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ABSTRACT

Qadhad is one of the most prominent traditional construction materials in Yemeni architecture, it has been
used for centuries in lining cisterns, roofs, and hydraulic structures due to its high resistance to water and
moisture, as well as its remarkable long-term durability. This study aims to characterize and analyze the
properties of traditional Qadhad used in the historic Sira Castle in Aden City, thereby providing a scientific
basis for its reproduction with comparable performance in contemporary conservation and construction as a
waterproofing material. Physical tests (apparent density, open porosity, water absorption, and capillary
absorption), hydraulic tests (permeability and hydraulic indices), and mineralogical analyses (XRD, XRF,
SEM-EDS) were conducted in accordance with international standards. The results indicated that the apparent
density of the Sira Castle Qadhad reached 1740 kg/m3, while the open porosity was 19.6%. The water
absorption was 11.27%, and the permeability coefficient was approximately 6.55x10° m/s, demonstrating an
exceptional ability to resist water infiltration and an excellent balance between density and durability. The
mineral analyses (XRD and XRF) revealed the mineralogical and chemical composition of the Qadhad, while
SEM-EDS micrographs showed its dense microstructure formed by calcium and aluminum hydrate gels that
fill the pores, granting the material outstanding waterproofing performance that has endured for centuries in
coastal environments.
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0.30 < Cl < 0.50 — Weakly hydraulic
0.50 < ClI < 0.70 — Moderately hydraulic

Cl > (0.70 — Eminently hydraulic (increasing with index

Area 1

value)

il jugll Hdse dad Ol ARl C¥ bl o2 o elug
o clulall jdge dady 2.16 o8 Bia dali Laladl (HI)
du Lee ASdg gl (e Aoles N puds 4 a9 ¢4.87
o 2 sd S5 LS (Sl Gl b ddle slS e
C—5-) asaudlSll cilSibaus b lshal 00583 e S5l
(HI) 4 2235 ((C—A-H) a5l cilinasll cilang o(H

Slaball 3 1.2-0.8 - 3ylie daifipe 2.16 Luhall 220 3
16,10,11] 4alud)

1 Bk — (SEM) geuabe (S5 58 g 5,90

(SEM-EDS) aladiuly g maind) Judaill 3.4

| (SEM) muldl 35S senddl jsum (9USN) muns
wo | plasily Aibal) pualiall igdally S (gyeaiall (bl
i yamindl atll it il 5 Ly «(SEM-EDS) dui
il R A35Sal) yealinll Al ol e (531 (5 Jgon) B
“o_f-ﬁl L., i WL Bya dall (e aliadll

00!
0

Q0 60 80 100 120 uo 160 180

0Cnts 0000 keV Det: Element-C28.

A gl alaiiuly pualinll (Sl Joladl) guilii :(5) Jsaad)

cighally (SEM) qealal) (g Sy sgaall jgea 19 JS) (SEM-EDS) 4l S diiiial) A8Ual) 4819 prslall
B dald (a aliail) dial (EDS) Adasl) o Al ol
) (%)
(0) GeansSY) (grmic 831y N (SEM—EDS) it i, 0 54.45
e %23.81 5 %54.45 dawy Al i (Ca) asandll Ca 23.81
&5 LS L (Si) %11.52 ¢ysSbaad) s ity (o b ¢ sl Si 11.52
s (N sl £ gty Bl oty 9581 yualic o AESI N 22;836
(M) asssiaally «%2.30 dawsy (Al) assisasNls «%2.86 S 039
(K) asslislly «%1.43 dasiy (Fe) aaall 5% 1.93uu Mg 19
(S) Sy %0.54 dusiy (Cl) i<l «%0.97 dawsy Fe 143
L ae Gl (SEM-EDS) il cijelaly .%0.39 duwsiy Cl 0.54
(A (gall Ja3lal) oy dleial) daalell sl b 3 K 0.97

2115

© 2026 JAST Sana'a University Journal of Applied Sciences and Technology


https://journals.su.edu.ye/index.php/jast/index

Ol B By dalh (pa (GulATY) (aliadl) Idlal Ll aaaia Chaags :GAY) Al i)l i :

2 Glel@ll aas baugia Jdatg Ldlaie Gl jgeall
Ox) BN Sl Glsiee vie Al s Bl
Slehall aas Laugia b mealy w5 aa ¢(%14.635%11.8
ekl ple ISy (9980 200 e 5800 7.45 ) Jead
e s ) BLaYL s e S Lygl Uads 2
e

S Al ddas oSal (g Sae 200 Gmiiie S e
bygs duaall coelal By . aaly Glai e dS) aas i
393 e (SiapsSile 30-10) ks o0 L as ) Tasia
ki cilalioe 3gn ) ALY ol IS 5 alaalh IS,
A (S Al e 405S 4y aa WS ¢ g Sile 50
Sud G Lae ¢(C-A-H) 5 (C-S-H) Dl claleally
OSal (03 S 40 Lagia Sty AN Glus 3g0a
Al 5ol Giliss 30a3 SISy QSN Liaslsyse aaas
bl sk A ACa dudl ol
sl e ada)l saldls S5 ((C— A= H) 5 (C- S-H)
daide calS Ll cidpe JIB Y culS chsldl assl o e
Glawd) (and a3 (g 5 dle S e (Dlgll Jaud
el Wle B Al S el salel) lipal Al
Aol 52l s Calaty ((C—A-H 5 C-S—H) iyl
Glus e chugll Mo s sl ) jesl lae tliad
lies <8 Al salall I S (IS

XRD« XRF« SEM-EDS cijjlaal mitis coxl e (s
chloa¥) @Sl LS & a aleadll dday)l salall ()
“hasy ((C=S-H) asndSll il b (585 Liad
A PAS (e @lldg calald <8 (C-A-H) o 52ud\SH linesl
LYl (IC)clulall ja5e dady o(HI) cllsjngll Hd5e
paa i o ahagl) Sla deny Gaa (9 I )
Lae ¢8pnaall laliead) (3M2] ) (5350 WS 85I lalsal)
caly IS s 138y dlaie pe 35Sl Glalal) Jaso

2116

neSsY1s ¢(Ca) asand S pe JST dnityal) el b LasusY
Mg ¢ sl oawlSl Il Baal) Clawdl (e 245 Al (O)
08 pgiab)y (B v LDle Joa [5] Al b Gl )
[37,39,40] <luball ) dalayl Zejtun aee L
QS A Ll 2358 ) (0) oS s g Ul (Smng
L gl pdy WS LASSLGW) Galeally GlaaS )l
ol (8 Gaill paiall g asuudSll ol ) (Ca) psanlSH
OsSabsall () gaeallSl) Ay iS5 L Aday)) BaleS padiual)
OsSbadl) poens U asudlll Ay ((Ca/Si=2.07)
Gaca pill sda g G ((Caf(SiHAI) =1.72) asiiesVlg
el ke @by lghl el Cauliall (3l
5 ¢(C=S—H/C-A-H) asullsll @il sinasll <ilyams
poaed &l 0uSs 508 ()l delddl) A Jim Al
38y ((Si0z) Sl 2l 36 5 ((Ca (OH)y)
SV sl delil) Cipm i Lee ¢(AlO3) asial)
oas yae Jia Y Al o ) lul) oda iy msaas
@y ASlypna A Bl b oS i ik (o
Sougl) pllall ade Qi miie sl ¥y Ak
Cilpd agag () ilisaslly OsShal) 3gng 5 5 . i)
srme Bzl g LYl gl jaall B s
opdant vie (S bl (A dsasel) Glieglly GsSobd)
(Cl) L5l<Us (S) Cas sl G alids) ol eyl . aliadl
Al bl Qi Dl Al (ailiad (st ages

s sl hELY) e paliall o3g]

(SEM) gl (g AN jgaal) Julad 3.5

(SEM) el 35 5N seadl) jsea (10 JSAY) meaasy
BN o Cuand ally e Al o aliadll did
200 Uy 40 ccilig Ko 5) dabide €5 Ciligies
o Adlida Hguall Jilat (pe Gaaliaal) af o JasDls (3950
Slebdl o e Ja les el e daiticsal) Lnsesdll dad

© 2025 JAST

Sana'a University Journal of Applied Sciences and Technology


https://journals.su.edu.ye/index.php/jast/index

‘l jﬂ\g&j\mcg\#\m@ﬁd\@mg&o&ﬂ %

b LS ALl salally SN sl il (8 a5 Loa ¢ gyl alimia¥ly dualinal) Jaliig (A8ES 50Kl 2ol

(S Jsall) 5 (4 Jal) ¢Omee IS (2 Joan) B LS M) dad pamlesil ) 25
S (C-S—H) cludlgll sk 35m5 (XRD) hla3 caf lall JJlaS Fassional lgall Jumdl e gl
s sale (s el sda o 3) ¢ jalne S (C—A—H) & LS (SEM) mulall 35 51 pgaall Hgem S elli
5 Si0; (e winpall (sginall (&1 cdgind) AeiDU Byl LS cdlagl salaly A clual Slieall Jalall (9USaN)

~

L »

(SEM) el 39 5SHY) gl j5um SN jeadll sual ((Imaged) maliy Jilas il
gl 5SS die g 5 St aie (SEM) | pelall

(SEM) el 39 51 jgaall j5um SN jgadll sal ((Imaged) mabiy dilas il
L reg S 40 5SS e . 595 40 1S die (SEM) bl

_9_)&\&200)5-.\54-\49 -)JAQ)S-}A200 p&m(SEM)K}uLd\

Zﬂ'ﬂaﬁbﬁs&@yuy@w\@w\wij\‘fjjﬂgﬁw\wﬂﬂ Jgad
(e 5504200 « fia g8 40 « fiag S 5)

2117

© 2026 JAST Sana'a University Journal of Applied Sciences and Technology


https://journals.su.edu.ye/index.php/jast/index

Ol B By dalh (pa (GulATY) (aliadl) Idlal Ll aaaia Chaags :GAY) Al i)l i :

Cu K of XRD il jelal: (Aaasslly Asnall cusl
4l %53 iy i)l Sl GsSdl s (3CaCO)
s %18.6 i iy (KAISI;Og) (5l <o)
%10.2 (SiO;) 55y <% 16.9 iy (NaAISi;Og)
OV XRF dilat (s LS . %2.3 4wy (Fer03) cuslasglls
4l (%36.57 drwis il 1SV 2 (SIO;) b
& ALY %23.10 Gy (Ca0) pse Sl 2 oS

%10 e B sy paally agiasl) uals]

(XRF) Julas il @Sl @iyl Jeliill e Jala
G Abad Wejedl Jelall @il sS5 ((SEM-EDS)
Gilinagll chaag ((C-8S—H) as < il o e
Akl ) a5 Les tlel ) Jads (C-A-H) a5l
by (5l lebsall Ldlaatl ilaety A3 Cilalosal)

L) Jial) pailead G5t ddladl) (ealids)

GUBAN Jae Jhat ) 3ed 1aaY) Jugh o)) dalai )
aulie o Llee Sy alailly Zolla) Aol gl
s e Glo Sl el S andlady ALY
:Cla gl 5
dag g Al Adal) daakilly dualall Gluagil
Sel it e Ly sald) sde Gl ) e
Ll lpailad o Lliall po cditidly 535all Ciligi
TP
Ul BaleS (abiadll dbagial) 48N ciliualgal) Yy
Clialgal) datidl Galiadll 5ol Ghgid b ash cslall
) bl Lilal plasal A0 2al)
O s of i Ay al bl A sl <
O S O3lal) Aadll 3 Jidi 3} PafaaS 1750-1730
Bagaas del e (o e}y cluall Jle alji (3as
8alall bl g puall Apmndall A KU ililans praces

2118

i Al (HI = 2.16, Cl = 4.87) 4805 el ciysall
Gpan s ey ASgngd sasd gl e saldl)
AN el e jeln LS Ay ne il
st gl Gla Cilas Auslatie Aa3S 4y (SEM)
Cigpa s L Gilln a5 (CafSi = 2.07) Ljaic
e G5B Ailalls A jeaal) A1 038 ((C—S-H) wludly!
& pendty ilaluaall aud sysliia e ASdgpam skl (3
el 35 SN jemall e LS ¢ Sl J3all el 615V
(st ) Redhgdl B3 (9 JS8) b LS (SEM)
ol ) Cus cayaas (XRD) lasl )3k aae cilyngl)
Lpslll lsSal e Lo it (3 Jsas) (2 WS (XRD)
(SEM) 5 (XRF) aal g8 Jalby (Dl e ads)
Glaagl chua sy a8 lai G LAY La
(C=S-H) anud&ll wlCbis @hyriag ((C—A-H) asandKl)

ralalingy) 4

aladl) 5ale @ligSal iy Lale Tafig Al yall o3 cuals
Gy g By aa dali (e B3galally colall Aglad) Auaudil)
bl ahloa¥) Gl & gyelaie bl alaan Ll
d-ailly ¢ (XRD, XRF) Jasall dodailly A Sy gl
ekl L (giiastysall dalailly ¢ (SEM-EDS)gyeaall
‘513 L

paliadll Glie i AUl Sy Aid el
o Lgale (aliaily CofpaS 1740 dnitpe dpens LS
saadl el alaidly %19.61  Aagiball Al
O Gued pabaiel dalee ) ALyl (%11.27
9 Ll dasiie 43y O5& x 2./aa< 0.0267
oabadl) 5.US dadiae chdgall s2a X5y «&/6.55%10
celall Ajle 5aleS dullal)

© 2025 JAST

Sana'a University Journal of Applied Sciences and Technology


https://journals.su.edu.ye/index.php/jast/index

Ji}g‘&&5334¥;‘gﬂJeJ\Aa;Aséjﬁi\clumﬂgﬁ;dﬂﬂJ“ EEH

[1]

(2]

(3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

2119

14l 6

S. Al-Radi, Qudad, the Traditional Yemeni Plaster,
Yemen Update 34 (1994) 6-12.

C. Weiss, I. Gerlach, Qadhat—a Comparative Study
of Ancient and New Lime Mortar from the Marib
Province/Yemen, Archaeological and
Anthropological Sciences 1 (2009) 87-94.

M. Kulaib, A.M. AL-Jolahy, Back to Traditional
Building Materials, Yemeni Engineer 6 (2006) 113—
122

D. M. Abed, J. M. Abed, Z. H. Al-Saffar, Review
Article on the Use of Lime Mortar in Heritage
Buildings, NTU-JET 2 (2023).
https://doi.org/10.56286/ntujet.v2i3.700.

R. Fort, M.J. Varas-Muriel, D. Ergeng, J. Cassar, M.
Anastasi, N.C. Vella, The Technology of Ancient
Lime Mortars from the Zejtun Roman Villa (Malta),
(2022). https://doi.org/10.21203/rs.3.rs-1897250/v1.

A. Solak, Experimental Investigation of Lime Mortar
Used in Historical Buildings in Becin, Turkey, Ms 22
(2016) 105-112.
https://doi.org/10.5755/j01.ms.22.1.9022.

M. Shivakumar, T. Selvaraj, M.P. Dhassaih,
Preparation and Characterization of Ancient Recipe
of Organic Lime Putty-Evaluation for Its Suitability
in Restoration of Padmanabhapuram Palace, India,
Sci Rep 11 (2021) 13261.
https://doi.org/10.1038/s41598-021-91680-8.

C. Zhao, Y. Zhang, C.-C. Wang, M. Hou, A. Li,
Recent Progress in Instrumental Techniques for
Architectural Heritage Materials, Heritage Science 7
(2019) 36. https://doi.org/10.1186/540494-019-
0280-z.

A. Gheris, New Dating Approach Based on the
Petrographical, Mineralogical and Chemical
Characterization of Ancient Lime Mortar: Case Study
of the Archaeological Site of Hippo, Annaba City,
Algeria, Herit Sci 11 (2023) 103.
https://doi.org/10.1186/s40494-023-00942-3.

A. Arizzi, G. Cultrone, Mortars and Plasters—How
to Characterise Hydraulic Mortars, Archaeological
and Anthropological Sciences 13 (2021) 144.
https://doi.org/10.1007/s12520-021-01404-2.

S. Al-Gawi, M. Algorafi, M. Kulaib, A. Al-Nono,
The Physical, Hydraulic, and Mineralogical
Characterization Study of the Traditional Qadhad

Oe sl ellds (%20 ge 05 VI i &) i gieal) Laelasdl)
Al e @l satl) jhlae dliy el pal il
LOlsdly dneatll lysa sl Y

Olamal ¢%13 jelais VI Jomdd £ jesll slalls (alaiay)
Ghliadl o aslal clasad) Lo Yy cdgha 1l 4516 daslia
Syl HUaedl dia jeall

Ol &y 7x10-9 oo i VI caag M Jalae
g piag ol Jie A Adle Aled

i) ey mal) gl Ll

LSl S saasse LibeSy duaee S5 ol a
t Y i) e ellyg Jilall alindll Aua il

%353 4wy (CaCOz) oSl agag aad i anall sl
Clanalil) g Loty eJladl 350, ool 3ol L g pm
Olelill ped b %34 Allen] donsy (anlly (iS5 S00)
il hya i dgaaal kYl usSy iyl
¢(C—A-H) asauallSl) ilinasll ihyain g ((C—S-H) asaualll
Pl dsmg st WS L ggandl il ssall ey Les
Oty Aol je cleldll Jalal %11 dw (SIO,)
Cpend (B 0yeal ¢%2 dusiy (Fy03) cuslanglly cclulall
LAl Galsdll (e

& (SI0z) Cbudl (o8 ol (rash iAbasl) gl
el Aol Baclal) 583 €%37 Aty e V) (35Sl
Ol ¢%24 sty (CA0) asaadl aaaes] Lgaly Ay 50l
coall el 83l 053 dguaal) sk Sl DU puaial
i g « %9 ) (Al03) Liasl) dunss dosi o Juads LS
(K20) asmsbisdly ((Naz0) asmseall aalsl o 59200
dadine 2alSY) 038 pgedt Cun ¢ Mgl e %35 %4 s
eIV iy KD By AN e lal) s b
alall Dilally Sl

© 2026 JAST

Sana'a University Journal of Applied Sciences and Technology


https://journals.su.edu.ye/index.php/jast/index
https://doi.org/10.56286/ntujet.v2i3.700
https://doi.org/10.56286/ntujet.v2i3.700
https://doi.org/10.21203/rs.3.rs-1897250/v1
https://doi.org/10.21203/rs.3.rs-1897250/v1
https://doi.org/10.5755/j01.ms.22.1.9022
https://doi.org/10.5755/j01.ms.22.1.9022
https://doi.org/10.1038/s41598-021-91680-8
https://doi.org/10.1038/s41598-021-91680-8
https://doi.org/10.1186/s40494-019-0280-z
https://doi.org/10.1186/s40494-019-0280-z
https://doi.org/10.1186/s40494-019-0280-z
https://doi.org/10.1186/s40494-019-0280-z
https://doi.org/10.1186/s40494-023-00942-3
https://doi.org/10.1186/s40494-023-00942-3
https://doi.org/10.1007/s12520-021-01404-2
https://doi.org/10.1007/s12520-021-01404-2

Ol B By dalh (pa (GulATY) (aliadl) Idlal Ll aaaia Chaags :GAY) Al i)l i :

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

ASTM E3294-23, Guide for Forensic Analysis of
Geological Materials by Powder X-Ray Diffraction,
(2022). https://doi.org/10.1520/E3294-23.

ASTM D5381-93, Guide for X-Ray Fluorescence
(XRF) Spectroscopy of Pigments and Extenders,
(2021). https://doi.org/10.1520/D5381-93R21.

ISO 12677:2011, Chemical Analysis of Refractory
Products by X-Ray Fluorescence (XRF) — Fused
Cast-Bead Method, (2011).

ASTM D6247-18, Test Method for Determination of
Elemental Content of Polyolefins by Wavelength
Dispersive X-Ray Fluorescence Spectrometry,
(2018). https://doi.org/10.1520/D6247-18R24.

ASTM F1372-93, Test Method for Scanning Electron
Microscope (SEM) Analysis of Metallic Surface
Condition for Gas Distribution System Components,
(2012). https://doi.org/10.1520/F1372-93R12.

ASTM E2809-22, Guide for Using Scanning Electron
Microscopy/Energy Dispersive X-Ray Spectroscopy
(SEM/EDS) in Forensic Polymer Examinations,
(2022). https://doi.org/10.1520/E2809-22.

EDAX Inc, APEX Integrated System Manual, EDAX
Inc, Mahwah, NJ, USA, 2022.

A. Erkal, D. D’Ayala, Laboratory Testing of Non-
Standard Original Historic Building Materials and
Related Implications for Conservation, Quarterly
Journal of Engineering Geology and Hydrogeology
48 (2015) 15-28. https://doi.org/10.1144/qjegh2013-
078.

F.G. Branco, M.D.L. Belgas, C. Mendes, L. Pereira,
J.M. Ortega, Characterization of Fresh and Durability
Properties of Different Lime Mortars for Being Used
as Masonry Coatings in the Restoration of Ancient
Constructions, Sustainability 13 (2021) 4909.
https://doi.org/10.3390/su130949009.

C.M. Belfiore, G. Montalto, C. Finocchiaro, G.
Cultrone, P. Mazzoleni, Durability Tests on Lime-
Based Mortars from the Historic Built Heritage of
Catania (Eastern Sicily, Italy): An Experimental
Study, Journal of Building Engineering 80 (2023)
108137. https://doi.org/10.1016/j.jobe.2023.108137.

F. Autiero, M. Ramesh, M. Azenha, M. Di Ludovico,
A. Prota, P.B. Lourenco, Experimental Analysis of
Lime Putty and Pozzolan-Based Mortar for
Interventions in Archaeological Sites, Mater Struct
54 (2021) 148. https://doi.org/10.1617/s11527-021-
01746-2.

2120

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Material of the Cisterns of Aden, Journal of Science
and Technology 30 (2025).
https://doi.org/10.20428/jst.v30i12.3436.

ASTM C136/C136M, Test Method for Sieve
Analysis of Fine and Coarse Aggregates, (2014).
https://doi.org/10.1520/C0136 C0136M-14.

ASTM E112-10, Standard Test Methods for
Determining Average Grain Size, (2010).

Bruker AXS GmbH, D8 ADVANCE / D8
DISCOVER User Manual, Bruker AXS GmbH,
Karlsruhe, Germany, 2010. https:/doi.org/DOC-
M88-EXX153%2520V3.

Bruker AXS GmbH, D8 DISCOVER User Manual,
in: Bruker D8 Advance User Manual, Bruker AXS
GmbH, Karlsruhe, Germany, 2021: pp. 96-196.
www. bruker.com.

International Centre for Diffraction Data (ICDD),
PDF-2 Database, (2023). https://www.icdd.com.

EN 1015-10:1999, Methods of Test for Mortar for
Masonry — Part 10: Determination of Dry Bulk
Density of Hardened Mortar, (1999).

EN 1936:2006, Natural Stone Test Methods —
Determination of Real Density and Apparent Density,
and of Total and Open Porosity, (2006).

EN 13755:2008, Natural Stone Test Methods —
Determination of Water Absorption at Atmospheric
Pressure, (2008).

EN 1015-18, Methods of Test for Mortar for
Masonry—Part 18: Determination of Water
Absorption Coefficient Due to Capillary Action of
Hardened Mortar, (2002).

S. Galvan, C. Pla, N. Cueto, J. Martinez-Martinez,
M.A. Garcia-del-Cura, D. Benavente, A Comparison
of Experimental Methods for Measuring Water
Permeability of Porous Building Rocks, Mater.
Constr. 64 (2014) e028.
https://doi.org/10.3989/mc.2014.06213.

EN ISO 17892-11, Geotechnical Investigation and
Testing — Laboratory Testing of Soil — Part 11:
Determination of Permeability by Constant and
Falling Head, (2019).

ASTM D5856-15, Standard Test Method for
Measurement of Hydraulic Conductivity of Porous
Material Using a Rigid-Wall, Compaction-Mold
Permeameter, (2015).

© 2025 JAST

Sana'a University Journal of Applied Sciences and Technology


https://journals.su.edu.ye/index.php/jast/index
https://doi.org/10.20428/jst.v30i12.3436
https://doi.org/10.20428/jst.v30i12.3436
https://doi.org/10.1520/C0136_C0136M-14
https://doi.org/10.1520/C0136_C0136M-14
https://doi.org/DOC-M88-EXX153%2520V3
https://doi.org/DOC-M88-EXX153%2520V3
https://doi.org/DOC-M88-EXX153%2520V3
https://doi.org/DOC-M88-EXX153%2520V3
http://www.bruker.com/
http://www.bruker.com/
https://www.icdd.com/
https://www.icdd.com/
https://doi.org/10.3989/mc.2014.06213
https://doi.org/10.3989/mc.2014.06213
https://doi.org/10.1520/E3294-23
https://doi.org/10.1520/E3294-23
https://doi.org/10.1520/E3294-23
https://doi.org/10.1520/D5381-93R21
https://doi.org/10.1520/D5381-93R21
https://doi.org/10.1520/D5381-93R21
https://doi.org/10.1520/D6247-18R24
https://doi.org/10.1520/D6247-18R24
https://doi.org/10.1520/F1372-93R12
https://doi.org/10.1520/F1372-93R12
https://doi.org/10.1520/E2809-22
https://doi.org/10.1520/E2809-22
https://doi.org/10.1144/qjegh2013-078
https://doi.org/10.1144/qjegh2013-078
https://doi.org/10.1144/qjegh2013-078
https://doi.org/10.1144/qjegh2013-078
https://doi.org/10.3390/su13094909
https://doi.org/10.3390/su13094909
https://doi.org/10.1016/j.jobe.2023.108137
https://doi.org/10.1016/j.jobe.2023.108137
https://doi.org/10.1617/s11527-021-01746-2
https://doi.org/10.1617/s11527-021-01746-2
https://doi.org/10.1617/s11527-021-01746-2
https://doi.org/10.1617/s11527-021-01746-2

Sl Gl gl ae ¢ A Al deaa g gl mlaa Ao Gla ﬁﬁﬁr

2121

[35]

[36]

[37]

[38]

[39]

[40]

N. Wonganan, C. Athisakul, P. Mahasuwanchai, W.
Tanchirapat, R. Sahamitmongkol, S. Leelataviwat,
Ancient Materials and Substitution Materials Used in
Thai Historical Masonry Structure Preservation,
Journal of Renewable Materials 9 (2021) 179-204.
https://doi.org/10.32604/jrm.2021.013134.

M. Lezzerini, S. Raneri, S. Pagnotta, S. Columbu, G.
Gallello, Archaeometric Study of Mortars from the
Pisa’s Cathedral Square (Italy), Measurement 126
(2018) 322-331.
https://doi.org/10.1016/j.measurement.2018.05.057.

P.  Maravelaki-Kalaitzaki, @A. Bakolas, A.
Moropoulou, Physico-Chemical Study of Cretan
Ancient Mortars, Cement and Concrete Research 33
(2003) 651-661. https://doi.org/10.1016/S0008-
8846(02)01030-X.

R. Fort, D. Ergenc, N. Aly, M. Alvarez De Buergo, S.
Hemeda, Implications of New Mineral Phases in the
Isotopic Composition of Roman Lime Mortars at the
Kom EI-Dikka Archaeological Site in Egypt,
Construction and Building Materials 268 (2021)
121085.
https://doi.org/10.1016/j.conbuildmat.2020.121085

A. Manoharan, C. Umarani, Lime Mortar, a Boon to
the Environment: Characterization Case Study and
Overview, Sustainability 14 (2022) 6481.
https://doi.org/10.3390/s5u14116481.

S.K. Singh, M.R. Singh, Characterization and
Compositional Identification of Stepwell (Baoli)
Lime Plasters from 16th Century Arab Ki Sarai,
Delhi, J Build Rehabil 9 (2024) 77.
https://doi.org/10.1007/s41024-024-00427-1.

© 2026 JAST

Sana'a University Journal of Applied Sciences and Technology


https://journals.su.edu.ye/index.php/jast/index
https://doi.org/10.32604/jrm.2021.013134
https://doi.org/10.32604/jrm.2021.013134
https://doi.org/10.1016/j.measurement.2018.05.057
https://doi.org/10.1016/j.measurement.2018.05.057
https://doi.org/10.1016/S0008-8846(02)01030-X
https://doi.org/10.1016/S0008-8846(02)01030-X
https://doi.org/10.1016/S0008-8846(02)01030-X
https://doi.org/10.1016/S0008-8846(02)01030-X
https://doi.org/10.1016/j.conbuildmat.2020.121085
https://doi.org/10.1016/j.conbuildmat.2020.121085
https://doi.org/10.3390/su14116481
https://doi.org/10.3390/su14116481
https://doi.org/10.1007/s41024-024-00427-1
https://doi.org/10.1007/s41024-024-00427-1

