity during
the testing process.

Key words: Strengthening, Ferro-cement, RC slabs, fire flame.
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The Impact of Modeling and Sustainability on
the Development multi-family Housing in the
Mountainous Areas in Homs Governorate

Research Summary

The research deals with the importance and role of building
information modeling and sustainability in raising the efficiency of
housing in mountainous areas in order to improve the quality of life
for residents and achieve sustainability in society through the design
of integrated buildings that are consistent with mountain
geographical formations and achieve a balance between function
and beauty and with high environmental performance resulting from
accurate modeling studies of climatic factors and providing safety as
a result of anticipating and reducing the risks suffered by the region
and producing integrated work resulting from coordination between
all engineers and specialists to achieve the best results in the
development of mountain buildings. In this context, the research
provides a definition of mountainous areas, their characteristics and
features, as well as natural and climatic studies of the region and
their impact on the design of the sustainable mountain building and
sustainable design and its concept. Sustainable housing and the
relationship of the basic principles in the design of sustainable
housing to the elements affecting its design, It includes the concept
of building information modeling and its potential in sustainable
design and the resulting improvement and development in
residential design in mountainous areas by applying an experimental
analytical study on a residential building in the mountainous area in
Homs governorate and reaching the extent of the positive impact of
modeling in raising the efficiency of mountain dwelling in the
region.

Keywords:Sustainability, House, BIM, Mountainous areas,Development.
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2002 Apr Jul oct
Month

Air Temperature (°C) [12.89 14.19 15.87 19.24 23.69 25.61 26.62 26.87 25.21 21.61 17.28 14.11

Radiant Temperature (°C) |13.04 14.42 16.08 19.38 23.69 25.56 26.55 26.84 25.21 21.68 17.44 14.31
Operative Temperature (°C) |12.97 14.30 15.97 19.31 23.69 25.58 26.58 26.86 25.21 21.64 17.36 14.21
Outside Dry-Bulb Temperature (°C) [ 8.33 7.46 10.06 14.74 21.05 24.54 26.34 26.29 23.41 17.66 12.28 7.50
Relative Humidity (%) |51.31 40.58 40.63 36.29 31.89 34.64 43.90 42.39 38.34 45.77 49.07 43.18

Fanger PPD (%) |89.29 86.36 79.02 86.39 54.19 34.00 27.65 27.25 36.48 37.54 72.84 86.88

Fanger PMV () [-3.66 -3.31 -2.82 -3.48 -1.75 -0.93 -0.41 -0.31 -1.04 -1.07 -2.36 -3.33
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80
% 60}
& 40

Radia )| 14.99 16.30 17.70 20.34 2367 2524 2602 26.17 24.91 2209 1861 16.06
C) | 14.81 16.08 17.60 20.23 2367 2529 26.10 26.23 24.93 2203 18.48 1586
3 7.46 10.06 14.74 21.05 24.54 26.34 26.29 23.41 17.66 12.28 7.50
36.60 36.97 3446 3191 3520 4506 4389 3890 44.85 46.03 3918

Air Temperature (°C) [ 14.62 15.87 17.41 2012 23.67 2534 2617 26.30 24.96 21.98 18.35 1567
-]
79.90 7031 B249 5568 37.40 28.67 28.64 4018 3393 63.52 8112

Syl b sl Jile FiLs] e )l Slags Sl Jone b e 1(23) s
Design Builder e &alll Jidas @ jaadle giaall L&Yy Al da i)

D Agiall dgalgll & claddl) dalua & Jawiy claddl) Joe duh-
Ao Jola) Wil 30y dugiadl dgalsl)l Jo colatisll dalise Joaed dufyy ol
@halls gisall Jiall glecal dllyy 8l Qe e dinis Agalsdl e %90
Agw adly Aloa £18 aa aa6 ASLew 53 Aliall Cacliadll sl aladiul & Cua
Adlsm syaa ae UPVC WINDOW FRAME (10 i) alaaiul &5 33Ul U
Cag lll dead 3 gl Jumdl e sa5 2.2u-valug(W/M2-K) Jlil Jalea
Bl 1.3 dalay Ly plall dilayy diy) A Aaing a5kl dagliay dpalial)

<2045 Jolay Ly ghais el b Camidily J¥) 0 slS et
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2002 Apr Jul oct
Month

Air Temperature (°C)
Radiant Temperature (°C)

15.92 16.41 17.97 20.12 23.55 25.12 25.92 26.08 24.86 21.99 18.04 15.98
16.33 16.86 17.95 20.33 23.50 24.95 25.70 25.89 24.76 22.08 19.33 16.41

dalie ity Jiad Zapatl) Auhall oo alill dhall Aalyl) dadada poa g (24) JAN
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EnergyPius Output 1 Jun - 29 Jun, Oally Licensed
275
250 N e
‘ 228
60
o — N\ —_—
e N— ~—
o e — -
¥ = e
o S
20
"2 9 Sun 16 Sun 23 sun
Oay
Air Temperature (°C) 2735 2574 2663 2507 25906 2582 2607 2609 2602
Radiant Temperature (“C) 27.17 2560 2643 2525 2676 2577 28602 26.10 26.12
Operative Temperature ("C) 2726 2567 2653 2516 2586 2580 2604 2609 2607
Outside Dry-Bulb Temperature (“C) 2886 2437 2673 2082 2520 2422 2445 2420 2441
Relative Humidity (%) 2375 2612 3046 4100 4264 3138 3520 3829 4065
Fanger PPD (%) 4138 6460 4855 6082 5579 6081 5569 5376 5297
Fanger PMV () -1.07 -1.85 -1.37 -195 -1.67 -1.73 -1.57 -1.61 -1.49

Gaald) Jilas 1 jimdl (Rasibe CipulS) Ahall bl bl ma s 1(28) S
Gapd (A palisils (hall dalall LSt ol Gigas ot bl (D) e

C%5 @l il b (P15 ) s )l L el lae e g1l 8 5y)al

EnergyPlus Output 1.Jun - 30 Jun, Daity Licensed
5 275
§ 250
t 228

;g i

Sl e
20

075 =
§ -100 .
125

2 9 Sun 16 Sun 23 Sun 30 Sur

Day
Air Temperature (°C) 2625 2449 2572 23.88 24.79 2470 24.86 2496 2503
Radiant Temperature (°C) 2578 2424 2520 2397 2431 2450 2462 2478 2491
Operative Temperature ("C) 26.01 2437 2546 2392 2455 2460 24.74 2487 2497
Outside Dry-Bulb Temperature (°C) 28.86 24.37 26.73 2082 2529 24.22 2445 2429 24.41
Relative Humidity (%) 2513 2768 3209 4437 4536 3397 3597 39.85 4120
Fanger PPD (%) 1763 3804 2102 3863 2940 3148 2930 2563 2259
Fanger PMV () -0.58 -1.21 -073 -1.25 -099 -1.07 -1.00 -091 -0.85
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EnergyPlus Output 1 Jan - 31 Dec, Monthly License o

— —

20

10 |

60

40 e

20

0 S ——

) /// I
2002 " i

Month 00 Ap Jul Oct

Air Temperature (°C) | 16.11 17.04 18.24 20.66 24.02 25.55 26.47 26.58 2526 22.44 19.32 16.97

Radiant Temperature (*C) [15.90 16.87 18.05 20,33 23.49 24,93 25.73 2590 24.68 22.06 19.07 16.80
Operative Temperature (°C) (16.00 1696 18.14 20,50 23.75 2524 26.10 26.24 24,97 2225 1920 16.88
Outside Dry-Bulb Temperature (°C) [ 6.33 7.46 10.06 14.74 21.05 2454 26.34 2629 23.41 1766 1228 7.50
Relative Humidity (%) [45.63 37.85 38.46 36.84 35.50 39.70 50.17 48.72 43.27 46.36 46.35 39.88
Fanger PPD (%) [65.26 56.58 44.19 69.18 32.81 20.59 19.17 20.26 24.37 14.33 31.11 57.20

Fanger PMV () [-1.79 -159 -1.30 -1.95 -086 -030 0.10 013 -0.37 -0.20 -0.99 -1.60
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The role of adaptive re-use in promoting
the sustainability of public buildings

Research Summry

Recycling has become a natural feature of modern societies in
their continuous pursuit of sustainability through attempts to find
a new life to save buildings that are inactive and unusable in their
original function. Adaptive reuse is one of the effective ways due
to its advantages that contribute to achieving sustainability on
several levels. It maintains the importance of buildings and to
respect them, moreover adding more value to their future .

This research deals with the definition of the concept of adaptive
reuse, its history, terminology related to it, and its link to
sustainable development as a form of sustainable urban renewal
and a way to include the past in future design by shedding light
on the experiences of some international and Arab public
buildings that have been adapted to new functions, studying and
analyzing them . In addition benefiting from Including in the
field of improving local public buildings.

Key Words : adaptation, adaptive reuse, building vacancy ,
sustainability.
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Comparing the hygiene law in Syria with
Its counterparts in Arab countries

*Abstracte

The importance of this study that is environmental legislation in
Syria in particular is of recent origin and that these legislations are
distinguished by their scientific nature in addition to a set of
characteristics that may not be found in traditional legislation. The
problem of the study lies in the lack of clarity of the legislative
policy through which the national legislator aims to confer
protection on the environment and the lack of rooting of these
legislations within the national legislative system as a result of their
modernity and the preference for the use of other simpler and
clearer legislations.
This research¢ uses the analytical and comparative approaches by
analyzing the provisions of the Law of Cleanliness and Aesthetics
of Administrative Units in Syria¢< to include the provisions and
mechanisms decided by the Syrian legislature to protect and
improve the environment in these laws< Then the legal texts were
compared with the environmental laws and legislations which are
applied in Egypt and Jordan .

In addition to working on developing recommendations for the
development of the Hygiene Law No. 49 of 2004 in Syria as a
result of its comparison with the laws of the aforementioned Arab
countries and work on improving it and restoring the deficiencies
and gaps in it.

environmental « hygiene law<Key words: Environmental legislation

solid waste management«protection
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Developing artificial intelligence models

to predict the effective strain of FRP strips
used in strengthening RC beams

* Dr Issam Nasser **Dr Bassam Hwaija *#** Tharaa Mubarak

Abstract

Experimental and analytical research on Near-surface mounted FRP
has proven the importance and efficiency of this technique in
strengthening RC beams but determining the effective strain for
FRP strips is the main problem in this technique. In this paper, a soft
computing technique based on fuzzy logic approach (FIS) and
another software system based on the principle of artificial neural
networks (ANN) will be used in this study, in addition to a hybrid
system between the two previous approaches, which is the adaptive
neural fuzzy inference system (ANFIS) to predict the effective
strain of FRP strips used in strengthening RC beams in bending by
NSM technique. The study indicated that the predicted results
closely conform to the experimental results, which affirms the
performance of the ANFIS model, this model demonstrated the
superior predictive accuracy and capability of generalization over
the fuzzy logic and artificial neural network (ANN) approaches
where R2 =0.971 was achieved with ANFIS while this value did not
exceed the 0.905 for the rest of approaches.

Key words: strengthening, FRP strips, Near surface mounted, effective
strain, ANFIS, ANN, FIS

*Profssor, Department of Structural Engineering, Faculty of Civil Engineering, Tishreen
University

**Profssor, Department of Structural Engineering, Faculty of Civil Engineering,
Tishreen University.

***pPostgraduate Student, Department of Structural Engineering, Faculty of Civil
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dlaaslfie  dasaala . alialas 2023 ale 13 2l 45 aladll
— Ag Af(EffES)
Pleq b.d, bd, (1)

(L Vall) adaiall & educll ZISAY Al 1p) g tun
ecdiall Jladl) eall sdge Slall e b bl Nsh dalus :Ag

sale Higye Jabaa By sl dayyd) Jladll Beadl :0p ciysiill dayyd dalie tA

() 52 8) Ayl clildl £(1) Jsasd KT A
[N Sl an f'c(MPa) | Py /L | €td/€ry
AD1sh 33 0.9481 | 0.8571 | 0.9242

AS2sh 33 2.0585 | 0.8571 | 0.5096

Moawad 2020122] | goag 1277 | 08509 | 08571 | 09141
BT3sh 42.77 | 1.0379 | 0.8571 | 0.6622

Barris 2020 [23] S-212-25-2NSM 33.1 [ 0.6723|0.9150 | 0.5226
R-PL-15 31.3 | 0.4415 | 0.9000 | 0.9000

Jung 2017 [24] R-PL-25 31.3 | 0.4624 | 0.9000 | 0.8297
R-PL-25%2-S 31.3 [ 0.5132 | 0.9000 | 0.6899

Khalifa 2016 [3] B-N-2-2 35 0.8038 | 0.9545 | 0.5716
(UL 530 18) Lygyaal) bl (1) Jsandl s EEEW T
ol Hadl ad f'c (MPa) Pieq /L | €/Efy

. NSM_c_2*1.4*10_1 21 1.0810 | 0.9048 | 0.9583
Bilotta 2015 23] NSM_c_3*1.4*10 1 21 1.1462 | 0.9048 | 0.6250
Sharaky 2015 [26] M2S1 30.5 [ 0.6326 | 0.6533 | 0.3800
F2s1 30.5 |[0.6326 | 0.8330 | 0.5333

B2 25 0.2949 | 1.0000 | 0.4300

Ibrahim 2014 [27] | B3 25 0.3284 | 1.0000 | 0.4000
B4 25 0.3630 | 1.0000 | 0.3700

Sharaky 2013 [28] | LB2S1 31.4 | 0.6316 | 0.8330 | 0.5140
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LB2S2 31.4 [ 0.6326 | 0.8330 | 0.6030
NSM1-70 30 0.3150 | 0.7000 | 0.4158
Young 2012 [29] NSM2-70 30 0.4860 | 0.7000 | 0.5421
NSM2-80 30 0.4860 | 0.8000 | 0.5947
NSM2-96 30 0.4860 | 0.9600 | 0.4632
NISA/20/85 22.3 [ 05263 | 0.5074 | 0.1224
NISA/20/130 23.5 [ 0.5263 | 0.5407 | 0.1135
NISA/20/170 23.5 [ 0.5263 | 0.5704 | 0.1376
NISA/20/85P 21.3 [ 0.5263 | 0.5074 | 0.1747
NISA/20/130P 21.3 [ 0.5263 | 0.5333 | 0.1529
NISA/20/160P 21.3 [ 05263 | 0.5630 | 0.1518
NISA/30/80 325 |[0.5263 | 0.5037 | 0.1553
NISA/30/120 325 |[0.5263 | 0.5333 | 0.1859
NISB/20/85 19.85 | 1.8413 | 0.5074 | 0.1724
KOTYNIA 2012 [5] | NISB/20/130 19.85 | 1.8413 | 0.5407 | 0.1553
NIISB/40/80 41.58 | 0.7392 | 0.5037 | 0.1982
NIISB/40/2*80 41.19 | 0.7941 | 0.5037 | 0.1447
NIISB/40/120 41.19 | 0.7392 | 0.5333 | 0.2065
NIISB/40/160 41.19 | 0.7392 [ 0.5630 | 0.2447
NILA/40/120 38.3 [ 0.5253 | 0.3600 | 0.1865
NILA/40/160 38.5 [ 0.5253|0.3800 | 0.1659
NILA/40/120P 38,5 | 0.5253 | 0.3600 | 0.2953
NILA/40/120s 45 0.5253 | 0.3600 | 0.4653
NILA/40/120sp 39.58 | 0.5253 [ 0.3600 | 0.3559
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NILA/40/100 41.75 | 0.5253 | 0.3500 | 0.1600
NILA/40/120 41.75 | 05253 | 0.3600 0.1965
NILA/50/2*80 41.75 | 0.6266 | 0.3400 0.1547

NILB/40/90 37.67 | 1.8413 | 0.3450 0.2300
NILB/40/120 37.67 | 1.8413 | 0.3600 0.2029
&b NILB/40/120p 437 | 1.8413 | 0.3600 | 0.2818

KOTYNIA 2012 [5] | NILB/40/130pp | 43.7 | 1.8413 | 0.3650 | 0.2106
NILB/40/120s 437 | 1.8413 | 0.3600 | 0.3565
NILB/40/120sp | 43.7 | 1.8413 | 0.3600 | 0.3782
NIILB/40/80p 3432 | 0.8065 | 0.3400 | 0.2729
NIILB/40/2*80 | 34.32 | 0.8561 | 0.3400 | 0.1912
NIILB/40/120 38.8 | 0.8065 | 0.3600 | 0.2106

VL1 31.1 | 05286 | 0.7647 | 0.4792
Barros 2010 [30] VL2 31.1 | 0.4889 | 0.8095 | 0.5124
VL3 31.1 | 04555 | 0.8333 | 0.4612
S1 442 | 0.2775 | 0.9000 0.9412
Barros 2007 [2] S2 44.2 0.4877 0.9000 0.7941
S3 442 | 0.7316 | 0.9000 | 0.6971
6-1F 37.2 | 1.9265 | 0.9500 | 0.5734
6-2F 37.2 | 2.0216 | 0.9500 | 0.4934
Yost 2007 [31] 9-2F 37.2 | 1.3210 | 0.9500 | 0.8210
12-1F 37.2 | 0.9444 | 0.9500 0.9596
12-2F 37.2 | 0.9919 | 0.9500 | 0.8399
B500 352 | 0.6349 | 0.1563 | 0.1676
B1200 352 | 0.6349 | 0.3750 | 0.2679
Teng 2006 [32] B1800 352 | 0.6349 | 05625 | 0.5339
B2900 352 | 0.6349 | 0.9063 | 0.7103
pl 415 | 1.3657 | 0.9650 [ 0.9200
Kotynia 2006 [33] | p2 37.7 | 0.7909 | 0.9650 | 0.8100
p3 415 | 0.7788 | 0.9650 | 0.6600
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(ULl 5ac ) dyy il i) 1(1) Jsaadl KA EEW B
.. f'c
@J“'“ Had o (M Pa) Pieq I/l Efd/‘c;fu
V1R1 453 | 0.4541 | 0.9330 | 0.9118
5 2005 [4 V2R2 48.9 | 0.6826 | 0.9330 [ 0.7529
arros

41 V3R2 42.8 | 0.9021 | 0.9330 | 0.7529
V4R3 46.4 | 1.2957 | 0.9330 | 0.6235
E4 60.7 | 0.9638 | 1.0000 | 0.6389

Taljsten 2003 [34
] (341 E3 60.7 | 0.9638 | 0.8333 | 0.6222
Bl 48 1.0544 | 0.12 | 0.0968
B2 48 1.0544 | 0.20 | 0.1278
) B3 48 1.0544 | 0.40 | 0.5338
[Hglsa”&R'Zka”a B4 48 | 1.0544 | 060 | 08872
B5 48 | 1.0544 | 0.68 | 0.9549
B6 48 | 1.0544 | 0.76 | 0.9624
B7 48 | 1.0544 | 0.84 | 0.9699
B8 48 | 1.0544 | 0.96 | 0.9850

ANFIS il uanl) bl JY508) allas -2-3

Guaall 40N Gl 38 S g men Gad S) S e Ble s
sl chay (FIS) luall haiall dijmall Jidi ae (ANN) Lelilaial

Matlab zaliy Je diain
t o2 ANFIS 7isa paca Al oda A& Al (5<0 Euny
fo Ol daslia —
lo/L 3adl Jshal Auuly Ayl Aagyd Jola—
(1, eq) gmludll LISl Al -
s Jiai calasaall Wl

Aagpail) o3gd ganll ogiill ) suie dygiil) mils 8 Jladll opiill —
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:[8] Sugeno zisai 4 Sl AT (1) Ja) mcagy If then saclsy
4 Membership
degres -‘\1

w1 f1 Epxtqytn

‘ f - Wlfl +W:f2
wy +w,

5] L=pxtay+n

Y

[8] Sugeno zasad :(1) J<a
:(2) Ja & [8] ANFIS 4 ¢ 4] Tabaadl) riasig

Layer2 Layer3 Layer4

\ 2 R 2l

Y

y

wify

[8] 25 z 3as cplanes ANFIS o ; al<all Lalasall £(2) J<al)

2l 13gdy aanall ol b sa Alladl sda b ADL  aladauly L,
: e il iahlll elldg aganill sl Juzadl
_
2b;
NN
2L alaill dlee (DA Lajedas 2y Al :\sjumx\_@u il & @ by
. ANFIS 3 iallxd

na(x) =
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Do Alidl) UL s B ANFIS 2350 Gy GLIat #3all Jiil,
ASeal) il Claill o3 a8 (e 80% () (1) Jsaadl b dranalll jlall ilis
Aeleld e (Biailly 3K Cupail %20 s

JAad) dadail lile OB Liaadin) Cus sl s AL ol J<5 Ladie
LS5 (3) Jsall b il mpags iy Callilly J5¥) JAaA) dadail opidley G
bty ANFIS oUsyy Jladl) opiill dadgiall milil) g las Ugie Uslipl Jaadls

R=0.985 Zua dpy il

ANFIS e o p0 i

- R =0.9737

e .
L) ANFIS gl pasl 0 Rl

y = 0LO703x + 0.0145
) R = 09854
E R®=0.9711
RMSE=004757

il o et 5 sl
s X

ANFIS pipa tasl gix

¥ =0.89x+0.042

R®=0.9168

s S ooy

—i

ANFIS 7305 it 2(3) J<al

Gis Gun ¢ Aplany) jubeally Bl & 25l ANFIS #3500 el (g (il
Glisiu) (e till; (RMSE=0.04757 \R*=0.9711) 4jle 48 ziseil 1
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Al Dl cud Gl Jlae 8 sl A8y diphS dagid ANFIS dih
Zighs FIS luall (3hasall 2y alasiuls Gadsial) il e Zplall o3¢ dad sial
Al iglasy) uladl Jlesind w5 ANN ielha¥) Gppasll ilSu)

.43)liall RMSE |, R?

:ANN daiall Liguenl) clSall Lt ¢ igalll 3-3

e Jladl) spiill pigl (Dile galin o alaieYh ANN  ziea ledaial
AN a3 A e (Target) NSM aas, sls8dl el FRP day,80 jlesy)
DAl af e ALK Clogles AN 63 i of sy Cus Cipdie dsag
o8 00 70% ) L 5 Al (1) Jsan b dnemal) Cyjlaill il il jaally
ASual) Alels o 3iadl) Cpy Lpandl & 8L %30 5 A3 Capal Coylaill o8
eaaty Lgaent A1)

ok s oS L real tadl) 06 Gy Bl A8 Clicalge yaaty Lidd
(4) J83 (se syic) Glinac jbe ddda K 8 dudds 40 -
(Levenberg—Marquardt optimization ) a :cuysll 4l —

(MSE) Uadll chlaype Lanssia 5o 261aY) ol —
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i 4\ Custom Meural Netwark (view) = 5l _EE
Hidden Layer Output Layer
=4

10 1

ciaall ANN 350 alall gl 2(4) S
iy Lppatl) il o lise Ualgy) asiy (5) JSal 3 LS il culss
Aaadl bl J LGN Jelas ded sy Gus ANN z3sai dadgidl)
.RMSE= 0.08526 5 R*=0.905 il Jalaas R=0.95131

Training: R=0.96021 Validation: R=0.93359

09 < Data

Output ~= 0.92*Target + 0.031
Output ~= 1.1*Target + -0.043

02 0.4 0.6 0.8
Target

Test: R=0.94342 All: R=0.95131

0ol & Data 0.9 & Data Lo,
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0™

Output ~= 0.85*Target + 0.076
Output ~= 0.92*Target + 0.032

0.2 0.4 0.6 0.8 02 0.4 0.6 0.8
Target Target

ANN Zmiall G gaanl) A8 aladind @it £(5) Sl
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115, 651 Jlsall 3 iy f, (sl alia =

[0, 2] Jlodl (pein w5 (), 0q%) gealocill 2GS Al -

10, 110all paia iy (Tof/L) Sitadl Jslal danally gl gyl Joka

Ayl o3 (sanll ol Y Liguie Zysil il JBl) osil sed zyaal Ll
FIS CJ}«.\] aalall :\:ﬁ:ﬂ\ (6) dSﬁJ\ Cug ¢ [O, 1] d\;.d\ (ypaa cﬁ.u (Sfd/Sfu)

.MATLAB fuzzy logic to0Ibox zaliy (paua & jisall

XN

fc

Pleg /

/L

oA bl z 3 pall dalal) Al :(6) JSall
als Ll pally Jaall ad e O8I (Al le gane) C¥sale dusad lial
(6) ISl 8 LS diibia dlaal) cile ganal) 28K ¢ L)
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T T T T T T T T T T T T T T T T T T
eryLow Low Medium High VeryHigh ‘eryLow Low Medium High VeryHigh

02 04 06 08 1 12 14 16 18 2 15 0 5
input variable pL.sc input variable “fc*

T T T T T T T T T T T T T T T T T T
eryLow Low Medium High VeryHigh eryLow Low Medium High VeryHigh

1 0 01 0 05 06
output variable Eg/zs

oAl 2l satial Al il (7) JSal

input variable Is/L

o blagis (1) Jsadl 8 deend) cililoll LDl dglid) aelsill gy o
A L) med e el oda ClSE Cua dylua 32l 41 ) Al
Jsmially Aaadll caiall (o day Aot 38y Ly Aaslacal) gile gane Caun
sl

A4yl s (aggregation) aclg@ll awail (Summation) aeail) 48l Cuardiul
& (my (defuzzification) zisill dglbuall o) Zlal (CoG) J&ll <y
dayie dad s JWAoY) CVsatial Alaae e JS 2iad 4006 453U o e Jseaal)
o8 (8) Ul gy (goall leapd ) Aupuite Ayl Ay 3 JIail) o) A
thall GBhaial) Ayl (385 layad)
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®
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0.60 % o o ¢
’ Q.Y e o o
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0.40 1 > .,.\’?' | y =0.5802x+0.2031
‘ v e @ R=0.8878
030 | LA R?=0.7864
.ﬁn e oo RMSE= 0.0856
0201 ege
0.10 A
A sadll a8l
500 . . . A pil .
000 0.20 0.40 0.60 0.80 1.00 120 )

Apadll il e FIS (385 il o puill dad il ol )l :(8) JSal

ailly FIS 3 5ail Aadgial) aill (ar ydie aliy¥) of (8) IS (he ol LS,
A BLY) dalas def Ciliay Cun (E19/Ery) Apsiil) =3 Jladll o pall 4y il
.R=0.8878

AsBlially i) -4

ANFIS idailsy Jladll osiill daigiall il of (8,5,3) JSaY) (e Laadls
(Babend) Coplal ) A pal) il e lan S (S Al
Ll @)l ae ANFIS dsjiaall Ziglall 38 bl (2) Jsaall & 3y5
oo 33 ANFIS da gl dayylally bl of Jsaad) 138 (e 2aady FIS (ANN
agllidl 4@l alayy ANFIS A<l eV casall ) clld sgnys dpaaill (33)kl)
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& ovall &b aladiul 52 g Al dga e AR Al g5y Aga (e A plsl
bl Blhiadl LK daphll b dikd) sl st Ly ANFIS 34,k

ANFIS, ANN, FIS 3Ll dilasyl Juladl d :(2) Jsaal

ANFIS  z3sa ANN 735 FIS zis

R2 RMSE R? RMSE R2 RMSE

0.971 | 0.04757 | 0.905 | 0.08526 | 0.786 | 0.08566

J8 e dagial c¥olad) 3y e iaill Aflasyl uled) alasiul & LS
Ol Aagiay Cufil b e IS 36 lae¥) cuey 336 W il Barros [2]

(5) PAKYPOA | C_m}i LS :LDS.J\ ;\A.\_)aﬂ db‘d\ a}uﬂ\ k_\l.u; L:A
gfe

—= = —32.648p) oq + 0.9606
éfu

330 o (5) bl Aslaall Khalifa [3] Leasdl Al (6) Aseall dslaal) o LS
Hofl) Jolag (o5l AaslieS AL el i Ll eV

-~

Efe
2 = —27.37p; o, + 0.9174
Eru ’
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LS R? sl Jibee Lol sl 3] RMSE. Slasy) Jaladll a5
pe Alie LS didy yue Vbl sda iads L (3) Jsas [3][2] paell 8 35
Jsbas Osill AasliaS Aala ljiahly Gliwally 3aY) aaal @llyg 4 QN Al

& $!\

Barros,khalifa <Yaleal 45lasy) juleall Pec (3) Jsaal)

4l Barros iz Khalifa

[21R° | RMSE [3]R°| RMSE

0.5106 0.155 0.5286 0.133

s ciluagilly claliiad) —4

ANN, ) Clagio iy aiall o KN alasin) A8 o @iadll Cnl 34 6
Silsal) dyg 8 dexiiodl CFRP I aiyil Jladll ol o855 4 (FIS, ANFIS
Loglie cuil€ Cumy caaldl e Gealll 48y Gllaady) e dlaladl gl
Jladl) opiil) dd)al COAMS  ludll A3ISA) Llly 4080 Angyd Johay (sill
Gana lgnsand 5 Al — Aglaal) Lyl iliil) po 3ISLaall peilis A liagy ¢ ooyl
~ FRP =l shsially Cillaad¥) e dlelall Al hally dald clily s2cld

Al clabimuy) ) Ul s Sladl) a8 da el c¥alaall ) 28LaY L
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Aoy Al Al ae xiall oK dakal 33y adgiall Jldl) ol (353
sl 5 Al oda ol e S iy 1aas Alle

fo Alie apenill AL, Jladl) opinll dgiie Aign 482 ANFIS Hlai ek
e oY) ol Jias Gum ¢ Aipaand) ISl A bl laall 365k
O Jiladly (RMSE=0.04757) JGall o5iilly sl xie ANFIS  aUsi, 484l)
oS Ly ((RMSE= 0.08566) (bl Ghidly 283 e S3Y) sl
Gl 5)35 Loles 40l 56 Gum (e ANFIS #asail dpulud) 5250l
B Gaat] sl

Ji (e Wyl o3 Ally Barros [2] Jié e dsjitall CYalaall il jelas ol
il Apapail) bl ae — LKA Ladaill ae 43jlie — la Wlg Khalifa
.(RMSE=0.1333) i3

Cj\}“‘x JGall 6 gl ?‘m syl C)M\ ANFIS C.J)A.I e\JA:LuL\ P G Laa
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Al (B i e b gay sl i LS Ayl
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