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Geopolymer based on Calcined clay as
untraditional stabilizer and its influence on
swelling and shrinkage properties of
expansive clayey soil

Dr. Aref ALSWIDANI. Faculty of Engineering, Arab International University
a-swaidani@aiu.edu.sy.
Dr. Ibrahim HAMMOUD. Faculty of Engineering, Arab International
University, Hammoud1164@ aiu.edu.sy
Dr . Ayman MEZIAB. Faculty of Engineering, Arab International University,
a-mazyab @ aiu.edu.sy.

Abstract

Recently, geopolymer (inorganic series material) emerge as
substantial material of Portland cement, through convert natural or
by-product materials such as furnace slug, fly ash, silica fume, as a
resource of aluminosilicates to materials possess bonding
properties, by using alkaline activators.

This research try to acquire inorganic series based on natural
materials as a resource of aluminosilicates in its amorphous phase,
for this purpose, calcined clay was chosen as a precursor of this
series. When we say calcined clay, we mean clay that thermally
treated at high temperatures but less than fusion limit.

Geopolymer based on calcined clay as a resource of amorphous
aluminosilicates, was produced by adding an alkaline solution
consists of sodium hydroxide and sodium silicate to calcined clay
with thermally treatment. And the geopolymer was prepared in the
laboratory, the ratio between alkaline activator (Na>SiOs+NaOH) to
proposed soil stabilizer was equals to (0.85). the ratios of stabilizer
to soil were (5,10,15%) as a percent of dry weight , and the moisture
content in which the geopolymer added to soil was closed to liquid
limit (LL) of mother soil and precisely (LL-5%). While the alkaline
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activator from Na.SiOz and NaOH was prepared in the ratio
Na.SiOs / NaOH =2.5.

The results of experiments on samples of clayey soil stabilized by
geopolymer, showed an extremely enhancement in the properties of
linear shrinkage, and the value of linear shrinkage was cessed to
zero when geopolymer was added at the ratio 15% to expansive
clayey soil, while the linear shrinkage was restricted to lower levels
when geopolymer was added at 10% and 5% respectively.

In a similar manner, the values of relative swelling and swelling
pressure reduced to zero value when the ratio of 15% of geopolymer
was added to the expansive soil, while this restriction was less at
ratios of 10% and 5% respectively.

That is a clear indicator to the high efficiency of adding the
geopolymer based on calcined clay, on restriction the phenomena of
swelling and shrinkage of expansive clayey soil.

Key words:
Expansive clayey soil, geopolymer, alkaline activator, calcined clay,
linear shrinkage, free swelling, pressure of swelling.
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(BS duillayall dialgall (385 A3LY) ga Aujilly Aull hadl) (ALaSY) dypas =
137)

(ASTM D- ) dialsall 3hy d8LaY) aa dujlly 4l jal) FLEY) dyps
. 4645, 2435

(Ais/ALg) Ayl ) ABLay) Jald o (2)ady Jgaal

(%) GP) s (%) il el
5 95 G5!
10 90 G10
15 85 G15

rAuddlially galiill-5

rgle Cud ) QLYY salgisall jpast 1-5

SRl Gapaal) cr WHLER) a3 Al deadl) uilSy ¢ pdiall (A jalgugaal) judaad o
443 s ) (Na2SiOs + NaOH) ¢ ¢ s<ally (alkaline activator)
(0-85) & salgigaal) (ulad Jiar (sMllg (opuilSa Jliad) gsikal)

Canal) Lgad bz AN daghyll (5, 10, 15%) Ayl ) cpunal) Al can
cldlaa) O gy Al (LL)Adganad) 25 (0 Appdl) dyghayl) o8 4uil) ) Gapaal) ga
s gl (e dela 24 08 NaOH Jslas jcas a3 s . (LL-5%) Jagaasy
NazSiOs s NaOH (s (gdl) papaall) g9al) caSpal) jridant afy . Cuunal)
ad NazSiOs ) NaOH 4Ll el U39 NaxSiOs / NaOH =2.5 cuwilly
il sa idelu ] Leie 80 °C Bl daudy O (A 24h Baal gjall )iy
gl Gl @l 580 °C 5Ll s Aan (ubliag) stirrer ) ol 5 Ll
seasidic s 10M 52 NaOH €+ s sl (i yadl of (aS pall il aial)

G5: stands for Geopolymer added at 5% (by weight) to soil
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LS 5 FUEN) el & o o iy ol (el Gl Ladl) Gl (o gal g gl
ALY 4y jLakl) 4y b

coaly® ) elal) Abla) cuiats Galydl €& Ao dnuld) 52l e NaOH
il I aay ¢ dag alBY) Chudal af i A Al slall (e gia 330 Ll
Aalad) cad oy dlld 0<g jdas Al ) Jeasll slall (e dsasl) 4k

ISy 511 (CC) Gmalal) jliand) () (g6l Gaapaall Jglae dilia) €t aay oLy
IAIL L) 5l sl (activator/CC = 0.85) gime s palgmgsad) (ulad
duilaie Line o Jgaall a8 o (3603 10 Sadd Lgn of Suil<ual)

bl 7 gl ga Ljwia Bpaaal)
Alsgall e Ll (SEM) aesall (5] jgaalls §5ua (2) JS con
Bl ygad Lial) il (EDX)Julad pa . ode] Ciguaga 38 LaS ppaian a3 (s3]
Lgd sghad . SEM I 55 Wi (Al agsial¥ly Si osSilidl s Na aguagall paic
durdil) (e Byl Aad) () Jguasl) (Ao Jay Las diall dg Saal) Al alT)
- Alggadl Judla z Lly (gsldl
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ASTM-D4318-93 : (155 3543) alsdll Lalss 2-5

dbasd) il Ao coal A (Agalll ag Agaad) an) §ou) Sg8a lad i
Sbadl) (bl (e salggaad) AL G cduad) 13 b cclBliay) aa Al «
agale 83 ) 53 (5- 10- 15%) uaall 13 A Ao ibal) qaudl) IS ¢ Gpalal)
g (Aigall) Lid oluaii () ool Al Algead) 33 b olaiiy Ligall) s b
Ligall) Aoy h aladd) (Aiuaad) dgjlasdl A Ao [ M) uall) Ao Juls
ang gl 2a ad lgd aall UGl ity duill Jadal) 4B e ) o8
Ad aub (2-5) JA) Gum LaS L (2-5) gl (b Aiise Aggall) 5B g Agall
Sl liard) Gubad (e palgagead) cpe ALY cand Jilda digall

Oa salsisaad) (e ABLGY) Cand Jlia Aigall) dijd g (ASgall) aa (Agauad) 33 2 (3) aB) Jgand

oSl jlaand) Gl

(GPlasslay §  (%)sllan (%ofilsaudl s el il
31 27 58 G-0 (ref) 1
17.2 34.6 51.8 G-5 2
9.2 38.4 47.6 G-10 3
2.8 40.7 43.5 G-15 4
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LS g G al i Ao o iy ol 38 CunaS CpealSal) JLkl) (ubaad (o yal g9 gaal
LALY) 4 L) 4

sl il 3-5
il adll (LS g Lglugh aliddl die 43l gl co QALY
Aglighy (aled) aie L) Lelgh ) Al il Jodal 3 (luall)) dpud
duil) dipae (e dalgh die (Sl i) 0gddll Jadd) (SLaSIY) JLES) (sl
G fana Gl b gt Ll Alganad) dughs; L (e 2 sl Bpiaaa
((2-5x14 cm) sl Silghu
I cifgal) Jlaiil (a pmdal) g b Yl Aial) cudiy ddlal Aupal) b
G A GELaSY) a 110°C Bl Aoyt G O8 il of Ll
Al dgblga dyghyll cida] cilivaal) pa gial) el Ay (Aol Cluldl Cial
2 daagall @iliil) ciygl a8y ((2-5)Jgaall ¢ra Auajall Asill (hlgall Algand)
Iy %5 Al jalgugaal) Aol vie uihy Jadl) (ALY o (3-5) Jgaal
piaid yalggea 1506 Ablia) e A a1 55ty (9010 Al ale (Juladf
Ao Jguanll o3 Ao Juabl g (JalS (<o (ELSY)
e ALY unad Jilla il ol GRS anadl) 0gailly 0l a8 (4) ady Jgaal
CalSal) jlail) Galad o salgugaal)

Lsi % AL/L AL L1 Lo faed) A
21.41 0.2141 30 1101 1401 ©GO0Cenh 1
13.63 0.1363 19.1 121 140.1 G-5 2
5.4 0.054 7.6 1325 1401 G110 3
- 0 0 1401 1401  G15 4
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el Ciadl sn GELASY) Gllh B algusial) g Al A cilie (3) o, IS

:(ASTM D- 4645, 2435) jiags¥) dila b #UY) Jiag jall F LY -5
Aiaall dllly ¢ dgagdal) dighyll Auill (e il juudaad a3 ¢ al) UEY) aaal
o Lsal) il (385 yalguguad) ALl dadlaal) elliy cclilia) 09y Lnasal

cialy JLERY) sad Siasd) Al ) Shial) slal) Ciaal dus (2) Jsaad
8,421 a5 4883305 15,8 ,4.,2,1 i) sie (FLEY)) agdal) cig)

By ol day LAdal) Ao IS Jas (aadal e Aldg delw 969 72 48 24

by sal) L) BB gy (i B cliall FLEEY) dlled clS delu (96)
Baliy Iaa (o ApeiS 2aly jsaa (389 oanadl) UG Gileas Al canly olad)

I I sll el Jranill dlee il o5 o L) g liylg A Al ¢ L)
(5) Jsaall b sl Qi i g e o y)aie L & o3

Cliaall ga Loill Aajal) cadl) Jilia ¢ ULY) Jeiiag Jall & UEY) o8 (5) o) Jsaal

el Ails B ¢ LY) Jakag Al ¢ L)

25



LS g G al i Ao o iy ol 38 CunaS CpealSal) JLkl) (ubaad (o yal g9 gaal
LALY) 4 L) 4

FULY) i al) L)) £l y) pgiil Loanadl) Lial)
(Kpa)  (aadl) ogdall)  Liall Aal) (YY)
(%) (mm) (mm)
80 8.35 20 167  G-0 (ref) 1
25 3.15 20 0.63 G-5 2
5 0.55 20 0.11 G-10 3
0 0 20 0.0 G-15 4

Lallaal) b A jill & LaUN) Jaidag sald) & LEDY il (5) ady Jsaad) Cp
ALl 4) Jgash Sal (1) Cratl) (gra il ygliy corayy yalgagaalls
Tod F LN Ty al) & L) G0 ) oo (Mg salsgaal) (e 15%
Osadl) e I8 aaail) LS Lad Al LETY) Gl 8803 (ma Liiaall A3
vie LAY Jakuag pall FLERY) 000 el Sa il (e 5% 5 10%
Al A (e ALY dyjladarl) Al () salgagal) (e dlS) dudl) dili)
i Al clSliaigiiagl¥) (e iy bl (e O35S M) salgagal) Jus
(Gl (apaall A (s3I (Gl Jauagl) Crandag Al lias Gy Ay Balas

Al Baas dpns Aok JSAT Gun cdaulial) dgh)l) 35304

taluagilly claliinuy -6
sl ity
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BA ¢ Cral€all JLiadl) (ubd ¢ra salggaal) (Ao Jguaal) <ar -
b B dbgagall ChLIAY) Ao Lghadal o5 A Jag il Lighdl) Aadlaal
aad)

Gad) 138 gouage ALY dyjbaad) Ayl Ajgall) A8 dad Lalidd) o) -
Ladia Ao gl rdigag salsagalls dalaall Adld o maaly Juls s
LGl o Al alie (B plge cusalill Cueatl) s 43l

alsagall G ABla) drad aladiad aie FLEYYG (LYY apd aland) ¢f -
LAY Al B Lgdle Jgmanll ot Ao Juadl g (15%) Wik
i) 2y dyilly Eial) proaga ALY dyjluard) dill hlasiVlg
Oyl F LY JSLie oo Tam Gasalill dalla

taluasil)
loasil ) gl ras ) 138 gl g o3 3 il Lo 5L
4

) QS Cpant (B Gal€al) L) ulad (e jalgagaal) pladil -
- uaalill dadls ruaily GALSIY g ¢ LATY adil AALLY) 4 jliadd)
Ll ) el i) Gaload (e palgmigandl AL il A -
s Baidal) daglia Lgale JUiaSy Al palsd Ao Lalany) 4Ll
Jraad dpal Lglial lly (318 dagliag all) dagliag (UCS) s guasall
.(CBR) L, sulls

oAl Aatles of Alis Ula Aus P& oo il Allis qulat ghal -
CroilSa Jlad ulad (o salgugs ) AE aladiuls LAY dyLadl)
AMSE) Q) (e goil) 138 Gawad B Allad
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27



LS g G al i Ao o iy ol 38 CunaS CpealSal) JLkl) (ubaad (o yal g9 gaal
LALY) 4 L) 4

[1] CEK T H, PERNA I, CNA K U, RIMALV and
ST'EPANKOVA H, 2020- The Evaluation of Clay Suitability for
Geopolymer Technology, Minerals, Vol.10, 852

[2] ZHANG M, GUO H, EL-KORCHI T, ZHANG G, TAO M,
2013- Experimental feasibility study of geopolymer as the next-
generation soil stabilizer, Construction and Building Materials,
Vol. 47, pp 1468-1478

[3] CORREA-SILVA M, ARAUJO N, CRISTELO N, MIRANDA
T, GOMES A T, COELHO J, 2019- Improvement of a clayey soil
with alkali activated low- calcium fly ash for transport
infrastructures applications, Road Materials and Pavement
Design , Vol 20, 8, pp 1912-1926

[4] AL BAKRI M, KAMARUDIN H, BNHUSSAIN M, RAFIZ A
R, and ZARLNAy, 2012- Effect of Na>SiOs/NaOH Ratios and
NaOH Molarities on Compressive Strength of Fly-Ash-Based
Geopolymer, journal of the American Concrete Institute,
vol.109, 5, pp 503-508

[5] KAMARUDDIN F A, NAHAZANAN H, HUAT B K and
ANGGRAINI V, 2020- Improvement of Marine Clay Soil Using
Lime and Alkaline Activation Stabilized with Inclusion of Treated
Coir Fibre , Applied Science, Vol.10, 2129, pp 2-16

[6] RONG-RONG Z and DONG-DONG M, 2020- Effects of
Curing Time on the Mechanical Property and Microstructure
Characteristics of Metakaolin-Based Geopolymer Cement-
Stabilized Silty Clay , Advances in Materials Science and
Engineering, Volume. 2020, pp 1-9

[7] KOMNITSAS K and ZAHARAKI D, 2007- Geopolymerisation:
A review and prospects for the minerals industry. Minerals
engineering, Vol. 20, 14, pp 1261-1277.

[8] CANAKCI H, GULLU H and ALHASHEMYM A, 2019-
Performances of Using Geopolymers Made with Various Stabilizers
for Deep Mixing, Materials, MDPI, Vol. 12, 2542, pp 2-32

[9] LUUKKONEN T, ABDOLLAHNEJAD Z, YLINIEMI J,
KINNUNEN P. and ILLIKAINEN M, 2018- One-part alkali-
activated materials: A  review. Cement __and __ Concrete
Research, Vol.103, pp 21-34

28



cudall el a3 3943 a8 Augall Gijle o 2022 ale 10 a3l 44 slaall Gl daals Aaa

[10] ABDEL-GAWWAD H A and ABO-EL-ENEIN S A, 2016- A
novel method to produce dry geopolymer cement powder, HBRC
Journal, Vol. 12, pp 13-24

[11] ABDULLAH M S, AHMAD F, AL BAKRI M, 2015-
Geopolymer Application in Soil: A Short Review, Applied
Mechanics and Materials, Vols. 754-755, pp 378-381

[12] AL-SWAIDANI A M, HAMOOD | and MEZIAB A, 2018-
Thermally Treated Clay as a Stabilizing Agent for Expansive
Clayey Soil: Some Engineering Properties, Studia Geotechnica et
Mechanica, Vol. 40, 3, pp 220-232.

[13] FITOS M, BADOGIANNIS G E, SOTIRIOS G T and MARIA
P, 2015- Pozzolanic activity of thermally and mechanically treated
kaolins of hydrothermal origin. Applied Clay Science, Vols . 116-
117, pp 182-192

[14] MITCHELL J K, 2005- Fundamentals of soil behaviour, 3"
edition, John Wiley & Sons, Inc, pp 592

[15] CHRISTIDIS E G, PAIPOUTLIDI K, MARANTOS I,
PERDIKATSIS V, 2020- Determination Of Amorphous Matter In
Industrial Minerals With X-Ray Diffraction Using Rietveld
Refinement, Bulletin of the Geological Society of Greece, vol. 56,
pp 1-16.

[16] SLATY F, KHOURY H, WASTIELS J, RAHIER H, 2013-
Characterization of alkali activated kaolinitic clay, Applied Clay
Science, Vols. 75-76, pp 120-125

[17] EBNESJJAD S, 2014-Surface Treatment of Materials for
Adhesive Bonding (book), chapter 4- surface and Materials
characterization Techniques, William Andrew. 2" edition, pp
39-75.

29


https://www.sciencedirect.com/science/article/pii/S0169131713000240#!
https://www.sciencedirect.com/science/article/pii/S0169131713000240#!
https://www.sciencedirect.com/science/article/pii/S0169131713000240#!
https://www.sciencedirect.com/science/journal/01691317
https://www.sciencedirect.com/science/journal/01691317
https://www.sciencedirect.com/science/journal/01691317/75/supp/C

LS g G al i Ao o iy ol 38 CunaS CpealSal) JLkl) (ubaad (o yal g9 gaal
LALY) 4 L) 4

30



Osth) salu pd Jlal el dga daaa 2022 ale 10 amll 44 dlaal) ) dasls dsa

‘;iL.! .o ‘OI ° o0 L!\s-i ooé “II‘QMI&&
Lassiar 8 diglabuadl Gk ioll g 4y suall Jolall

@583 el (V) 58 Jlai oD jsall Sga 2ena
Gied daala ALY Slually Gyl Mall sgadll (1)
Ay 3ied (B aa)l Sl 35,1 (2)

oadle

plasiuly Aalu) dilaid) 3 el sl 3o i bl ) Gl 13a Cangg
Lilagll A<0aIl Alaisall el LY AIBHY 5y5d) LY Lesall Jolall cligiue
LBBY 55l AN Jola Ao Jpumal) &5.2011-1995 55l Pla 5 aa)l
(P) &lshall dasall (AS)a Jol) ik (uad lgie IS ellay 1 i 42 Jlsal
Al jselal (ol (sad plis Gl sda ahaedd gl alall oIS LU Lo
Bl 3 SN0 salsal gorall Ll salad) ae il (ool g o)
e %65 s> b A (galal gaall Heels e mill Jn Lileasls AL
A Al 4550 2505 e @lall paaill el ey Digeadl Byl il
& el B golall g aail) 0T 8 Aaillg, Lgunall SV (e %8 8 Ll
pu AT dwlal dahy) Al el Loy Ldalbed) ) bl e %73
Iadsall Glubal (llas Call e gl of LGhlall Gan b 5)sanay
Dlhse 068 Ciny el g acaill slga) of wlin ally dalull dugsally

cidalid) dadaiall ¢Sl aUall e acall Jolal) ciligiue sApatidal) cilalSt)

A g

31




Loge A Aodalud) dahial) A 4 sall Jgladl Gl i pladinly b gisil) aUaiY 065

using the fault Tectonic regime outlining
plan

22Mohammed. ALISSA®, Nidal SHOUKEIR®, Samer ZEIZAFOUN (

(1)Higher Institute of Earthquake studies and Research, Damascus university E-mail: mohammed.
alissal1985 @gmail.com;
(2) National Earthquake Center (NEC).

Abstract

The aim of this study was to outline the tectonic regime in the
coastal region of Syria using the fault plan solutions of the largest
events recorded by the Syrian National Seismological Network
during 1995-2011. A dataset of fault-plane solutions was obtained
for 42 events having at least 5 P-wave polarities. The tectonic
regime for the most of these events was extensional and produce
normal mechanisms in agreement with the local configurations of
the seismogenic faults in the coastal region. Statically, the results
reveal that the pure normal faulting appears in 65% of the calculated
focal mechanisms; and the normal faulting with a minimal strike-
slip component appears in 8% of them. Consequently, the normal
faulting appears in 73% of the processed earthquakes. However, the
strike—slip mechanisms were more scarce and restricted to certain
areas. The results of this research are in contrast with previous
geological and tectonic studies which predict a thrust faulting stress
regime should be prevailing.

Keywords: fault plan solutions, tectonic regime, coastal region,
Syria.
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dasia -1

giad) cuad) e sy (1 JSall) dupall dngpall o el Coplall 3 djgu o
dalud) dalidl Jlad 8 alad) 138 adliy el ol paa ol e el
el aganl) (PISE (pdllly B8 Jouall) paa Ui e dSU disre Cujf
Apguad Cunall cluglill dbjla (8 madan ety dupll dasdall dujl
djgm b AngSall Glagall of A&l cluhall @aelil . (Rukieh et al. 2005)
5 S zlaaalat cllee gy oSaw (e.g Barazangi et al. 1993) losac
LY Al cluhal) cayd sy (1 JSE) dujed) dagiall Calll xie @lS)any
sebe 3 Llls dhaaill lasdal) of edijge & candy AU DG GlasdU 3)5)
Gt alsal ilagtill o2 3ilny alal) paaill sl 1550 g Ayl dal))
Garfunkel et al. 1981, Chaimov et ) cuall jadl g aa alas Joha e 4
O Aolalil) Al oes sew W Ao Ly .(al. 1990, Barazangi et al. 1993
3] ALaYl Bpasng Al 485l Grualill e Ljpm B Ualis SY) 3kl

hlie (e dleay Loy Laliall 13g] dubiad duale il
Glgine il el dahidl 4 SgSil) Ul el ) G 13 Ciag
G a)ll dygudl dshasl) A8l lgalan ) cbell LY Leaall Jolal)
Al el & Aadal) g gaall dliial e Gyl g€l bladl) s ) Yseas
dbigh fad Al &g 3 (M25) 5l IV LSS 850 of Glasalls 2] 13
350-200 s> (Ambraseys and Barazangi, 1989)l,s L caws s
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caal) 58 DA LG Al e pacall pan jseh can @b of W oS i
G ) chell e 2l sl AN Glua o Gl 4 <Al &
Jsl) ilaadad aed gia IS by lly DY aayl dysndl dslagl) A0 Lgalans
A lead L dalla 0sS Gumy ey 81 e (P) Lokl dagall (3Sa

Agdald) Akl 3 Al g ganall ae 43jlall A5 5300
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g B Emaal) GG JaLial) -2
G 1995 S8 G5iS 14 8 lebae JBLY aea)ll dypud) diihagll Aeal) iy
(1 SeC) sl yumd dlass 27 (e 4Suill oda illwy .(Dakkak et al. 2005)
eanaill Cargl) OIS A B 5a oY Adaall AIY) LGB llaras Lnyg)
Cuall sl paa ol ok o Suall LB B Llas S aa) 4504 o3¢
ACasl 038 Jon dabiads laglen a3 o oSag (1 JSall) Gy Ljgm b 4o 5
.(Dakkak et al. 2005) aajell & disuilly dndlaally Jailly Juaaill allas Jie
leoanls Jie Jae Gan 5000 o B aca)ll duygud) duadagll A<esl cala
(Abdul-Wahed and Asfahani, 2018) 2001 4y 1995 Jtll 5\
Gl Joall) paca allas Joha e (2 JSAN) Ayl A1 RGN S5
DYy s Ds e gl (3 Lageady cuall el gaca sl Jledl) slsaYl
Y sae Gt dgag gyeudl Jalall LG udy (5<Ms<6) Al
Galudl Lapslly Jaudl dikaic o ghlie s20 3 Jaadls Jlly (ML<4) disn
al o dpu b BN LLal) dalld) SLball e daed) Cibeay (2 JSAY)
Garfunkel et al. 1981, Chaimov et al. 1990, ) Cawally Jxisall f #oh5i
Ladagll A<l cDlans capelil cua ,(Barazangi et al. 1993, Brew 2001
o Alae 5l i clia (e Sli o Lsins iy Lalaall 138 of JIGIN aea )l
Caedy A AN Gaad 550 A dalaiall Apldl luhall s 5yslad) Joal
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ASye g Al dal)) jehie @l il 3 dladill cilagdil) aliea of Ljsu S
Al gaa s Joha e A Al oalsal \gdilyg (salall g 1aill il
Abdul-Wahed and Al-Tahan 2010, Abdul-Wahed et al., ) <l

(2011
37+ ST
o
d
36— B
35 -
34- -
Magnitud legend
O s0
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33 0 30 -
& o 20
1.0
I I I I | I |
36 37 38 39 40 41 42

O OB aa)ll dygud) duidagll AL iy LeS Wajlong Ajgm (B (MBI lal) 2 <&
& dbiadll iy .(Abdul-Wahed and Asfahani , 2018) 2012 s 1995
Ayl dakaie gaa
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Lufpl) dikia -3
535.5 Jshall Jhiy YW 36.5 5345 Gae i gn dubal) dihic ya3
allai Lt puas) (e da cpallas dalaial) oda et (3 52 (DISal) 6,5 36.5
Jsalll g aa Hlais (DSFS: Dead Sea Fault System) cudll sl gaa
Q) mitie Jadg ()l audll :pand (o Ligsiy dilaial) o3a (555 - 340
Barazangi et al. 1993, Brew et al. ) &uasll cluhall cuy Ally Caluasg
Juall dluls Jalty 2 il avdlls (Pull apart) a8y oaleal il (2001
alan 5l i @y AngSall bl duhy ) dalad) cludyal) cdybs dulalul
Lihall el pag @ .(Al-abdalla, 2008) lele cudl sl gaa
iy nslsiysasall Ahally Lelyll loagll dhod lgie dibiall 4y
Al-) &) sl g (Trifonov et al., 2012;Trifonov, 1991) cuaall el gl
Gl ing (g dsinell e Adaldl AL gl skl 4y (abdalla, 2010
BRIN
el pisgpall Alalall d5al gl o cudl el paa sl das
(18+2 mm) isa g aall 13a dlsia) o Lpsuail) ASpal) ke dly Cum A Y
Cudl jadl gaa s Jay L(McClusky et al., 2000) caws diull Ly
Giginmdled ola¥) 53 Cilias paa ye duhall dihie Cgis 3 dygud) )Y
Gl (agn Al Yias lgad) LS Lagians oo el cuea ) ot (s
iy ysiaall HLY) Cupelil My aclE (g 41200 ) dupll ails ap 3
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S e pal) Gl g acal LaadacY) AdgElall Al of ddlidgall ciludal
SV pi Ol pagal dyall Al Wi L (Devyatkin et al. 1997) . 2500
gaal GuakieY) AElal) dahY) o dplull luball ¢ 5 4clE G582 600
goxall 038 iy, .(Devyatkin et al. 1997) » 1500 e x5 Y 8l Gl
Al ahaiiy dpall Bl e yims Al dwlad) gorall (e degane dadill
G Jledll 3 Qe asal AKA goaall slam (3 JKal) Ldalud) JLal
Gllly Glias eaa o all sl Juall Al sis L asll B
Laly¥) Cudl adll goaa alhiy dadye daal 40S 4y (e Hle a9 )3
(e Laalll Ghlial ahdy dpalul) a3y 2l ojlaasl (B4l lealin jaay Cas
lpans Yiey 5 )all giad) s dgatiall Ll goaall (e de gane dluludl o2
dabaie yfass L)) dilaie Jlad b aid 8yl o) g o ol Ll e b
Aladl) 13 Jlad b sieall A1l Gl g daal) dasieall g Al
—4DU) gora doshie (Bl Cigiall e sansy ugpsh Jhs Al Jiaialls
by Baieall ansy 8 Wisale WS 5,80 ol gava alas calidyg S
e sl BSHl) ad adSEy dpall dspiall sl asaall Gl e gk
38 CgiaJlad oladVl dgaidl Cudl il paa Hlai cliliiel aud el

sl bl (i ) (3ail)

Jill e asag QulS=480) gona daghie e cuall ) sl dahic ad

Lasyally Madll o€l aidie Wasd 58l i) e Wl i) alad) (aa
pladl slai¥) il ggaall (o daall Javi) dadaia adady L ulS=AEBU goua Hlay
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gora ) ALaYL GulS-AaD) deshiall ) oty ¢ e a3l Jled
gonnall Lo dlly el o mpag 5N Ll el lgae dalilie duils
Al B ey daugoull Gigin syl Csis (e S paa L SN
(OSSO R e Sy olatW) s 4l (B e @lliag L pad) cagiall olasYh
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Oalls goaall aaY Ayl (Ol o) Luhall dalaidd dlavne Lnglg dhjla :3.J<4
(el Sl

sl ol ASa tlaay ESa Jads AngSHl) Laldl) (e duhal) dahie il
aie Ty Jadll Sl e e siadl ) Aedlsl) 3haliall dfies Zylalil) AL
S &gl Gl Afiee L) dngSall GASAlly Bl cgially A slasl
oaidiadl (ISl duatn dis o Jadll pSll e e o) Jladlly Jladdl
-(Trifonov, 1991) (uS=480U) ggaa alaing il 5uSl Heil sl
daddiall 3kl -4

Seismic focal ) 43050 8,500 41 L) Jseasll Cinan 88 Claadlall (e el )
Lay ) leie salsiadl L0551 cDlaall e fliel dum ¥l ciliell (mechanism
A AU b a8 Alls 4l ale (S5 .(and Wallace 1995
g Axhais (e Ay (BB aoiall Jsa aa)ll cllaad aliiall dhaadl g5l
Al sl 43S yiias (P) dalshall dagal) dpdad (3 ZINBY 530 Jsa Caanall Ly
iSa Jo) il 13 dinge (P) Aol dngall Gl of mllacal a5 2550 55
C ) W ey dhboail Wl ciags Y a5 (First motion)
A Jol cul€ 13 ddls (P) ddshll dagall Ak of xllual LS (COmpression
clddll Jie of (D: dilatation) ! 3eys A ol Cragi Jau) sas
Caallly ZIBLY 8y50) Y Jolall gise aaaty mrany AdLl Glubail) e dnsal
(4 JSa ) il (givedl DUaial Glens
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Dilatation

Compression

culubadll de i) spaall ileall i Gua AN 550 AT Glaad Javed) Tasd) 24, JSE
abbeca) clubdll i Laadl speall 5lsall Wl ol

A5 550 4T sl (FOCMEC) zalisll slacls (Snoke et al., 1984) »l
2 ua) (SVIP) dasd) i e (P) Adsh) Aapall Aukd o SlieL
ob 5 (S Aasall AIHEN LSl A SV el s 5 Paasall ded P o)l
4l b (HASH) Lgasly 4 (Hardebeck and Shearer, 2002, 2003)
Bigall tadll jolias aaes Hlie¥) Gue 2allg (S/P) Al A aadied] Walewsh
Reasenberg and ) &1 bl ST Lgwsall 53l Adl s Cum,
gl slac) 3 Laié (P) dlghll dagall 4ukad Laxisul (Oppenheimer, 1985
Ol Gpsiedl o @88 Jad 1S bay (g Vs (FPFIT) (ool
o) (PINV) 4xaliy & Liel a3 (Suetsugu, 1998) Wi adasdll ekl
e (Sas abie Disma o 1= 4l 1+ 055 o L) (P) Adshll dasdl byl
(Moment tensor inversion) agill ddsias i ddac chals By Judal)

Jols ddgise 2 o aSall Uaall o ol elhe) 050 (sl dagate dady
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(Abdul-wahed, 2018b) ,& .(Fault plane solutions) desall cbigil
Zollo and Bernard, ) ksl daplll sl (MECA3) gl slacly
cread MBI 85l LY Jeagll ha e (S8 dauSel) Alled) sl (1991
UasMal) ciliaedd) degana o alieYU Ledall cbgind) clabes Lllaial
(B 2apll cllase o (HIS 230 (& dlasdd) Poadshall dagal) duki Ji)
lebye LS dllaal) GBS ally I3 laalls 336 ) (Bayesian) dulie plaaiul
55l Al z3gai O lalaa dllain) yafy =aliydll a 52 - (Brillinger et al., 1980)
dsls Jia dpesall Gl Jolal &Sed) Lol azend dald Siaa DA 006
celindl maw eladll goiadlly eaall (gl Jola aliall Adlasyl
e eilie Gag AT maby Liseadl 3l @l Jola =y (MECAJ)
paill ~lwuly (Zoback, 1992) caws 55l 4l Chialy zawy WS gy
Abdul-Wahed and ) (SH max) L) @Y1 slea¥) Hsme slaily gl

-(Alissa, 2020

dagdpe A8l A1 53y ekl ziseill (o BBV aial) oF AL gaball (iaguis
A ALY Bl Al e ol Ay saae LB 83l adse Gy ol
Aki and ) e L s (BN dually Cweddl) gaall Lghll clalasy)
Caall po labls hiwe 3l Jolall Gl Jia cus (Richards 1980
S I 55 4l Cluas (Salamon et al., 2003) A6 .45l 30 el
Opdall Al P bugidl 38 dabie A sl (ML >4) Jsdl) Loy

i gae o X5 a3l Jolal) of sy (FPFIT) (opwlad) malisl) aladiuly
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malil) 138 aasil IS cud) sl paca Al Jsh e ssdil cille
b iy aa 3l Gias 30 Msad LG5I 5,50 2 (sl (Bréuer, 2011)

el jaall s

A i) i -5
leaY) dis claladl e YSN) 6 AN 55 A s of LA o
el @A) milaal Ll ASal oladl yasty GV 5l 3 I
ol Gl 2leadll dnia Clie Gl de al dlgaY) gladd bl fsalual)
NeaY) olaily (adac¥l aleal) olad) aa days 45 Ll Gaai Cige @il
Oliall GLginl b A p 8K <o Al culaall dlld cuxly (gHraal]
g (ense) (oelae) LlalV) jonad togiill jslae claladl olassy 55l LN
¢hug (P: compression axis) baall jsme ey gaaall ol Chaiie b
Qi) el 22al jsaay (MaX shortening) ekl juaill opds 4i
T: tension ) 230 jsma ooy Jhleal ol Chaiic A ai (250 oo
Wi .(5 J<al) (max lengthening) ebed) Jslaill sois sy jglay (axis
Bor) al Jays Gl nygaadl aalay gally (2l f) Laswasll osnl e

Al g 05 Gaag Yy Guaial) i) adalis e lasl (s (nUl axis

43



Loge A Aodalud) dahial) A 4 sall Jgladl Gl i pladinly b gisil) aUaiY 065

nodal planes s T (axis of max. lengthening)

quadrant of compressional
initial motions of P-waves

guadrant of dilatational
\ initial motions of P-waves

LAY 85 8 sl jolaa waanl Javadl) Tasdl 15, <&

Sv, Sh) &@Y)s adsalal clalady) 3l dum V) 5l 8 sleaY) jslas of L
2 (Sv) S8l el of ) (Anderson, 1951) @l s 58 (max , Sh min
Sl el 138 oIS 1M (Tectonic regime) JSssall alaill sy (g3
cyylausg (compressional) Llabecail JUsill 138 IS (T) aill Theme o Lyaual
sl QIS 139 ¢(SH max™> Shmin> Sv) ABlall sty oSall gaaill 4] 48
(extensional) Loas aladl 13 oIS (P) daall Hsae (s Luadael il
S 13 Ll ¢(Sv> SHmax™ Shmin) A8all Cifaaiy (saladl g aail) 401 4 <ylasusg

(wrench) ews Lo La5a alatll 138 (58 (B) Lol Dsne (51 Libanss Tysne
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-(SH max> Sv> Sh min) D)l sty 1@Y) dulall dalY) Al 48 syl
VW mren iy Yy Unns 35530 aUaill (Anderson, 1951) Casas ey
Simpson, 1997; Hardebeck ) aUail 13gl Js¥) canaill dal (e nie 4y

.(and Michael, 2006

Al saay (B) aball ysmay (P) baracall Homse (Goadll) dae Ly caensiind
Olinlaa) gialdl axdiul sy GV salsall dngsall Aadaly) e QYU (T)
claladyl il e (P, B, T) &l jsladll jlic) (Kall go il (1) ol
(P, B, T) &l sladll el oSadll (g 4l (2) ¢y IS sleadl s )l
ol g o) oS Ml geaall YY) plad o clhise Ll e
Wy diaal g1 6 Laly Wakaa (Frohlich, 1992) Jadf .ieaall iS5l
Lee bl bl Jaa saaly ddaiis (P, B, T) ailly (gabally Jaaall slaall (e
ol (Célérier et al., 2012) as M .cbjlad) el Lpay diles el o
s 3 lgaY) slae clalady Algies Sty Lok (P, B, T) &) jsladl)
Jadl) e s AY) WL L Adals culS dudl) lgaY) lae o
Frohlich, 1992; 2001, ) . L geuall @YYy ¢ aall Luvia o yuat€ Ly
duall Lo oy gl aUaill JanY) Casail) (Frohlich and Apperson, 1992
oS! (6 J<all) dpludl SN GluaY) Sias (P, B, T) &l slaall (gaal!
Kagan, ) sy .chuag (g Sl Gbiadl e dauly dalue 5 caiaill s

1 dadis ele) dadl 53 padd) o adiey Unss Lawas (2002; 2005
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ST lewas (Triep and Sykes, 1996; 1997) (aje .goush ililars Chsiaal)
oblique ) abld) Lesall B G Cuiai e Jpanll Cagr YW
(B) walall jemdll Ju e adiay lanas (Zoback, 1992) ax, .(slips

-(World Stress Map) dualall slgay) ddajla 4 4aadinlg

Gilibaral) 3352 —6
S s WS aa)ll A<t s Lhaxs US axeg dujge 8 daidiall LGN @l
Sar ) ceaall i) Jola axe e 2all ) (Dakkak et al. 2005)aa sl
A 58 giall Cladanall IS A8y lianis 3 AN 4wl dihice b Lgde Jseaal
e o L leie cilogladl) (o oS Lo ST e Jgeanll Cangs Jslall ddisa
Abdul-Wahed and Al-) disa claal cul€ L5 6 dasall 2G5 Elaay)

Tahan 2010, Abdul-Wahed et al., 2011; Abdul-Wahed and
Glukd dwed @b Al dddaall GlaaY) jaes Uysel 3@ (Asfahani, 2018

Blide degane ol N Tads LA 550 AT Gload dallia 5o 2aS P dagall
dalla 4y GIaalS 5ymme il duhal) dahie Jaly Caady Gaaa 42 e d36Sa

(P) ulshal dasal) Ak (sl
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[ Q.
S B e B e e e e =Y e L W N -
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o & e
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Dt ey 8\ pP°
90 60 30 0
T Plunge (°) T Plunge (°)

Lls) s &gi€all dalaly) canail b)Y (Frohlich, 1992) iy b lalada .6 J<i
g BDlis (8) Sadls Gmame say (P, B, T) ally sladlly Jaiall apdill glan e
(a) Thrust (Th), strike-slip (Ss), and  : JKEYL daadiial) jeeslly 4ia 5yshae
normal (No) regimes as defined by Frohlich and Apperson (1992) and
Frohlich (1992, 2001). (b) Thrust (Th), strike-slip (Ss), and normal (No)
regimes as defined by Kagan (2002, 2005). (c) Thrust (TH), thrust and
strike-slip (TS), strike-slip and thrust (ST), strike-slip (SS), strike-slip and
normal (SN), normal and strike-slip (NS), and normal (NO) regimes as

defined by EPRI (1994) and reported by Triep and Sykes (1996, 1997). d)
Thrust faulting (TF), thrust and strike-slip (TS), strike-slip (SS), normal
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and -slip (NS), and normal faulting (NF) regimes as defined by Zoback
.(1992) and used in the World Stress Map

lgess Al Lamaydl @l aladinl chiell e B degenall dallae Casy
ixy Jyeall Aiajl wanty oasal) JSAN e (e T Seisan 10.3 gl
o Lanls Sle )3l aisal gl aaaill ey I 550 @l e Jsaanl
Lide slaall Cilaal) b 38l Gauat Cangay gaaill cOlalaal Bgigal) Saail
e 2y Ll sl ) HLEY) 4 Gawadl Ol e 4aad)l) dppual)
L o . Jgmasll diajl uleld 2ae afy a8 AN dagiig gy Sy P gl gkl
o) zisall Gaity Buaall Jpeasl) dia)l aladiul 5l Bl wass salel
25 g5 T dSA Gape L I el dpendl Akl Al axsil)

bl dihaie Gaaa 85l 40T dudal dalla 8ydeal) 0510 ClasSU datald)

) -7
Sl Seisan 10.3 gl lgasis Silg edkel 8)6Saal 35l Al iy (3l 5
Gl e @ilsy @bl gaall L1 Glaal) i el G pladd) Gl
(b Glaal dez) 5o A< calks dulall daBy) A W oddad) deaal
il cliag LS Qb paal Jledll dndl Jie hlal Gass 8 5)seanay
55l ol jalae 8 JSEN Gayey o el 8 Lady ot yias b el ganal)
Adalul) dilaidll 8 Alawsdl) el (e Bl desanall Jal o Ligunall AL

ihial) @b & S5 salgall daall il sglaall 138 Sy Ay 00
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255 (B) galall saay (P) Laraall jsme die Llg) il 13 (3 Liesiid
GYY) pled e chdise Lol el 55l ST e lgdde Llas 1 (T) il
Frohlich, ) cifie e Us3l s3a Ll 23y Leaall Sl Canatl eaal
Ja)s saaly Adagiy IR sladd) e Ulsy el 5301 05 Ll Jalaso (1992
Gl 13 (Zoback, 1992) sk .alall Jiall pms dislae shay (Sl Gulial)
(B) sl Londll Jue e adiny Zeaall A5all Suas T lanas 2
Glie adiaing (World Stress Map) ddlall algal) da)la & aexiiul
Al Leaall B 3 Canal e Jsasll Cargs (Zoback, 1992)

) 138 =55 (9) JSA (e (Oblique slips)

T Plunge (°)
-8 JSal 8 (d) el 4l laally diguaal) 5500 LY (Zoback, 1992) i
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Slo Gl Mgy Lisunadll 55l LY (P, B, T) slaall dae Ly Lalaw] jelad
e ulS Aupall ke 8 desall S Ml of (Zoback, 1992) i
Aanlll adll plas e il 5 Wlaals - ole gaa e Jug (NF) Ciaal)
550 ST e %65 Jss & (NF) L ole gaaill oS Y (goaa eligi€s e
%8 3 (NS) duslall A1 &jal 4850 3505 g Tole leasas (IS5 Ligundl
& e 3 gl paaill &1 ol Ml (10 JS8) Asead) @l (e
e b e da GlSin @l S Bladl Ldadledl o V) clied) e %73
Uy iy %15 a3 el AaBY) g agag e Jaig (SS) caial
Al gl 2Bl sy ol (U) canatl) aa il Javy b deaal) IS

ke eda A o Ju @il (TF) Ciiall Haa Lot saaly 830 Y] el
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Gl Cren Llalodl dalaiall 8 Ligund) 5)530) il GaliaY Aogial) Conll:8 U<

" .(Zoback, 1992)

dsdlall -8

ety Cudll el gaa U Lea Gy (g€ Gaillas duhall dibie & e
b Ll dah) 3 cudl el paa pUa i BHall Jeall) g
gl (B Bsall Ladll ABiall (ala¥) DA ge e ol Sl
coe(Garfunkel et al. 1981, Trifonov 1991, Brew et al. 2001) &)
Brew et al. 2001, )olusy) aly ciliially k) (5)laall Ay adad s
Gomez et al. 2001, Gomez et al. 2003, Meghraoui et al. 2003,
Ayl Gaslal) dalY) @l elsh ol ) 138 il (<1 .(Gomez et al. 2006
@) g aaill 41 dadlead)l Slaa¥) eV ISy 08 adsi WS Byl 4401
Bl e Ju 135 dsenal 550 Gl e (%65) 4iss L lSs Ay (NF)
Gl aliea ob dagil) sda ot oSa Adalud) dihiall (B gadll el gl
Alail duilall porall o dadly <l 2011-1995 duhall 558 Pla dad)
dag il Al a8 Glidee o Aaaliy Adalull Jlad) Alule b cud) sl paa
Gl jad) (i Glaal) (e salal g aaill @i o (Salamon et al. 2003)
Al paa ol il Jeb Je nia dule gona bl dawd dgell iy
ASr smy G Gl 13 b lgle Llian ) &30 ey clil LS el
8 Ly 0l cpfaall 8 Jall g8 WS (NS) (alal) g aall 4401 (5815 dasils dualy)
o3 (35S o (e S 5 agin B adlsll Gl Jlal s LSy Q) s
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Aalyl @3 sl Sl ey copglay JAdae - ol gota dhaie Gl
OlSE 0,0 dihiie b LT Ll all g o sl el dnel] e Dl

Al LS Gl e @ole g AT Aahaial Gl 8 dadlgl) Gl alieal

o lelh Al Baa Glaal e el 8 lglaa &0 Al @Y e )
sl Jia of W oS Malls dulaall gorall (mes s ge it B may)
Lady o oSer L3l 8 QB Glaa¥) Cle b Jilial L aleay) s ddaal
Nia lay silly BV esiel (e 5k s e 8l daadY) goaall of slied
Jseb axe MEeY) 1 acay .(Meghraoui et al. 2003) Ll LS i 850
dabic B Sl L)) porall Saa Ally Copmall bl Zuslal) ZafY) Ul
Jis elaig gl skl (Al Abdalla et al., 2010) dlaadl s Saldudal
iy ool Akl bie ddalul) ddlidl 8 (palaeostress) aadll clalgay)
Crasalllly clighghuall S (58 ligi€s cyypla 8 dilaiall 038 o angg cligjgiand
— ) dahie Jlad 8 OasrdgY) Llgs B Y) el Al Dlicat) claginll Ll
3ia NNW-SSE slas¥l Llicaly) cilalga) e ddhiall o3a cule ¢ua Jawa)
53y el ol Gnll a8 lgdde Lhian Al gl oS 0Y) s Grugall dlgs
1) . aral) eligSill Lty of oSa iy dakia) o2 (b uSal) g il ]
Laslsal luball Jad) slea¥) dia e ed ally Gl 1 il Callas
gl Se by sl algal) dis oy Can Ally dalad) dggall

SlgaY) Jis 8 s s Gugaay
4l -9
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& A aa)ll dadagll ASWAL ABHY cOlawdl) sacls Jidan Call 128 (A S
dadig LA 85l AT Clead dallall claal) jladl Gaag dlalud) dakidl)
s Lgd OIS 2011-1995 sl A s L) G 42 lia of o Sl
Cuin BB 55l Al Glual ) sl ey B e (P) dnsell iyl
A aliee & Dlanse oIS ol elig€il) o Lgundll esall Jolall Glbigivs
Sss 8 Al goladl paaill jsehh o il Ju Lilaals AN sl
Lal LS50 250 g olall gaaill Hoekh o dugunall 5)50) @l (0 %65
8 galall gl 1 ol Aagillyy  Asgunall L) 0 %8 (3 duslal) Al
ST dalal) Zahy) &l cilS Ly LAslledl) dusm V1 il e %73 8 el
aaglgall Glubal) CallAs Gl 13 S (o) L shlid) any 3 Bjsanay B
O e e 06 s Kell g acaill slga] of @l lly ARl A gl
EaaY ol Adall) Aahidll 3 Dgead) 3yl Gl o I Sding Thausis a2k
Joba Ao Jlaiasll el salady ddasye maf¥) o Ll Gl Hudl spaa
2l oda i Aaall dlgal¥) Jis San (JElby Coall adl gaa ol el
oy Lpsm (8 L Jisha (M>5) 80l S Basall (p 0580 laills &gl
B Al oda s DA LY Walas el ol ) ggaall (any of maall (ped

(Jshl L) 558 Pl dass (5
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paus il (BB aa)ll shagll 3Kl ) doall Al Gl 3 silse ang
sl pals J<y dalgl) Glblasdlly lagleall sy AdBHI claally
gl plall Ll Gliie syl LSl MLS KA Osediy WS Chugdl i

(i) 138 Aee) 430 2L
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Calculating the moment magnitude (Mw) for local
earthquakes in Syria
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(1)Higher Institute of Earthquake studies and Research, Damascus university E-mail: mohammed.
alissal1985 @gmail.com;
(2) National Earthquake Center (NEC).

Abstract

The moment magnitude (Mw) is very necessary for the seismic
hazard studies. Unfortunately, it is not available for all seismic
events happened in Syria and recorded by the Syrian seismic
network. Therefore, the spectral analysis method has been applied,
in this research, to calculate the moment magnitude (Mw) for local
earthquakes in Syria depending on processing the modern digital
network records during the period 2009-2011. The calculated
results allow to derive empirical relationships between the moment
magnitude (Mw) and the local magnitude (M), and the coda wave
magnitude (Mc), which are both included in the published seismic
bulletins of the national earthquake center. The linear correlation
factor (R?) attained good values, which allows to depend on these
empirical relationships to get confident results of the moment
magnitude (Mw). The residuals between the calculated (Mw) using
these derived relationships and the calculated one using the spectral
analysis method are minimal and within the acceptable limits for
the majority of events.

Keywords: local magnitude (My), moment magnitude (Mw),
spectral analysis method, Syria.
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Study of Stress-Strain behavior of self-
compacting concrete SCC Cylindrical
Samples Produced of Local Materials

Abstract:

The main purpose of this research is the ability to produce self-
compacting concrete from only local building materials, it is
produced and tested experimentally, and it has a high operability
and able to pass and flow within the concrete member and easily
penetrate between the reinforcing bars without the occurrence of
separation or accumulation of the concrete mixture This enables us
to use it in construction, restoration and strengthen at the lowest
costs of production.

Three concrete mixtures have been produced with three grades of
cement (550,500, and 450 kg/m3) and three types of chemical
plasticizers (HRW, Sikament, and S) and two ratios (2%, and 2.5%)
of the weight of cement, The characteristics of this type of concrete
in its fresh and solid states were studied to determining the

cylindrical strength, measuring the stress-strain curve (e,¢) for the
tested samples at the age of 28 days, and comparing the results with
models (e,§) for previous reference studies and research, the results

showed That the convergence of the curves reaches up to (80%),
and that the closest curve to describe the case is the POPOVICS
curve with its ascending part and the EURO-CEB curve with its
descending part.

key words:
(Reinforced Concrete- self-compacting concrete SCC- plasticizer -
stress - strain - operability)
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Structural Behavior of RC Beams

Subjected to the Direct Fire Flame

Abstract:

The purpose of the research is to define the structural behavior of

RC beams that were produced in the laboratory using the classic
concrete by subjecting them to a fire flame generated by special
thermal system that works using domestic gas butane "liquefied
petroleum gas" to produce energy, placed in a special space to
conduct this type of experiment.
Six samples of RC beams were produced using classic concrete, the
cement grade (550 kg/m3). Two reference samples were fractured to
study the mechanical properties with Load-Deflection curves (P,A),
and the remaining samples were subjected to fire flame for two
periods time of half an hour and an hour (1h and 0.5h), using two
methods of cooling, gradual cooling with air and sudden cooling
using water, and then procced a behavioral comparison between
them and the reference samples.

The results showed an increase in the beams deflection in both
two cases of cooling, and a decrease in the value of the resistance up

to 2.48% in the case of gradual cooling, a decrease of up to 7.70%
in the case of sudden cooling of the samples exposed for 0.5 hour,
and a decrease in the value of the resistance up to 5.23% in the case

of gradual cooling, and a decrease of up to 7.74% in the case
sudden cooling of exposed samples for 1 hour.

key words:
(Reinforced Concrete, Beam, Load-Deflection, Flexure, Fire Flame)
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